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Karsten Schrör, MDInfection with the beta coronavirus severe acute respiratory syndrome coronavi-

rus 2 (coronavirus disease 2019 [COVID-19]) is a worldwide public health night-
mare with nearly 5 million confirmed cases and >300 000 deaths. The fact that 

it has no proven therapy has created an urgency to find safe and effective early 
treatments. We must open our eyes to all reasonable candidates. Acetylsalicylic 
acid (ASA), the wonder drug of the last century, may be a magic bullet to repulse 
our new enemy. In the war against cardiovascular disease, the efficacy of ASA 
for secondary prevention is established and results largely from the acetylation-
induced inhibition of platelet cyclooxygenase-1, a key mediator of thrombosis.1 In 
the war against viral disease, another important effect of ASA, mediated by the 
salicylate component, should be exploited. ASA inhibits a key nuclear transcription 
factor, nuclear factor-κB (NF-κB).1 Viral replication and the ensuing inflammatory 
response (cytokine storm) mandate activation of NF-κB in the host cell. The invad-
ing viruses conduct their “hostile takeover” of the cell by inactivating IκB, the 
endogenous inhibitor of NF-κB.2 Viruses do this by activating a kinase, IκB kinase, 
which phosphorylates IκB (Figure). ASA and salicylate are known inhibitors of IκB 
kinase at millimolar concentrations. This effect is not seen with indomethacin or 
other nonsteroidal anti-inflammatory drugs, is concentration-dependent, and is 
reportedly mediated by blocking ATP binding to IκB kinase.1

In in vitro studies, D, L-lysine acetylsalicylate+glycine (LASAG) inhibited low 
(HCoV-229E) and highly (Middle East respiratory syndrome coronavirus) pathogen-
ic beta coronavirus strain replication.2 Cytotoxic concentrations were >20 mmol/L, 
whereas the EC50 values for vital titers were 1.31 mmol/L for HCoV-229E and 3.91 
mmol/L for Middle East respiratory syndrome coronavirus, suggesting a potential 
therapeutic window. LASAG also inhibited virus-induced NF-κB activity and de-
creased viral protein formation, RNA synthesis, and the formation of replication 
transcription complexes.2 In human lung epithelial cells infected with influenza A, 
5 mmol/L LASAG inhibited IκB kinase–mediated NF-κB activation and virus produc-
tion. In the same report, inhaled LASAG was associated with a survival benefit in 
mice infected with a severe influenza strain. Finally, in 24 patients afflicted with 
severe influenza, nebulized LASAG 3 times a day to achieve an estimated total 
daily alveolar dose of 133.5 mg was associated with faster alleviation of symptoms 
compared with control subjects.3

Systemic concentrations of ASA and salicylate obtained by oral conventional ASA 
may not reach the airway and alveolus at a level for meaningful antiviral effects. More-
over, high oral ASA doses can be limited by salicylate toxicity caused by (reversible) 
uncoupling of oxidative phosphorylation at anti-inflammatory doses and effects of 
cyclooxygenase inhibition.1 However, treatment of patients by inhalation would likely 
achieve locally effective concentrations without major toxicity. Repeated administra-
tion of aspirin is followed by accumulation of salicylate resulting from prolongation 
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of half-life and high (>90%) protein binding. Repetitive 
local dosing might result in higher and longer-lasting tis-
sue levels of salicylate than seen from plasmatic levels.1 
The unique pharmacokinetic property of salicylate to ac-
cumulate in cell membranes may further promote tissue 
concentrations that inhibit viral replication.

We have recently studied inhaled nanoparticle ASA 
and demonstrated that it enters the circulation much 
faster and at greater levels than chewed and swallowed 
ASA.4 We have estimated that the inhaled dose of LA-
SAG required for adequate alveolar deposition (EC50, 3.9 
mmol/L for Middle East respiratory syndrome coronavi-
rus), assuming even distribution in the 36-mL lung lining 
fluid, is 51 mg. This dose is well below the cytotoxic 
dose. Therefore, on the basis of the tolerability of 10-
fold higher doses, we would propose a dose of 500 mg 
LASAG to effectively reduce the virus load in patients 
with severe acute respiratory syndrome coronavirus 
2–infected lungs. Because this treatment targets a host 
cellular pathway, the chance that resistant virus variants 

would emerge is limited. As an adjunct to its direct an-
tiviral property, patients may also benefit from proven 
analgesic and anti-inflammatory effects. Finally, a hyper-
coagulable state has been associated with adverse out-
comes during COVID-19 infection. The antiplatelet ef-
fects of aspirin mediated by cyclooxygenase-1 inhibition 
may be expected, in part, to address this serious patho-
physiology. Moreover, inhibition of thrombin formation 
will additionally support these anticoagulatory actions.1 
Finally, a new micronized aspirin tablet that is rapidly 
dissolving achieves peak plasma levels of unmetabolized 
ASA that are 3 times higher than standard formulations. 
With repeated administration, one might have greater 
accumulation of salicylate because of its prolonged half-
life.5 The latter therapy could be used in concert with 
the inhaled route or as stand-alone therapy in patient 
groups with low risk of systemic toxicity. Because of in-
terindividual variability in metabolism, determination of 
plasma salicylate levels during repeated use would be 
important to avoid toxic blood levels.1

Figure. Schematic representation of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, activation of the nuclear factor-κB 
(NF-κB) pathway leading to acute respiratory distress syndrome (ARDS) and myonecrosis.
ACE2 indicates angiotensin-converting enzyme receptor 2; ASA, acetylsalicylic acid; IκBα, inhibitor of NF-κB, IKK, IκB kinase; LASAG, D, L-lysine 
acetylsalicylate+glycine, NEMO, NF-κB essential modifier; P, phosphorylation; and SA, salicylate.
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In summary, we acknowledge that our hypothesis 
would be strengthened if there were greater demonstra-
tion in animal models and humans that aspirin modulated 
the response to severe acute respiratory syndrome coro-
navirus 2. However, we believe that the evidence we pres-
ent provides a rationale for further investigations of aspirin 
that are on our minds in this urgent time. The totality of 
evidence supports a potent viral inhibitory effect of ASA 
that is estimated at local millimolar concentrations. These 
concentrations should be achievable without major tox-
icity by inhalation. ASA has been our ally in the war of 
cardiovascular disease. The time is now to investigate the 
strength of our old friend in a new infectious disease war.
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