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ABSTRACT

With the advent of the pandemic, the landscape of treatment options has undergone rapid transformations
in response to evolving viral variants. Current guidelines advocate tailoring treatments based on disease
severity and the distinction between outpatient and inpatient settings. Remdesivir is endorsed for
hospitalized cases, whereas molnupiravir is recommended for managing mild to moderate coronavirus
disease-2019 (COVID-19) in individuals at high risk of progressing to severe disease. Baricitinib holds
Food and Drug Administration (FDA) approval in the United States for use in hospitalized adults requiring
supplemental oxygen, non-invasive or invasive mechanical ventilation, or extracorporeal membrane
oxygenation. Furthermore, dexamethasone is indicated for severely ill COVID-19 patients who require
supplemental oxygen or ventilator support. Notably, tocilizumab has demonstrated limited efficacy
in reducing the risk of disease progression. The FDA has granted Emergency Use Authorization for
bebtelovimab, specifically for the treatment of mild to moderate COVID-19. Tixagevimab and cilgavimab
have received FDA authorization for emergency use as pre-exposure prophylaxis against COVID-19.
Although there is a recommendation against the use of an intermediate dose of low-molecular-weight
heparin in critically ill COVID-19 patients, supported by moderate-level evidence, this recommendation
does not extend to outpatient settings. However, there is insufficient evidence to endorse or discourage the
use of supplements for treating COVID-19, both in non-hospitalized and hospitalized patients.
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based guidelines. These guidelines aim to

Introduction

Coronavirus disease-2019 (COVID-19) has
evolved into a pandemic characterized by a
rapidly escalating incidence of infections and
fatalities. Several pharmacologic interventions
are currently under consideration for
treatment.  Acknowledging the  swiftly
expanding body of literature, organizations
such as the Infectious Diseases Society of
America (IDSA) recognize the imperative to
develop dynamic, regularly updated evidence-

provide comprehensive support to patients,
clinicians, and other healthcare professionals
in their strategic decision-making processes
regarding the treatment and management of
individuals afflicted by COVID-19.

Outlined below are the recommendations,
accompanied by pertinent commentary, as
delineated in the clinical practice guidelines
of both the IDSA and the National Institutes
of Health (NIH) for the treatment of COVID-19.
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Antiviral Treatment

Remdesivir

Remdesivir isa novel nucleotide analog that is metabolized
to its active metabolite, remdesivir triphosphate. Remdesivir
triphosphate is a structural analog of adenosine triphosphate
and competes with the natural substrate for incorporation by
RNA polymeraseintonascentviral RNA, which resultsindelayed
chaintermination duringreplicationand consequently inhibits
viral replication (1,2). The Food and Drug Administration (FDA)
has approved remdesivir for hospitalized children aged 12 and
above and adults with COVID-19, regardless of disease severity
(3). One of the most recent and largest studies describing
the effectiveness of remdesivir in severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) infection reported that
despite its conditional recommendation, remdesivir may
still be effective in achieving early clinical improvement.
It reduces early-stage mortality and the need for high-flow
oxygen supplementation and invasive mechanical ventilation
among hospitalized COVID-19 patients (4). Despite the World
Health Organization (WHO) reviewing its recommendation on
remdesivir for hospitalized patients, guidelines from the NIH
and IDSA recommend remdesivir (5,6,7).

Paxlovid (Nirmatrelvir-Ritonavir)

Nirmatrelvir inhibits the activity of the SARS-CoV-2-3CL
protease, an enzyme crucial for viral replication, and co-
administration with ritonavir extends the duration and
increases the concentration of nirmatrelvir activity in the
body (8). The FDA issued an Emergency Use Authorization
(EUA) for paxlovid in December 2021 for the treatment of
mild-to-moderate COVID-19 in adults and pediatric patients
(12 years of age). Paxlovid is available by prescription only and
should be promptly initiated after the diagnosis of COVID-19
and within five days of symptom onset (9).

Several large observational studies have linked paxlovid to
clinical benefits in vaccinated individuals with underlying risk
factors for severe disease (10,11,12,13,14,15). For instance, a
study involving 1,130 vaccinated adults who received paxlovid
within five days of COVID-19 diagnosis and 1,130 controls
matched for age, gender, race, and comorbidities found
that paxlovid was associated with a lower rate of emergency
department visits, hospitalization, and death [odds ratio
(OR): 0.5, CI 0.39-0.67] (12). Notably, all 10 deaths occurred
in the untreated group. These observational studies were
conducted in 2022, during the predominance of Omicron
subvariants, suggesting that paxlovid retains efficacy against
these variants.

Molnupiravir

Molnupiravir is a pro-drug of the nucleotide analog N4-
hydroxycytidine and exhibits broad-spectrum antiviral activity
against RNAviruses, including influenza, Ebola, coronaviruses,
and respiratory syncytial virus (14).

In a recent study involving 202 participants, a significantly
lower percentage of individuals receiving an 800 mg dose of
molnupiravir (1.9%) had isolatable virus on day 3 compared
with the placebo group (16.7%) (p=0.02). By day 5, virus
isolation was not possible from any participant receiving 400
or 800 mg of molnupiravir, whereas it was still evident in
11.1% of those in the placebo group (p=0.03). Molnupiravir
was generally well tolerated, with similar adverse events
observed across all groups (2).

In an international randomized controlled trial (RCT)
involving 1,433 non-hospitalized, unvaccinated adults with
mild to moderate COVID-19 symptoms onset within five days
and at least one risk factor for severe disease, molnupiravir
demonstrated an approximately 33% reduction in the risk of
hospitalization or death. The combined outcome occurred
in 6.8% versus 9.7% of patients compared with the placebo
group, although this difference was not statistically significant
(16). Among the 10 deaths reported among trial participants,
one occurred in the molnupiravir group and nine occurred in
the placebo group.

The FDA has approved molnupiravir for the treatment
of mild-to-moderate COVID-19 in adults at high risk for
progression to severe COVID-19, including hospitalization or
death, when alternative FDA-authorized COVID-19 treatment
options are either inaccessible or clinically inappropriate (17).

Favipiravir

Favipiravir is a selective and potent inhibitor of RNA-
dependent RNA polymerase, which inhibits viral genome
replication. It boasts a broad antiviral spectrum, allowing
its use in various infections such as influenza and Ebola.
Originally synthesized in 2005, it was first approved for the
treatment of influenza in Japan and later received approval in
Russia for the treatment of COVID-19 (14,18).

Clinical studies on the efficacy of favipiravir for COVID-19
treatment have yielded conflicting results. In a meta-analysis,
the pooled analysis of five studies indicated that favipiravir was
associated with a higher clinical improvement rate than the
control group, although the difference did not reach statistical
significance [OR: 1.54; 95% confidence interval (Cl): 0.78-3.04].
Additionally, the viral clearance rate at days 4-5, 7-8, and 10-
12 did not differ between favipiravir and the comparator, and
the risk of adverse events was similar between the groups
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(18). However, in another recent meta-analysis of nine studies
comparing the efficacy of favipiravir with that of other control
groups, a significant clinical improvement was observed in
the favipiravir group versus the control group during the
seven days following hospitalization (RR: 1.24, 95% Cl: 1.09-
1.41; p=0.001). Although viral clearance was higher 14 days
after hospitalization in the favipiravir group, this finding
did not reach statistical significance (RR: 1.11, 95% Cl: 0.98-
1.25; p=0.094). The mortality rate was observed to be 30%
lower in the favipiravir group, but this finding did not achieve
statistical significance (19).

Lopinavir/Ritonavir

Lopinavir and ritonavir were among the first drugs
investigated in clinical trials for the treatment of COVID-19.
Despite showing inhibitory effects against SARS-CoV-2, three
RCTs conducted among hospitalized patients with COVID-19
indicated that treatment with lopinavir/ritonavir failed to
demonstrate any significant benefits in terms of mortality, the
need for invasive mechanical ventilation, or 28-day hospital
discharge rates (20,21,22,23). Current guidelines discourage
the use of the lopinavir/ritonavir combination in hospitalized
patients with COVID-19 (5,6,7,14).

Adjuvants/Supportive Treatment

Dexamethasone

Dexamethasone is a synthetic glucocorticoid, a
fluorinated derivative of prednisone, known for its potent
and prolonged anti-inflammatory and immunosuppressive
effects. Glucocorticoids, including dexamethasone, have been
investigated for their potential to modulate inflammation-
mediated lung injury, thereby reducing the progression to
respiratory failure and death in COVID-19 patients (15).

The primary efficacy data on glucocorticoids in COVID-19
comes from a substantial open-label trial conducted in the
United Kingdom. In this study, 2104 patients with confirmed
or suspected COVID-19 were randomly assigned to receive
dexamethasone (administered at 6 mg orally or intravenously
(IV) daily for up to 10 days), whereas 4,321 patients received
usual care (24). The primary endpoint was mortality at
28 days. The results showed that 22.9% of patients in the
dexamethasone group and 25.7% in the standard care group
died within 28 days after randomization (age-adjusted OR:
0.83, 95% Cl: 0.75-0.93; p<0.001).

Furthermore, the study demonstrated that the

dexamethasone group had a lower death rate than the
standard care group among patients receiving invasive

mechanical ventilation (29.3% vs. 41.4%; RR: 0.64, 95% CI:
0.51-0.81) and those receiving oxygen without invasive
mechanical ventilation (23.3% vs. 26.2%; RR: 0.82, 95% Cl:
0.72-0.94). However, no significant difference was observed
among patients who did not receive respiratory support at
the time of randomization (17.8% vs. 14.0%; RR: 1.19, 95% Cl:
0.92-1.55).

In conclusion, the study indicated that dexamethasone
treatment resulted in lower 28-day mortality in patients
hospitalized for COVID-19 who were undergoing mechanical
ventilation or oxygen therapy. However, it did not show a
significant benefit for patients who did not receive respiratory
support at the time of randomization. Consequently,
dexamethasone is recommended for severely ill COVID-19
patients requiring supplemental oxygen or ventilator support.

Tocilizumab

Tocilizumab isa recombinant humanized IgG1 monoclonal
antibody (mAbs) that specifically binds to both soluble and
membrane-bound receptors for IL-6, thereby inhibiting this
signaling pathway and reducing its pro-inflammatory effects
of interleukin (IL)-6 (25).

Cumulative evidence suggests a mortality benefit
associated with tocilizumab (26,27). In a meta-analysis
encompassing 27 randomized trials involving over 10,000
patients hospitalized with COVID-19, all-cause mortality
was lower among those receiving tocilizumab than among
those receiving placebo or standard of care (OR: 0.83, 95% CI:
0.74-0.92) (26,27). The two largest trials within this analysis,
conducted in patients with severe and critical COVID-19,
provide support for the use of tocilizumab. However, several
other trials failed to demonstrate a mortality benefit or other
clear clinical advantages with these agents (28,29,30). As an
example, a double-blind, randomized trial involving 243
patients with severe COVID-19, who were not intubated but
showed evidence of a proinflammatory state (elevations in
C-reactive protein, ferritin, D-dimer, or lactate dehydrogenase),
did not reveal a significant difference in the rate of intubation
or death with a single dose of tocilizumab compared with
placebo (10.6% versus 12.5%, hazard ratio: 0.83, 95% Cl: 0.38-
1.81) (31). Tocilizumab also did not reduce the risk of disease
progression.

Baricitinib

Baricitinib, a selective inhibitor of Janus activated kinase
1 (JAK1) and Janus activated kinase 2 (JAK2), serves as a
modulator of signaling pathways for cytokines and growth

factors that are pivotal in hematopoiesis, inflammation,
and immune response (32). Beyond its immunomodulatory
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effects, it is conjectured that baricitinib may exhibit antiviral
properties by disrupting viral entry.

Emerging data posit a mortality advantage associated
with baricitinib for patients with severe disease, even when
concurrently administered with dexamethasone (33). In
an expansive open-label randomized trial encompassing
over 8,000 hospitalized COVID-19 patients, baricitinib
demonstrated a reduction in 28-day mortality compared
with standard care alone (12% vs. 14%; relative risk: 0.87,
95% Cl: 0.77-0.99) (34). Noteworthy is the fact that nearly all
participants (95%) were concurrently receiving glucocorticoids,
with 20% on remdesivir and 23% having received tocilizumab.
While these outcomes align with those of prior baricitinib
trials, it is noteworthy that the relative reduction in mortality
was marginally lower in this particular trial (35,36,37). In
the United States, the FDA has granted approval for the use
of baricitinib in hospitalized adults requiring supplemental
oxygen, non-invasive or invasive mechanical ventilation,
or extracorporeal membrane oxygenation (38). Tofacitinib,
another JAK inhibitor, is a potential alternative in situations
where baricitinib is not readily available.

Anakinra

Anakinra inhibits the biological activity of IL-1, a
proinflammatory cytokine associated with severe COVID-19.
It counteracts the production of nitric oxide, prostaglandin
E2, and collagenase in the synovium, fibroblasts, and
chondrocytes (14,15).

A systematic review and patient-level meta-analysis
conducted by Kyriazopoulou et al. (39) examined pooled data
from 1,185 patients across nine studies, including individual
patient data from 895 patients in six of the analyzed studies.
Mortality was significantly lower in patients treated with
anakinra (11%) than in those receiving standard care with
or without a placebo [25%; adjusted OR: 0.32 (95% Cl: 0.20-
0.51)]. The use of anakinra, compared with standard care, was
not associated with a significantly increased risk of secondary
infections [OR: 1.35 (95% ClI: 0.59-4.0)].

However, several trials of IL-1 inhibitors, including
anakinra in hospitalized patients with non-severe COVID-19
and canakinumab in patients with severe COVID-19, have not
demonstrated a reduction in ventilator-free or overall survival
(40,41,42). Consequently, it remains uncertain whether
anakinra offers advantages over other immunomodulatory
agents that have demonstrated efficacy, such as IL-6 or JAK
inhibitors.

Agents Supporting the Host Natural
Immunity

Interferons

All viruses trigger an antiviral response that relies on the
immediate production of interferon (IFN)-f in the host. The
binding of IFN-f to its receptor then triggers the production of
IFN-c. If the production of IFN-a//p occurs immediately and is
intense enough, the infection can be stopped (14,15).

IFNs play a role in the pathogenesis of SARS-CoV-2. Low
levels of IFN-I and IFN-IIl have been found among patients
infected with SARS-CoV-2, and impaired IFN production has
been associated with low viral clearance (14). Inborn errors
of TLR3- and IRF7-dependent type | IFN immunity have been
found to be related to life-threatening COVID-19 pneumonia
(43).

In situations of an inefficient IFN response, the virus
replicates, triggering a second inflammatory/immune
response, which may become explosive and potentially result
in a cytokine storm and acute respiratory distress syndrome.

In a meta-analysis of five RCTs regarding the effectiveness
of IFN-p for the treatment of COVID-19, the average mortality
rate was reported as 6.1% and 18.0% in the intervention and
control groups, respectively. Likewise, the median days of
hospitalization were lower in the intervention group (9 days)
than in the control group (12.25 days), and IFN-f was found
to increase the overall discharge rate (RR: 3.05; 95% Cl: 1.09-
5.01) (44).

However, in the SOLIDARITY clinical trial, death occurred
in 243 of 2,050 patients receiving IFN and in 216 of 2,050
receiving the control (rate ratio: 1.16; 95% Cl: 0.96 to 1.39;
p=0.11), and IFN did not reduce mortality, overall or in any
subgroup, or reduce initiation of ventilation or hospitalization
duration (23).

Consequently, IFN-B could have a role for treating
COVID-19, especially if started earlier during the disease,
but further RCTs, including a larger number of patients, are
needed.

Anti-SARS-CoV-2 Monoclonal Antibodies

mAbs represent a focal point in ongoing investigations
for the therapeutic management of COVID-19. These
antibodies are typically synthesized through the identification
of pathogen-specific B-cells sourced from individuals
convalescing from recent infections or via the immunization
of genetically modified mice possessinga humanized immune
system (45).
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After the identification of B-cells, the genes encoding
immunoglobulin heavy and light chains are extracted, and
their expression yields mAbs characterized by a specific
affinity toward a predetermined target. This manufacturing
methodology distinguishes itself from convalescent plasma,
which comprises polyclonal antibodies obtained from
individuals in the recovery phase of infection (46).

A preponderance of mAb products designed to combat
SARS-CoV-2 predominantly targets the viral spike protein,
which is pivotal for the virus's cellular entry mechanism,
thereby obstructing viral attachment and subsequent entry
into human cells. FDA-authorized formulations encompass
bamlanivimab/etesevimab, casirivimab/imdevimab, and
sotrovima (47,48,49,50,51).

The Omicron variant has emerged as the dominant
SARS-CoV-2 variant in the United States. This variant, along
with its subvariants, exhibits notable reductions in in vitro
susceptibility to several anti-SARS-CoV-2 mAbs, particularly
bamlanivimab plus etesevimab and casirivimab plus
imdevimab. While sotrovimab maintains efficacy against the
Omicron BA.1 and BA.1.1 subvariants, its in vitro neutralization
activity substantially diminishes against the Omicron BA.2,
BA.4, and BA.5 subvariants. Conversely, bebtelovimab retains
in vitro neutralization activity against circulating Omicron
subvariants (47,53,54).

Given the ascendancy of the Omicron variant in the
United States, bebtelovimab is currently the solitary mAb
recommended for the treatment of COVID-19.

At present, no specific product is designated for post-
exposure prophylaxis. Nevertheless, the IDSA guideline panel
suggests the post-exposure employment of casirivimab/
imdevimab only under conditions where predominant
regional variants exhibit susceptibility, accompanied by a
conditional recommendation and low certainty of evidence.
Recommendations also extend to the use of tixagevimab
plus cilgavimab for pre-exposure prophylaxis (PrEP) (55).
Tixagevimab/cilgavimab hasreceived emergencyauthorization
as PrEP against COVID-19 for immunocompromised
individuals or those unable to be vaccinated or mount an
effective post-vaccination immune response.

Administration of anti-SARS-CoV-2 mAbs necessitates a
setting equipped to manage severe hypersensitivity reactions,
including anaphylaxis. Post-injection, patients should undergo
monitoring for a minimum duration of 1 hour.

Bebtelovimab

In February 2022, the FDA issued an EUA for bebtelovimab
to address mild to moderate cases of COVID-19 in adults

and specific pediatric patients aged 12 or above, particularly
when alternative treatment options are either inaccessible
or deemed clinically inappropriate (56). Bebtelovimab,
classified as a neutralizing 1gG1 mAbs, specifically targets the
spike protein of SARS-CoV-2. Significantly, it retains binding
and neutralizing efficacy against all currently identified and
reported variants of concern, including Omicron and BA.2
(57).

For non-hospitalized adults aged 18 years and older
presenting with mild to moderate COVID-19 and at an
elevated risk of progressing to severe disease, the Panel
recommends the administration of bebtelovimab as a single
175 mg IV dose at the earliest opportunity post-diagnosis and
within seven days of symptom onset. Moreover, bebtelovimab
is a therapeutic choice for hospitalized adults aged 18 years
and older with mild to moderate COVID-19, unrelated to
their hospitalization cause, provided they satisfy the FDA EUA
criteria for outpatient treatment (55).

Tixagevimab Plus Cilgavimab

Tixagevimab and cilgavimab received EUA from the FDA
for PrEP against COVID-19 in specific adults and pediatric
patients in December 2021, with a dosing revision in
February 2022. According to the IDSA guidelines, PrEP with
tixagevimab/cilgavimab is recommended over tixagevimab/
cilgavimab for moderately or severely immunocompromised
individuals at an elevated risk of an inadequate immune
response to the COVID-19 vaccine or for whom the vaccine is
not recommended because of a documented serious adverse
reaction, with a conditional recommendation and low
certainty of evidence (58,59).

The STORM CHASER study, which focused on post-exposure
prophylaxis, showed a non-significant reduction in the
overall study population’s risk of symptomatic COVID-19.
Nevertheless, tixagevimab/cilgavimab is not authorized
for post-exposure prophylaxis in individuals exposed to
SARS-CoV-2 (60,61). Notably, the FDA's EUA was amended in
February 2022 to increase the initial dosing of tixagevimab/
cilgavimab for PrEP because of potential decreased activity
(12 to 424-fold) against Omicron subvariants BA.1 and BA.1.1,
while maintaining presumed neutralization efficacy against
the BA.2 subvariant.

Similarly, the recommendations from the European
Society of Clinical Microbiology and Infectious Diseases
(ESCMID) include conditional recommendations for the use of
tixagevimab-cilgavimab in high-risk, unvaccinated outpatients
with mild-to-moderate COVID-19, contingent upon its activity
againstthe infectingvariant or the predominant variants based
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on epidemiological data, with a moderate recommendation.
There are also conditional recommendations for the use of
tixagevimab-cilgavimab in high-risk outpatients at risk of
vaccine failure with mild-to-moderate COVID-19, but with a
very low recommendation. However, there are insufficient
data to provide a recommendation for fully vaccinated
patients with no risk factors for vaccine failure (62). In
addition, the panel decided not to evaluate drugs currently
unavailable outside the United States, such as bebtelovimab.

Sotrovimab

Data regarding sotrovimab for the treatment of COVID-19
have predominantly emanated from two clinical trials-one
involving outpatients and the other focusing on hospitalized
patients (53,63). In alignment with the recommendations
of the ESCMID, conditional suggestions have been proposed
for the application of sotrovimab in high-risk, unvaccinated
outpatients exhibiting mild-to-moderate COVID-19. The
stipulation for this recommendation is the confirmed activity
of sotrovimab against the infecting variant, determined
through individual testing, or its efficacy against the
predominant variants based on epidemiological data. The
quality of evidence substantiating this recommendation is
moderate.

In addition, conditional suggestions are in place for the use
of sotrovimab in high-risk outpatients susceptible to vaccine
failure with mild-to-moderate COVID-19. Analogous to the
prior scenario, confirmation of sotrovimab activity against the
infecting variant through individual testing or its effectiveness
against predominant variants based on epidemiological data
is required. However, the quality of evidence supporting
this recommendation is considered very low. Regrettably,
the available data do not provide adequate information to
describe a recommendation for fully vaccinated patients
devoid of identified risk factors for vaccine failure.

COVID-19 Convalescent Plasma

Plasma obtained from individuals who have recovered
from COVID-19 may contain antibodies against SARS-CoV-2,
potentially aiding in the suppression of viral replication
(64). In April 2020, the FDA established an Expanded Access
Program (EAP) and an Emergency Investigational New Drug
pathway, allowing individuals to access convalescent plasma.
The EAP served as a primary means of obtaining convalescent
plasma in the United States (65), and detailed information
about both programs was made available on the FDA website.

In August 2020, the FDA issued an EUA for COVID-19
convalescent plasma (CCP) for treating hospitalized COVID-19
patients. High-titer convalescent plasma has demonstrated

efficacy in reducing the risk of COVID-19-associated
hospitalization. However, challenges exist in the collection,
screening, and quantification of convalescent plasma
antibody levels. The EUA, revised in February 2021, restricted
the authorization for high-titer CCP to treat hospitalized
patients with COVID-19 early in their disease course or those
with impaired humoral immunity. Subsequent revisions
in December 2021 limited the use of CCP to outpatients or
inpatients with COVID-19 having an immunosuppressive
disease or receiving immunosuppressive treatment, excluding
its authorization for use in immunocompetent patients
(66,67).

Given the dominance of the Omicron variant in the United
States, the COVID-19 Treatment Guidelines Panel strongly
advises against using CCP collected before the emergence of
the Omicron variant for COVID-19 treatment. Furthermore,
the Panel recommends against CCP use for treating COVID-19
in hospitalized, immunocompetent patients based on
strong recommendations and evidence from one or more
randomized trials without major limitations. Regarding
the use of high-titer CCP collected after the emergence of
Omicron for treating immunocompromised patients and non-
hospitalized, immunocompetent patients with COVID-19,
there is insufficient evidence for a definitive recommendation.
In vitro data suggest neutralizing activity against the Omicron
variant but do not provide conclusive evidence of clinical
efficacy in the current context (68,69,70,71).

The IDSA guidelines align with these recommendations,
stronglyadvisingagainst the use of CCPfor hospitalized patients
with COVID-19 based on moderate certainty of evidence.
The FDA recommends administering 1 unit of convalescent
plasma (approximately 200 mL), with an additional unit being
considered based on clinical judgment. High-titer CCP is
preferred, especially when administered early in the disease
course (preferably within 3 days of diagnosis). However,
predicting the antibody titer in plasma is challenging, and
measurement before use is recommended when feasible. The
FDA defines “high-titer” convalescent plasma on the basis of
neutralizing antibody titers in specific assays (72).

The safety and efficacy of CCP during pregnancy and in
pediatric patients have not been systematically evaluated in
clinical trials. Published data are limited to case reports and
case series, suggesting that the use of CCP in these populations
should be considered on a case-by-case basis, adhering to EUA
criteria. Adverse effects associated with CCP administration
include transfusion-transmitted infections (e.g., HIV, hepatitis
B, hepatitis C), allergic reactions, anaphylactic reactions,
febrile non-hemolytic reactions, transfusion-related acute
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lung injury, transfusion-associated circulatory overload,
hemolytic reactions, hypothermia, metabolic complications,
and post-transfusion purpura.

Anticoagulant and Antiplatelet Therapy

It is recommended that patients with COVID-19 who
are undergoing anticoagulant or antiplatelet therapies for
underlying conditions should continue these medications,
unlesssignificant bleeding develops or other contraindications
are present (73). For hospitalized patients with COVID-19
experiencing rapid deterioration of pulmonary, cardiac, or
neurological function or sudden, localized loss of peripheral
perfusion, it is recommended to evaluate the patients for
thromboembolic disease (70). In hospitalized patients,
low-molecular-weight heparin (LMWH) or unfractionated
heparin (UFH) is preferred over oral anticoagulants because
of their shorter half-lives, quick reversibility, ability for
IV or subcutaneous administration, and fewer drug-drug
interactions. When heparin is used, LMWH is preferred over
UFH.

In non-hospitalized patients with COVID-19, the use of
anticoagulants and antiplatelet therapy for the prevention
of venous thromboembolism or arterial thrombosis is not
recommended, except in a clinical trial. This recommendation
does not apply to patients with other indications for
antithrombotic therapy.

The COVID-19 treatment guidelines of the NIH recommend
against routinely continuing venous thromboembolism
prophylaxis after hospital discharge for patients with
COVID-19, unless they have another indication or are
participating in a clinical trial. For patients discharged after
COVID-19-related hospitalization who are at high risk of
venous thromboembolism and at low risk of bleeding, there
is insufficient evidence for the Panel to recommend either
for or against continuing anticoagulation unless another
indication for VTE prophylaxis exists (70). The ESCMID
guidelines recommend against the use of an intermediate
dose of LMWH in critically ill patients with COVID-19 at a
moderate evidence level. However, the use of intermediate or
therapeutic doses of LMWH in non-critically ill patients with
COVID-19 is recommended only in the context of a clinical
trial at the moderate evidence level (62).

Supplements

Vitamin C

Vitamin C (ascorbic acid) is a water-soluble vitamin that
has been investigated for potential therapeutic effects in

individuals with varying degrees of illness severity. Functioning
as an antioxidant and free radical scavenger, it exhibits anti-
inflammatory properties, influences cellular immunity
and vascular integrity, serves as a cofactor in endogenous
catecholamine generation, and has been scrutinized in
numerous disease states, including COVID-19 (74,75). However,
most studies on COVID-19 suffer from significant limitations,
such as small sample sizes, a lack of randomization or
blinding, divergent doses or formulations of vitamin C,
disparate outcome measures, and heterogeneous study
populations comprising patients with varying concomitant
medications and COVID-19 disease severity.

To offer more definitive guidance on the role of vitamin
C in the prevention and treatment of COVID-19, it is
imperative to conduct adequately powered, well-designed,
and meticulously executed clinical trials. At present, there
is insufficient evidence to either recommend or discourage
the use of vitamin C for treating COVID-19 in both non-
hospitalized and hospitalized patients (70).

Vitamin D

Vitamin D plays a crucial role in bone and mineral
metabolism. The expression of the vitamin D receptor in
immune cells, including B-cells, T-cells, and antigen-presenting
cells, coupled with the ability of these cells to synthesize the
active vitamin D metabolite, suggests that vitamin D can
modulate both innate and adaptive immune responses (76).
This immunomodulatory capacity raises the possibility that
vitamin D could offer protection against SARS-CoV-2 infection
or mitigate the severity of COVID-19. Notably, vitamin D
deficiency is more prevalent among older individuals and
those with obesity and hypertension, conditions that have
been correlated with poorer outcomes in COVID-19 patients
(77). Consequently, there is currently insufficient evidence to
recommend either for or against the use of vitamin D for the
prevention or treatment of COVID-19 (70). Further research is
needed to establish clearer guidelines regarding the role of
vitamin D in COVID-19.

Zinc

Elevated intracellular concentrations of zinc have
demonstrated effective inhibition of the replication processes
of various RNA viruses (78). The correlation between zinc
and COVID-19, exploring the impact of zinc deficiency on
the severity of COVID-19 and the potential improvement of
clinical outcomes through zinc supplementation, is currently
a subject of investigation. Accurately measuring zinc levels

proves challenging because of its distribution as a component
of diverse proteins and nucleic acids (79). To provide
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comprehensive guidance on the role of zinc in preventing
and treating COVID-19, there is an urgent need for adequately
powered, well-designed, and rigorously conducted clinical
trials.

The present lack of sufficient evidence has led the NIH
Panel to refrain from making a definitive recommendation
either for or against the use of zinc in treating COVID-19.
The panel advises against employing zinc supplementation
beyond the recommended dietary allowance (i.e,, 11 mg
of zinc daily for men, 8 mg for non-pregnant women) for
preventing COVID-19, except within the context of a clinical
trial. This stance is based on a moderate recommendation
and expert opinion (70).
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