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Abstract
Introduction

Mediators of immunity and inflammation are playing a crucial role in COVID-19
pathogenesis and complications as demonstrated by several genetic and clinical studies.
Moreover, a weak, irregular, or inhibited early interferon response to SARS CoV-2
infection was shown to trigger an exaggerated inflammatory response leading to the
COVID-19 associated mortality. Thus, repurposing of drugs that possess anti-
inflammatory and/or immune-modulatory effects for COVID-19 is considered a rational

approach.
Areas covered

We present a concise analysis and interpretations of selected studies that correlated
COVID-19 with dysregulated interferon and inflammatory responses while reflecting on
our academic and real-life experience using non-steroidal anti-inflammatory drugs,
nitazoxanide and azithromycin for management of COVID-19. Moreover, we interpret the
recent results that suggested a potential survival benefit of low dose aspirin and colchicine
when used for COVID-19.

Expert opinion

Nitazoxanide/azithromycin combination has been first hypothesized by the author and
practiced by him and several researchers to benefit COVID-19 patients due to a potential
ability to augment the natural interferon response as well as their positive
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immunomodulatory effects on several cytokines. Furthermore, NSAIDs, that were
unfortunately almost globally avoided early in the COVID-19 era and still avoided in many
developing ones or at best of second choice in the developed ones, have been early
postulated and clinically practiced by the author to prevent or ameliorate COVID-19
complications and mortality due to their ability to prevent, constrain or reverse COVID-19
associated dysregulated immune and hyper-inflammatory responses through mitigating the
formation of several inflammatory cytokines and pathways including the interleukin-6
amplifier and its NF-kB component, as well as modulation of a described monocytic
immunological dysrhythmia, which is also known to trigger the COVID-19 cytokine storm.
Finally, we repeat our previous call to adopt our observational study that used these drugs
in sufficiently powered double blind randomized clinical trials as COVID-19 potential safe

and economic cure might be available and unfortunately repeatedly ignored for one year.

Keywords: COVID-19, Interferons, nitazoxanide, azithromycin, NSAIDs, IL-6 amplifier,

NF-kB, monocytic immunological dysrhythmia.
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Introduction

The hyper-inflammation and immunopathogenesis of COVID-19 have been well
described[1-3] and the study results published by Pairo-Castineira et al., [4] together with
its formal interpretation as regards to the potential pharmacological interventions [5], might
be considered as a promising step towards a better understanding of the genetic basis by
which mediators of immunity and inflammation determine the pathophysiology of
COVID-19.

Interestingly and more clinically important, an exaggerated inflammatory response was
described as the culprit of the majority of the COVID-19 deaths and it was attributed to a
weak, irregular or inhibited early interferon response to SARS CoV-2 infection that causes
an excessive viral replication triggering this exaggerated inflammatory response and
leading to unconstrained immune response which is responsible for COVID-19 associated
mortality, rather than the virus itself [6-8].

Furthermore, type | interferon response was shown to contribute to the pathogenesis of
critical COVID-19 through domination of gene expression changes in peripheral blood
mononuclear cells [9] and specific interferon therapy was shown to be crucial in
management of selected COVID-19 cases [10]. Thus, exploration of the immuno-
inflammatory response to SARS CoV-2 might help us to insightfully repurpose some

existing drugs for early management of COVID-109.

COVID-19 cytokine storm: role of IL-6 amplifier and monocytic immunological

dysrhythmia

Interestingly, interleukin 6 is a multifunctional cytokine that plays important roles in both
the immune and inflammatory body response[11] and irregular 1L-6 production was
described to be implicated in the development of various immune-inflammatory diseases
including rheumatic arthritis [12] as well as correlated to its disease activity[13].
Furthermore, interleukin 6 amplifier (IL-6 Amp) which is an amplification mechanism for
the production of IL-6 and a variety of other cytokines and chemokines through a synergic
interaction between STAT3 and nuclear factor-kappa B (NF-kB), plays a key role in
development of cytokine storm syndromes[14].
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Importantly, IL-6 also shares significantly in the formation of the intravascular coagulation
that causes multiorgan injury and failure [15] while aging, obesity and diabetes, which are
known risk factors to develop severe COVID-19, are also associated with a lower threshold
of the activation of IL-6 Amp[14]. Notably, infected immunologically dysregulated
circulating monocytes were described to trigger an acute inflammatory responses leading

to cytokine storm and death[16].

Taken together, we provide a concise analysis and interpretations of selected genetic,
experimental and clinical results that correlated COVID-19 with interferon and immune-
inflammatory responses according to our real-life and academic experience that used non-
steroidal anti-inflammatory drugs (NSAIDs), nitazoxanide and azithromycin to manage
COVID-19 patients and illustrate their potential beneficial mechanisms that might mitigate
or reverse the IL-6 amplifier and the dysregulated monocytic immunological response or

dysrhythmia as we would like to describe it.
Nitazoxanide/azithromycin combination for COVID-19

We agree with Pairo-Castineira et al. [4] in their recommendation that clinical trials should
focus on drugs that target specific antiviral and anti-inflammatory pathways after they have
confirmed that increased expression of the interferon receptor subunit IFNAR2 reduced the
odds of severe COVID-19. Interestingly, Blocking of interferons production by the N
protein of SARS-CoV was previously shown to be directly important for viral survival[17].
Importantly, we would like to mention that we have previously, on April 2020, suggested
a pioneering combination of the FDA approved inexpensive drugs;
nitazoxanide/azithromycin to be used for early COVID-19 management basing on a
hypothesis attributing their potential benefit to the ability to augment and restore our
natural interferon homeostasis [18]. Later, some clinical studies started to prove the
validity of our recommendation for this combination [19-21]. Interestingly, nitazoxanide
was shown to inhibit the production of several pro-inflammatory cytokines including IL-
6, IL-8 and TNF- a in peripheral blood mononuclear cells[22] and it was also shown, in an
in vivo murine model and macrophage cell line, to decrease IL-6 production induced by
thioglycollate and lipopolysaccharide, respectively to be suggested as a promising lead

drug for diseases associated with overproduction of IL-6[12] and for its anti-1L-6 properties



and other potential effects, nitazoxanide was suggested to be tested, either acting alone or

as coadjuvant, in the treatment of ovarian carcinoma[23].

Similarly, azithromycin was remarkably shown to significantly inhibit the inflammatory
IL-1 o and TNF-a cytokines in human monocytes [24]. Moreover, only when azithromycin
was added to ceftriaxone in a murine model of polymicrobial sepsis, the lung
concentrations of IL-6, TNF-a, and IL-13 were significantly decreased providing a survival
benefit[25]. Importantly, the positive immunomodulatory effects of several macrolides
including azithromycin were shown in several diseases including bronchial asthma and

chronic obstructive pulmonary disease[26,27].

Importantly, as regards to the inconsistent results, mentioned by Pairo-Castineira et al., as
regards to the efficacy of interferons to manage COVID-19, we suggest to only focus on
certain types of interferons in treatment of COVID-19 and we recommend more larger-
scale clinical trials using IFN B-1b to be tested for severe COVID-19 cases as evidence
coming from several randomized clinical trials show significant recovery as well as
morality benefits[28-30]. On the other hand, we suggest, from a pharmacovigilant risk-
benefit ratio, that interferons themselves should not be readily administered to early cases
of COVID-19, as might be interpreted from Pairo-Castineira et al. in their manuscript.

NSAIDs potential therapeutic role in management of COVID-19

Importantly, Pairo-Castineira et al have demonstrated that reduction in the activity of the
pro-inflammatory TYK2 gene protects against COVID-19 but they have suggested that
barictinib; a second-line therapy used for moderate to severe active rheumatoid arthritis in
adults, might be of benefit in selected COVID-19 cases as it targets TYK2, a
recommendation that was also previously published[31]. We would like to disagree, also
from a pharmacovigilant point of view, with this recommendation as we also suggest that
the risk benefit ratio of this drug to be used in an undergoing active viral infectious disease
is outbalanced[31,32].

Alternatively, we have previously published two articles to justify the use of NSAIDs
including diclofenac potassium and ibuprofen for early management of COVID-19 [33,34].

We suggested that NSAIDs might prevent, especially when early administered, or reverse



COVID-19 associated hyperinflammatory response which is correlated with the immuno-
pathologically induced SARS CoV-2 morbidity and mortality[6] and to prevent the
cytokine induced lymphocyte distraction into or away from the lungs that is laboratory
manifested through lymphopenia [34].

Furthermore, we suggest that NSAIDs might possess a beneficial COVID-19
immunomodulatory effect through induction of the release of a number of anti-
inflammatory cytokines and mitigate the formation of several proinflammatory cytokines
including some important monocytic proinflammatory cytokines (TNF- a, IL-1 3, IL-6, IL-
8)[35-37] and this might help to prevent the development of the cytokine storm[15].
Interestingly, diclofenac 50 mg bid for five days has been previously shown to
downregulate the production of IL-6 in response to surgical dental trauma[38] and
diclofenac, administered for two days, was also demonstrated to significantly and
temporarily decrease serum IL-6 peak developed 12 h post skin incision and to increase
the anti-inflammatory IL-10, 6 h post skin incision, as compared to placebo in patients
undergoing major surgery[39]. Furthermore, lornoxicam, another NSAID, was
demonstrated to dose dependently inhibit IL-6 formation and was suggested to inhibit post
transcriptional or translational mechanisms of IL-6 gene expression in several human cell
lines [40]. Additionally, celecoxib, and ibuprofen, were shown to significantly reduce the
IL-6 and TNF-alpha levels in the synovial fluid of patients suffering from knee
osteoarthritis[41].

Moreover, besides their well-known potent analgesic antipyretic properties, other potential
beneficial effects of NSAIDs when given early in COVID-19 might include mitigating
formation of the inflammatory nitric oxide derived from iNOS[40]; decrease activation of
the NF-xB pathway[39] which is of vital importance in development of cytokine
storm[15]; caspases inhibition[42] which are described in COVID-19 pathogenesis[43];
limiting the production of prostaglandins associated with edema[38] that would impair lung

oxygenation and gas transfer.
Expert opinion

COVID-19 has many mysteries which are waiting to be resolved in its pathogenesis,

progression and management that witnessed repurposing of several drugs including
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experimental and potentially toxic ones without significant outcomes[44]. We suggest that
the drugs mentioned in this manuscript which are readily available, relatively safe, and
very much economic possess a solid theoretical basis that should be always considered
before repurposing any drug for COVID-19 and the upcoming anticipated pandemics.

In our opinion, it was a real misfortune that NSAIDs have been practically discriminated
against globally as regards to COVID-19 management, as apart from the complex pieces
of evidence represented in this manuscript, they possess a very simple obvious potential to
combat the well-described hyperinflammatory process associated with COVID-19 and
correlated with its morbidity and/or mortality and, unlike glucocorticoids[44], when used
early to manage COVID-19 they do possess beneficial immunomodulatory effects.
Moreover, we postulate that NSAIDs, when given early, might prevent SARS CoV-2
induced dysregulated humoral immune reaction and improve the durability of SARS CoV-
2 induced antibodies[45] to be noted that the effect of NSAIDs on the humoral immunity
is far from considered conclusive whether in academia or in as regards to its clinical

significance[46].

Interestingly, though we welcomed the recently advertised breakthrough that low dose
aspirin, one of the NSAIDs, has shown a significant COVID-19 survival benefit[47], we
have heavily criticized the integrity of its analysis according to our academic
experience[48]. Similarly, we consider that colchicine, which is used mainly in treatment
of gout, advertised similar advertised breakthrough
[https://app.cyberimpact.com/newsletter-view-
online?ct=quhsMu_jogsWK5zuKuZWMiFdWXxrNhn6Nkcjb1fm-
HUAUS81ZbwDON6bKX9bJ23ALFDAfrG83CWBNSzT41zxRA ] might also prove

valid, yet we wish to suggest that colchicine acts via an anti-inflammatory and immune-

modulatory mechanisms[49] which are better achieved using the safer and more effective
NSAIDs[50].

Unfortunately, six months have elapsed until our paper revoking the original claims that
led to the current NSAIDs situation has been eventually sent for peer review, accepted and
published[51], yet until today, NSAIDs are avoided in many countries all over the world

especially in the developing ones and, even in the most favorable situations, they are
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considered of second choice to manage COVID-19 after paracetamol that does not possess

major peripheral anti-inflammatory effects as compared to NSAIDs[52].

Ironically, our real-life experience using NSAIDs (ibuprofen, diclofenac potassium,
ketorolac, lornoxicam, celecoxib and naproxen), nitazoxanide and azithromycin to treat
COVID-19 patients safely and effectively has been dealt likewise and much worse for
almost a year [53]. However, it is currently represented in a much-updated preprint (version
27), in which we also cite numerous references of clinical studies performed by other
researchers that further support the safety and/or potential efficacy of NSAIDs,
nitazoxanide and azithromycin in COVID-19 management while we also fully explain our
personalized and pharmacovigilant approach to use these drugs either separately or

collectively in management of COVID[54].

Finally, we suggest that the risk benefit ratio for those FDA approved drugs, which are well
known and familiar to clinicians all over the world, is in favor of performance of large

randomized clinical trials against a standard care protocol at the earliest opportunity
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