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Home as the new frontier for the treatment of COVID-19:
the case for anti-inflammatory agents

Norberto Perico*, Monica Cortinovis*, Fredy Suter*, Giuseppe Remuzzi

COVID-19, caused by SARS-CoV-2, is characterised by a broad spectrum of symptom severity that requires varying
amounts of care according to the different stages of the disease. Intervening at the onset of mild to moderate
COVID-19 symptoms in the outpatient setting would provide the opportunity to prevent progression to a more severe
illness and long-term complications. As early disease symptoms variably reflect an underlying excessive inflammatory
response to the viral infection, the use of anti-inflammatory drugs, especially non-steroidal anti-inflammatory drugs
(NSAIDs), in the initial outpatient stage of COVID-19 seems to be a valuable therapeutic strategy. A few observational
studies have tested NSAIDs (especially relatively selective COX-2 inhibitors), often as part of multipharmacological
protocols, for early outpatient treatment of COVID-19. The findings from these studies are promising and point to a
crucial role of NSAIDs for the at-home management of people with initial COVID-19 symptoms.

Introduction

The COVID-19 pandemic continues to pose major threats
to global public health.' The more transmissible variants
of SARS-CoV-2 were responsible for the four major
waves of infections that spread across the globe starting
in early 2020, with omicron (B.1.1.529) becoming the
dominant variant after the summer of 2021, followed by
the emergence of other omicron sublineages in 2022
(BA.2, BA.3, BA.4, and BA.5).”?

As a result, communities and hospitals around the
world have been pushed to their limits.’ In a global effort
that is unparalleled in modern history, there has been
a race to find drugs and biological treatments to save the
lives of patients who are hospitalised or severely ill and to
develop vaccines.** Indeed, COVID-19 vaccines have
contributed to the reduced risk of SARS-CoV-2 infection,
and provide protection against severe disease caused
by the SARS-CoV-2 variants, including omicron.®
Nonetheless, to reduce severe COVID-19-related illness,
overcrowding of hospitals, and treatment costs,” there has
also been a focus on how primary care physicians can
treat initial mild to moderate symptoms in outpatients
with COVID-19. This approach would provide an
opportunity to intervene before infected individuals
develop severe illness. Since mild to moderate symptoms
of COVID-19 might reflect an underlying excessive
inflammatory response to the viral infection, the use of
anti-inflammatory drugs in the community during the
early stage of COVID-19 appears to be a valuable
therapeutic option. However, anti-inflammatory therapy
for managing people with COVID-19 at home continues
to be a matter of debate, in terms of effectiveness and
possible important side-effects.

In this Review, we briefly describe the pathogenic
mechanisms underlying the inflammatory processes of
early stage COVID-19 and discuss the rationale for using
non-steroidal anti-inflammatory drugs (NSAIDs), as
well as evidence regarding their risk-to-benefit balance
in the home and community setting. We also examine
whether outpatient pharmacological interventions with
corticosteroids could mitigate the ongoing inflammatory

process, potentially protecting against the risk of
progression towards more severe illness.

Maladaptive hyperinflammatory response to
SARS-CoV-2 infection

As with other coronaviruses, the human-to-human trans-
mission of SARS-CoV-2 occurs primarily through direct
or indirect respiratory tract exposure to infected droplets
or aerosols generated during sneezing and coughing.®
To enter target cells, the spike subunit of SARS-CoV-2
engages the host protease ACE2 as an entry receptor,
after being primed by the cellular serine protease
TMPRSS2.° Lysis of infected cells and SARS-CoV-2
replication in the host cells are associated with the release
of inflammatory cytokines (such as TNF-a, IL-6, and
IL-8) and free radicals, the induction of IFN-y, and the
recruitment and activation of leukocyte subsets, which in
turn further release cytokines, chemokines, and other
inflammatory mediators that determine the early
inflammatory response.” It has been hypothesised that
the inflammatory environment of SARS-CoV-2 infection
could also be sustained by the enhanced availability of
angiotensin-II as the result of the net downregulation of
ACE2, due to continuous recycling of this receptor upon
viral cell entry" Since ACE2 degrades angiotensin-II,
ACE2 deficiency causes angiotensin-II accumulation,
which in turn (by binding to the angiotensin-I receptor)
triggers inflammatory processes by stimulating pro-
liferation of mononuclear cells and promoting the
recruitment of proinflammatory cells."* Moreover, the
uptake of an antibody-opsonised virus by the Fcy
receptors of monocytes and macrophages results in
inflammatory cell death, which halts the production of
infectious virus but causes systemic inflammation that
contributes to COVID-19 pathogenesis.”

Later in the disease course, viral replication can
occur in the lower respiratory tract." The apoptotic death
response of the infected epithelial cells is associated with
vascular leakage within alveoli, which induces initial
local inflammation and the recruitment of immune cells
to eliminate extracellular virus and destroy virus-infected
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cells.” Proinflammatory cytokines further recruit leuko-
cytes within the lung, contributing to the propagation of
the inflammatory response, as shown in patients
with COVID-19 progression to severe disease.*
Furthermore, evidence indicates that proinflammatory
CD68 macrophages bearing ACE2 on their surface can be
directly infected by SARS-CoV-2,” and their virus-induced
activation appears to be relevant to the initiation and
spread of the hyperinflammatory response.® Notably,
CD163 monocyte-derived macrophages also accumulate
in the lungs.” As shown in patients with COVID-19-
related acute respiratory distress syndrome, although
these cells further contribute to inflammation in the

Viral entry mechanism and cytotoxic effect of SARS-CoV-2
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Figure 1: Proposed maladaptive hyperinflammatory response to SARS-CoV-2 infection

SARS-CoV-2 enters target host cells by interacting through its spike subunit with ACE2, after being primed by
TMPRSS2. The virus induces cell damage through direct cytotoxic effects and after newly formed virions are
released by exocytosis into the extracellular compartment. In addition, a dysregulated immune response

eventually leads to the recruitment and activation of macrophages and neutrophils, with the release of cytokines,
chemokines, and other inflammatory mediators determining hyperinflammation. At the same time, activation of
the complement system and excessive cytokine production activate endothelial cells and disrupt vascular integrity

leading to microthrombi deposition and microvascular dysfunction.

lung, they are also reprogrammed by the virus towards a
profibrotic transcriptional and proteomic phenotype,
resulting in pulmonary fibrosis.”

Together, the available evidence highlights the crucial
role of the dysregulation of the innate and adaptive
immune response, and the associated maladaptive
hyperinflammatory response, in the initiation and
exacerbation of COVID-19 disease (figure 1). Thus, the
timing of intervention is likely to be an important
determinant in the therapeutic response. Although
monoclonal antibodies®* or polyclonal convalescent
plasma® have been shown to reduce the incidence of
disease progression and hospitalisation when given to
outpatients with COVID-19 within 5-9 days of disease
onset, these therapies are sometimes unavailable or
scarce (such as in low-income and middle-income
countries) or ineffective because of antibody-resistant
variants.” Therefore, a different option would be to target
the inflammatory processes underlying the mild to
moderate symptoms at COVID-19 onset with currently
available anti-inflammatory drugs.

Rationale for using NSAIDs in the treatment of
early stage COVID-19

Prostanoids and COVID-19

NSAIDs are one of the most commonly used classes of
medicines worldwide—taken to reduce pain, control
fever, and treat a broad range of inflammatory diseases,
including osteoarthritis and rheumatoid arthritis.” The
principal therapeutic effect of NSAIDs relates to their
capability to inhibit the cyclooxygenase activity of two
enzymes, PTGS1 and PTGS2 (also known as COX-1 and
COX-2).% This inhibition of COX-1 and COX-2 eventually
suppresses the formation of prostanoids—metabolites of
arachidonic acid, a fatty acid present in cell membrane
phospholipids (figure 2).” Prostanoids, which include
prostaglandin E, (PGE,), D, (PGD,), and F, (PGF,),
thromboxane A, (TxA,), and prostacyclin (PGI,), elicit
a wide variety of biological effects involved in
homoeostatic and normal tissue function after binding to
their receptors. These biological effects include vascular
tone, platelet function, kidney function, and gastro-
intestinal protection, but also effects implicated in
pathophysiological ~ processes including infection,
thrombosis, and inflammation.” Several initial small
studies have shown that concentrations of PGE,, PGF,,
and TxA, in biological samples from inpatients with
COVID-19 are higher than in healthy controls, although
no data are available regarding prostanoid concentrations
in outpatients with SARS-CoV-2 infection.”*> None-
theless, caution should be taken in interpreting these
findings, which could be skewed by the use of
questionable assays and an insufficient consideration of
factors that influence prostanoid concentrations,
including the use of NSAIDs, corticosteroids, or other
drugs, besides possible artifacts created during sample
collections.”
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Coronaviruses, including SARS-CoV-2, enhance the
expression of genes encoding for COX-1, COX-2, and
cytosolic  prostaglandin E synthase (PTGES).* For
example, SARS-CoV-2 infection upregulates COX:-2
expression in vivo in the K18-hACE2 strain of mice, as
well as in vitro in human cells.” Similarly, COX-1, COX-2,
and PTGES have been shown to be upregulated in
peripheral blood mononuclear cells isolated from patients
with COVID-19 compared with healthy controls.”®

However, cyclooxygenase enzymes trigger the cell
release of prostanoids with varying effects on hostimmune
function, at least as reported in experimental models of
coronavirus infections.” Pharmacological inhibition of the
PGE, receptors EPr, and EPr, improved survival after
influenza A virus infection, an effect attributed to
prevention of PGE,-induced inhibition of type I interferon
production and apoptosis in macrophages, thereby directly
allowing mouse and human macrophages to restrict viral
replication.” However, the differences between the various
PGE, receptors allow for adaptable patterns of response by
various cell types at different stages of immunity.* Indeed,
EPr, and EPr, mediate the anti-inflammatory and immune-
suppressive activity of PGE,, whereas antigen-induced
mast cell degranulation and IL-6 production are enhanced
by PGE, in a mechanism involving EPr, and EPr,.”
Nonetheless, the biology of PGE, and its receptors in the
broader context of infectious diseases (such as acute vs
chronic virus infections) and its pathogen-specific effects
remain to be determined.® PGD, acts through its two
receptors, DPrl and DPr2.* DPrl1 inhibition enhanced the
migration of dendritic cells to the lungs and lymph nodes,
and subsequent T-cell proliferation, which increased
survival in older but not younger mice after SARS-CoV
infection.”

Although these findings are very preliminary, they
suggest that prostanoids play a role in SARS-CoV-2
infection and support the hypothesis that therapies that
modulate prostanoid biosynthesis could be beneficial,
particularly during the early phase of COVID-19.

Do NSAIDs enhance susceptibility to SARS-CoV-2
infection?

Early on in the COVID-19 pandemic, there was debate on
whether the use of NSAIDs, particularly ibuprofen,
would enhance susceptibility to SARS-CoV-2 infection
and exacerbate COVID-19 symptoms.”® The potential
mechanism whereby NSAIDs could theoretically harm
people with COVID-19 is through the upregulation of
ACE2. This speculation arose from minimal findings in
rats with streptozotocin-induced diabetes treated with
ibuprofen.* More recent in-vitro studies from the past
2 years, however, have highlighted the antiviral activity of
some NSAIDs, albeit only at high concentrations, which
could contribute to their efficacy in treating COVID-19,
besides their anti-inflammatory and analgesic properties.
For example, naproxen has been shown to prevent
SARS-CoV-2 nucleoprotein oligomerisation and to inhibit
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Figure 2: Prostanoid production and NSAIDs

The 20-carbon fatty acid arachidonic acid is released from membrane phospholipids by phospholipase A, which is
activated by physical, chemical, and inflammatory stimuli. Arachidonic acid is converted by COX-1 and COX-2 to
the unstable intermediate PGH,. By tissue-specific isomerases, PGH, is metabolised to bioactive prostanoids, which
include PGE,, PGD,, PGF,,, TxA,, and PGl,. After binding to their receptors (EPr, , DPr,, DPr,, FP,, FP, TP, TP, and IP),
prostanoids elicit a wide variety of biological effects involved in homoeostatic and normal tissue function but also
implicated in pathophysiological processes including infection, thrombosis, and inflammation. The principal
therapeutic effect of NSAIDs is related to their capability to inhibit the cyclooxygenase activity of COX-1 and COX-2
enzymes, eventually suppressing the formation of prostanoids. DC=dendritic cell. NSAIDs=non-steroidal anti-

inflammatory drugs.

viral replication in Vero E6 cells and human pulmonary
epithelium.” Other reports from in silico analyses from
transcriptomic databases of kidney tissue from rats
treated with various NSAIDs found that naproxen,
nimesulide, diclofenac, meloxicam, and piroxicam
markedly reduced ACE2 expression.® Moreover, high
concentrations of ibuprofen and flurbiprofen reduced
SARS-CoV-2 replication in vitro.” Data based on small
population cohorts and observational and retrospective
studies have consistently shown no association between
ongoing NSAID therapy and increased mortality®* or
worsening of clinical outcomes®**=* in people with
COVID-19 in the general population (ie, inpatient and
outpatient population; appendix p 1). Similarly, in people
with pre-existing rheumatic disease who were chronically
exposed to NSAIDs, the ongoing use of these medicines
did not increase the risk of hospitalisation for COVID-19
or COVID-19-related death compared with non-users.**
Consistently, in people with osteoarthritis, chronic
NSAID treatment was not associated with an increased
risk of SARS-CoV-2 infection.”” There was also no
evidence of increased risk of mortality associated with
NSAIDs in small retrospective studies of hospitalised
patients with COVID-19 who chronically used these
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drugs before admission, or in ibuprofen users before
SARS-CoV-2 infection.” In contrast with a retrospective
cohort study of 1824 adults hospitalised with COVID-19
in South Korea,* findings from a matched, prospective,
multicentre cohort study based on the International
Severe Acute Respiratory and Emerging Infection
Consortium Clinical Characterisation Protocol UK
dataset documented that in 8410 patients hospitalised
with a PCR-confirmed or highly suspected SARS-CoV-2
infection, NSAID use (including ibuprofen) in the
2 weeks preceding admission was not associated with
higher in-hospital mortality or increased COVID-19
severity compared with no NSAID use.” Furthermore,
a systematic review and meta-analysis of 40 comparative
studies that evaluated over 4-8 million adult cases
substantiated that the use of NSAIDs (such as COX-2
inhibitors, ibuprofen, or aspirin) was not significantly
associated with a higher risk of SARS-CoV-2 infection, or
a greater probability of intensive care unit admission,
mechanical ventilation, or administration of supple-
mental oxygen.©

In summary, growing evidence is becoming available
and most of it concludes that for patients with COVID-19
NSAID wuse does not enhance susceptibility to
SARS-CoV-2 infection, nor does it appear to confer an
increased risk of worse outcomes.

Relatively selective COX-2 inhibitors for early COVID-19
symptoms

COX-2 is a crucial enzyme involved in several
physiological and pathological processes.” It plays a
central role in viral infections and regulates the
expression rates of several serum proteins.”” In a model
of H3N2 influenza A viral infection, mice knocked-out
for the gene encoding for COX-2 had less severe infection
(as evidenced by the blunted inflammatory and cytokine
response), attenuated weight loss, and improved survival
compared with wild-type mice.® Similarly, hyperinduction
of COX-2 has been documented in the epithelial cells of
autoptic lung tissue samples of patients who died of
avian influenza H5N1 infection, along with increased
concentrations of TNF-a and other pro-inflammatory
cytokines.*

NSAIDs inhibit both COX-1 and COX-2 enzymes.”
The COX-2 selectivity of a particular drug is a
continuous variable in relation to the relative drug
concentration required to inhibit COX-1 and COX-2
enzymes in whole blood assays by 50%. In a small
prospective study of 44 patients with next-generation
sequencing-confirmed or PCR-confirmed COVID-19
admitted to hospital (82% of whom had moderate
symptoms), the administration of the relatively selective
COX-2 inhibitor celecoxib for 7-14 days as adjuvant
therapy prevented clinical deterioration and improved
chest CT grading compared with standard therapy.”
Similarly, in a retrospective study of hospitalised
patients with COVID-19 and pneumonia, a median of

3 days of treatment with etoricoxib reduced the risk of
disease progression compared with the control group.®
Although these findings were observed in hospitalised
patients, some of them had mild or moderate COVID-19
symptoms at admission, a condition similar to that of
non-hospitalised people with early mild or moderate
symptoms of SARS-CoV-2 infection, thus supporting
the use of relatively selective COX-2 inhibitors also for
outpatients with COVID-19.

Substantial overlap in COX-2 selectivity is found among
some COX-2 inhibitors (eg, celecoxib) and some
traditional NSAIDs (eg, nimesulide).®*¥ The experimental
evidence that celecoxib decreased cytokine concentrations
(TNF-a, G-CSF, and IL-6) in bronchoalveolar lavage fluid
in mice with influenza A infection,” and the overlap in
COX-2 selectivity between this COX-2 inhibitor and
nimesulide, provided the rationale for recommending
these two drugs for early outpatient treatment of
COVID-19 symptoms if not contraindicated.” Moreover,
compared with other COX-2 inhibitors (including
etoricoxib, rofecoxib, valdecoxib, and robenacoxib),
celecoxib has higher lipophilicity, which would predict
higher biological activity” and, therefore, should be the
preferential COX-2 inhibitor for at-home treatment of
early COVID-19 symptoms.

In an observational matched-cohort study, we looked
at the outcomes of 90 consecutive consenting patients
with mild to moderate COVID-19 treated at home by
their family physicians according to a treatment
algorithm based on NSAIDs (with a priority for relatively
selective COX-2 inhibitors), and compared them with
outcomes for 90 age-matched, sex-matched, and
comorbidities-matched patients who received other
therapeutic regimens.” Early treatment according to the
proposed recommendation regimen almost completely
prevented the need for hospitalisation due to a
progression to more severe illness (two of 90 patients),
compared with patients in the control cohort who were
treated according to their family physician’s assessments
(13 of 90 patients). This result translated into a reduction
of over 90% in the overall number of days of hospital
stay and related treatment costs. Moreover, symptoms
(such as anosmia, ageusia, or dysgeusia) persisted less
frequently and for a shorter period in the recommended
algorithm cohort than in the control cohort” These
results were substantiated by a further matched-cohort
study in 216 outpatients with mild to moderate
COVID-19, managed by their family doctors, showing
that the adoption of the outpatient treatment algorithm
based on relatively selective COX-2 inhibitors during the
early phase of the illness reduced the incidence of
subsequent hospitalisation (primary outcome) and
related costs.” Nonetheless, future randomised studies
will be required to consolidate these positive obser-
vational findings.

Although more selective inhibition of COX-2 is
desirable to reduce the gastrointestinal toxicity seen with
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less selective COX-2 inhibitors, physicians might be
aware that NSAID use has been associated with higher
rates of cardiovascular events compared with placebo.”
Moreover, nimesulide has been associated with a risk of
hepatotoxicity; however, this risk is low when the drug is
administered at the recommended time and daily dose.”
Furthermore, long-term NSAID treatment could cause
nephrotoxicity, which is exacerbated by fever and
dehydration.”” This risk is particularly true for people
older than 65 years, who might already have reduced
kidney function related to ageing or concomitant chronic
kidney disease, and for whom the maintenance of renal
blood flow is highly dependent on vasodilator
prostaglandins. Thus, family physicians should counsel
older patients to hydrate adequately while taking
NSAIDs and use these drugs for the shortest time
possible.

Other NSAIDs for early stage COVID-19

Anecdotal observations from researchers in Egypt
reported that 17 people with PCR-confirmed or rapid IgM
test-confirmed or suspected COVID-19 who were
managed at home and took ibuprofen or diclofenac—
NSAIDs with similar inhibitory activity of COX-1 and
COX-2 enzymes®”—recovered from most early
symptoms (sore throat, dry cough, mild dyspnoea,
fever <38°C) within 5 days.”” However, a prospective
cohort study reported that ibuprofen, given to 40 people
with COVID-19, did not lower their risk of hospitalisation
compared with that of 357 non-NSAID users.® Yet, the
possibility that people with more severe symptoms were
more likely to initiate ibuprofen, and thus be at higher
risk of worse disease outcomes, cannot be excluded.

The data regarding indometacin are more convincing.
A powerful NSAID that non-selectively inhibits COX-1
and COX-2 enzymes,* indometacin has mostly been used
to treat musculoskeletal inflammatory conditions.™
In vitro studies have shown both the antiviral effect
of indometacin against several viruses, including
SARS-CoV,** and its ability to lower thrombin-induced
production of IL-6,% a cytokine that is upregulated during
COVID-19.% Notably, it has been speculated that
indometacin could also modulate bradykinin effects in
people with COVID-19, possibly improving the
COVID-19-induced dry cough or other symptoms related
to the biological activity of bradykinin.” Using real-world
data, Gordon and colleagues first reported the beneficial
outcome in a cohort of 103 people with PCR-confirmed
SARS-CoV-2 infection who happened to start a course of
indometacin compared with a matched group who started
a prescription of celecoxib (n=103).* New users of
indometacin were less likely than the matched new users
of celecoxib to require hospitalisation or inpatient
services. Similarly, in another real-world retrospective
study involving 158 participants with a PCR-confirmed
diagnosis of early stage COVID-19, early treatment at
home (within 3 days of symptom onset vs later) with a

multipharmacological regimen (including indometacin)
shortened symptom duration and reduced the risk of
hospitalisation.” Although these findings could not be
attributed to indometacin specifically, given the
multipharmacological treatment, they further highlight
the value of early COVID-19 patient management with
therapy including NSAIDs. An open-label randomised
clinical trial in India evaluated the efficacy and safety of
indometacin for patients hospitalised with COVID-19
with mild to moderate symptoms including fever, cough,
and myalgia at admission.” None of the 103 patients
randomly assigned to indometacin developed desatu-
ration (SpO, =93%); however, desaturation did occur
in 20 of the 107 patients allocated to paracetamol. Patients
who received indometacin also had more rapid symptom
relief than those given paracetamol, with most symptoms
disappearing in half the time. Although the trial involved
only hospitalised patients, the mild to moderate
symptoms at admission are those commonly seen in the
early phase of COVID-19, so the beneficial effect of
indometacin could also be expected for outpatients with
COVID-19. Nonetheless, neither indometacin nor
paracetamol was administered as a stand-alone treatment,
but along with a standard of care including ivermectin
and other adjuvant therapies.

Aspirin is an affordable, globally available drug that at
low doses irreversibly inhibits the COX-1 enzyme. In
addition to being a key enzyme in the synthesis of
pro-inflammatory prostaglandins, COX-1 is responsible
for the production of TxA, which promotes platelet
aggregation.” Thus, in patients with COVID-19, low-dose
aspirin has mainly been proposed as a preventive
approach against the thromboembolic risk associated
with this disease, and the related increased mortality.”*
Available studies on the use of aspirin as an
antithrombotic drug for COVID-19 mainly involve
hospitalised patients with varying disease severity.
Consistent with small retrospective studies in China*
and Iran,” a large propensity-score matched study
reported a lower cumulative incidence of in-hospital
death for patients with COVID-19 given low-dose aspirin
during hospitalisation than for those who received no
antiplatelet therapy.” Similarly, the beneficial effect of
short-term use of low-dose aspirin is supported by the
findings of a retrospective cohort study involving
412 adult patients hospitalised with COVID-19-related
acute respiratory distress syndrome, showing that aspirin
administration, started within 24 h of admission or 7 days
before hospital admission, was independently associated
with a reduced risk of mechanical ventilation, intensive
care unit admission, and in-hospital mortality.”
A meta-analysis of ten retrospective studies, including
56696 hospitalised patients with COVID-19,
indicated a lower likelihood of dying for those who had
taken aspirin than for non-aspirin users.” Moreover, in
contrast to findings of the large RECOVERY trial
(n=7351)," an observational cohort study of 111269 US
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Exposure Timing of Total Age, years* Sex, % Primary outcome Inhaled Controlgroup  Between-group
exposure patients corticosteroid difference, p value
group
Ramakrishnan Inhaled budesonide <7 days from 146 45 (13) 57% female, Combined endpoint  Two (3%) of 11 (15%) of Difference in
etal (2021);3 (1600 pg/day) until ~ symptom onset 43% male of COVID-19-related 73 patients 73 patients proportions 12:3%
STOIC (open- self-reported emergency (95% C13:3t021-3);
label) symptom recovery department p=0-009
or primary outcome assessment or
achievement hospital admission
Yuetal (2021);*  Inhaled budesonide <14 days from 1856 642 (7-6)t 52% female, Time to first self- 11-8 days 14.7 days HR 121 (95% BCI
PRINCIPLE (open- (1600 pg/day) for symptom onset 48% malet  reported recovery by (95% BCl (95% BCI 1.08t01-36); HR 075
label) 14 days 28 days; combined  10-0to 14-1); 12:3t018-0); (95% BCI 0-55 t0 1-03)
endpoint of hospital  6-8% (95% BCl 8-8% (95% BCI
admission ordeath  4-1t010-2) 5-5t012:7)
by 28 days
Ezeretal Inhaled <6 days from 203 35 (27-47) 54% female, Resolution of 42 (40%) of 34 (35%) of Adjusted risk
(2021);2° (1200 pg/day)and ~ symptom onset 46% male symptomsbyday7 105 patients 98 patients difference 5-5%
CONTAIN intranasal (95% Cl1-7-8t0 18-8),
(placebo- (200 pg/day) p=NSt
controlled) ciclesonide for
14 days
Clemency et al Inhaled ciclesonide  Positive 400 433 (16-9) 55% female, Timeto alleviation ~ 19-0 days (95% Cl  19-0 days HR 1.08 (95% Cl
(2022);*" Covis (640 pg/day) for SARS-CoV-2 test 45% male of COVID-19-related 14-0to 21.0) (95% Cl 0-84101:38), p=NS%
Pharma (placebo- 30 days <72h symptoms by 16-0t0 23-0)
controlled) day 30
Duvignaud etal  Inhaled ciclesonide <7 days from 217 63 (59-68) 51% female, Combined endpoint 18 (16%) of 13 (12%) of p=NS§
(2022);2 (640 pg/day) for symptom onset 49% male  of hospital 110 patients 107 patients
COVERAGE 10 days admission, oxygen
(open-label) therapy at home,
ordeath by day 14
BCl=Bayesian credible interval. HR=hazard ratio. NS=not significant. *Data are mean (SD) or median (IQR). tData refer to SARS-CoV-2-positive participants. Significance threshold was 0-05. §Significance
threshold was not specified.
Table 1: Randomised controlled trials that examined inhaled corticosteroids for outpatient treatment of COVID-19

adults hospitalised with moderate COVID-19 showed
that early aspirin use was associated with a lower risk of
in-hospital mortality after 28 days than was no aspirin
use.”™ Together, these studies on aspirin use as an
antithrombotic agent in patients hospitalised for
COVID-19 are encouraging, although not conclusive.
However, the observation that the beneficial effects of
aspirin were also documented in patients with moderate
COVID-19" suggests a wusefulness of this anti-
inflammatory drug even for managing outpatients with
early stage COVID-19. In this setting, aspirin could be
considered an alternative treatment to relatively selective
COX-2 inhibitors, indometacin, or other NSAIDs when
signs of toxicity or contraindications to these drugs are
brought to the attention of family doctors. Indeed, aspirin
has been shown to reduce the plasma concentrations of
cytokines in patients with chronic stable angina,™ and
even to have antiviral activity against RNA viruses in the
respiratory tract.” Thus, these aspirin properties could
help to reduce the mild or moderate symptoms induced
by the underlying inflammatory processes.

Corticosteroids for early stage COVID-19

Synthetic corticosteroids are widely available medi-
cations used to treat chronic inflammatory and
autoimmune diseases. At the cellular level, they exert

anti-inflammatory actions mainly through inhibition of
the NF-kB pathway."® The effects of corticosteroids on
type I interferons, which play a key role in host immune
response to viral infections, remain incompletely
characterised. Routine doses of oral corticosteroids do
not appear to suppress type I interferon production in
patients with systemic lupus erythematosus."” However,
there is in vitro evidence that these medications impair
the antiviral immune response in human airway cells by
interfering with the type I interferon signalling pathway,
thereby enhancing viral replication."*™ Corticosteroids
also dampen cellular immunity by inhibiting the
development of type 1 helper T cells, CD8 T cells, and
natural killer cells.™

Evidence from preclinical studies suggests that
corticosteroids can directly modulate endothelial function,
with effects depending on the inflammatory environment.
In particular, under physiological conditions, corti-
costeroids could lead to endothelial function impairment
by reducing vascular nitric oxide availability."*" By
contrast, under inflammatory conditions, they were found
to exert protective effects on the inflammation-associated
endothelial cell dysfunction, possibly by reducing IL-6 and
TNF-a expression.” Thus, timing and inflammatory
milieu seem to influence responses to corticosteroid
treatment.
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Chronic use of corticosteroids in autoimmune or
obstructive pulmonary diseases and in COVID-19
Chronic use of systemic or inhaled corticosteroids has
been associated with increased odds of hospitalisation* or
mortality " in people with COVID-19 and rheumatic
diseases, inflammatory bowel disease, asthma, or chronic
obstructive pulmonary disease. However, the more serious
outcomes observed in patients on corticosteroids could be
confounded by treatment indication, whereby underlying
disease activity or severity could itself negatively affect
COVID-19 sequelae.™™ Thus, uncertainty remains
around the effects of chronic use of corticosteroid on
COVID-19 outcomes.

Systemic corticosteroids for COVID-19 management
Based on evidence from previous coronavirus outbreaks
(eg, SARS-CoV and MERS-CoV), the use of systemic
corticosteroids in COVID-19 was initially discouraged
due to the potential risk of secondary infections, long-
term complications, and delayed viral clearance.”
However, the RECOVERY trial, published in 2021,
showed reduced mortality with dexamethasone in
patients hospitalised with COVID-19 who required
mechanical ventilation or supplemental oxygen, but not
among those receiving no respiratory support.””> Largely
based on these findings, WHO guidance strongly
recommended systemic corticosteroids in patients with
severe and critical COVID-19.”* Data regarding the use of
these drugs during the initial phase of COVID-19, when
patients are not hospitalised, are scant. Anecdotal
evidence from case reports and observational studies
suggests that early outpatient treatment with systemic
corticosteroids at the time of viral replication (ie, within
the first few days of symptoms onset) is associated with
an increased risk of delayed recovery and worse clinical
outcomes.” "™ Systemic corticosteroids cause widespread
immunosuppression, which could be useful during the
late inflammatory phase of severe COVID-19 but cause
harm in the early disease phase by suppressing host
antiviral responses.” Nonetheless, further studies are
needed to pinpoint the optimal timing of corticosteroid
initiation during the disease course.

Inhaled corticosteroids for COVID-19 management

Inhaled corticosteroids have been proposed as an early
COVID-19 treatment on the basis of their targeted anti-
inflammatory effects in the lung and their antiviral
properties.”™ To date, five randomised controlled
trials have explored treatment with inhaled cortico-
steroids in outpatients with COVID-19 within 7-14 days
of the onset of mild to moderate symptoms (table 1).
The STOIC study showed that among 146 outpatients
with mild COVID-19, inhaled budesonide reduced the
composite endpoint of emergency department
assessment or hospitalisation, and improved time to
recovery, compared with usual care.” The larger
PRINCIPLE study found that in 1856 outpatients with

Disease stage

« Asymptomatic —>| None |

« At the onset of symptoms
(fever, sore throat, cough, —>| Start with NSAIDs |

or headache)

Anti-inflammatory therapy

« Mild to moderate |

symptoms —>»| Continue with NSAIDs for 3-4 days |

v

Should symptoms persist
after 8-10 days of NSAIDs
or Sp0, <94-92%

v

Start oral dexamethasone and discontinue
NSAIDs

« Severe symptoms . .
(based on MEWS =5) —b| Immediate hospital transfer

Figure 3: Options for at-home anti-inflammatory therapy in adults with
COVID-19 depending on disease stage

MEWS=Modified Early Warning Score (an international, universal scoring scale
from multiple parameters including respiratory rate, SpO,, heart rate, systolic
blood pressure, consciousness). NSAIDs=non-steroidal anti-inflammatory drugs.
Sp0O,=oxygen saturation.

COVID-19 at high risk of disease progression, inhaled
budesonide improved time to recovery and reduced the
combined endpoint of hospital admission or death
compared with wusual care, although statistical
significance was not achieved for the combined
endpoint.” The COVERAGE study, which aimed to test
inhaled ciclesonide in outpatients with COVID-19 at
risk of disease aggravation, was prematurely stopped
after the first interim analysis revealed no efficacy with
regard to reducing the primary composite endpoint of a
need for oxygen therapy at home, hospitalisation, or
death.” Notably, these randomised controlled trials had
an open-label design, and inhaled medications are
known to have placebo effects in respiratory diseases,"
which could have introduced bias in subjective
endpoints. Two double-blind, placebo-controlled,
randomised controlled trials have examined the effects
of inhaled ciclesonide in patients with early stage
COVID-19 in the community. An industry-sponsored
study involving 400 people with mild to moderate
COVID-19 disease found that inhaled ciclesonide did
not decrease time to symptom alleviation, but it did
reduce the combined endpoint of emergency
department visit or hospitalisation.”” Instead, the
CONTAIN study showed that among 203 young
outpatients (median age of 35 years) with COVID-19,
the combination of inhaled and intranasal ciclesonide
did not improve the resolution of symptoms, nor did it
reduce the incidence of hospitalisation.”® Overall,
evidence from randomised controlled trials suggests
that the use of inhaled corticosteroids in outpatients
with COVID-19 does not adversely affect clinical
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When to use

Dosage Time of exposure

NSAIDs

Relatively selective COX-2 inhibitors

Nimesulide

Celecoxib

Other NSAIDs
Ibuprofen

Aspirin

Corticosteroids*

Dexamethasone

The recommended drugs can be used unless contraindicated according to summary of product characteristics. *At the
start of corticosteroid treatment, NSAIDs should be discontinued. NSAID=non-steroidal anti-inflammatory drug.

At the onset of symptoms
(fever, cough, sore throat,

headache)

At the onset of symptoms
(fever, cough, sore throat,

headache) 200 mg on the first day; in maximum of 12 days
the following days, 200 mg/
day up to a maximum of 400
mg/day
At the onset of symptoms 400 mg orally twice a day For 3-4 days
(fever, cough, sore throat,
headache)
At the onset of symptoms 500 mg orally twice a day For 3-4 days, if symptoms
(fever) or with laboratory persist, continue for a
signs of hepatotoxicity maximum of 8 days

associated with nimesulide
or contraindications to

celecoxib

Should fever persist after
8-10 days of NSAID

treatment,
saturation <94-92% occurs

100 mg orally twice a day For 3-4 days, if symptoms
persist, continue for a

maximum of 12 days

Initial oral dose of 400 mg
followed by a second dose of

For 3-4 days, if symptoms
persist, continue for a

Duration of treatment
depends on the clinical
evolution of the disease

8 mg orally for 3 days, then
tapered to 4 mg for a further
3 days, and then to 2 mg for
3 days

orwhen oxygen

Table 2: Recommendations for anti-inflammatory agents for early COVID-19 symptoms in adults

outcomes nor does it increase the risk of side-effects
compared with usual care or placebo. Nonetheless, the
effectiveness of these medications in early COVID-19
management remains ill-defined.

Discussion and conclusions

Several recommendations on how to treat people at home
with COVID-19 with mild to moderate symptoms have
been proposed, starting with the use of anti-inflammatory
drugs.®“* The main recommended NSAIDs are
relatively selective COX-2 inhibitors, indometacin, ibu-
profen, and aspirin—often as part of a multipharma-
cological protocol. Some of the recommendations suggest
paracetamol as a safe therapy for the early management
of pain and fever in people with COVID-19. However, one
should consider that (besides being a negligible anti-
inflammatory drug)™ at relatively low doses paracetamol
reduces plasma and tissue glutathione concentrations,
which might exacerbate COVID-19.** Very few
researchers have formally tested their proposed recom-
mendations for outpatients with symptomatic COVID-19
through observational studies, although those that have
show encouraging results.””?** In particular, findings
from our studies”” have corroborated the treatment
protocol recommendations for early outpatient treatment
of COVID-19 we have previously proposed on the basis of
growing knowledge on the pathophysiology underlying
the mild to moderate symptoms encountered at disease

Search strategy and selection criteria

References for this Review were identified through searches
of PubMed for articles published from Jan 1, 2020,

to May 25, 2022, with the terms “COVID-19", “SARS-CoV-2",
“anti-inflammatory agents”, “non-steroidal anti-
inflammatory drugs”, “NSAIDs", “COX-2 inhibitors”,

", "glucocorticoids” “pathogenesis”,

"o

“corticosteroids”,
and "hyperinflammation”. All articles published in English
and Italian resulting from these searches, and relevant
references cited in those articles, were reviewed.

onset (figure 3).” These treatment recommendations are
based on three pillars: intervene at the very onset of
symptoms at home; start therapy as early as possible after
the family doctor has been contacted by the patient
(without waiting for the results of a nasopharyngeal
swab); and rely on NSAIDs, especially relatively selective
COX-2 inhibitors (table 2). The overlap in COX-2
selectivity between celecoxib and nimesulide was the
rationale for recommending these two drugs for the early
outpatient treatment of COVID-19 symptoms (table 2).
Aspirin or ibuprofen are the alternative treatments to
these relatively selective COX-2 inhibitors, if these COX-2
inhibitors are not available or when signs of toxicity or
contraindications to these drugs are evident according to
clinical characteristics and the medical history of the
patient. Treatment with NSAIDs should continue for
3—4 days, but if symptoms persist it could be extended for
a maximum of 8-12 days, if not contraindicated (table 2).
Moreover, given the metabolic pathway of these NSAIDs
involving, among others, the cytochrome 3A4, family
physicians should consider the risk of potential drug
interactions, especially for patients with COVID-19 who
started antiviral therapy with remdesivir or ritonavir-
boosted nirmatrelvir. In this case, potential strategies
include adjusting the NSAID dose, increasing monitoring
for potential adverse reactions, or temporary NSAID
withholding. These NSAIDs should be given to treatment-
naive patients who are older than 65 years for the shortest
time possible, and under adequate hydration. They can be
prescribed to pregnant women but only in the first few
months of gestation, according to the summary of
product characteristics.”” Celecoxib, ibuprofen, and
nimesulide should be avoided in children younger than
12 years, whereas aspirin should be taken only under
prescription and at the dose recommended by the family
doctor.

Overall, our studies and other observational studies
indicate that anti-inflammatory therapy, especially
NSAIDs, is crucial for the management of outpatients
with early symptoms of COVID-19, since the mitigation of
these symptoms protects against progression towards
a more severe illness that would eventually require
hospitalisation, placing a huge burden on the hospital
system (appendix p 1).
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