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Abstract

The COVID-19 pandemic is a highly dramatic concern for mankind. In Italy,
the pandemic exerted its major impact throughout the period of February to
June 2020. To date, the awkward amount of more than 134,000 deaths has
been reported. Yet, post-mortem autopsy was performed on a very modest
number of patients who died from COVID-19 infection, leading to a first con-
firmation of an immune-thrombosis of the lungs as the major COVID-19 path-
ogenesis, likewise for SARS. Since then (June-August 2020), no targeted early
therapy considering this pathogenetic issue was approached. The patients
treated with early anti-inflammatory, anti-platelet, anticoagulant and antibi-
otic therapy confirmed that COVID-19 was an endothelial inflammation with
immuno-thrombosis. Patients not treated or scarcely treated with the most
proper and appropriate therapy and in the earliest, increased the hospitaliza-
tion rate in the intensive care units and also mortality, due to immune-
thrombosis from the pulmonary capillary district and alveoli. The disease cau-
ses widespread endothelial inflammation, which can induce damage to various
organs and systems. Therapy must be targeted in this consideration, and in
this review, we demonstrate how early anti-inflammatory therapy may treat
endothelia inflammation and immune-thrombosis caused by COVID-19, by
using drugs we are going to recommend in this paper.
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1 | INTRODUCTION ON THE
IMMUNO-THROMBOTIC
ETIOPATHOGENESIS OF COVID-19

The coronavirus disease 2019 (COVID-19) had a huge
impact on health management worldwide. It generated
controversial issues and great concerns even on autho-
rized and agreed therapeutic protocols for SARS-CoV2
pandemic, particularly in people staying at home with
early symptoms of COVID-19.™* From a pathogenetic
point of view, COVID-19 is a clinical syndrome caused by
an infection associated with a severe acute respiratory
syndrome (ARDS) from SARS-CoV-2, essentially due to
damage to the lung functionality. ARDS is most probably
caused by a progressive disruption of the barrier integrity
in endothelia, therefore causing a diffuse lung damage.
Impaired cross talk between coagulation cascade and
immunity is a major hallmark of ARDS, which rapidly
leads to an exacerbated inflammatory response and a dif-
fuse fibrin deposition both in vascular micro-circulation
and in alveoli. Concurrent factors such as activated plate-
lets, innate immune cells, neutrophils’ NETs and prote-
ases from coagulation lead altogether to the immune-
thrombosis, which can be reported as the leading cause
of the lung functional failure.>”” Patients with a severe
clinical stage exhibit an exaggerated activation of the
immune system which can cause a range of damage to
various organs, as well as pneumonia and acute respira-
tory distress syndrome (ARDS).® The infection process of
SARS-CoV2 increases the cyclo-oxygenase 2 (COX-2)
expression, and anti-inflammatory drugs enable to inhibit
COX-2 may exert a formidable action in preventing the
onset of COVID-19.°

SARS-CoV2 infection induces, therefore, a pathoge-
netic process known as immuno-thrombosis.’

Although many individuals develop asymptomatic or
pauci-symptomatic infection, those ones with severe and
critical disease exhibit a dysregulated over-activation of
the immune system which can cause an abnormal
immune response with impaired production of cyto-
kines, which is likely to be responsible for most of the
organ damage that occurs in the final stage of the
disease.'**2

To date, recent investigation has outlined that SARS-
CoV-2 infection induces a pro-thrombotic state expressed
mainly as immuno-thrombosis, that is, thrombotic events
associated with inflammation in microcirculation,” an
evidence even reported for SARS and in the very few
post-mortem investigations (autoptic data), which we
missed as a major evidence to shed a light on the real
COVID-19 pathogenesis.’* ' Autopsy, which was widely
neglected to highlight and elucidate COVID-19 pathogen-
esis, is the most awkward ‘missing link’ to address

COVID-19 pathogenesis, and hence a therapy protocol
with the highest successful outcome.

Moreover, restrictions due to the several lockdown
policies worldwide have exacerbated the difficulty in hav-
ing a plain consultancy with practitioners, family doctors
and other physicians, particularly due to COVID-19
emergency in hospitals. This engulfed a huge need of
medical expertise and caregivers, often subtracting people
from having an available consultancy at home or at their
disposal. In this perspective, suggestions and recommen-
dations were even reported elsewhere in the literature,™*
despite some critical comment.'”~*° The fundamental role
of a home protocol to address mild COVID-19 or the
early symptoms of this pathology is to ensure a rapid
pharmacological intervention in order to absolutely pre-
vent hospitalization, often due to exacerbation more than
excessive caution. In this sense, therapeutic drugs must
be promptly available, easy to be provided and able to
target the first steps leading to the etiopathogenesis of
COVID-19.°

However, the first line of choice is quite never
addressing this recommendation, but simply reducing
and dampening any early painful symptom, such as
fever.

In this respect, antipyretics such as acetaminophen
(paracetamol) underwent a huge increase in their use
during COVID-19 pandemic, though its use may be haz-
ardous for COVID-19 patients.'”?'"** In Italy, the govern-
ment’s recommendation to use  paracetamol
(acetaminophen) against the early symptoms of COVID-
19 (pauci-symptomatic subjects) was officially for-
warded."” It is difficult to state if the need for an official
recommendation would like to supply the paucity of
available doctors, most of whom engaged in COVID-
19 units, yet recent data have outlined that reducing fever
with paracetamol may lead patients to a severe form of
COVID-19, compelling physicians to recommend for
their immediate hospitalization.'® Furthermore, a certain
frenzy in retrieving novel and straightforward therapeutic
strategies against SARS-CoV2, such as the very expensive
monoclonal antibodies, overshadowed optimal and fre-
quently used anti-inflammatory drugs, probably due to
the up-growing conviction that SARS-CoV2 was an
unusual virus, poorly addressable by commonly used
therapy.’

In this review, an attempt in elucidating the high
potentiality of an easy to perform and priceless therapy
against COVID-19 at home, upon physician counselling,
is reported. Our firm opinion is that a proper therapeutic
protocol in the early symptoms of COVID-19 at home
should have rescued many patients, reporting them to
their own healthy lives. The present review aims at dem-
onstrating how early anti-inflammatory therapy is able to



PANDOLFI ET AL.

treat endothelia-vascular disorder caused by immuno-
thrombosis in COVID-19, for which recommendations

about the drugs that can be wused, are herein
recommended.
2 | FEVER AS AN EARLY

SYMPTOM OF COVID-19.
ACETAMINOPHEN SHOULD NOT BE
RECOMMENDED AT ALL

During the early stages of the SARS-CoV2 infection, fever
is the most frequent and common symptom, affecting
about 42% of children and 45-89% of adults.>**® Both
patients and physicians very frequently use and prescribe,
respectively, antipyretics as a commonly available and
over-the-counter medication to dampen fever-related dis-
comfort and pain.**>*72® Yet, in this context, the use
of acetaminophen (N-[4-hydroxyphenyl]-ethanamide),
known also as paracetamol, to treat early pre-
hospitalization COVID-19 symptoms, such as fever, has
been recently debated by papers dealing with fever in
COVID-19.%°732 Peluso et al.,>? who described fever as a
complex phenomenology during SARS-CoV2 infection,
suggested to properly managing fever during severe
COVID-19, reporting that targeting temperature manage-
ment should help patients with severe symptoms to
increase their survival possibility, although the complex-
ity of body temperature maintenance during COVID-19
cannot allow physicians to recommend an aggressive
antipyretic therapy. In his paper, Peluso et al.>* reported
that, because of the high incidence in vascular thrombo-
sis during COVID-19, an increase in damage-associated
molecular patterns (DAMPs) should occur, so triggering
an immune response and release of pyrogenic factors.
However, they admit also that there are no data about
the optimal timing, duration and severity of fever to pro-
mote a correct intervention on the patient’s body temper-
ature. Peluso et al.** suggest to use indifferently either
anti-pyretics, such as paracetamol or anti-inflammatory
pharmaceuticals.

Despite their recommendation in reducing fever in
more critical stages of COVID-19, suggesting some
consideration regarding the use of antipyretics in
severe COVID-19, that is, mainly during hospitalization,
a more rigorous debate about the role of fever in
COVID-19 should be undertaken. Certainly, the role of
selective inhibitors of COX-2, such as celecoxib, might
give fundamental insights even in this occurrence, as
the increase in COX-2 in the lung enhances the damage
to this tissue particularly during the mechanical
ventilation.>?
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The major concern of acetaminophen upon SARS-
CoV2 infection is associated with its use in early symp-
tomatology, during a mild COVID-19, while staying
at home.

Taking pills without a direct physician’s assistance
may lead to severe adverse effects, particularly metabolic
acidosis.>**® Some authors are persuaded that fever dur-
ing COVID-19, even with mild or moderate symptomatol-
ogy, has a formidable role in strengthening the host’s
immune response.’’ Pain and discomfort overwhelm any
good intention to fit this consideration, however.
Keaveney et al.** reported a paper where they assessed
the reduced risk perception on one’s own health in tak-
ing and even abusing with acetaminophen, despite its
acknowledged danger.*>*® However, the more general
consideration about acetaminophen is that the antipy-
retic drug is harmless, probably because people consider
that fever is very common.

Actually, the COVID-19 pandemic registered a dra-
matic increase in the use of this drug.** A survey on sub-
jects suffering from mild COVID-19 and possibly
requiring further acute and follow-up care reported that
acetaminophen held the 87.1% of responses gathered
from providers recruited in the study.** The use of acet-
aminophen was even preferred respect to non-steroidal
anti-inflammatory drugs (NSAIDs), to relieve pain, dis-
comfort and fever due to early COVID-19 symptoms.*!
Furthermore, the association between early pain in
COVID-19 and mortality was recently addressed by Knox
et al.,** who reported that acute pain during COVID-19
was less associated with intensive care request and mor-
tality risk than mild or absent pain.

While acetaminophen is widely and quite indiscrim-
inately used (or abused) during the early COVID-19
symptomatology, a more complex debate should be
expanded about early stages in SARS-CoV2 infection,
because particularly crucial to prevent or not, further
exacerbation and hospitalization in intensive care units
(ICUs). During the ACE2 receptor invasion, SARS-
CoV2 begins to induce a marked dysregulation in the
reactive oxygen species (ROS) level as signalling mole-
cules, rapidly creating a marked oxidative stress. Native
immune cells are involved in addressing this stress and
counteracting the initial damage towards the fine cross-
talk endothelia platelets. A drug potentiating this dam-
age may have a dramatic impact on exacerbating
COVID-19.

Actually, some reports showed the negative impact
of paracetamol on endothelia, though referring funda-
mentally to paracetamol overdosage and drug-caused
hepatotoxicity.**** Moreover, in the oxidative stress
micro-environment, glutathione (GSH) availability is
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particularly crucial when COVID-19 is characterized by
a significant reduction in GSH availability.* Glutathi-
one biosynthesis is critical for the correct endothelia
function and in anti-fibrotic responses.*® A close rela-
tionship between GSH homeostasis and fever has been
reported recently, assessing that the role of GSH in the
febrile response to inflammation and the role of fever
on GSH availability and biosynthesis are closely
intertwined.*’

In this context, questions arise about whether and
how to use drugs to relieve fever during early COVID-19
without consulting a physician.

How to check early COVID-19 symptoms and
promptly treat them?

An awkward terminology used by the Italian major
Health Authorities, for example, is ‘watchful waiting’,
usually alongside acetaminophen (paracetamol) recom-
mendation. What does the patient have to wait for?

Recent data showed that acetaminophen induces a
strong depletion of GSH in type II pneumocytes and alve-
olar macrophages.*®

As suggested before, some authors wondered if the
use of antipyretics is really useful in managing
COVID-19 with respect to letting fever run.’”*”*° To
deepen this consideration and expand the debate about
the usefulness in adopting the antipyretic strategy in
early COVID-19, a thorough understanding of COVID-19
pathogenesis should be considered. Bonaventura et al.’
highlighted the role of endothelia damage due to the
SARS-CoV2 infection, then causing coagulation disorders
and an immuno-thrombosis. Hence, COVID-19 is not
merely a simple airway inflammation sickness, like the
flu and only severely targeting the lungs. Physicians are
persuaded to reduce fever during early COVID-19. Actu-
ally, past reports described an increase in fibrinogen due
to fever,’® and during SARS-CoV2 infection, an increase
in fibrinogen was actually reported.” The pro-thrombotic
mechanisms elicited by SARS-CoV2 may be driven, at
least initially, by platelets, which is thought to express
ACE2 receptors on their membranes,”>* although an
ACE2-independent mechanism was also described.”® A
recent paper showed that a pre-hospitalization anti-
platelet therapy greatly reduces the incidence of acute
respiratory distress syndrome (ARDS), usually present in
severe COVID-19.>*

The potential noxious role of acetaminophen in this
context might be particularly crucial.

Despite the past observation that paracetamol dose
dependently inhibits platelet function, this action was
exclusively reported for healthy subjects®™ and particu-
larly in association with NSAIDs.**® Probably, in the
presence of a worsening endothelia dysfunction, as
occurring during COVID-19, the complex cross-talk

between endothelia and platelets is dramatically
impaired and even the very modest COX-2 inhibitory
effect of acetaminophen may be insufficient to act as a
friend, rather than a foe, against platelet targeting by
SARS-CoV2.>° The SARS-CoV2 spike (S) protein is the
major cause of the endothelia damage in microcircula-
tion.” This damage should prevent endothelia to coun-
teract platelet aggregation via the production of the
endothelial ecto-ADP-ase CD39, which by metabolizing
the platelet activator ADP, prevents the ADP-mediated
platelet activation, besides the nitric oxide (NO) and
prostacyclin release.

Past reports have elucidated that acetaminophen
inhibits prostacyclin synthesis by endothelia,’! an evi-
dence that would emphasize the possible deleterious role
of acetaminophen in activating circulating platelets.®!
Noticeably, the impairment in the endothelia function
may reduce the actual potential of anti-aggregating drugs
such acetylsalicylic acid.®® Therefore, endothelial impair-
ment due to SARS-CoV2 infection, once recruited the
non-classical endothelia-associated monocytes, may pro-
mote the induction of an immuno-thrombosis, where the
inflammatory nature of the latter prolongs the febrile sta-
tus and the subsequent abuse of acetaminophen. Interest-
ingly, past reports, then confirmed, showed that
acetaminophen at its usual oral dosage may inhibit pros-
tacyclin release from endothelia even in pregnant
women.®’ " Acetaminophen inhibits prostacyclin syn-
thesis in endothelia, via the scavenging of the activator of
the prostaglandin endoperoxide H, synthase, the
peroxynitrite.**

Briefly speaking, paracetamol should not be rec-
ommended even in association with NSAIDs. We cannot
be ensured about the suggestion that acetaminophen to
relieve pain and dampen fever in early COVID-19 may
exacerbate the inflammatory status of endothelia caused
by SARS-CoV2 infection, but evidence supports the idea
that acetaminophen (i.e., paracetamol) may not be prop-
erly suited in the early COVID-19 symptomatology.
Moreover, even the prolonged use of acetaminophen may
exacerbate this context, at least as observed in laboratory
animals. During the induced acute liver failure by acet-
aminophen in mice, platelet-microparticles (PMPs)
expressing CD39 were generated.65

PMPs were observed also during COVID-19; they bear
a CD39 marker than can disrupt the endothelia CD39-
mediated dampening of platelet-induced thrombosis.®
Despite COX-1 inhibitors may paradoxically exacerbate
the production of prostacyclin from endothelia, the
COX-2 inhibitor ibuprofen resulted very efficaciously in
preventing the inhibition of endothelial prostacyclin, an
evidence known for many years.®’~’° In this sense, recent
clinical and observational studies have highlighted how
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the prevalent use of COX-2 inhibitors, in the first line of
therapy in early COVID-19, with respect to acetamino-
phen, reduced significantly the rate of people undergoing
hospitalization."

From a pharmacological point of view, some authors
reported recently the ability of acetaminophen to dimin-
ish the availability of reduced glutathione (GSH), a cir-
cumstance that may exacerbate the impact of the drug on
platelet functions.”’*””> GSH depletion is critical in the
elderly, particularly if affected by age-associated com-
orbidities, such as hypertension and even deep venous
thrombosis, which may occur in severe COVID-19,
worsens GSH levels by enhancing glutathione peroxi-
dase.”>”% A recent in vitro study on VeroE6 cells reported
that SARS-CoV2 impairs the cellular redox balance by
lowering cellular thiols, particularly glutathione (GSH).”’
Polonikov’® reported that GSH deficiency is associated
with severity and even death in COVID-19. A possible
mechanism is that SARS-CoV2 hijacks serine metabolism
in the mono-carbon pathway to build up purines, so con-
tributing in the reduction of a fundamental GSH precur-
sor, the cystathionine.”” Considering that acetaminophen
inhibits glutathione reductase, the concurrence of SARS-
CoV2 infection, comorbidity in elderly and the prolonged
use of acetaminophen in mild COVID-19 may be particu-
larly concerning for patients’ health.®® This leads us to
conclude that prescribing paracetamol in the early stages
of COVID-19 should not be recommended.

3 | NSAIDS ASTHE FIRST CHOICE
RECOMMENDED DRUGS IN THE
COVID-19 HOME THERAPY

3.1 | Ibuprofen

Non-steroidal anti-inflammatory drugs (NSAIDs), usually
known as cyclooxygenase 2 (COX-2) inhibitors, have
recently come to the spotlight as the first choice in
addressing the early symptoms in COVID-19."° Past
research, yet confirmed to date, reported that ibuprofen,
the propionic acid derivative known as RS)-
2-(4-[2-methyl-propyl]-phenyl)-propanoic acid, targets
platelet function,®®* likewise aspirin.®* In this context,
ibuprofen, altogether with other NSAIDs, encompasses
both an anti-inflammatory and anti-aggregating poten-
tial, particularly suited to address the early stage of
COVID-19 following a symptomatic SARS-CoV2 infec-
tion, and also preventing the onset of a cytokine
storm.®>®¢ A recent paper by Valenzuela et al.*® reported
that ibuprofen upregulates ACE2 receptor expression and
concomitantly the anti-inflammatory renin-angiotensin
system (RAS) in the lungs. Criticism was raised in the
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past on NSAID use in COVID-19, due to their role in up-
regulating ACE2 receptors,®”® although further data
support the beneficial role of NSAIDs in COVID-19.%°-%2
Recent data disproved the prejudicial consideration about
ibuprofen as a harmful therapeutic.”

Ibuprofen promotes the RAS-dependent anti-
inflammatory pathway, that is, the angiotensin 1-7 with
the G-coupled receptor Mas, and the pathway Ang 1-7/
Mas/AT2,°*% whereas it inhibits the pro-inflammatory
axis made by the pathway AngIl/AT1/NADPH oxidase),
thus increasing ACE2 levels and reducing the activity of
ADAM17.%°"%® Interestingly, it is well known that SARS-
CoV2 increases the activity of ADAM17, leading to the
augmentation in ACE2 shedding, expression and mem-
brane recycling, whereas ibuprofen blocks this activity
and moreover lowers the activity of TMPRSS2, a well-
known trans-membrane serine protease which activates
viral Spike protein.”

Ibuprofen activity is not limited to the inhibition of
COX-2. But this narrative review about the pharmacolog-
ical action of NSAIDs such as ibuprofen on SARS-CoV2
infection and ACE2 expression shows some apparent
controversial issues. The impact of NSAIDs on ACE2
expression seems not so easy to foresee,'” but probably,
ACE?2 is not the major target by NSAIDs action. The rela-
tionship between COX-2 and ACE2, for example, is par-
ticularly complex during SARS-CoV2 infection. As for
instance, SARS-CoV2 induces COX-2 activity and
increases COX-2 expression, without affecting viral entry
or viral replication.”'

Chen et al.'® have recently demonstrated that the
use of well-known COX-1 and COX-2 inhibitors, that is,
NSAIDs, such as ibuprofen and meloxicam, do not affect
SARS-CoV2 entry, therefore rejecting the previously for-
warded criticism that, as NSAIDs enhance ACE2, they
may increase susceptibility to viral infection. The activity
of NSAIDs on COX-2 may have further intriguing roles;
for example, it is well known that an inverse relationship
exists between ACE2 and COX-2 in endothelia.'?*'
Moreover, it is well known that ibuprofen inhibits plate-
lets aggregation.'®*

At the same time, ibuprofen, as recently observed in
the arginate form, can rescue the eNOS activity in the
damaged endothelia and revert the tissue to its normal
function, that is, saving the NO pathway while it is
inhibiting COX-2.% It is tempting to speculate that the
intake of ibuprofen, while SARS-CoV2 is attacking the
endothelial ability in counteracting thrombosis via NO
and prostacyclin, can arrest and dampen the damaging
process. Also, the previously reported belief that COX-2
inhibitors may promote thromboembolic events by their
inhibitory action on vascular prostacyclin synthesis and
poor effect on platelet thromboxane A2 production was
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completely refuted by more recent data, assessing that
COX-2 inhibitors, such as celecoxib, ibuprofen or
diclofenac, particularly ibuprofen, cannot cause any
thromboembolic event.'%>1%®

3.2 | Other affordable NSAIDs
COX-2-inhibiting NSAIDs are able to target different
mechanisms in COVID-19.

Naproxen seems to exhibit a direct anti-viral activity,
as this NSAID suppresses viral replication and N-
oligomerization in VeroA6 in vitro cells.'® Interestingly,
the association of low doses acetyl-salicylic acid (ASA)
with naproxen leads to a significant reduction in the pro-
duction of thromboxane B2, a direct metabolite of plate-
lets’ thromboxane A2.''° Nimesulide is a powerful
inhibitor of the BOAT1 subunit in SARS-CoV2 receptor,
namely, the plasma membrane transporter of
aminoacids, known as SLC6A19, which is linked with
ACE?2 in a dimer and stabilizes the link with SARS-CoV2
Spike protein: nimesulide, therefore, hampers viral entry
into the cell.'™!

Selective inhibitors of COX-2, which are currently
used in clinics, such as the sulphonamide celecoxib and
the methylsulphone etoricoxib, have been reported as
capable of reducing significantly COVID-19 patients’ hos-
pitalization rate.'® Many of these pharmaceuticals are
endowed with an anti-viral activity.'*?

Indomethacin is another NSAID, which was effective
against the first SARS coronavirus in the outbreak of
more than 15years ago.''’ Actually, Amici et al.'"
reported that indomethacin significantly reduced in vitro
both SARS-COV-1 on monkey VERO6 cells and human
lung epithelial A549 cells, and canine coronavirus, both
in A72 canine cells and in vivo dogs. This drug is a pow-
erful anti-inflammatory agent that not selectively inhibits
cyclooxygenase (COX)-1 and -2 enzymes and has been
mostly used to treat inflammatory conditions of the mus-
culoskeletal system. Since indomethacin inhibits COX-2
and viral protein synthesis, anti-viral activities of indo-
methacin against different viruses have been previously
explored, including Herpes virus 6, Cytomegalovirus,
Hepatitis B virus and so forth."**'® More recently,
Napolitano et al.''” have reported that indomethacin
downregulates ACE2 receptors by suppressing the gene
in the ACE2 pathway, while previously other authors
showed that indomethacin inhibits cathepsin L activity
for fusion with host cells, and that no other anti-
inflammatory drug aside from indomethacin exhibited a
role in the cathepsin activity.'"'® Furthermore, a direct
evidence of effectiveness of indomethacin against SARS-
CoV-2 has been provided by Xu et al.'*® They have

shown the anti-viral effect of indomethacin in vitro and
in vivo in an infected canine model.

Indomethacin  also  reduces the levels of
interleukine-6 (IL-6) and tumour necrosis factor (TNF),
cytokines that greatly increase during COVID-19, and
are responsible for some of its detrimental effects.*° It
has been also hypothesized that indomethacin can
counteract bradykinin effects in COVID-19 patients,
thus possibly reducing COVID-19-induced dry cough or
other bradykinin-induced symptoms.'*! The use of
indomethacin to relieve pain and discomfort has been
compared to other NSAIDs even in past reports; for
example, indomethacin has no anaesthetic properties
with respect to diclofenac,'?* yet recent evidence recom-
mends to better target COX-2 and use panels of drugs
against COVID-19 including indomethacin, diclofenac
and celecoxib.'*®* A comparison between indomethacin
and ibuprofen showed comparable efficacy and
safety.'**

Alongside with indomethacin, diclofenac potassium
also is a NSAID included in the silver line of anti-
inflammatory drugs against SARS-CoV2 infection.'*
Recent reports showed that diclofenac potassium
increases lymphocyte recruitment for the immune
response against SARS-CoV2.'*

The correct selection of NSAIDs for treating patients
with early COVID-19 symptoms may be particularly bur-
densome, as some very common NSAIDs, such as ibupro-
fen and meloxicam, seem to have no effect on ACE2
expression, viral entry and replication.’*® The correct
choice of therapeutic drugs to be used in the early
COVID-19 symptomatology needs to be refreshed with
new clinical studies.

Ravichandran et al."*’ have recently reported a clini-
cal study, comparing 72 COVID-19 patients treated with
indomethacin with 109 COVID-19 patients treated with
paracetamol (indomethacin and paracetamol were both
given along with standard therapy). The authors con-
cluded that the symptomatic relief in the cohort of indo-
methacin patients was remarkably higher than the
paracetamol group, and that only one of 72 patients in
the indomethacin group required supplementary oxygen
as compared to 28 patients in the paracetamol patient
cohort group.'?’

Moreover, an author is absolutely persuaded that the
early use of NSAIDs, particularly regarding ibuprofen,
might revert COVID-19 pathogenesis, prevent exacerba-
tion and improve clinical outcomes.'* The route in
which these drugs should operate encompasses the early
phases of COVID-19 pathogenesis, therefore inflamma-
tion and immuno-thrombosis. In this first stage, inflam-
mation is occurring in the patient, as fever is one of its
major symptoms.
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Commonly widespread anti-inflammatory drugs were
not widely considered in COVID-19 pharmacotherapy,
probably because of misleading communication about
medical expertise and practice.'*® Dampening inflamma-
tion, which most probably is affecting the endothelia-
platelet cross talk in microcirculation, is a leading target
of early therapy against COVID-19. Therefore, more than
dampening fever is of the utmost importance to reducing
the patient’s inflammatory response to SARS-CoV2, in
order to lower the possible damage on endothelia. In this
context, for example, ibuprofen reduces the levels of IL-6
and IL-8."* The anti-inflammatory activity of NSAIDs
reduces also fever, so a patient in the early stages of
COVID-19 can simply take up NSAIDs rather than acet-
aminophen, to relieve pain and discomfort due to fever.

The activity of NSAIDs on inflammation an endothe-
lial function should be the leading cause of NSAIDs effec-
tiveness in COVID-19."*°

Past reports showed that nimesulide is able to block
neutrophils diapedesis through TNF-a-activated endothe-
lia, thus switching inflammation off and dampening
neutrophils-mediated pro-oxidative injury.*' Celecoxib is
able to directly target SARS-CoV2 and block its
activity,"'? an evidence that can explain why patients
using celecoxib and other NSAIDs more than acetamino-
phen in the early symptoms of COVID-19, had the lowest
risk of being hospitalized."®'** The use of NSAIDs in
home therapy against COVID-19 was not so widespread
and counselled as due, in order to prevent disease wors-
ening. The panel of NSAIDs is particularly enriched of
novel therapeutic drugs, which could successfully address
COVID-19 in its early phases. If endothelia are rapidly
targeted by SARS-CoV2, generating an inflammatory
response in microcirculation, a therapy able to modulate
inflammation, endothelial dysfunction and pro-oxidant
stress, is particularly suitable to address COVID-19 at the
earliest.

3.3 | Acetyl-salicylic acid (ASA)

The recent evidence about the endothelial involvement
in COVID-19 has promoted the medical counselling
towards anti-aggregating drugs in the early stages of
COVID-19."*

Some authors have also suggested dypiridamole, as
an anti-platelet drug, but its use is highly concerning and
never entred the routinely and conventional therapy pro-
tocols in early COVID-19.** So far, the consideration
that COVID-19 is prevalently an endothelial dysfunction
with inflammation, enabled in promoting an immuno-
thrombosis, ASA is not so thoroughly included in the
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therapy panels recommended for early or mild COVID-
19, as physicians are particularly cautious in addressing
drugs targeting the coagulation/thrombotic mechanisms.
The overall agreed consideration is that COVID-19 is an
inflammatory illness, for which anti-inflammatory drugs
are properly suited.

ASA is probably the most common anti-aggregating
pharmaceutical drug. A recent paper by Liu et al.'*
reported that when treating COVID-19 patients with
acetyl-salicylate, mortality dropped down significantly
and that patients with metabolic comorbidities (cardio-
vascular disease and hypertension) infected with SARS-
CoV2, when treated with 100 mg/day aspirin reduced
their risk of mortality. In this circumstance, the authors
are talking about a preventive use of aspirin against the
thrombus-embolic risk associated with COVID-19."*> A
decrease in mortality was also observed by Osborne
et al.,"*° in a study from the US Veterans Health Admin-
istration. The authors performed a retrospective study on
a great number of veterans from across the country, hav-
ing resulted positive to SARS-CoV2 and included 35,370
patients in the period of 2 March 2020 to 13 September
2020 in the 14-day mortality cohort, and 32,836 patients
were included from 2 March 2020 to 28 August 2020, in
the 30-day mortality cohort. Their results showed that
previous aspirin prescription reduced significantly the
overall mortality at 14 days (OR 0.38, 95% CI 0.32-0.46)
and at 30 days (OR 0.38, 95% CI 0.33-0.45).'%¢

However, an interesting meta-analysis performed by
Martha et al.'*’ reported much more cautious results.
The authors, following the inclusion of only six eligible
studies, encompassing about 13 993 patients, concluded
that the use of low-doses aspirin was only indepen-
dently associated with a reduced mortality (RR 0.46
[95% confidence interval (CI) 0.35-0.61], P < 0.001;
I? = 36.2%). No practitioner or physician would like to
prescribe the sole aspirin to address the early symptoms
of COVID-19, yet aspirin might be useful in reducing
the pro-thrombotic impact of SARS-CoV2 infection. The
recent meta-analysis performed by the Department of
Pharmacology and Clinical Research, Delhi Institute of
Pharmaceutical Sciences and Research (DIPSAR), New
Delhi, India, reported an odd ratio (OR) = 0.70 (0.68-
0.77), that is, a lesser probability to die for COVID-19
in patients having taken aspirin respect to the
control,’*® although this evidence may be criticized by
the existence of outliers. The reliability of papers
selected for the meta-analysis was assessed by the
Newecastle-Ottawa scale. In COVID-19 development,
platelets should play a major role."** However, a paper
reported that previous treatment with anti-platelet
drugs did not reduce COVID-19 severity.'** Actually,
COVID-19 pathology is not a direct cause of platelet
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dysfunction but of the endothelia-platelets cross talk
strongly impaired by immuno-inflammatory causes.
Therefore, in our opinion, a simple therapeutic drug
with both anti-inflammatory and anti-aggregating prop-
erties may be suitable to address COVID-10 in its early
symptoms.

4 | ANCILLARY AND
SUPPORTING THERAPY IN THE
EARLY COVID-19 HOME
TREATMENT

Attempts in improving home therapy against COVID-19
have evaluated also the introduction of micronutrients
and plant-derived polyphenolic substances, usually as
nutraceuticals, to enhance the anti-oxidant and anti-
inflammatory activity of conventional drugs. In this per-
spective, anti-oxidant molecules, most of which coming
from natural vitamins or flavonoids, may help NSAIDs in
acting much more effectively against SARS-CoV2-caused
damage. Actually, flavonoids and nutraceuticals cannot
be used as pharmaceuticals, yet.'*!

The reduction in glutathione (GSH), caused by SARS-
CoV?2 infection,”” should be addressed. Liver usually pro-
duces glutathione but a well-ruled dietary regimen may
give its fundamental contribution.'** Several reports have
also outlined the possible role of L-ascorbate.'*'** Obvi-
ously, vitamin C is not a therapy; molecules able to scav-
enge reactive oxygen species (ROS), such as L-ascorbate
or other agents with anti-oxidant properties,'**'*> might
even contribute in notably reducing the impact of
COVID-19 on endothelia and immuno-thrombotic
mechanisms.

Anyway, anti-oxidants can be particularly helpful in
the first 3 days upon early COVID-19 symptoms along
with anti-inflammatory drugs such as NSAIDs, as they
can act as cofactors in the ability of NSAIDs to counteract
pro-thrombotic mechanisms.'*¢'*°

In the first stage (see further on), NSAIDs can be
associated with vitamins and anti-oxidants, such as ascor-
bate (500 mg/day), vitamin D3 (10.000 UlI/day), vitamin
K2 (200 pg/day), quercetin (300 mg/day) or other flavo-
noids, such as hesperidin (500 mg/day), lactoferrin (300-
400 mg/day), resveratrol (500-1,000 mg/day) and even
supplementation with Zn (30 mg/day).

Furthermore, some pharmaceuticals, used to relieve
COVID-19-associated symptoms such as cough, may even
contribute in ameliorating the performance of NSAIDs,
despite some controversial results.

A pilot study of intravenous N-acetyl-cysteine (NAC)
reported negative results in severe COVID-19 patients, as

intravenous NAC did not reach a statistical difference
with respect to not treated subjects.'*®

Despite some encouraging claim about NA!
the novelty should prevalently focus on the use of NAC
during the early stages of COVID-19 or lately as a preven-
tive therapy, rather than a curative approach. NAC
reduces the oxidative stress causing endothelial injury via
the complement activation and apoptosis.'>* In this
sense, this compound should be particularly useful in a
therapeutic formula uptaken during early symptoms in
COVID-19. In this perspective, cough syrups might have
an intriguing role in addressing SARS-CoV2 infection
and its exacerbation.'*>!>> Anyway, NAC remains as a
coadjutant factor in the conventional therapeutic proto-
col for treating COVID-19 in its early symptomatology.

According to the most recent evidence, SARS-CoV2
infection should rapidly affect endothelia and platelets,
sequestering from circulating blood non-classical
endothelia-associated monocytes, which should scavenge
pro-oxidant stressors from promoting pro-thrombotic
events. However, NAC is not an elective therapy against
COVID-19, but a possible adjuvant.

Further on, we will address the role of anti-oxidant
compounds as adjuvants alongside therapeutic anti-
inflammatory drugs and anti-microbials, such as
azithromycin. To date, acetyl salicylic acid seems to work
better as a preventive agent, against COVID-19
exacerbation.
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5 | TOWARDSA
PHARMACOLOGICAL PROPOSAL
FOR EARLY COVID-19 SYMPTOMS

To date, no official proposal reached the attention of
leading authorities, as COVID-19 home therapy would be
based on affordable and widely available anti-
inflammatory and anti-thrombotic drugs to reduce the
impact on any socio-economic burden and reduce hospi-
talization overload. Recent clinical data, despite someone
yet published as a pre-print, assessed that COX-2 inhibi-
tors, either commonly purchasable NSAIDs and selective
inhibitors, are a better choice to treat COVID-19 in its
early symptomatology.'®!>® Pharmaceuticals such as
nimesulide and celecoxib are strongly suggested to
greatly reduce the risk of being hospitalized for the
patient with early COVID-19 symptoms.'*'*® The pro-
posal should be exerted usually at home, as in the first
stages of COVID-19 symptomatology the patient feels
pain, discomfort, even cough or dyspnoea and fever while
staying at her/his own home. Major recommended
NSAIDs may be therefore celecoxib, nimesulide,
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ibuprofen and indomethacin,'*® taking into account that
any protocol considering one of these NSAIDs might
include ASA (>44%) and antibiotics such as azithromycin
(>48%)."°° However, using ASA alongside with NSAIDs
might cause adverse effects, already described in the
literature."*’

The suggestion comes from observing the different
ability of these. Therefore, the therapeutic proposal
herein forwarded is a ‘home therapy proposal’ to treat
SARS-CoV2 infection in its earliest onset (within 72 h)
and therefore prevent hospitalization. Noteworthy,
besides vaccination, early home therapy against COVID-
19 should represent the second major pillar of the politi-
cal and institutional response to COVID-19 emergency.

Figure 1 shows how the current available therapy
drugs, even in home COVID-19 treatment, can hamper
and inhibit SARS-CoV2 spreading in the organism and
COVID-19 pathogenesis.

Fundamentally, we can distinguish between three
major phases in the COVID-19 pathogenetic develop-
ment: (A) Phase 1 (early infection): Symptoms are flu-like

3

SARS-CoV2 e
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Immuno-thrombosis ]

FIGURE 1
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with a prevalence of low-grade fever or a frank fever,
headache, arthralgia and myalgia. (B) Phase 2 (pulmonary
phase): The symptoms mainly refer to the respiratory
tract with dyspnoea, polypnoea, chest pain and mild
desaturation; (C) Phase 3 (systemic inflammation with
thromboembolic and immune-thrombotic events): The
symptoms refer to multi-organ inflammatory involve-
ment with thrombo-embolism from vasculitis to deep
venous thrombosis and possible disseminated thrombo-
sis. Although this classification serves only as a simplistic
way to show how COVID-19 usually develops in clinics,
representing an easy synopsis, therapy must be under-
taken at the earliest, at least within the first 3 days of
symptom appearance, even prior of any swabbing delay,
if the patient has a history of previous contact. The viral
attack on the endothelial-platelet-coagulation system is
immediate, and the symptomatology in phase 3 is only
the exacerbation of a progressing damage in the
microcirculation.’

During Phase 1, NSAIDs such as ibuprofen,
nimesulide and celecoxib'® but also indomethacin and

ASA
LMW-Hep

Endothelia-Platelets
cross-talk

*\?

NSAIDs
——— COX2

inhibitors
anti-oxidants —————
ozone

Cartoon showing the major steps through which available therapeutic drugs may address SARS-CoV2 infection and hence

COVID-19. A first line, which is rapidly replaced by anti-COX-2 NSAIDs, is the use of anti-aggregation drugs, such as acetyl salicylic acid

(ASA) and low-molecular weight heparin (LMW-Hep), to rescue the correct endothelia-platelets cross talk impaired by early SARS-CoV2

infection. This might even be associated with drugs particularly targeting viral entry (such as indomethacin) (A) and inhibiting

inflammation. The onset of a huge oxidative stress, with production of reactive oxygen species (ROS), is the major hallmark of innate

immune cell activity and of inflammation (B); therefore, the early inhibition of inflammation leads to the reduction of those mechanisms

leading to immuno-thrombosis, where NSAIDs exert their major activity (C). While most of drugs in the cartoon (green underlined) are

useful to hamper immuno-thrombosis, paracetamol (orange underlined) increases the oxidative stress, so allowing inflammation an

immuno-thrombosis to go ahead and exacerbating COVID-19 progress. Red circles: inhibition; green circles: promotion
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acetyl salicylic acid may be easily considered elective
therapeutic drugs. These drugs must be easy to be pro-
vided and should be administered within 72 h from early
symptoms and never in associated forms.

Much more caution should be paid towards the use of
low molecular weight heparin (LMW-Hep)."*® Usually,
LMW-Hep, as well as other major anti-coagulant therapy,
is prescribed during hospitalization'®; the use of LMW-
Hep is not currently recommended in addressing early
COVID-19 symptoms, that is, mild and pauci-
symptomatic subjects, due to the many critical issues
raised when the platelet-coagulation system is
targeted.'*

Such a protocol, which completely replaces acetamin-
ophen with NSAIDs, has proven to reduce dramatically
the hospitalization rate with respect to paracetamol only.
Considering that hospitalization may exacerbate the clin-
ical status even in hospital-acquired infections,"®® this
should lead to a reduced mortality particularly in elderly
patients with early COVID-19 symptoms.

6 | CONCLUSION

Addressing home therapy against COVID-19 is a crucial
and very urgent topic in this pandemic emergency, which
may be prolonged by the SARS-CoV2 delta and South
Africa variants. Hospitalization represents a huge burden
for the community of citizens, both from economic and
social perspectives. Therefore, a proper policy of physi-
cians visiting patients in their home in order to take care
of them is preferable.

In this review, we collected major evidence regarding
the use of very common therapeutic drugs against
COVID-19, promptly available and fully enabled in
addressing a mild COVID-19 or its early symptomatic
manifestations. Hospitalization may even exacerbate the
progress of the coronavirus sickness, due to hospital-
acquired infections, crowding and presence of people
with severe forms of COVID-19. In Italy, a civil associa-
tion of citizens and professionals joined the proposal to
sensitize politicians and healthcare workers on this great
concern and thoroughly revise the Italian Health Author-
ities’ protocols, currently counselling a home therapy
highly debatable and controversial, due to the paraceta-
mol issue. Therapy against COVID-19 does exist, is
promptly available and is easy to manage even at home,
and the knowledge of it must only be widespread among
professionals to make them fully aware of this issue.
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