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Biological Mechanisms of COVID-19 Acute Respiratory
Distress Syndrome

Acute respiratory distress syndrome (ARDS) from severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) viral pneumonia
has been the most serious and lethal consequence of coronavirus
disease (COVID-19) since the pandemic began in March of 2020.
Currently there have been 8 million cases of COVID-19 in the United
States and over 220,000 deaths (1). If we assume that at least 50% of
patients with COVID-19 who died developed ARDS, then there has
been a minimum of 100,000 deaths from COVID-19 ARDS in
the United States within just 8 months. If we estimate mortality from
COVID-19 ARDS to be 25%, then this estimate translates to at
least 400,000 ARDS cases from COVID-19 to date and many more
by the end of this calendar year. Before the COVID-19 pandemic,
there were approximately 190,000 cases of classical ARDS annually
in the United States (2). With this comparison, the annual
incidence of COVID-19 ARDS probably exceeds the incidence of
classical ARDS by at least twofold. Thus, there is an urgent need to
identify mechanisms of lung and systemic injury in COVID-19,
some of which can hopefully be translated to new effective
therapies.

In this issue of the Journal, Hue and colleagues (pp. 1509–1519)
report the results of a prospective observational study that
compared patients with COVID-19 ARDS (n= 38) to patients who
had classical ARDS (n= 36) (3). The patients with COVID-19
ARDS displayed a phenotype of impaired adaptive immune
responses that was associated with severe lymphopenia (both
CD41 [cluster of differentiation 4–positive] and CD81 T cells
and B cells) and delayed lymphocyte activation. In addition,
after adjustment for age and the Sequential Organ Failure
Assessment score, elevated concentrations of serum IP-10
(IFNg-induced protein 10) and GM-CSF (granulocyte–
macrophage colony–stimulating factor) were associated with
increased mortality in patients with COVID-19 ARDS, findings
that fit well with the role of IP-10 in recruiting T cells and
monocytes and the contribution of GM-CSF in production of
proinflammatory cytokines and leukocyte chemotaxis. In contrast,
serum concentrations of IL-6, IL-8, and IL-1Ra showed no
differences between the COVID-19 ARDS versus classical ARDS and
were not associated with mortality. Importantly, SARS-CoV-2
nasopharyngeal loads were higher on admission and throughout
the hospital course in patients who died. Coexpression of HLA-DR

and CD38 on CD81 T cells increased in the patients with COVID-
19 over time, consistent with immune activation in the context of
viral infection. Interestingly, serum concentration of EGF was
elevated in the patients with COVID-19 ARDS compared with
patients with classical ARDS, and was significantly higher in
patients with COVID-19 ARDS who survived. These findings are
summarized in Figure 1, emphasizing acute lung injury in the
context of COVID-19.

There are strengths and shortcomings of this report. The
comparison of patients with COVID-19 ARDS to classical ARDS
made it possible to focus on COVID-19–specific factors in the
pathogenesis of ARDS. However, because the study was restricted
to a single center with a modest number of patients, the data do not
provide insight into the spectrum of illness severity in hospitalized
patients with COVID-19. Nevertheless, what can we learn from this
study regarding the biology of COVID-19 compared with classical
ARDS, how do these results complement the findings in other
COVID-19 studies, and how can we advance our understanding of
mechanisms of injury in COVID-19 ARDS?

The association between increased mortality and higher
nasopharyngeal SARS-CoV-2 viral loads in the study by Hue and
colleagues matches well with new evidence of impaired type-1 IFN
responses associated with more severe COVID-19 illness (4). Type-I
IFNs inhibit viral replication and, as such, have direct antiviral
effects (5). In a recent study by Hadjadj and colleagues (4), a cross-
sectional analysis of 50 patients with COVID-19 identified a
phenotype of markedly impaired IFN responses in patients with
severe and critical COVID-19, specifically undetectable IFN-b and
low INF-a production and activity in the serum, findings that were
associated with a persistent viral load in the blood, a possible
surrogate of uncontrolled lung infection (4). Patients with mild and
moderate COVID-19 demonstrated robust IFN responses, as
measured by gene expression in circulating leukocytes and serum
IFN levels. This report also identified an exaggerated inflammatory
response partly driven by the transcriptional factor NF-kB that
might have been initiated by pathogen-associated molecular
patterns, such as viral RNA. The mechanisms that explain the
impaired IFN responses were not identified but could be mediated
by SARS-CoV-2 itself (5), as occurred in other coronavirus-
associated acute lung injury (6), genetic susceptibility, or other yet
to be identified pathways.

What have we learned from other COVID-19 studies?
Immunophenotyping of neutrophils, lymphocytes, and monocytes
has demonstrated that the neutrophil-to-lymphocyte ratio,
especially with a reduction in CD81 T cells, is a marker of COVID-19
severity. Increased plasmablasts are also prognostic of organ
failure (7). There is considerable heterogeneity in peripheral T-cell
activation, ranging from robust to absent. We also know that
vascular injury and thromboses of pulmonary capillaries, small and
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even larger vessels, are features of severe COVID-19 ARDS,
more so than in influenza-induced ARDS or classical ARDS (8).
There is also evidence that patients with severe COVID-19
ARDS have higher pulmonary dead space, decreased lung
perfusion, and elevated circulating D-dimer (9). There are several
candidate mechanisms to account for the lung and systemic
vascular injury, including neutrophil extracellular traps (10)
and hyperfibrinolysis that contribute to the elevated D-dimer
(11).

What is needed now to further advance our understanding of
the biologic mechanisms of injury in COVID-19 ARDS? Studies of
protein biomarkers and gene expression in both the circulation
and the airspaces would provide more insight into pathways of
lung and systemic injury. Also, because dexamethasone in the
RECOVERY (Randomized Evaluation of COVID-19 Therapy)
trial was especially effective in mechanically ventilated patients
(12), biological marker measurements in different compartments
before and after glucocorticoid treatment could help determine
which pathways are altered, including quantification of type-I
IFNs and SARS-CoV-2 viral load, because glucocorticoids can
impair IFN-mediated viral clearance (13). Furthermore, we need
to understand the mechanisms of recovery from COVID-19
ARDS. Elevated plasma EGF in the study by Hue and colleagues
(3) was associated with better survival and may represent

endogenous release of a factor that can stimulate alveolar
epithelial cell regeneration and lung repair (14). More
insights into regenerative pathways could be gained from
studies with SARS-CoV-2 lung injury in mice (15). Significant
progress has been made in understanding the pathogenesis
of severe ARDS from COVID-19, although much more needs
to be learned to account for the heterogeneity of disease
severity, with a major focus on determining how much of
the lung injury is due to direct viral invasion and how much from
the resulting host immune response. There are therapeutic
implications for both mechanisms. Thus far, there is one
antiviral agent, Remdesivir, that has modest efficacy in mild to
moderate disease (16) and one broad antiinflammatory agent,
dexamethasone, with beneficial effects in severe disease (12),
but more therapies are needed to mitigate pathogen- and
host-mediated injury across the spectrum of COVID-19 illness
severity. n
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Figure 1. Airway and alveolar biology during classical acute respiratory distress syndrome (ARDS) and coronavirus disease (COVID-19) ARDS. The
alveolar–interstitial–capillary unit is similarly affected during classical ARDS and COVID-19 ARDS (left panel). In both types of ARDS, there is a marked
upregulation of proinflammatory biomarkers, increase in capillary endothelial permeability, and an increase in inflammatory cells (neutrophils, monocytes,
and macrophages) in the vascular and alveolar compartments. There are, however, notable differences in the types of upregulated biomarkers, with lower
expression of IFNs and an increase in thrombotic mediators in COVID-19 relative to classical ARDS. Relative to the milder forms of COVID-19 ARDS,
significant alterations in severe COVID-19 ARDS (right panel) include a higher severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) viral load in
both the upper airways (nasal lumen) and in the circulation, a higher neutrophil count and activity (i.e., NET formation), increase in inflammatory biomarkers
and thrombosis, greater monocyte (HLA-DR expression) and lymphocyte activation (CD81 T-cell CD38 expression), and more damage to the alveolar–
interstitial–capillary unit.
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Noninvasive Ventilation for Acute Asthma: The Neglected Sibling

Invasive mechanical ventilation (IMV) is lifesaving for patients
suffering from acute respiratory failure but is not without
drawbacks. The introduction of noninvasive ventilation (NIV)
revolutionized the management of acutely ill patients with
respiratory failure and, when implemented in the appropriate
patient population, offers a lifesaving alternative to IMV. Like any

medical intervention, however, improper use or patient selection
can result in significant harm. Since its introduction, NIV has
become standard of care for multiple indications supported by
robust randomized controlled trials, although evidence for other
indications remains less certain (1). When used in respiratory
failure due to acute cardiogenic pulmonary edema, NIV can reduce
both need for endotracheal intubation and mortality (2–4). For
patients with respiratory failure due to an exacerbation of chronic
obstructive pulmonary disease (COPD), NIV offloads fatiguing
respiratory muscles resulting from bronchial obstruction and
hyperinflation. Thus, a well-established evidence base has
demonstrated its efficacy in preventing intubation and reducing
mortality in these patients (5, 6).

Although asthma shares a similar pathophysiology to
COPD, evidence supporting the use of NIV for acute asthma has
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