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The Coronavirus Disease 2019 (COVID-19) pandemic, 
caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), poses substantial morbidity and mortality 
worldwide. Although the duration of viral shedding appears 
to be longer in patients with more severe COVID-19 (1), 
detailed study of viral dynamics has suggested the lack 
of correlation of viral load with clinical severity in some 
infected patients (2,3). In addition, the heterogeneity in 
the trend of viral load during therapy may pose difficulty 
for fully attributing the favourable outcome of patients 
to effective antiviral drugs. Accumulating clinical data 
and experimental evidence have suggested that host 
inflammatory response to most respiratory virus infections 
plays a substantial role in determining the clinical and 
pathological changes of these infections, on top of the direct 
cytological injury of the respiratory tract by the viruses (4-6).  
Pathological examination in fatal cases of COVID-19 has 
strongly suggested immune heightening with resultant 
host tissue damage. Thus it appears logical to contemplate 
ameliorating the apparently exaggerated host responses to 
eventuate a better patient outcome of the viral infection. We 
hereby humbly submit brief views regarding the modulation 
of inflammation in the management of new coronavirus 
infections.

A simplistic account of the immunopathogenesis 
underlying most respiratory infections, likely including that 
due to SARS-CoV-2, is as follows (4-8). Viral recognition by 
toll-like receptors, especially those present in macrophages 
and dendritic cells induce activation of antimicrobial innate 
immune response, principally involving NK cells and 
lymphocytes, with expression of type 1 interferons and other 
downstream signaling pathways. Respiratory virus infections 
can trigger oxidative stress, through induction of enzymes 

such as nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidases, in host cells, generating reactive oxygen 
species (ROS). Being microbiocidal, ROS helps activate 
innate immune response, but it can also damage host DNA, 
protein and lipid. In addition, macrophage mitochondrial 
ROS promotes pyroptosis, which is proinflammatory 
programmed cell death associated with inflammasome 
activation and release of proinflammatory cytokines such 
as interleukin (IL)-1β. Furthermore, there is concomitant 
disturbance of the balance between host antioxidant defence 
and inflammatory response, which are predominantly 
regulated by nuclear factor (erythroid-derived 2)-like 2 
(Nrf2) and nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-κB), respectively (8). Nrf2 is a key 
transcription factor that controls many aspects of cell 
homoeostasis in response to oxidative and toxic insults, 
including its mediation of basal and induced antioxidant 
proteins that clear ROS (8). NF-κB is a key family of 
transcription factors that mediate immune responses to 
bacterial and viral infections (8). Proinflammatory cytokines 
such as tumour necrosis factor (TNF)-α are among the most 
potent NF-κB activators, likely due to auto-amplification. It 
is observed that some respiratory virus infections, including 
that due to SARS-CoV-2, can be associated with substantial 
production of proinflammatory cytokines and chemokines 
such as TNF-α, IL-6, IL-8, C-C motif chemokine ligand 
5 (CCL5, also known as RANTES) and C-X-C motif 
chemokine ligand 10 (CXCL10, also known as interferon 
gamma-induced protein 10, IP-10). Significantly high IL-6 
levels were found in clinically severe COVID-19 patients 
with viraemia (9). Higher levels of IL-2, IL-7, IL-10,  
granulocyte colony-stimulating factor (G-CSF), IP-10, 
monocyte chemoattractant protein 1 (MCP-1), macrophage 
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inflammatory proteins (MIP)-1α and TNF-α were found 
in patients with COVID-19 requiring management in 
intensive care units compared to those who did not (10). 
Respiratory epithelial and endothelial cells interact with 
leukocytes, primarily mediated by cell adhesion molecules 
such as vascular cell adhesion molecule 1 (VCAM-1), 
intercellular adhesion molecule 1 (ICAM-1) and E-selectin 
(also known as endothelial-leukocyte adhesion molecule 
1, ELAM-1). In concert with the cell-mediated immune 
response, oxidative stress significantly contributes to the 
overall host inflammatory responses. Furthermore, there 
may be a possibility of promotion of viral gene expression 
resulting from viral manipulation of NF-κB transcription 
factors (11), or a positive feedback loop regarding oxidative 
stress-inflammation and viral replication (12). Nrf2 
overexpression, with putative link to antioxidant defence, 
has been shown to inhibit influenza virus replication (7). A 
delayed peaking in the viral load, observed in some clinically 
severe patients with COVID-19 (2), might be related to 
viral inhibition of type 1 interferons (5), or progressive 
worsening of oxidative stress-inflammation in their disease 
time-course. Oxidative stress might also increase the 
propensity for viral persistence resulting in a protracted 
disease course and sometimes increased mortality (13).  
Moreover, when host defence is compromised by the 
new coronavirus, inflammation of the respiratory tissue 
likely increases the risk of bacterial adherence/ invasion 
and secondary bacterial infections (14), thus further 
escalating host morbidity and mortality. Such background 
of immunopathogenesis possibly correlates well with the 
worse outcome of patients with diabetes mellitus or chronic 
cardiopulmonary diseases (15), as the oxidative stress and 
inflammation inherent to the comorbidity might compound 
that incurred by the new coronavirus. The mechanism is 
likely similar to that underlying the unfavourable outcomes 
of some tuberculosis patients with diabetes mellitus (16).

It is biologically plausible that anti-inflammatory 
therapy should be revisited or explored, although safe 
and efficacious vaccines and antiviral drugs are possibly 
the final answers to the control of the new coronavirus 
pandemic. Micronutrients such as vitamin C have known 
antioxidant and anti-inflammatory properties. Research 
is required to inform the role of micronutrients including 
vitamin C in the clinical management of COVID-19. 
Ambroxol has putative anti-inflammatory activity and has 
been shown to inhibit replication of influenza virus in the 
mouse model (17). Nonsteroidal anti-inflammatory drugs 
(NSAID) have antioxidant property of some degree and 

can inhibit the biosynthesis of a number of cytokines. 
While there exists reasonable evidence from observational 
studies of a link between NSAID and both respiratory 
and cardiovascular adverse effects (18), and the current 
evidence does not support routine use of antipyretics to 
treat fever in acute respiratory tract infection including 
COVID-19 (19), caution against regular NSAID use in 
patients with COVID-19 might be a good policy (18,20), 
except that COVID-19 patients regularly receiving NSAID 
for chronic inflammatory arthritis are recommended not 
to discontinue NSAID (21). Given the lack of evidence for 
or against the use of NSAID in COVID-19 (18,20,22-24), 
clinical trials are probably warranted to delineate the role 
of NSAID in the management of COVID-19. Recently, 
given the immunomodulatory and antiviral properties 
of the 4-aminoquinoline antimalarials, chloroquine and 
hydroxychloroquine, used alone or in combination with 
azithromycin, have been proposed as clinically useful in 
some patients with COVID-19 (25,26), but the therapeutic 
benefit has not been substantiated by robust randomized 
controlled trials (27). The National Institutes of Health 
have recommended against the use of chloroquine or 
hydroxychloroquine, or the use of hydroxychloroquine plus 
azithromycin, to treat COVID-19 (28). Despite a possibly 
controversial role regarding use of systemic corticosteroids 
in coronavirus infections based on benefit versus risk 
considerations (29-32), a recent randomized controlled 
trial has demonstrated that the use of  dexamethasone 
in hospitalized COVID-19 patients resulted in lower  
28-day mortality among those in need of either invasive 
mechanical ventilation or supplemental oxygen but not 
among those receiving no respiratory support (33). Inhaled 
corticosteroids appropriately administered might merit 
contemplation to explore its efficacy and safety. Interestingly 
there have been some anecdotal reports regarding its role 
in the management of tuberculous pyrexia (34). Some 
patients on long-term inhaled steroids appeared to be more 
protected against influenza pneumonia (35). There have 
been case reports regarding the usefulness of inhaled steroid 
in the treatment of bronchiolitis obliterates organising 
pneumonia (36), sometimes induced by viral infection. 
Given that viral infection including coronavirus is a major 
cause of exacerbation of chronic obstructive pulmonary 
disease and asthma, and inhaled steroids effectively reduces 
exacerbations, inhaled corticosteroids may reduce either 
the risk of viral infection or the inflammatory response that 
ensues (37). Recent reports have suggested that certain 
inhaled steroid congeners might inhibit the replication or 
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cytopathic activity of coronavirus including SARS-CoV-2 
(38,39). A small case series of COVID-19 patients suggested 
therapeutic benefit from inhaled ciclesonide (40). Antiviral 
activity of recombinant interferon β-1a against SARS-CoV 
has been demonstrated in vitro (41). A recent randomized 
controlled trial suggested that interferon β-1b with ribavirin 
added to lopinavir-ritonavir within 7 days of symptom 
onset was superior to lopinavir-ritonavir in alleviating 
symptoms and shortening viral shedding in patients with 
COVID-19 (42), but without significant impact on oxygen 
use. It appears logical to harness the antiviral activity of 
type 1 interferons early to overcome initial immune evasion 
and avoid subsequent hyperinflammation resulting from 
immune cell infiltration and cytokine storms (5). Anti-
cytokine therapy that blocks IL-1 or IL-6 signaling may 
help limit tissue damage from hyperinflammation secondary 
to excessive immune activation from cytokine storms 
(5,43), but there is still insufficient data to recommend 
use of IL-1 inhibitors or IL-6 inhibitors in patients with  
COVID-19 (28). After ascertaining the clinical usefulness 
of an anti-inflammatory agent, it is critically important to 
delineate the optimal dosage and timing of administration. 

The available evidence pertaining to use of anti-
inflammatory or immunomodulatory agents in COVID-19 
only supports use of dexamethasone or alternative 
glucocorticoids in patients in need of mechanical 
ventilation or supplemental oxygen (28). It is much hoped 
that judicious use of anti-inflammatory therapy may help 
improve symptomatology and forestall disease progression 
in COVID-19.
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