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E RJ Does inflammation help during COVID-19?

Open To the Editor:

TesearCh Coronavirus disease 2019 (COVID-19) has emerged as the most devastating pandemic in the last 100 years
and has already killed almost 1 million people [1] despite the most aggressive efforts to contain the
infection in recorded history. Currently, it remains unclear what drives disease severity in COVID-19,
limiting therapeutic options. Various immune modulators such as glucocorticoids and anti-inflammatory
therapies are being used to treat COVID-19 without clear evidence of inflammation playing a detrimental
role. Here we review evidence to suggest that the host’s ability to clear the viral infection is the major
determinant in the host survival where a robust early inflammatory response in the lung provides a
survival advantage to the host by aiding effective viral clearance. However, failure to clear the viral
infection leads to an exacerbated inflammatory response at a later time point, which becomes detrimental
to the host’s survival. This concept can explain the high susceptibility associated with advanced age or
male sex and at the same time explains why children are largely spared of this lethal disease but have
inflammatory manifestations such as multi-system inflammatory syndrome in children (MIS-C) or
Kawasaki-like disease.

The most susceptible population to COVID-19 remains the aged population which is known to mount a
poor inflammatory response against a wide range of respiratory pathogens [2]. Moreover, this population
tends to have poor vaccine responses and require additional adjuvants to induce a sufficient immune
response [3]. The lack of targeted inflammatory response in lung to the viral infection in the aged
population should not be confused with overall elevated levels of inflammatory cytokines at the baseline in
older subjects, a phenomenon often referred to as “inflammaging” [4].

In contrast to the elderly, children seem to be protected from the disease. This differs from influenza,
which effectively infects children and causes significant morbidity and mortality, especially in low-income
countries. The precise reasons for this protection remain unknown but may be multifactorial. The lack of
comorbidities or the presence of a robust innate inflammatory response has been speculated. Surprisingly,
an interesting phenomenon was described in some children who successfully recovered from COVID-19
but then presented with MIS-C. The level of the inflammatory cytokine interleukin-6 was elevated in a
significant percentage of these children [5]. Interestingly, this inflammatory disease is not associated with
the early disease severity in these children, and many of them were only found to be infected with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by antibody testing [5]. These cases hint that
children may have a robust early inflammatory response that allows them to effectively clear the invading
virus to limit disease manifestation, but this potentially makes them more prone to inflammatory sequelae
such as MIS-C.

The female sex is protected against SARS-CoV-2 compared to the male counterpart in terms of both
susceptibility and severity of the disease with an unknown biological basis. It is well known that females
have a high inflammatory response and increased vaccine response that often leads to an excessive site of
injection reaction among other side effects [6]. Here, it is again possible that a robust early inflammatory
response in females is contributing to the limited disease severity.

The major question that remains unclear is what exactly drives the disease severity and lethality in the
vulnerable population in COVID-19. A diverse set of comorbidities have been identified that render the
population more susceptible to infections. It is not known whether these comorbidities converge at a
single biological event that renders patients vulnerable. Our recent study shows that patients with
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persistent viral presence have a significantly worse disease and disease-associated outcomes, suggesting
impaired viral clearance as a key underlying factor that determines disease severity [7]. Similarly, others
have found that severe cases have much higher viral load and prolonged viral persistence compared to
mild infections [8]. The strongest evidence to support the role of persistent viral infections in mediating
the lethality in COVID-19 comes from the deceased patients who maintain their viral positivity until their
death [9].

Further strong evidence suggesting the role of viral infection in mediating the disease is the depletion of
antiviral immune cells. The depletion is specific to the T-cells, which include both helper CD4" cells and
cytotoxic CD8" T-cells. The depletion of T-cells has been reported by almost all studies comparing the
disease severity in patients, including ours [7, 9]. Of significance, the depletion in the T-cell population is
observed long before other markers of disease severity are observed, suggesting T-cell depletion directly
contributes to the impaired antiviral immune response. We believe that impaired antiviral immunity leads
to persistent viral presence and associated disease severity.

Some researchers have been suggesting the role of inflammatory cytokines in mediating the disease
severity, a term often referred to as “cytokine storm”. We believe that elevated inflammation is more likely
a consequence of the uncontrolled viral infection. Most of the data suggest that an increase in
inflammation occurs at later stages of the disease, which may be mediated by damage that is already
caused by persistent viral replication in the lung. Inhibiting inflammation at an early time point may be
detrimental to the patient’s ability to effectively clear the infection and can be counterproductive in
limiting the disease severity. A recent large-scale study using dexamethasone supports this notion where
dexamethasone improved disease outcome in patients with mechanical ventilation but impaired the host
recovery in patients who were relatively healthy and were not on oxygen therapy [10]. The effectiveness of
anti-inflammatory therapies in later stages of the disease may also be of limited value as active viral
replication continues in patients for prolonged periods and until death in those who succumb to the
infection. Inhibition of inflammation may be more suitable for patient populations who effectively clear
the viral infection or could be used alongside effective antiviral agents. Inhibition of inflammation could
also be beneficial in those who have chronic consequences of exaggerated inflammatory responses such as
children, which may help avoid inflammatory sequelae such as MIS-C.

Here we suggest that persistent viral presence rather than early exaggerated inflammation is a key
determinant of the disease severity in COVID-19 (figure 1). The primary focus of new therapies should be
to promote viral clearance to decrease disease severity and subsequent mortality. The use of
anti-inflammatory therapies should be reserved only for those who can clear the virus infection, in
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FIGURE 1 Patient outcomes of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
depends on the early inflammatory response. Children and females are more protected due to their ability to
mount an early robust inflammatory response, but this makes children susceptible to inflammatory sequelae.
The impaired early inflammatory response in older adults or patients with comorbidities leads to viral
persistence resulting in severe disease and possibly death.
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conjunction with direct antiviral agents, or where inhibiting the inflammatory response outweighs the risk
of impairing viral clearance.
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