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Abstract

Background We designed this single-centre clinical trial to assess the potential benefits of N-Acetylcysteine (NAC) in patients
with COVID19-associated acute respiratory distress syndrome (ARDS).

Methods Ninety-two patients with mild-to-moderate COVID19-associated ARDS were allocated to the placebo (45-cases)
or NAC groups (47-cases). Besides standard-of-care treatment, the patients received either intravenous NAC at a dose of
40 mg/kg/day or the placebo for three consecutive days. The efficacy outcomes were overall mortality over 28-day, clinical
status on day 28, based on the WHO Master Protocol, the proportion of patients requiring mechanical ventilation, changes
in ARDS-severity (based on the PaO,/FiO, ratio), and Sequential Organ Failure Assessment (SOFA) scores 48 and 96 h
after intervention,

Results No differences were found in the 28-day mortality rate between the two groups (25.5% vs. 31.1% in the NAC and
placebo groups, respectively). Although the distribution of the clinical status at day 28 shifted towards better outcomes in
the NAC-treated group, it did not reach a statistical significance level (p value =0.83). Similar results were achieved in terms
of the proportion of patients who required invasive ventilator support (38.3% vs. 44.4%), the number of ventilator-free days
(17.4 vs. 16.6), and median time of ICU and hospital stay. Results regarding the change in PaO,/FiO, ratio and SOFA scores
also showed no significant differences between the groups.

Conclusions Our pilot study did not support the potential benefits of intravenous NAC in treating patients with COVID-
19-associated ARDS. More studies are needed to determine which COVID-19 patients benefit from the NAC administration.
Trial registration The trial was registered at Clinicaltrials.gov (identifier code: IRCT20120215009014N355). Registration
date: 2020-05-18.
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Abbreviations

ARDS Acute respiratory distress syndrome

ICU Intensive care unit

IL-6 Interleukin 6

TNF-o Tumour Necrosis Factor-a

NAC N-Acetylcysteine

PaO,/FiO, ratio  Ratio of arterial oxygen partial pressure
to fractional inspired oxygen

ECMO Extracorporeal membrane oxygenation

SOFA Sequential Organ Failure Assessment

GSH Glutathione

NF-xB Nuclear factor kappa light chain
enhancer of activated B cells

G6PD Glucose—6—phosphate dehydrogenase

CRP C-reactive protein

SD Standard deviation

IQR Interquartile range

ECMO Extracorporeal membrane oxygenation

RRT Renal replacement therapy

Introduction

At the end of 2019, a new coronavirus was recognised as the
cause of a cluster of pneumonia with extraordinarily high
morbidity and mortality rates. Its rapid spread resulted in a
global pandemic. The disease is named COVID-19 by the
World Health Organisation (WHO), standing for coronavirus
disease 2019 [1]. Although only mild or uncomplicated ill-
ness was developed in most people with COVID-19, about
14% had the severe disease requiring oxygen support and
hospitalisation, and 5% needed admission to an intensive
care unit (ICU) [2]. Acute respiratory distress syndrome
(ARDS) is the major complication in patients with severe
disease, revealing a substantial proportion of COVID-19
patients needing ICU admission [3]. It is a clinical syndrome
marked by alveolar oedema, decreased lung compliance,
and, ultimately, hypoxemia [4]. The exact mechanisms by
which SARS-CoV-2 leads to ARDS and certain host factors
conferring an increased risk of developing the severe disease
are not still clear; however, available evidence suggests that
uncontrolled host immune responses after viral infection,
the hyper-inflammatory condition described as “cytokine
storm,” and the development of oxidative stress at the
inflammation site are important contributors of COVID19-
associated ARDS [5].

Given the close connections between oxidative stress and
inflammation [6], during severe viral infections, excessive
reactive oxygen species (ROS) by activating the NF-xB
pathway (nuclear factor kappa light chain enhancer of acti-
vated B cells) can amplify cytokine production [7]. Mul-
tiple studies found that the serum levels of inflammatory
cytokines such as interleukin (IL)-6, IL-1p, IL-10, as well

as Tumour Necrosis Factor-o (TNF-a) have a crucial role in
a severe stage of COVID-19 [8, 9]. Altering immune func-
tion during cytokine storm results in immunopathogenic
injuries and consequently leads to lung injury and multisys-
tem organ dysfunction in severe COVID-19 patients [10].
Although mechanical ventilation is the main therapeutic
intervention in the management of ARDS, it has been pos-
tulated that that anti-inflammatory and antioxidant agents
have beneficial impacts to overcome both hyper inflamma-
tion and COVID19-associated ARDS. In this sense, multiple
therapies aiming to mitigate the inflammatory and oxida-
tive responses in the severe stage of COVID-19 are being
investigated [9, 11], and at present, corticosteroids are rec-
ommended strongly as a treatment option for patients with
severe and critical COVID-19 infection [12].
N-Acetylcysteine (NAC) is a precursor of the antioxi-
dant glutathione classically utilised as an antidote for par-
acetamol overdose and as a mucolytic for chronic respira-
tory diseases with high mucus production. Based upon its
broad range of mechanism of actions, including immune-
modulating, anti-inflammatory, and antioxidant actions, as
well as its well-established safety profile even at high doses
[13], NAC also has attracted considerable attention for the
prevention and treatment of a variety of other medical con-
ditions [14]. Notably, in recent years it has been found that
NAC can improve the immune system function, inhibit viral
replication, and diminish virus-induced pro-inflammatory
responses [15]; characteristics which make it as a potential
therapeutic agent in acute viral respiratory infections like
influenza and influenza-like illnesses [16, 17]. Furthermore,
due to antioxidant and anti-inflammatory effects, it has been
shown that NAC can effectively prevent cytokine storm and
oxidative stress-induced pulmonary oedema and respiratory
failure in ARDS [18, 19]. In fact, as a potent antioxidant,
NAC directly by inhibiting the ROS radicals and indirectly
by increasing the intracellular glutathione level could effec-
tively modulate inflammatory responses and, as a result,
mitigates damage to molecules, cells, and tissues during oxi-
dative burst and cytokine storm [20]. Considering this evi-
dence, it is speculated that NAC target multiple mechanisms
related to COVID-19 excessive inflammation. Thus, it is rea-
sonable to assess NAC as a potential therapy for COVID-19.
However, at present, clinical information on using NAC for
COVID-19 treatment consists almost exclusively of single
case reports [21-23] and one small case series study [24].
Hence, we designed this double-blind, placebo-controlled
study to determine whether patients with mild-to-moderate
COVID19-associated ARDS would benefit from intravenous
NAC administration as adjuvant therapy to standard therapy.
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Material and methods
Study design

This is a single-centre, prospective, phase 2, randomised,
double-blind, and pilot clinical trial comparing NAC to
placebo in patients with mild-to-moderate COVID19-
associated ARDS. The study was conducted from June
2020 until February 2021 in a tertiary referral hospital,
with 30 intensive care unit beds affiliated to Hamadan
University of Medical Sciences, Hamadan, Iran. The trial
was performed according to the principles of the Decla-
ration of Helsinki and the International Conference on
Harmonisation Good Clinical Practice guidelines, and
the Ethics Committee of Hamadan University of Medi-
cal Sciences approved the trial protocol (approval num-
ber: IR.UMSHA.REC.1399.153). The study patients or
their legal representatives gave consent written informed
consent. The trial was registered at the Iranian Reg-
istry of Clinical Trials (WWW.irct.ir); identifier code:
IRCT20120215009014N355). The researchers, ICU
nurses, physicians, and patients were blinded regarding
the intervention, and the study drug (NAC or placebo) was
prepared, hooded, and dispensed by Hospital Pharmacy
Department.

Patient enrollment

No published data were available on NAC therapy in
COVID-19 for an accurate sample size calculation at the
trial design. Therefore, a sample size of 46 patients in each
group was calculated based on Suter et al. study on non-
COVID-19 ARDS to detect a difference of PiO, between
the two groups, while considering @ =0.05, 20% drop-out,
and a power of 80% [25]. All Patients with a diagnosis of
mild-to-moderate COVID19-associated ARDS admitted
to the hospital were screened for enrolment in the study.
Patients were eligible if they were: at least 18 years; had
received a diagnosis of COVID-19 defined as either the
positive SARS-CoV-2 on polymerase chain reaction test-
ing (RT-PCR) in a respiratory tract specimen and/or clini-
cal and radiological findings compatible with COVID-19
severe pneumonia, met the criteria for mild to moderate
ARDS using the Berlin criteria [4] defined with oxygen
saturation of less than 94% at rest on room air (i.e., with no
supplemental oxygen) or the ratio of arterial oxygen partial
pressure to fractional inspired oxygen (PaO,/FiO, ratio) of
less than 300 mm Hg and more than 100 mm Hg, and less
than 48 h from their hospital admission. Exclusion criteria
included subjects with severe ARDS defined with a ratio
Pa0,/FiO, ratio < 100 mm Hg and need for mechanical
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ventilation at the time of enrollment, on chronic home
oxygen therapy, chronic renal or hepatic failure (aspar-
tate aminotransferase or alanine aminotransferase higher
than 5x the upper limit of the normal range, calculated
glomerular filtration rate < 30 mL/min per 1-73 m? utilis-
ing the Cockcroft-Gault formula); concurrent treatment
with other agents outside the standard of care; using any
other anti-inflammatory agents or antioxidant supplements
outside the institutional protocol treatment; prior hyper-
sensitivity to NAC; the occurrence of any adverse effect
leading to the patients’ intolerance or complications; and
pregnancy and lactation.

Intervention

Eligible patients by block randomisation method (1:1) were
allocated into the placebo or the NAC groups. The ran-
domisation was provided by an independent statistician not
directly involved in the trial. Patients received either intra-
venous NAC or the equal volume of matching placebo (5%
dextrose) for three consecutive days. The dose and duration
of NAC in this study were chosen based on the former study
performed by Moradi et al. on NAC in patients with mild-to-
moderate acute lung injury [20]. Accordingly, NAC at a dose
of 40 mg/kg/day diluted in 5% dextrose was administered
as a continuous intravenous infusion for three consecutive
days. A matching placebo was administered according to the
same schedule and in the same volume as the active drug.
All patients received supportive and/or COVID-19 standard
treatments determined by their treating physician. In addi-
tion to optimal medical treatments for COVID-19 per the
institutional protocol treatment, corticosteroids administra-
tion could be considered in the study patients if their need
for supplemental oxygen was 6—8 L/min or more. Further,
all the study patients per institutional protocol treatment
received antioxidant supplements, including vitamin C
(1000 mg bid), vitamin D3 (1000 IU bid), and Zinc (50 mg
daily), through the study period. In addition, before intuba-
tion, a protocol of early awake prone positioning was pro-
moted for all the study patients.

Efficacy and safety assessment

All patients were assessed for a total of 28 days post-ran-
domisation with daily monitoring of symptoms. Clinical
data were gathered on paper case records by trained nurses
and then double entered into an electronic database. As the
primary efficacy outcomes, the following were compared
between the two groups from baseline up to day 28 post-ran-
domisation: (1) overall 28-day mortality, (2) clinical status
on study day 28, using an 8-point ordinal scale of the WHO
Master Protocol (V.3.0, 3 March 2020) O for uninfected, 1
for no limitation of activities (ambulatory), 2 for limitation
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of activities (ambulatory), 3 for hospitalised, no oxygen ther-
apy (hospitalised mild disease), 4 for hospitalised, oxygen
by mask or nasal prongs (hospitalised mild disease), 5 for
hospitalised, noninvasive ventilation or high-flow oxygen
(hospitalised severe disease), 6 for hospitalised, intubation
and mechanical ventilation (hospitalised severe disease), 7
for hospitalised, ventilation plus additional organ support,
pressors, renal replacement therapy, and ECMO (extracor-
poreal membrane oxygenation), and 8 =death, and propor-
tion of patients who met recovery criteria which are defined
with the WHO clinical status 1, 2, or 3. As the secondary
efficacy outcomes, the following were compared between the
two groups from baseline up today 28: (1) the proportion of
patients needed mechanical ventilation and ventilator-free
days, (2) mean change of ARDS severity based on the Berlin
classification at 72 h and 96 h after intervention (defined as
PaO,/FiO, ratio 200-300 as mild ARDS, 100-200 as mod-
erate ARDS, and < 100 as severe ARDS), (3) mean change
of the Sequential Organ Failure Assessment (SOFA) scores
within the range of 0-24, with higher scores representing
higher organ dysfunction, at baseline, 72 and 96 h after
intervention, (4) length of stay in ICU, (5) length of stay at
the hospital, and (6) incidence of infusion-related adverse
events. For patients who died, the number of ventilator-free
days was 0, and for patients who were alive, the days not
requiring mechanical ventilation during the 28-days were
the ventilator-free days.

Statistical analyses

All analyses were done at 0.05 significance levels, using
SPSS version 21. Data analyses were conducted for the
intent-to-treat (ITT) population, and the last observation car-
ried forward (LOCF) method was used for missing data han-
dling. Normal distribution of continuous data was examined
using Shapiro—Wilk test. The normally- and non-normally,
continuous data were expressed as mean (Standard Devia-
tion: SD) and median (Interquartile Range: IQR), respec-
tively, while categorical data were expressed as numbers
with percentages. Independent ¢ test and Mann—Whitney
U test were used to compare the mean (+ SD) and median
(+=IQR) of continuous variables between the drug and pla-
cebo group. Chi-squared test was used to compare the pro-
portions/test the association between groups. p values < 0.05
were considered statistically significant.

Results
Demographics and baseline characteristics

Figure 1 represents a flow chart of the trial process. During
the study period, 175 patients were screened for eligibility.

Of the 92 patients fulfilling the inclusion/exclusion cri-
teria, 47 received IV NAC, and 45 received placebo and
were followed for 28 days (Fig. 1). All participants received
the entire 3-day treatment protocol, and no patients were
excluded from the analysis. A comparison of the demo-
graphic and baseline clinical characteristics of the partici-
pants in the intervention and control groups is represented
in Table 1. The patients’ average age was 57.6 + 18.7 years,
and 58.7% of the patients were men. The Median time
from COVID-19 symptom onset to enrolment time was
7 (10-4) days, and all patients had bi-pulmonary ground-
glass opacities on computed chest tomography imaging.
As shown, at randomisation time, baseline characteristics,
including general condition, the use of concomitant treat-
ments, comorbidities, vital signs, and disease severity, were
well-matched between the two groups. Thirty-three patients
in the intervention group (70.21%) and 31 patients in the
control group (68.9%) received dexamethasone. A proto-
col of early awake prone positioning was promoted in the
non-intubated patients. Further, as shown in Table 2, none
of the patients received extracorporeal membrane oxygena-
tion (ECMO) therapy. The number of patients who under-
went renal replacement therapy (RRT) and hemoperfusion
therapy to day 28 was also comparable in the study groups.

Clinical efficacy outcomes

Table 2 and Fig. 2 show the main clinical efficacy outcomes
of the trial. According to the obtained results, although the
overall 28-day mortality rate was lower in the NAC group
than to the placebo group [12 of 47 patients (25.5%) in the
NAC group vs. 14 of 45 patients (31.1%) in the control
group], no statistically significant differences were found
between the two groups (p value =0.64; Table 2). Results
regarding the comparison of the distribution of the clinical
status at day 28, using the 8-point ordinal scale of the WHO,
are shown in Fig. 2. Although the distribution of the clinical
status at day 28 in the NAC-treated group shifted towards
better outcomes than did placebo-treated group, it did not
reach a statistical significance level (p value =0.83). The
same result was found, considering the proportion of patients
who met recovery criteria at day 28, which was defined with
the WHO clinical status 1, 2, or 3 (p value=0.41). The pro-
portion of patients achieving recovery criteria until day 28
was 46.8% in the NAC-treated group (22 out of 47 patients)
vs. 37.8% (17 out of 45 patients) in the placebo-treated
group (Table 2). Eighteen of 47 patients in the NAC-treated
group (38.3%) and 20 of 45 patients in the placebo-treated
group (44.4%) required invasive ventilatory support, and
both groups had a comparable need for mechanical ventila-
tion (p value =0.83). Further, the mean number of ventilator-
free days was 17.4 (+12.6) in the NAC-treated patients and
was 16.6 (+ 13.0) in the placebo-treated patients, which was
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Fig. 1 The study flow diagram
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not a statistically significant difference (p value=0.76). The
Pa0,/FiO, ratio was similar on randomisation day in the
two treatment groups [134.9 (+42.1) and 143.8 (+47.5)
in the placebo and NAC treatment groups, respectively; p
value =0.34]. The mean PaO,/FiO, ratio rose from 134.9
(£42.1) to 209.0 (£ 104.4) in the placebo group and from
143.8 (x47.5) to 217.6 (+102.3) in the NAC group on
day 5 after treatment. So, the PaO,/FiO, ratio significantly
improved in both groups on day 5 after treatment, and no
difference was found between the two groups (Table 2). On
the first day of the intervention, the mean SOFA score was
3.45 (+£2.06) in the NAC-treated group and 2.84 (1. 35) in
the placebo-treated group that did not differ significantly (p
value =0.10). The mean SOFA score rose from 2.84 to 3.94
in the placebo group and from 3.02 to 3.13 in the NAC group
on day 5 after treatment. As shown in Table 2, no statistically
significant differences were found in SOFA scores between
the two groups on the third and fifth days after interven-
tion (p value=0.53 and 0.18, respectively). The median
time (IQR) of ICU stay was 8 days (13-6) in the patients
treated with NAC and was 10 days (17-6) in the patients
treated with placebo, but this difference was not statistically
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significant (p value =0.48). The study groups also showed
no differences in terms of the median time (IQR) of hospi-
talisation length [NAC = 10 days (28-7); placebo=15 days
(28-8); p value=0.31].

Safety and adverse events

During the study, no intolerable or severe adverse events
were caused by the NAC infusion, and no patients dropped
out of the study due to the intolerable adverse events during
NAC administration.

Discussion

To our knowledge, it was the first prospective randomised,
placebo-controlled study examining the efficacy and safety
of intravenous NAC in patients with COVID19-associated
acute respiratory distress syndrome. Results of this pilot trial
showed that adding intravenous NAC to the standard-of-care
treatment did not affect the clinical outcomes of patients
with mild to moderate COVID19-associated ARDS.
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Table 1 Baseline demographics and clinical features of the intention-to-treat population
Variable NAC group (47 patients) Placebo group (45 patients) p value
Age, years, mean +SD 59.40+21.10 55.49+16.49 0.32
Sex (M/F), n (%) 15 (63.8/36.2) 24/21 (53.3/46.7) 0.40
Median time (IQR) from symptom onset 7(10-4) 7 (10-4.5) 0.97
General condition at baseline
Temperature, °C, mean=+ SD 37.6 (0.8) 37.8(x0.9) 0.41
Heart rate, times/min, mean +SD 88.17 (12.89) 92.27 (£14.79) 0.16
Respiratory rate, times/min, median (IQR) 27 (30-25) 26 (29-24) 0.7
APACHE 1II score, mean + SD 8.3 (+4.05) 7.7 (£2.3) 0.4
SOFA score, mean+ SD 3.45 (£2.06) 2.84 (=1.35) 0.1
PaO,/FiO, ratio (mmHg), mean + SD 143.8 (+47.5) 134.9 (+42.1) 0.34
Comorbidities
Current smokers, n (%) 10 (21.3) 8 (17.8) 0.79
Cardiovascular diseases, n (%) 16 (34.0) 10 (22.2) 0.25
Diabetes, n (%) 10 (21.3) 12 (26.7) 0.68
Respiratory diseases, n (%) 8 (17.0) 6(13.3) 0.77
Neurologic disorders, n (%) 9(19.1) 11 (24.4) 0.62
Other, n (%) 10 (21.3) 4(8.9) 0.15
Additional medication
Hydroxychloroquine, n (%) 42 (89.4) 41 (91.1) 1.00
Antiviral agents, n (%) 23 (48.9) 16 (35.6) 021
Azithromycin, n (%) 21 (44.7) 26 (55.3) 0.44
Dexamethasone, n (%) 33 (70.21) 31 (68.9) 1.00

NAC N-Acetyl cysteine, SD standard deviation, /QR interquartile range, APACHE II acute physiology and chronic health evaluation II, SOFA

Sequential Organ Failure Assessment, PaO/FiO, ratio ratio of arterial oxygen partial pressure to fractional inspired oxygen

Table 2 Study clinical outcomes up to day 28

Variable NAC group (47 patients) Placebo group (45 patients) p value
Proportion of patients needed mechanical ventilation, n (%) 18 (38.3) 20 (44.4) 0.67
Ventilator-free days, mean=+SD 17.4 (£12.6) 16.6 (+13.0) 0.76
28-day mortality, n (%) 12 (25.5) 14 (31.1) 0.64
Proportion of patients who met the recovery criteria 22 (46.8) 17 (37.8) 0.41
ICU stay, days, median time (IQR) 8 (13-6) 10 (17-6) 0.48
Hospital stay, days, median time (IQR) 10 (28-7) 15 (28-8) 0.31
SOFA score at baseline, mean + SD 3.45 (+2.06) 2.84 (1. 35) 0.10
SOFA score at 48 h, mean+ SD 3.02 (£2.45) 3.33(+1.93) 0.53
SOFA score at 96 h, mean+ SD 3.13 (£2.83) 3.95 (+£3.15) 0.18
PaO,/FiO, ratio at baseline (mmHg), mean+ SD 143.8 (£47.5) 134.9 (£42.1) 0.34
PaO,/FiO, ratio at 48 h, mean+ SD 175.4 (+51.4) 162.6 (+59.2) 0.27
PaO,/FiO, ratio at 96 h, mean+ SD 217.6 (£ 102.3) 209.0 (+=104.4) 0.69
Additional advanced life support modalities

ECMO 0(0%) 0 (0%) 1.00

RRT 3(6.4) 4 (8.9%) 0.71

Hemoperfusion therapy 5(10.6) 7(15.6) 0.55

NAC N-Acetyl cysteine, SD standard deviation, /QR interquartile range, SOFA Sequential Organ Failure Assessment, PaO,/FiO, ratio ratio of
arterial oxygen partial pressure to fractional inspired oxygen, ECMO extracorporeal membrane oxygenation, RRT renal replacement therapy
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groups at study day 28, using the 8-point ordinal scale of the WHO
(p value=0.83)

It has been previously well-documented that NAC has
excellent anti-inflammatory, anti-oxidative, and immune
system enhancing actions. NAC, through a variety of poten-
tial mechanisms, including extracellular scavenging reac-
tive oxygen species, replenishing intracellular glutathione
(GSH), suppression of the overreaction of the innate immune
response and overshooting inflammation, and promoting the
adaptive immune activity and T cell response can mitigate
destructive inflammation and tissue injury resulting from
an overreaction of the innate immune response [26]. Due
to these multifactorial pharmacological actions, recently,
the potential utility of NAC as adjuvant therapy in treating
severe infectious diseases associated with the destructive
inflammation and overreaction of innate immune responses
has been investigated. In this context, current studies
revealed some benefits of NAC in treating septic shock [27].

Beyond these mechanisms, accumulated evidence indi-
cates that NAC also has antiviral properties and suppresses
viral replication. RNA viruses, including coronaviruses,
need active NF-kB pathway support within host cells to
replicate, and it has been found antioxidant and anti-inflam-
matory agents such as NAC through regulatory effects on
NF-kB expression and activation can have indirect antiviral
effects [28]. Further, it has been hypothesised that NAC,
through other mechanisms, including binding to specific
cell-surface receptors and inhibiting viral penetration or
uncoating, inhibiting viral DNA polymerase, inhibiting
viral protein synthesis, and blocking late stages of virus
assembly might also prevent viral replication [15]. Apart
from these mechanisms, considering that the overload of
reactive oxygen species and inflammatory cytokines is asso-
ciated with the compromised of immune system function
in fighting viral infections, NAC, by maintaining adequate
endogenous antioxidant defences can potentially boost our
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immune system responses and, as a result, indirectly might
increase viral eradication [29]. In this context, in experimen-
tal studies, both in-vitro and in-vivo, the beneficial effects
of NAC against viral infections with noticeable results have
been reported [29-31].

Given that the large body of data demonstrating COVID-
19 adverse outcomes is usually related to hyper-inflamma-
tory state and immunity—inflammatory damage [32], it is
thought that NAC may be helpful in targeting COVID-19
excessive immune/inflammatory processes. Thus, NAC
has been proposed by an increasing number of publica-
tions to prevent and treat SARS-CoV-2 infections, in par-
ticular COVID19-associated ARDS [33-35]. ARDS is the
most devastating complication of SARS-CoV-2, which is
associated with oxidative stress and inflammatory cytokine
production following viral infection, a condition causing
diffuse alveolar damage with endothelial and epithelial apop-
tosis, pulmonary fibrinolysis, and dysregulated coagulation
[36, 37]. It is speculated that NAC, through the inhibitory
effects on viral replication, modulating the pro-inflammatory
cytokines production, and inhibition of oxidative damage,
could reduce acute lung damage during COVID-19 [38].

Previously, multiple studies have investigated the use of
NAC in treating ARDS. However, to date, the clinical stud-
ies on NAC in ARDS have given conflicting results. Some
clinical studies with NAC in ARDS have provided promising
results. In this regard, the studies by Moradi et al. [39] and
Suter et al. [25] revealed that intravenous NAC in patients
with mild-to-moderate acute lung injury not only enhanced
systemic oxygenation and decreased the need for ventilatory
support but also slightly reduced the mortality rate. Another
promising study by Ortolani et al. demonstrated that intra-
venous NAC administration as monotherapy and in com-
bination with rutin standard treatment through improving
antioxidant capacity could have protective effects on the lung
epithelium’s lipid peroxidation in the early stage of ARDS
[40]. Despite this promising clinical evidence, in Dome-
nighetti et al.” clinical study on ARDS associated with vari-
ous underlying aetiologies, intravenous NAC treatment for
72 h had no benefits on systemic oxygenation and reduction
in the mechanical ventilation need. Further, the intravenous
NAC did not demonstrate mortality benefits [41]. Jepsen
et al., also in their study, found no significant difference in
terms of oxygenation, ventilator support, and mortality rate
between intravenous NAC and placebo treatment in ARDS
patients [42]. The results of these studies were consistent
with our findings. Zhang et al. at 2017 in a meta-analysis
of the available randomised controlled trials on NAC treat-
ment in ARDS patients, found that although NAC treatment
may reduce the period of ICU stay in such patients, it does
not significantly reduce short-term and 30-day mortality and
does not improve the PaO,/FiO, ratio [43]. However, it is
worth noting that there is yet no clinical evidence that using
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NAC in ARDS is associated with an increased rate of nega-
tive adverse outcomes.

At present, clinical evidence about using NAC in
COVID-19 is sparse. In this line, two cases with severe
COVID-19-associated respiratory failure who had received
standard of care and routine treatment of severe COVID-19
had been treated successfully with intravenous or inhala-
tion administration of NAC [21, 22]. In another case report,
IV and oral glutathione, alpha-lipoic acid, and NAC suc-
cessfully treated two COVID-19 patients with dyspnea
[23]. Further, in a small case series from the USA reported
by Ibrahim et al., intravenous NAC administration to ten
respirator-dependent COVID-19-infected patients that of
whom one subject had Glucose—6—phosphate dehydrogenase
(G6PD) deficiency significantly decreased the inflammatory
markers, like ferritin and C-reactive protein (CRP). It also
showed beneficial effects on lung functions in these cases
[24]. In another report by Alamdari et al., the combination
of methylene blue-vitamin C-NAC (1 mg/kg methylene blue,
1500 mg/kg vitamin C, 1500 mg/kg NAC), as last resort
therapy, was administrated to five critically ill COVID-19
patients with high serum level of nitrite, nitrate, methemo-
globin, and oxidative stress. Results of this small case seri-
ous also are promising, as four out of five patients responded
well to treatment and recovered [44]. However, the results
of our study are in discordance with these reports. There
are several possible explanations for our findings. First,
because in our study, a significant percentage of patients
in both groups received dexamethasone, it is possible that
dexamethasone as a potent anti-inflammatory modality treat-
ment in COVID-19-associated respiratory failure obscured
the effects of NAC and NAC adds nothing further to its
effect. Second, although other medications used for the treat-
ment of COVID-19 did not differ between the patients of
the two groups, the permitted use of these medications may
also influence the effects of NAC treatment on clinical out-
comes of the study populations. Third, the sample size of our
study was relatively small and thus only powered to detect
large effects and would be incapable of detecting small or
medium effects. Fourth, since inflammatory response pro-
files changed at different disease stages of COVID-19, and
while regulated activation of the innate immune system is
responsible for both viral elimination and recovery from the
infection, exaggerated inflammatory responses are impli-
cated in the disease’s progression to a more severe and lethal
process, the timing of anti-inflammatory drugs administra-
tion could potentially determine treatment outcomes [45,
46]. So, although NAC administration in our study patients
with mild to moderate ARDS did not demonstrate statisti-
cally significant benefits, maybe treatment with it if used in
the earlier or later phases of the disease process showed dif-
ferent effects on the COVID-19 patients’ clinical outcomes.
Further, our study was a single-centre investigation. Thus,

based on the results of a single-centre study, it is impossible
to make definitive conclusions about the efficacy of the NAC
as adjunctive therapy in patients with COVID19-associated
ARDS, and larger, multicenter studies are still needed to
assess its potential usefulness in such patients.

However, although the current clinical data are conflict-
ing, there is a rationale to study NAC as an adjunct ther-
apy to prevent and treat COVID-19 infection. Research
has revealed that despite the potent antioxidant and anti-
inflammatory effects of NAC, unlike glucocorticoids with
intrinsic immunosuppressive drawbacks, NAC is not immu-
nosuppressive. In fact, NAC not only does not increase the
risk of infections but also, through regulatory actions on
the immune system, may decrease the risk of infections
[33]. Furthermore, it is well-known that NAC against acute
cardiovascular and neurological events, such as myocardial
infarction and stroke, has protective effects [47, 48]; this
effect may also be helpful for some patients at an increased
risk of cardiovascular and neurological complications asso-
ciated with COVID-19 [49, 50]. Moreover, one of the main
properties of NAC that makes it a proper candidate in pre-
venting and treating COVID-19 is its excellent safety and
tolerability even when used in high doses. Although com-
pared to oral NAC, a higher incidence of adverse reactions
has been reported with intravenous administration of NAC,
and in some cases, life-threatening anaphylactoid reactions
were reported by its intravenous administration, most of
these reactions are mild in nature and easily manageable by a
slower infusion rate [51]. It is to be noted that the only prom-
ising result in our trial was that intravenous NAC adminis-
tration was safe in the study patients and did not cause any
intolerable or severe side effects. It should be mentioned that
NAC at high-serum concentration (10 mM or more) displays
its maximum antioxidant and immunomodulatory effects in
severe immunopathological conditions such as ARDS [52].
Such high-serum concentrating can achieve quickly by the
IV formula of NAC. Due to the extensive first-pass metabo-
lism, the oral formula of NAC has low bioavailability [53].
Thus, high doses of oral NAC that should be administrated
to achieve such high serum concentration are associated with
intolerable gastrointestinal adverse effects such as nausea,
vomiting, and diarrhoea [54].

Despite this strong scientific evidence, at percent, there
is insufficient clinical evidence to recommend NAC for
COVID-19 in routine clinical practice and strong evi-
dence of its benefit in preventing and treating COVID-19
is still lacking. However, several ongoing clinical trials to
investigate the potential effectiveness of NAC in patients
with COVID-19 are being implemented (NCT04545008;
NCT04370288; NCT04419025; NCT04455243;
NCTO04374461; and NCT04466657). These studies pro-
vide more evidence on the potential utility of NAC in
treating COVID-19 patients. We did not assess the changes
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in the serum levels of oxidative stress and inflammatory
biomarkers in the present study. So, it did not allow know-
ing the regulatory effects of NAC on immunoinflammatory
mediators as the main mechanism of its action in COVID-
19 patients. So, it is also necessary to address this issue
in-depth in future studies.

Conclusion

In conclusion, these preliminary results did not support
the potential beneficial effects of intravenous NAC as an
adjunct therapy in treating patients with mild-to-moderate
COVID-19 associated ARDS. Although basic science sug-
gests a rationale for NAC’s use in preventing and treating
COVID-19, based on current clinical data, NAC’s ben-
efits in treating COVID-19 remains uncertain, and its use
should be considered experimental. Future studies are
needed to determine which COVID-19 patients benefit
from the NAC treatment, and the optimal timing of NAC
administration in these patients is also determined.
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