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a b s t r a c t

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection causes coronavirus disease 2019 
(COVID-19) and can be associated with serious complications, including acute respiratory distress syn-
drome. This condition is accompanied by a massive release of cytokines, also denominated cytokine storm, 
development of systemic oxidative stress and a prothrombotic state. In this context, it has been proposed a 
role for acetylcysteine (NAC) in the management of patients with COVID-19. NAC is a molecule classically 
known for its mucolytic effect, but it also has direct and indirect antioxidant activity as a precursor of 
reduced glutathione. Other effects of NAC have also been described, such as modulating the immune and 
inflammatory response, counteracting the thrombotic state, and having an antiviral effect. The pharma-
cological activities of NAC and its effects on the mechanisms of disease progression make it a potential 
therapeutic agent for COVID-19. NAC is safe, tolerable, affordable, and easily available. Moreover, the an-
tioxidant effects of the molecule may even prevent infection and play an important role as a complement to 
vaccination. Although the clinical efficacy and dosing regimens of NAC have been evaluated in the clinical 
setting with small series of patients, the results are promising. In this article, we review the pathogenesis of 
SARS-CoV-2 infection and the current knowledge of the mechanisms of action of NAC across disease stages. 
We also propose NAC posology strategies to manage COVID-19 patients in different clinical scenarios.
© 2022 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
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Introduction

The current coronavirus disease 2019 (COVID-19) pandemic is 
caused by the severe acute respiratory syndrome coronavirus 2 
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(SARS-CoV-2), a lipid-enveloped, non-segmented, single-stranded 
RNA virus, widely distributed in humans and other mammals [1]. 
SARS-CoV-2 spreads primarily by inhalation of virus-laden aerosols 
and mainly infects the respiratory tract, although may cause damage 
to other systems. The clinical spectrum of COVID-19 is diverse: from 
asymptomatic or pauci-symptomatic to moderate or severe disease, 
with or without pneumonia. The most severe cases develop re-
spiratory failure, septic shock, multi-organ failure and death [2]. 
Most of the complications experimented by patients with COVID-19 
are due to the development of acute respiratory distress syndrome 
(ARDS). This condition is accompanied by an excessive release of 
pro-inflammatory mediators, referred to as “cytokine storm”, de-
velopment of systemic oxidative stress and a prothrombotic state 
[3]. Thus, mitigating the exacerbated inflammatory response and the 
pro-oxidative mechanisms could hamper the progression of COVID- 
19 to severe/critical illness.

N-acetylcysteine (NAC) is a classic drug known for its mucolytic 
effect, but it also has a potent antioxidant activity. It stimulates 
glutathione biosynthesis, promotes detoxification, and acts directly 
as a scavenger of free radicals. Other actions have also been de-
scribed, such as restoring the response of immune cells, modulating 
the inflammatory response, counteracting the thrombotic state, and 
exerting an antiviral effect [4]. Moreover, NAC has been associated 
with benefits on respiratory outcomes [5,6] and other end-organ 
complications [7]. The pharmacological activities of NAC and its 
potential effects on disease progression make it a rational ther-
apeutic option for COVID-19, as current treatments are limited and 
sometimes not effective enough. Accordingly, preliminary data in-
dicates that NAC improves clinical outcomes in COVID-19 patients 
[8,9], and may be considered as part of their multimodal manage-
ment. In this paper, we review the pathogenic features of SARS-CoV- 
2 and the current knowledge of the relevant mechanisms of action of 
NAC across the infection phases. We also propose potential NAC 
posology strategies to manage COVID-19 patients in different clinical 
scenarios.

Pathophysiology of SARS-CoV-2 infection

After entering the respiratory tract, SARS-CoV-2 attaches to nasal 
and bronchial epithelial cells and pneumocytes through its spike (S) 
protein, which binds to the angiotensin-converting enzyme (ACE2) 
receptor present on the surface of the cell membranes. Subsequently, 
transmembrane serine protease type 2 (TMPRSS2), expressed in host 
cells, facilitates the virus entry by proteolytic cleaving [10]. ACE2 is 
also significantly expressed in other tissues like vascular en-
dothelium, heart, kidney, intestine, and nervous system [11]. Viral 
replication and cell to cell transmission suppress ACE2 expression, 
which has an essential role in the renin angiotensin aldosterone 
system (RAAS), acting as a key counter-regulatory component. ACE2 
breaks down angiotensin II to produce angiotensin (1−7), and to a 
lesser extent converts angiotensin I to angiotensin (1−9). These 
peptides have potent vasodilator, antioxidant, and anti-in-
flammatory properties, which attenuate the deleterious effects of 
angiotensin II. Thus, the suppression of ACE2 leads to a decrease in 
Ang (1−7) synthesis and elevated levels of angiotensin II. This trig-
gers the activation of nicotinamide adenine dinucleotide phosphate 
oxidases (NOX), an important determinant of reactive oxygen spe-
cies (ROS) generation and eventually endothelial damage [12]. In this 
sense, it has been shown that NOX2-derived oxidative stress is as-
sociated with severe clinical outcome and thrombotic events in 
COVID-19 patients [13].

In parallel, the immune system is activated in response to the 
viral infection. The first events are mediated by the innate immune 
system, in which dendritic cells, NK cells and macrophages partici-
pate. SARS-CoV-2 is detected by the Toll-like receptor (TLR)− 3, TLR7 
and TLR8, triggering a cascade of intracellular signals that ends up 

activating factors such as NF-kB and interferon (INF), which alter 
cellular defense mechanisms. These factors promote the recruitment 
of effector cells and the release of cytokines such as IL-6, TNF-α, IL- 
1β, and the activation of caspases. By their part, cytokines act locally 
and systemically, generating hemodynamic and metabolic changes 
that promote antimicrobial activity. These pro-inflammatory cyto-
kines, acting on target cells, increase the activation of the tran-
scription factor NK-kB, and generate a positive feedback that, if not 
controlled, will eventually produce a “cytokine storm” [14].

Recruitment of neutrophils and NK cells to the lung parenchyma 
is mediated by the chemokines, including CCL2, CCL5, CXCL8, and 
CXCL10. Neutrophils manifest by an increase in ROS generation and 
protease degranulation, leading to oxidative cell injury and po-
tentiation of the hyperinflammation state. Neutrophil extracellular 
traps (NETs) might also contribute to cytokine release. This robust 
inflammatory reaction plays a key role in the ARDS pathogenesis 
[15], whereas NETs can trigger microvascular thrombosis, leading to 
damage in the lungs, heart, and kidneys.

Thus, the direct viral invasion, the oxidative stress, and the cy-
tokine storm can provoke endothelial injury and the release of 
coagulation factors, leading to a pro-thrombotic state. Coagulation 
and platelet activation enhances the release of pro-inflammatory 
cytokines, generating a vicious cycle [16]. Disseminated in-
travascular coagulation and thromboembolic events can affect tis-
sues sensitive to ischemic processes, such as cardiopulmonary and 
cerebrovascular tissues, which further worsen the prognosis. The 
infectious process evolves until the virus, as well as the infected 
cells, are eradicated or until the immune system cannot respond 
adequately, threatening patient`s life. Any therapeutic strategy that 
could attenuate hyperinflammation, oxidative stress, and the pro- 
thrombotic state could be helpful in preventing or slowing the 
progression to severe COVID and the development of complications.

Mechanisms of action of NAC relevant to SARS-CoV-2 infection 
pathophysiology

NAC has been used classically to improve the expectoration in 
patients with chronic bronchitis, bronchiectasis, or cystic fibrosis. 
The clinical applications of NAC cover diverse pathological condi-
tions involving oxidative stress, ARDS, and certain cardiovascular 
diseases. Moreover, various mechanisms associate it with other 
benefits such as boosting the immune system, suppressing viral 
replication, and reducing inflammation [17]. For example, De Flora 
et al. demonstrated that the treatment with NAC tablets (600 mg) 
twice daily for six months vs. placebo had a robust and significant 
protective effect on local symptoms such a coryza, rhinorrhea, sore 
throat, catarrh and cough, and general symptoms, especially head-
ache and myalgia arthralgia in patients with influenza and influenza- 
like episodes [18]. Only 25 % of virus-infected subjects in the NAC 
group developed flu symptoms, contrasting with 79 % of the subjects 
in the placebo group. The attenuation of influenza-like symptoms in 
subjects assigned to NAC treatment was accompanied by the mod-
ulation of cell production and release of cytokines. These mechan-
isms are particularly important in elderly subjects and patients 
affected by chronic pathological conditions well-known to make 
them vulnerable to viral respiratory diseases due to a general im-
pairment of their defenses, including a loss of antioxidants and a 
reduction of immunocompetent system functionality [18].

Thus, it is postulated that NAC, exerting its antioxidant and anti- 
inflammatory effects, could have a role in the prophylaxis and 
treatment of COVID-19 [19,20]. Accordingly, many clinical trials have 
evaluated the efficacy of NAC administration, and many are still 
ongoing (714 studies, 349 completed, see https://www.clinical-
trials.gov). NAC could play a role in the treatment and prevention of 
COVID-19 through different mechanisms of action (Fig. 1):
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Inhibiting ACE2 and decreasing the affinity of SARS-CoV-2 for its 
receptor, which is more abundant in the lungs. SARS-CoV-2 infects 
endothelial cells by binding to the ACE2 receptor to gain access to 
the interior of the cell. ACE2 receptors are found on the cell surface 
and compete for the same substrates, angiotensin II. The balance 
between angiotensin II and ACE2 is specific to each person, but if 
ACE2 is prevalent, there may be more inflammation. SARS-CoV-2 
infection down-regulates the abundance of ACE2 on cell surfaces 
and results in an excessive and toxic accumulation of angiotensin II, 
which can cause respiratory failure and myocarditis [21,22]. Thiols 
from NAC block the ACE2 thereby hampering penetration of SARS- 
CoV-2 into cells [23].

Maintenance of the redox equilibrium: Reduced glutathione 
(GSH), a ubiquitous tripeptide thiol, is a vital intracellular and ex-
tracellular protective which plays a number of key and/or crucial 
roles in the control of cellular redox signaling processes. GSH is 
considered to be one of the most important scavengers of reactive 
oxygen species (ROS), and its ratio with oxidized glutathione (GSSG) 
may be used as a marker of oxidative capacity. Intracellular levels of 
GSH and GSSG, as well as the GSH/GSSG ratio, are crucial parameters 
to maintain redox homeostasis and thus indirectly involved in redox 
signaling [24]. Excessive oxidative stress could be responsible for the 
alveolar damage, thrombosis, and red blood cell dysregulation ob-
served in COVID-19 [25,26]. Oral NAC increases GSH levels by pro-
viding the liver with an increased supply of cysteine and promoting 
GSH synthesis, and therefore reduces oxidative stress. This happens 
especially in older people, since the levels of cysteine in plasma 
decrease with age. GSH mediates the regulation of redox-dependent 
pro-inflammatory cytokines, such as IL-9 and TNF-α and also has 
vasodilator properties by increasing cyclic GMP levels and by con-
tributing to the regeneration of endothelial-derived relaxing factor 
(EDRF), reducing the inflammatory state [27]. Treatment with NAC 
was able to attenuate the diminished ratio GSH/GSSG. The protective 
effect of NAC administration on a murine asthma model was de-
monstrated in two studies. Treatment with NAC was able to at-
tenuate the diminished ratio GSH/GSSG in animals [28] and the 
repletion of the glutathione pool by NAC counteracted allergen in-
duced airway reactivity/inflammation and restored oxidant-anti-
oxidant balance [27]. Indeed, a decrease in GSH levels contributes to 
oxidative stress associated with aging and many pathological con-
ditions, including neurodegeneration, inflammation and infections. 

Interestingly and as an example, a decline in the marker enzyme 
activity in human skeletal muscle biopsies and a slower recovery 
rate from exercise does indicate a significantly reduced capacity for 
oxidative phosphorylation which happens with aged muscle [29,30]. 
NAC as a medicine for the management of COVID-19 infections may 
be a regulator of redox potential signaling where the primary attri-
bute of redox signaling is its strict dependence on the kinetics and 
thermodynamics of electron transfer that up-regulates cellular 
functional metabolism [31,32].

Increasing the proliferation of lymphocytes and the longevity of 
CD8 + cells and decreasing the production of various cytokines. The 
role that NAC may have in restoring normal levels of the in-
flammatory response is the result of a close interrelation between 
oxidative stress and inflammation, in whose response several med-
iators contribute, such as IL-1β, IL-6, IL-10, TNF-α, and NF-κB, which 
mediate the redox-dependent regulation of inflammatory cyto-
kines [4].

Antiviral effect by activating TLR7 response to IFN-1: NAC could 
contribute to the prevention or control of infections caused by RNA 
viruses, since the drug amplifies the signaling functions of TLR7 and 
the mitochondrial antiviral signaling protein (MAVS) in the pro-
duction of IFN-1. IFNs are able to inhibit the replication of the SARS- 
type coronavirus, so they can be useful in the treatment of COVID-19. 
Additionally, activation of TLR7 by single-stranded viral RNA, en-
trapped within endosomes, provides a key stimulus for the induc-
tion of IFN-1 by the RNA virus [33]. Moreover, some evidence 
indicates that hydrogen sulfide (H2S) acts as an antiviral host factor 
in patients with COVID-19; as the endogenous H2S production can be 
therapeutically augmented by administration of NAC, this strategy 
has the potential to provide clinical benefit [34].

Thus, endogenous failure of the main intracellular antioxidant, 
GSH, and increased GSH reductase may be the basis for severe forms 
and death from COVID-19. In addition, the redox imbalance in the 
cells of the alveolar epithelium, their apoptosis, the increase in in-
flammation and, consequently, the alteration of gas exchange, also 
cause a local increase in angiotensin II levels after the inactivation of 
the ACE2 receptor by the SARS-CoV-2. In the early phase of SARS- 
CoV-2 infection, NAC can restore normal levels of the inflammatory 
response in two ways. One focuses on restoring normal immune cell 
responses through inhibition of T-cell apoptosis, which can poten-
tially reduce the incidence or severity of pneumonia associated with 

Fig. 1. Schematic representation of potential mechanisms of NAC as antioxidant and anti-inflammatory agent in SARS-CoV2 infection. 
Adapted from [27].
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viral infection. The other is based on the fact that, given the low 
levels of GSH that have been seen in severe cases of the disease, it 
would be remarkable to seek a way to restore GSH levels in order to 
protect the most vulnerable people [35].

The development of ARDS, recognized by the international 
medical community as the most common symptom in individuals 
with advanced-stage COVID-19, depends on the immune response of 
each subject. In high-responders, three fundamental processes are 
triggered in the body: mucus overproduction, exaggerated in-
flammatory response -cytokine storm-, and coagulopathies and en-
dotheliopathies. The mucus plug, due to the infection, blocks the 
airways and prevents the passage of air, as it completely changes its 
consistency to a thicker and more viscous one that ends up adhering 
completely to the tissues. Additionally, hypoxemia secondary to 
ARDS and pulmonary edema may occur in the advanced stages of 
COVID-19, and NAC shows promise as an agent to modify the im-
mune response and possibly reduce morbidity and mortality [36], as 
shown in similar conditions.

For example, Sharafkhah et al. demonstrated that about 37 % of 
mechanically ventilated patients develop pneumonia, namely, ven-
tilator-associated-pneumonia (VAP); patients treated with NAC 
(600 mg in the feeding tube) twice daily developed significantly less 
clinically confirmed pneumonia compared with patients that re-
ceived placebo (26.6 % vs. 46.6 %) There was also higher rates of 
recovery and reduced time spent in ICU in patients on mechanical 
ventilation when using NAC versus placebo [5].

In patients with mild-to-moderate acute lung injury due to a 
variety of underlying diseases, intravenous NAC treatment (40 mg/ 
kg/day) for three days significantly improved systemic oxygenation, 
reduced the need for ventilatory support, and also slightly reduced 
the mortality rate [37]. In patients with early septic shock, NAC was 
able to attenuate production of IL-8, improve oxygenation and lung 
compliance and shorten the stay in the ICU [38], and even might 
reduce the 30-day mortality rate in ICU patients with carbapenem- 
resistant septic shock [39].

Clinical data on the use of NAC in COVID-19

When the COVID-19 pandemic began, it was already established 
that ROS play a central role in the inflammatory response and viral 
replication, and that antioxidants, which exert antiviral and anti- 
inflammatory effects, may also be effective for the treatment of cy-
tokine storm. As stated above, the most serious complication of 
COVID-19 is ARDS, associated with high mortality rates despite 
current therapeutic efforts. Before the SARS-Cov-2 pandemic, the 
usefulness of NAC in ARDS was controversial. A systematic review 
and meta-analysis of controlled clinical trials evaluating the efficacy 
of NAC in patients with ARDS, included eight trials with a total of 289 
patients [40]. Compared with the control group, NAC treatment did 
not reduce overall mortality (risk ratio: 0.83, 95 % confidence in-
terval: 0.62–1.11; P = 0.21; I2 = 0 %), but it had a beneficial effect on 
the length of stay in the ICU. However, data on duration of me-
chanical ventilation, glutathione levels, and PaO2/FiO2 could not be 
pooled in the meta-analysis. Just before the declaration of COVID-19 
as a pandemic, a Cochrane review of 48 controlled clinical trials, 
with 6299 patients treated with different drugs, including NAC, 
concluded that there was not enough evidence to establish with 
certainty whether corticosteroids, surfactants, NAC, statins and other 
drugs were effective in reducing mortality or the need/duration of 
mechanical ventilation in patients with ADRS [41].

Given that there was a rationale for the use of NAC, especially due 
to the lack of an effective treatment at the beginning of the pan-
demic, and its excellent safety profile, it was proposed to adminis-
trate NAC to the group of patients with higher risk of severe COVID- 
19 [17]. The first supporting evidence was mainly limited to de-
scriptions of clinical cases. Subsequently, in a cohort study, Ibrahim 

et al. [8] demonstrated that intravenous NAC elicited clinical im-
provement in 10 patients from 38 to 71 years of age with severe 
COVID-19 on mechanical ventilation. This series included a patient 
with glucose-6 phosphate dehydrogenase deficiency. Intravenous 
NAC significantly reduced various inflammatory markers such as CRP 
and ferritin. Ultimately, eight patients were discharged, and the re-
maining two patients had clinical improvement at the time of 
publication.

At the same time, a single-center, double-blind, randomized, 
placebo-controlled trial conducted in Brazil reported negative re-
sults. However, this study evaluated the effect of NAC given as a 
single dose of 21 g (approximately 300 mg/Kg) for 20 h. The authors 
did not observe differences between the two groups in the primary 
end-point of needing invasive mechanical ventilation, or in sec-
ondary end-points such as mortality, ICU admission, or time on in-
vasive mechanical ventilation [42]. Another study, which included 
92 patients with COVID-19 and ARDS (47 assigned to NAC and 45 
assigned to placebo), also found no difference in mortality at 28 days 
in the group treated with intravenous NAC at a dose of 40 mg/kg/day 
during 3 consecutive days [43].

Compared to these studies, with a very short administration 
period, there are positive results with longer dosages. In a rando-
mized study that recruited 46 patients with COVID-19-associated 
pneumonia, Gaynitdinova et al. [44] analyzed the effect of adding 
NAC (1200–1500 mg intravenously) to the standard treatment. The 
group treated with NAC showed a significant increase in blood 
oxygen saturation and a decrease in CRP values and hospital stay. 
These findings were accompanied by a reduction in lung lesions 
assessed by computed tomography. The efficacy of NAC at a dose of 
600 mg every 12 h orally for 14 days was retrospectively evaluated 
for the prevention of ARDS (PO2/FiO2  < 150), the need of mechanical 
ventilation and mortality at 14 and 28 days [45]. In the group treated 
with NAC (42 patients out of 82), compared to the group without 
NAC, a statistically significant reduction was observed in the devel-
opment of ARDS, the need for mechanical ventilation, and mortality. 
This improvement was accompanied by better oxygenation and a 
reduction in inflammatory markers, such as the number of leuko-
cytes, CRP, or D-dimer values, assuming an anti-inflammatory effect 
as the cause of this clinical benefit [45]. Recently, Frades et al. [46]
examined 274 patients admitted to an Intermediate Respiratory Care 
Unit with severe respiratory failure due to pneumonia caused by 
SARS-CoV-2. Their results were consistent with previous data, so 
that corticosteroids and anticoagulants were associated with better 
results. Although not statistically significant in the adjusted models, 
the authors found a benefit of NAC on survival, which they postulate 
could be due to the improvement in secretion density and its anti-
oxidant effect. Another retrospective study did not show an impact 
of a five-day regimen of NAC on in-hospital mortality or ICU ad-
mission, but NAC shortened the length of hospital stay in patients 
with SARS-CoV-2 pneumonia [47]. Similarly, the case-control study 
conducted by Avdeev et al. [9] showed that an intravenous dose of 
1200–1800 mg/day of NAC led to significant improvement in oxy-
genation parameters and reduction in CRP, clinical deterioration, and 
length of hospitalization in patients with COVID-19. Both in this 
study and in the previous ones (Table 1), the level of evidence did 
not allow to establish categorical recommendations, which can only 
be made with data from controlled clinical trials.

To date, there have been few clinical trials evaluating NAC as a 
treatment in COVID-19 patients. In the first published study, 
Chavarría et al. [48] divided their study population (110 patients) 
into 5 groups with different treatment protocols. Treatment with 
antioxidant supplements such as vitamins C and E, NAC, melatonin 
and pentoxifylline improved survival scores and biological markers 
of inflammation and oxidative stress such as lipid peroxidation, IL-6, 
CRP, total systemic antioxidant capacity, and nitrites [48]. Using big- 
data and artificial intelligence tools, the usefulness of NAC, added to 
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standard treatment, has recently been analyzed in a population of 
19,208 hospitalized patients with COVID-19, of whom 2071 (10.8 %) 
received NAC orally at a dose of 600 mg every 8 h. In this study, 
treatment with NAC, systemic corticosteroids, and enoxaparin was 
associated with lower mortality [49]. Specifically for NAC, the re-
duction in mortality (odds ratio 0.56, 95 % confidence interval 
0.47–0.67) remained significant in a multivariate analysis adjusted 
for baseline characteristics and concomitant use of corticosteroids. 
Thus, due to its favorable safety profile, and pending the results of 
currently ongoing controlled clinical trials, these data support the 
use of NAC in patients hospitalized with COVID-19 for severe 
pneumonia [49].

A small group of patients who experiment COVID-associated 
pneumonia or ARDS develop fibrotic lung lesions, the evolution and 
treatment of which are not yet well established. These lesions range 
from fibrotic changes in autopsy findings to severe forms of fibrosing 
organizing pneumonia. The use of antifibrotics, mainly pirfenidone 
and nintedanib, has recently been proposed, despite limited sup-
porting evidence [50]. With the same approach, some authors have 
suggested the use of NAC for fibrotic consequences following SARS- 
CoV-2 infection. Although previous studies in idiopathic pulmonary 
fibrosis (IPF) showed negative results with NAC, this effect could 
vary substantially depending on the patient's genetic background. 
Accordingly, it has been showed that the polymorphism rs3750920 
within the TOLLIP gene could influence the response to NAC in pa-
tients with IPF: although NAC did not provide a benefit in the whole 
trial IPF population, there was a positive effect in genetically pre-
disposed individuals, specifically those with a TT rs3750920 geno-
type. This study demonstrated the importance of genetic factors as 
an element to examine in future studies that evaluate the usefulness 
of NAC in patients with lung fibrosing diseases [51].

NAC dosing according to the stage of SARS-CoV-2 infection

NAC was introduced as a mucolytic in the 1960 s, in patients with 
chronic respiratory diseases, at a dose of 600 mg per day. In addition 
to this effect, and being the antidote to paracetamol intoxication, 
NAC also has an antioxidant effect specially when used at higher 
doses, and its clinical benefit has been demonstrated in the pre-
vention of COPD exacerbations, which frequently have a viral origin, 
especially respiratory viruses such as influenza type A and B, re-
spiratory syncytial virus, and rhinovirus [52]. This beneficial effect 
has also been observed in other infectious processes such as com-
munity-acquired pneumonia [53]. Based on the long clinical ex-
perience and a solid pathophysiological basis, the use of NAC has 
been proposed in various pathological processes associated with 
oxidative stress, including COVID-19 [23,35].

The mucolytic, antioxidant and anti-inflammatory effects of NAC 
produce a more effective response when administered parenterally 
to critically ill patients. NAC acting as a mucolytic dissolves the 
density of excess mucus, breaks the mucous plug lodged in the re-
spiratory tract and therefore enables its expectoration and facilitates 
the passage of air. Thanks to its antioxidant effect, it acts directly 
TNF-α, IL-1, IL-6 and IL-8, decreasing the pro-inflammatory cytokines 
generated during the infection and, finally, reducing platelet ag-
gregation and arterial thrombi thanks to the antithrombotic effect of 
the drug [32,54]. Oral NAC administration (1200 mg/d) in patients 
with COVID-19 pneumonia reduces the risk for mechanical ventila-
tion and mortality [45]. NAC is inexpensive, has very low toxicity, has 
been used in routine clinical practice for many years. NAC ad-
ministered intravenously, orally, or inhaled, may suppress SARS- 
CoV-2 replication and improve outcomes if used timely. Table 2
shows our proposal for NAC dosing and treatment duration in the 
different COVID-19 clinical scenarios. NAC administration in com-
bination with other antiviral agents may dramatically reduce the 
rates of hospital admission, mechanical ventilation, and mortality Ta
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[17]. Moreover, it has been proposed that since copper exhibits 
strong virucidal effects, it could be combined with NAC at the early 
stages of the infection to decrease viral RNA levels [55].

Conclusions

The potential mechanisms of NAC's beneficial actions have been 
investigated in several in vitro and in vivo studies. Treatment with 
this drug has shown a positive impact on health outcomes in pa-
tients with respiratory conditions such as community-acquired 
pneumonia, COPD, ARDS and, more recently, its potential suppres-
sive action on the progression of COVID-19 makes it a very promising 
therapy against COVID-19. It is hypothesized that the mechanism of 
action of NAC may consisted of blocking the viral infection and the 
consequent cytokine storm. Although the level of evidence is limited 
and data from controlled clinical trials is needed, the information 
currently available supports the use of NAC in symptomatic patients 
with COVID-19 at a minimum dose of 1200 mg per day. In patients 
with severe disease and respiratory compromise, the use of in-
travenous NAC at a dose of 100 mg/kg for a minimum of three days 
may be indicated. This dose can be increased in the first 24 h to 
150 mg/kg in situations of ARDS [56].
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