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Repositioning of clinically approved drugs that may reduce the
severity, hospitalization events, and time of recovery from SARS-CoV2
infection is a global health priority. Clinical reports of drug effects and
lung pathology are providing insight into the pathogenesis of Covid-19,
and comparison of these findings with our knowledge of severe acute
respiratory syndrome (SARS) and Middle East respiratory syndrome
(MERS) can be used to develop rational hypotheses to prioritize clinical
studies of available therapeutics.

Recently, Cao and colleagues [1] investigated the addition of a
lopinavir-ritonavir regimen to standard of care, which previously
showed promising activity in an open-label clinical study of patients
affected by SARS [2]. However, lopinavir-ritonavir therapy did not
confer any clinical benefit for patients with Covid-19, even when pa-
tients received glucocorticoids as a supportive drug [1]. Several agents,
including remdesivir and chloroquine/hydroxychloroquine alone or in
combination with azithromycin, were tested as potential treatment for
Covid-19 patients, however available data are still not sufficient to
delineate a definitive therapeutic approach [3-5].

A relevant debate was ongoing concerning the use of non-steroidal
anti-inflammatory drugs (NSAIDs) to treat patients with Covid-19 [6,
7]. Following a survey by the French National Agency for Medicines and
Health Products Safety (ANSM), US Food and Drug Administration
(FDA) and European Medicines Agency (EMA) are investigating a po-
tential correlation between NSAIDs and increased severity of Covid-19
symptomatology, supporting possible negative effects of these drugs to
exacerbate Covid-19-related viral and bacterial pulmonary infections,
leading to increased hospitalization rates and poor health outcomes.

Although no clinical findings were previously reported to suggest
any potential risk to use NSAIDs to treat patients with SARS or MERS,

NSAID-induced down-regulation of prostaglandins and thromboxanes
through cyclooxygenase (COXs) inhibition shifts metabolism of arach-
idonic acid toward the lipoxygenase (LOX) pathway, resulting in a net
increase in leukotrienes production.

Of note, leukotrienes are potent chemotactic and immunomodula-
tory molecules that exert a key role in the pathological development of
multiple lung diseases including acute respiratory distress syndrome
(ARDS), a major clinical consequence of Covid-19 in patients admitted
to intensive care unit (ICU) [8,9]. By mediating the recruitment of
pivotal players of the innate immune response, such as macrophages and
neutrophils, leukotrienes enhance the immune system’s ability to kill
microbes and produce antimicrobial mediators [9].

Leukotrienes act in a paracrine and/or autocrine fashion to boost
cytokine release in the microenvironment, including TNFa, IL-1, IL-6
and CCL2, which activates leukocytes to amplify the inflammatory
response [10,11]. In the context of respiratory syndromes, this exacer-
bated inflammatory response can impair organ function [8] (Fig. 1A).
Indeed, leukotrienes have been demonstrated to mediate lung injury in
several diseases characterized by inflammation, increased vascular
permeability and bronchoconstriction, including ARDS [9].

Lung pathological studies from patients with SARS, MERS and Covid-
19 have uncovered features that are compatible with a role of leuko-
trienes in mediating and potentially enhancing a harmful inflammatory
response. Pathological analysis of lung tissues among casualties during
the SARS outbreak revealed diffuse alveolar damage accompanied by
edema, pneumocyte hyperplasia, and hyaline membranes, followed by
interstitial fibrosis. Likewise macrophages were the prominent leuco-
cytes infiltrating the alveoli and lung interstitium of patients who suc-
cumbed to SARS [12-14]. Recent pathological findings in Covid-19
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patients show signs of microangiopathy with a marked
neutrophil-infiltrate in upper and lower respiratory tract, a pathological
feature compatible with a robust activation of leukotrienes signaling
[15,16]. Of note, an elevated neutrophil-lymphocyte ratio has been
proposed as an independent risk-factor of severe SARS-CoV-2 infection,
further sustaining the important role of neutrophils in mediating the
pathological response to Covid-19 infection [17,18].

At the molecular level, transcriptomic profiling of peripheral leu-
kocytes isolated from Covid-19 patients during early stage recovery
showed a dramatic increase in IL-1, IL-6, CCL2 and TNF family cytokine
production [19,20]. Because signaling by these mediators can be
amplified by leukotrienes, these findings are consistent with
leukotriene-activity playing a critical role in Covid-19 pathogenesis and
can explain why Covid-19 patients requiring admission to ICU present
with exacerbated release of pro-inflammatory mediators compared to
patients with less severe illness.

Based on the whole of these findings, we posit that leukotriene-
pathway inhibition through leukotriene-receptor inhibitors
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(montelukast, zafirlukast) or 5-lypoxygenase antagonists (zileuton)
could be exploited as an effective and immediate preventive strategy to
mitigate the excessive pulmonary inflammation and airway remodeling
in symptomatic patients who otherwise will develop a severe Covid-19
disease (Fig. 1B-C) [8,21].

Nevertheless, a possible limitation of this approach may exist in the
context of acute tissue damage. The arachidonic acid cascade generates
not only pro-inflammatory mediators (including prostaglandins and
leukotrienes) but also pro-resolving lipid-mediators (Resolvin E1, Pro-
tectin D1). Although data concerning the effects of leukotriene in-
hibitors in tissue repair are still lacking, in a model of zymosan-initiated
peritonitis it has been demonstrated that COX-2-specific (NS-398) and
LOX-12/15 (baicalein) inhibition caused a delayed tissue repair [22].

Determining the optimum timing of administration of leukotrienes-
inhibitor therapy will be essential to achieve the clinical goal of
modulating the immune response in patients with Covid-19 before the
onset of severe pneumonia, thus limiting the rate and time of hospital-
ization, and reducing the mortality rate. These drugs have been in wide
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Fig. 1. A) Schematic showing how COVID-19 triggers hyper-activation of the immune-response, generating a cytokine storm. LTs acting in an autocrine and/or
paracrine manner could positively regulate and amplify the release and action of inflammatory cytokines, which results in a positive feedback loop that further
induces LT synthesis and the inflammatory process. B) Arachidonic acid metabolism, drugs and key molecular targets. The schematic highlights how the use of
NSAIDs can shift arachidonic acid metabolism towards the 5-LOX and LT biosynthetic pathway. C) Schematic showing the shift of arachidonic acid metabolism

towards 5-LOX activity after administration of NSAIDs.
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use, and there are extensive safety and pharmacology data readily
available that can be used to design clinical studies of these agents for
treatment of Covid-19 [23,24].

In conclusion, considering the likely endemic nature of Covid-19
infection, the risk of a second surge of new cases and the lack of vacci-
nation strategies for which time is key factor in order to evaluate efficacy
and safety, we urge the immediate clinical consideration of a safe, low-
cost class of drugs with the double expectation of drastically changing
the disease outcome as well as providing an immediate socioeconomical
relief.
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