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A B S T R A C T   

The endogenous free radical nitric oxide (NO) plays a pivotal role in the immunological system. NO has already 
been reported as a potential candidate for use in the treatment of human coronavirus infections, including 
COVID-19. In fact, inhaled NO has been used in clinical settings for its antiviral respiratory action, and in the 
regulation of blood pressure to avoid clot formation. In this mini-review, we discuss recent progress concerning 
the antivirus activity of NO in clinical, pre-clinical and research settings, and its beneficial effects in the treat-
ment of clinical complications in patients infected with coronaviruses and other respiratory viral diseases, 
including COVID-19. We also highlight promising therapeutic effects of NO donors allied to nanomaterials to 
combat COVID-19 and other human coronavirus infections. Nanomaterials can be designed to deliver sustained, 
localized NO release directly at the desired application site, enhancing the beneficial effects of NO and mini-
mizing the side effects. Challenges and perspectives are presented to open new fields of research.   

1. Introduction 

Severe acute respiratory syndrome corona virus 2 (SARS-CoV-2, or 
2019-nCoV) was first identified and reported in Wuhan, China, in 
December 2019, and rapidly spread to over 210 countries and territories 
(Keni et al., 2020; Lai et al., 2020). At the time of writing, September 
2020, the World Health Organization (WHO) has confirmed 32 million 
cases in all 5 regions of the world, and over 1 million deaths. 
SARS-CoV-2 is transmitted human-to-human by direct contact or drop-
lets, leading to an infection with 6.4-day incubation and 6.8 % mortality, 
calculated using recent data (Lai et al., 2020). Therefore, a rush in the 
study and development of possible treatments and vaccines has been 
observed from numerous scientists using different approaches (Marti-
nez, 2020). A promising strategy under consideration is the use of 
inhalation-based therapies, including inhaled nitric oxide (NO) (Gianni 
et al., 2020a). This short communication aims to highlight important 

impacts of NO application, reporting the effectiveness of NO against 
coronaviruses, including SARS-CoV-2, and evidencing promising stra-
tegies to leverage this research field. 

NO is a free radical gas that plays key roles in biological systems, as 
first demonstrated by the winners of the Nobel Prize for Medicine and 
Physiology in 1998, Robert F. Furchgott, Louis J. Ignarro and Ferid 
Murad (Ignarro, 1999). Despite being involved in processes such as cell 
communication (O’Toole et al., 2016), vasodilation, control of blood 
pressure (Seabra et al., 2015), and wound healing (Seabra, 2017), NO 
presents important antimicrobial and antitumoral properties, depending 
on its concentration (Hasan et al., 2017; Pieretti et al., 2019). In 1988, 
NO was related to soft tissue relaxation in the penis, allowing the organ 
to become engorged. Eight years later, Viagra came to the U.S. market 
(Gur et al., 2017). 

Due to its small size, neutral charge, and relative lipophilicity, NO 
diffusion through cell membranes is facilitated even in the absence of 
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channels or receptors (Dioguardi, 2011). NO action relies on certain 
main mechanisms, such as impairment of pathogen replication, inter-
ference in the electron transport chain, promotion of S-nitrosation re-
actions in cysteine residues of important pathogen enzymes, and 
generation of oxygen and nitrogen reactive species (NOx) (Liu et al., 
2017; Seabra et al., 2016). Moreover, NO quickly reacts with superoxide 
(O2

• − ), leading to highly toxic and oxidant peroxynitrite (ONOO− ) 
(Pacher et al., 2008). 

NO has been widely studied for combating tumor cells, bacteria, 
fungi, protozoa, and viruses (Rolim et al., 2019; Santiago-Olivares et al., 
2019; Schairer et al., 2012). Inhaled treatments of gaseous NO have been 
proposed as an efficient route for administering the gas, but systemic 
administration is also possible using NO donors, which are molecules 
able to release NO in the biological medium, and/or by allying NO and 
NO donors with nanomaterials (Quinn et al., 2015). The use of NO do-
nors and nanomaterials increases the stability of NO and enables tar-
geted, controlled NO release at desirable concentrations, which is 
fundamental for NO bioactivity (Quinn et al., 2015). There are several 
combinations of NO and/or NO donors with nanoparticles, which can be 
designed for specific applications (Seabra and Durán, 2017). 

There are important recent review articles based on the potential use 
of NO to combat COVID-19 and other human coronavirus infections 
(Adusumillia et al., 2020; Hedenstierna et al., 2020; Martel et al., 2020). 
To the best of our knowledge, these review articles are mainly focused 
on the administration of gaseous NO (inhaled NO), on discussion of the 
pathogenesis of viral infections, and on inflammatory responses modu-
lated by NO in vivo. The present review focuses not only on the use of 
inhaled NO but also on the administration of NO donors in combination 
with nanomaterials. NO-releasing nanomaterials have been extensively 
studied in different biomedical applications, including their antimicro-
bial effects. Due to the versatility of nanomaterials, NO donors allied to a 
nanoplatform might be important application in the fight against 
COVID-19 and other human coronavirus infections, and we hope that 
this review will open the way to new studies in this area. 

2. NO potential against human coronaviruses and respiratory 
viral diseases 

The antimicrobial properties of NO usually rely on antifungal and 
antibacterial effects, although it is well-known that NO not only presents 
antiviral activity, but also acts to modulate host response (Akaike and 
Maeda, 2000). NO has already been reported as a potential candidate for 
the treatment against coronaviruses and other respiratory viral diseases, 
such as influenza (Arabi et al., 2015; Keyaerts et al., 2004; Murphy et al., 
1998). Fig. 1 shows an overview of NO antiviral activity previously re-
ported against different viral diseases (Akaike and Maeda, 2000; Aker-
strom et al., 2005; Arabi et al., 2015; Lin et al., 1997). 

To date, seven coronavirus strains have been identified: HCoV-229E, 
SARS-CoV, HCoV− OC43, HCoV-NL63, HCoV-HKU1, MERS-CoV and 
SARS-CoV-2 (Kiyuka et al., 2018; Sanchez-Nadales et al., 2020). Of 
these, NO has been used against MERS-CoV, SARS-CoV and HCoV-NL63. 
More recently, it has been extensively evaluated against SARS-CoV-2 
(Arabi et al., 2015; Keyaerts et al., 2004; Sanchez-Nadales et al., 2020; 
Tavazzi et al., 2020). Few reports demonstrate the use of NO against 
MERS-CoV (Al-Dorzi et al., 2016; Arabi et al., 2015) and this topic 
should be further explored. Inhaled NO treatment was administered in 
combination with traditional therapies, such as antibiotics, to a hyper-
tense male patient who tested positive for MERS-CoV (Arabi et al., 
2015). Treatments allied to inhaled NO demonstrated positive results, 
and the patient was discharged to his home 21 days from the beginning 
of NO treatment (Arabi et al., 2015). Moreover, inhaled NO was 
administered for MERS-CoV in infected healthcare workers and the re-
sults also demonstrated that the patients were successfully healed, 
evidencing that NO might have positive effects in the treatment with low 
harmful side effects (Al-Dorzi et al., 2016). More recently, inhaled NO 
treatment was also employed in a 22-year old immunocompromised 
patient who tested positive for both SARS-CoV-2 and HCoV-NL63 
(Sanchez-Nadales et al., 2020). The authors have hypothesized that 
NO might have played a pivotal role in the treatment, related to the loss 
of alveolar perfusion and the hypoxic pulmonary vasoconstriction effect 
(Sanchez-Nadales et al., 2020). Taken together, these reports suggest 
beneficial effects of administration of NO in patients, and further studies 
are required. 

Fig. 1. Diagram of NO actions against viral infections.  
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In addition to the few publications reporting NO trials in the treat-
ment of coronaviruses, this molecule has already been evaluated against 
other respiratory viral diseases, such as influenza A/H1N1 (Avnon et al., 
2015; Kovačević et al., 2015; Murphy et al., 1998). During the 2009 
H1N1 pandemic, NO was used in combination with mechanical venti-
lation in 67 % of the patients under experimental trial, particularly 
patients with thrombotic complications. In general, authors indicated 
that critically ill patients were administered deep vein thrombosis pro-
phylaxis in combination with other treatments, such as inhaled NO 
(Avnon et al., 2015). Interestingly, considering that NO is an endoge-
nous signaling molecule, it has also been reported that serum NO levels 
are higher in patients that survived acute respiratory distress syndrome 
caused by H1N1, in comparison with non survivors, as well as an in-
crease of oral NO levels after 21-days of virus incubation; this offers a 
strong association of NO levels with improved clinical outcomes (Avnon 
et al., 2015; Murphy et al., 1998). NO can react with important bio-
molecules controlling physiological and pathophysiological functions. 
Indeed, NO can nitrosate thiol groups on the surface of red blood cells 
and the beta chain of hemoglobin, preventing hemolysis and oxidative 
damage (Zhang et al., 2015). Previous studies have suggested the po-
tential beneficial effects of NO, opening new areas in this research topic. 

Although positive biological effects have been reported for the 
administration of NO donors, further studies are required to better 
evaluate the levels of inflammatory mediators and the activity of 
important heme-containing enzymes, such as indoleamine 
2,3–dioxygenase (IDO), directly involved in the inflammatory responses 
in respiratory viral infections (Anderson and Reiter, 2020). During virus 
infection, a significant increase in the levels of inflammatory mediators 
can be observed, known as a “cytokine storm”, associated with endo-
thelial and platelet activation; this can lead to vascular permeability, 
thrombocytopenia, shock (observed in severe cases), pulmonary hy-
pertension and pneumonia (Belladona and Orabona, 2020). IDO and 
inducible nitric oxide synthase (iNOS) are expressed upon monocyte 
activation. It has been reported that NO generated by iNOS inhibited the 
SARS CoV replication cycle (Akerstrom et al., 2005). Interferon-gamma, 
a molecule with antiviral activity and a regulator of inflammatory re-
sponses to pathogens, is a potent inducer of IDO and iNOS (Kang et al., 
2018), in addition to other inflammatory factors, such as tumor necrosis 
factor-α (TNFα) and interleukins 6 and 1β (Turski et al., 2020). For 
instance, both these enzymes were highly expressed in monocytes of 
patients infected with dengue virus (DENV-4), compared to healthy 
controls, during an epidemic in Campo Grande (MS, Brazil) (Fialho 
et al., 2017). Inflammatory processes and cytokines stimulate iNOS, 
which in turn enhance NO production against virus infection. IDO, 
induced by inflammation or immune responses, participates in trypto-
phan catabolism and can be induced by IFN-γ in monocytes, displaying 
immunosuppressive and antimicrobial activities (Mellor and Munn, 
2004; Hara et al., 2008). IDO enzymatic activity helps to control pul-
monary inflammation and hypertension, allowing immunoregulation in 
COVID-19 patients (Belladona and Orabona, 2020). It should be noted 
that IDO activity can be either suppressed by NO or induced by NOS 
inhibition (Hara et al., 2008). IDO is a cytosolic immune-modulatory 
enzyme containing heme iron for which NO has a high affinity, thus 
endogenous NO and NO donors can inactivate this enzyme (Thomas 
et al., 1994). Some papers reported that blockage of IDO activity might 
enhance antiviral IFN-I/II (interferon type I/II) innate and adaptive 
T-cell responses in Japanese encephalitis (Kim et al., 2016) and respi-
ratory viral infections (van Wissen et al., 2002). As IDO and NO have 
been implicated in T cell immune tolerance (Ye et al., 2017), the effects 
of NO donors on IDO and on cytokine production should be further 
investigated. 

2.1. NO potential against SARS-CoV and SARS-CoV-2 

NO inhaled treatment against COVID has already been proposed in 
2020 in two different countries, China and United States of America 

(Berra et al., 2020; Gianni et al., 2020a; Lei et al., 2020). The motivation 
comes from the historical use of NO-based treatment against SARS-CoV, 
and also against other respiratory diseases caused by viruses. After the 
SARS-CoV outbreak in 2002, three different studies demonstrated the 
potential of NO compounds in the inhibition of SARS-CoV replication 
(Akerstrom et al., 2005; Åkerström et al., 2009; Keyaerts et al., 2004). In 
a study that overviewed therapeutic strategies available in 2008 for 
SARS-CoV treatment, NO was highlighted as a potential drug already 
available and used on infected humans, while NO donors were reported 
as promising drugs undergoing pre-clinical trials (Wong and Yuen, 
2008). in vitro studies performed with the NO donor S-nitro-
so-N-acetylpenicillamine (SNAP) indicated that NO was able to inhibit 
the replication cycle of SARS-CoV in a concentration-dependent mech-
anism. Moreover, the same experiment showed that viral protein and 
RNA synthesis were also hindered (Åkerström et al., 2009). Years later, 
in-depth studies of the same research group into the mechanism of NO 
against SARS-CoV evidenced that the intermediate peroxynitrite was not 
responsible for the replication cycle inhibition; the authors demon-
strated that the antivirus mechanism relied on two major points: (i) 
interference in the fusion of S protein and its receptor due to reduced 
palmitoylation of the S protein, and (ii) a reduction in RNA production, 
probably due to an effect on cysteine proteases (Akerstrom et al., 2005). 
A similar pattern was reported by Keyaerts and coworkers, evidencing 
an IC50 of SNAP against SARS-CoV of 222.3 ± 83.7 μM, and no activity 
for the non-nitrosated molecule, confirming that the effect relies on NO 
release (Keyaerts et al., 2004). Moreover, NO produced from inducible 
NO synthase (iNOS) has also demonstrated the ability to inhibit the 
replication cycle of SARS-CoV (Åkerström et al., 2009). 

2.2. Current use of NO against COVID-19 

Thus, the protocols published to date against SARS-CoV-2 rely on the 
efficient results previously demonstrated. Three different strategies 
were proposed to comprehend the treatment under different conditions, 
using a randomized experiment evolving 2 centers: Boston and Xi’an 
(Berra et al., 2020; Gianni et al., 2020a; Lei et al., 2020). Firstly, NO 
application in severely ill patients is proposed in two different condi-
tions: (i) high doses of gaseous NO, up to 180 ppm, during short periods 
of time (20− 30 min), and (ii) low doses of gaseous NO, up to 80 ppm, 
during 48 h-treatment (Berra et al., 2020; Lei et al., 2020). Interestingly, 
a second protocol proposed inhaled NO to prevent COVID-19 in 
healthcare providers who are in direct contact with patients infected 
with SARS-CoV-2 (Gianni et al., 2020a). The individuals concerned will 
receive a maximum of 160 ppm of inhaled NO for a short period of time 
during 14 days. It is expected that the number of healthcare providers 
contaminated will decrease from 15 % to 5% (Gianni et al., 2020a). The 
three strategies proposed have different parameters for the treatment 
period, concentration and people involved; they promise to increase 
knowledge about the use of NO against COVID-19 in both treatment and 
prevention. Although a promising strategy, the inhalation of gaseous NO 
is not the only possible treatment and/or prevention against COVID-19 
or future viral diseases. Interestingly, the same authors that first pro-
posed the use of inhaled NO developed a system for high dose NO 
inhalation, minimizing NO concentration oscillations and the inhalation 
of NO2, which might have a promising application in this field (Gianni 
et al., 2020b) (Fig. 2). 

Inhaled NO trials against COVID-19 have also been reported in other 
conditions. The trials have varied mostly in the patients’ condition: (i) 
breathing patients in non-severe condition and (ii) sedated and venti-
lated patients in severe condition. A trial carried out in Italy evaluated 
the efficiency of inhaled NO in ten patients in severe conditions (Ferrari 
et al., 2020). The dose evaluated was 20 ppm for 30 min, in patients 
already treated with invasive mechanical ventilation (Ferrari et al., 
2020). Although NO acts by improving arterial oxygenation, the same 
pattern was not observed in all patients, especially those with severe 
hypoxemia. This highlights the fact that even though NO presents 

J.C. Pieretti et al.                                                                                                                                                                                                                               



Virus Research 291 (2021) 198202

4

promising use in the treatment of patients with COVID-19, further 
studies must be performed to understand which patients might benefit 
(Ferrari et al., 2020). Interestingly, a similar trial employing inhaled NO 
at a concentration of 25 ppm led to complementary results (Tavazzi 
et al., 2020). The treatment did not improve oxygenation in patients 
with refractory hypoxemia, although promising results were confirmed 
for patients with right ventricular dysfunction (Tavazzi et al., 2020). 

A different pattern was observed in spontaneously breathing pa-
tients. Parikh and coworkers evaluated the potential of inhaled NO 
treatment in breathing patients diagnosed with COVID-19 (Parikh et al., 
2020). Thirty-nine patients with different characteristics, with or 
without pre-existent diseases, received a dosage of 30 ppm of NO for 2 
days. Of all the patients treated with inhaled NO, 53.9 % did not require 
mechanical ventilation and the SpO2/FiO2 ratio also improved in those 
patients (Parikh et al., 2020). This suggests that NO might not only 
prevent hypoxic respiratory failure, but also contribute an antiviral 
mechanism (Parikh et al., 2020). A higher dose of NO (200 ppm/30 min) 
was evaluated in pregnant women diagnosed with COVID-19 (Safaee 
Fakhr et al., 2020). In this trial, six pregnant women received 39 
treatments with inhaled NO after hospitalization with COVID-19 with 
hypoxic respiratory failure. NO treatment in high dosages was shown to 
be well tolerated, and evidenced an improvement in the cardiopulmo-
nary system (Safaee Fakhr et al., 2020). All six pregnant patients sub-
jected to NO treatment were discharged from hospital, and half of them 
had already delivered healthy neonates (Safaee Fakhr et al., 2020). A 
single-patient trial evaluated home treatment with inhaled NO, differing 
from previous reports (Zamanian et al., 2020). Low doses of 20 ppm 
were administered 12− 14 h per day for 11 days with a nasal canula, 

remotely monitored (Zamanian et al., 2020). Positive results were 
observed, opening venues for further trials employing inhaled NO at 
home as an alternative to hospital treatments (Zamanian et al., 2020). 

In the war against COVID-19, NO may not only have a potent anti-
viral activity but also improve ventilation perfusion in the lungs. In 
other words, NO demonstrates potential for the treatment of patients 
infected with COVID-19 both in severe and non-severe conditions, 
improving oxygenation and antiviral mechanisms, and preventing 
aggravation of the disease (Ferrari et al., 2020; Parikh et al., 2020). 
Patients with coronaviruses are susceptible to acute respiratory distress 
syndrome, which can lead to pulmonary fibrosis (Chen et al., 2004). 
Inhalation of NO gas enhanced arterial oxygenation in patients with 
acute respiratory distress syndrome (Chen et al., 2004). Indeed, NO gas 
is approved by US Food and Drug Administration (FDA) for neonates in 
the treatment of pulmonary hypertension, and recently it has been 
authorized for use as rescue treatment in patients with hypoxic 
COVID-19 symptoms (Gebistorf et al., 2016). Moreover, NO is synthe-
sized endogenously in the blood vessels, regulating blood pressure and 
thus avoiding clot formation and destroying potential toxins (Ignarro, 
1999). 

Even though NO has demonstrated important results in the treatment 
of COVID-19, some authors emphasize that further studies are necessary 
to better understand which patients will benefit most from inhaled NO 
treatment. A similar pattern has been previously demonstrated in adults 
and children with acute respiratory distress syndrome, in which treat-
ment with inhaled NO led to a transient improvement in oxygenation, 
but did not alter the mortality rate in critically ill patients (Gebistorf 
et al., 2016). Moreover, it was observed that NO administration might 

Fig. 2. Diagram of the experimental setup proposed for the use of inhaled NO. The mechanical ventilator connected to the right lung acts as a diaphragm of the left 
lung. The left lung is connected with the tested delivery system. Reproduced from reference Gianni et al., 2020b with permission from Elsevier. 
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impair the kidney function of the patients treated (Gebistorf et al., 
2016). 

The data presented in this review are fundamental for revealing 
promising parameters for further trials employing NO treatment against 
COVID-19 and/or other respiratory diseases, in order to confirm NO 
potential, target patients and safe dosages. 

3. Promising advances in NO allied to nanomaterials 

It should be noted that NO is a free radical, and its stability is 
improved by the use of NO donors; these fall into different classes 
depending on the molecule, e.g. organic nitrates, S-nitrosothiols, metal 
complexes and N-diazeniumdiolates (Wang et al., 2002). Besides 
inhaled NO directed for pulmonary treatments, FDA has already 
approved the use of a few NO donors, such as Nitropress (Opasich et al., 
2009). More recently, it has been demonstrated that the combination of 
NO donors with nanoplatforms has been an important approach, which 
can even improve the antimicrobial properties of NO (Douglass et al., 
2019). Recent works have demonstrated the antimicrobial activity of NO 
donors allied to metal or metal/oxide nanoparticles, such as copper 
(CuNPs), silver (AgNPs), and polymeric nanoparticles. A composite 
based on SNAP and CuNPs enabled a tunable release of NO from SNAP, 
through catalyzation with CuNPs (Pant et al., 2017). NO release was 
adjusted through the concentration of CuNPs, which promoted a NO flux 
6 times higher at the concentration of 5% when compared to free SNAP 
after 3 and 24 h evaluation. The combination of NO and nanoparticles 
promoted enhanced antibacterial activity against both Staphylococcus 
aureus (S. aureus) and Pseudomonas aeruginosa (P. aeruginosa). The 
growth of these strains treated only with SNAP were 3.5 ± 1.3 × 104 and 
1.8 ± 1.3 × 104 respectively, while the values deceased significantly 
when combined with 3% of CuNPs, reaching 8.9 ± 1.8 × 102 and 2.4 ±
1.8 × 102 respectively (Pant et al., 2017). A similar pattern was observed 
for the combination of NO and AgNPs, in which the synergistic effect led 
to a notable inhibition of Escherichia coli (E. coli). Interestingly, a recent 
work reported that silver nanoparticle inhalation (3− 7 nm) could be 
effective in early stage COVID treatment (Zachar, 2020). In the same 
work, the authors indicate that the minimal inhibitory concentration (10 
μg mL− 1) was achievable in the lower airways, but could be an effective 
initial method for the upper airways to suppress progression of the 
infection. Therefore, its combination with NO could be a supplementary 
therapy for infectious respiratory diseases that should be addressed in 
future studies. On the other hand, the encapsulation of NO donors in 
polymeric nanoparticles is a promising alternative. The encapsulation of 
AgNPs and S-nitroso-mercaptosuccinic acid (S-nitroso-MSA) in alginate 
nanoparticles promoted sustained release of NO and a potent antibac-
terial effect against S. aureus, E. coli and Staphylococcus mutans with low 
cytotoxicity to non-tumoral cells (Urzedo et al., 2020). The effectiveness 
of this strategy is not limited to antibacterial applications: the encap-
sulation of NO donors in chitosan nanoparticles demonstrated important 
results against leishmaniasis, a parasitic disease (Cabral et al., 2019). 
These nanoparticles efficiently inactivated Leishmania (L.) amazonensis 
promastigotes while no toxic effects were observed in macrophages. 

More studies are required to better investigate how endogenous NO 
(produced by NOS) and exogenous NO, from a donor, might be related. 
It has been demonstrated that both sources of NO (endogenous and 
exogenous) can have antiviral activity (Akerstrom et al., 2005). An 
important advantage of nanotechnology is the ability to design a 
nanocarrier for sustained, localized drug release (in this case, NO 
release) for pulmonary application (Cavalcanti and de Britto Lira Nogue, 
2020; Lammers et al., 2020). In other words, nanomaterials can be 
prepared for pulmonary delivery of NO/NO donors, depending on 
nanoparticle size, chemical structure, chemical surface and charge. 
Versatile nanocarriers can be designed to deliver therapeutic amounts of 
NO direct to the desired application site, i.e. the site of the viral infec-
tion. Chitosan nanoparticles have been explored for pulmonary delivery 
of active drugs due to their biocompatibility and biodegradability, and 

their mucoadhesive and non-immunogenic properties (Islam and Ferro, 
2016; Cavalcanti and de Britto Lira Nogue, 2020; Tatlow et al., 2020). 

Thus, important effects that have already been observed for NO 
against SARS-CoV; these could be improved by combination with 
nanomaterials, promoting sustained, localized release of NO in thera-
peutic concentrations (Keyaerts et al., 2004). NO allied to nanomaterials 
might thus find important applications against coronaviruses, including 
in the treatment of COVID-19. 

4. Conclusions and perspectives 

Although several drugs have been evaluated against COVID-19, 
further studies are still required to better elucidate their efficacy, 
tolerability and side effects (Magro, 2020). In this war against 
COVID-19, the use of NO/NO donors might find important medical 
application. There is still little progress on the antiviral effect of NO, 
especially against coronaviruses. The three protocols proposed against 
COVID should significantly contribute to this area, and possibly evi-
dence a promising alternative treatment for the current pandemic. The 
antiviral effects of NO should be further explored. Interestingly, it has 
been reported that ambient ultraviolet A radiation (UVA) exposure is 
associated with lower COVID-19 specific mortality, independent of 
vitamin D (Cherrie et al., 2020). UVA triggers generation of NO from NO 
stores in the skin; this is released into the blood circulation, increasing 
the bioavailability of NO and reducing blood pressure (Cherrie et al., 
2020). 

Finally, we would like to encourage investment in promising ad-
vances in NO allied with nanomaterials; this treatment has already 
shown important results in the area of nanomedicine, but is still unde-
veloped in the field of viral infections, that are of huge importance not 
only during the SARS-CoV-2 pandemic, but also for the treatment of 
future viral diseases that may arise. Definitely, NO is bad news for 
COVID-19. 
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