Consideration of dornase alfa for
the treatment of severe COVID-19
acute respiratory distress
syndrome
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We propose a likely contribution to severe COVID-19 morbidity
by extracellular DNA in neutrophil extracellular traps (NETs).
Dornase alfa degrades extracellular DNA to reduce mucus
rigidity and accumulation, and was associated with respiratory
improvement in a first patient. Dornase alfa should be
considered for clinical trials in treatment of severe COVID-19.
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Dornase alfa (Pulmozyme; Genentech, South San Francisco,
CA, USA) is recombinant human deoxyribonuclease I, the only

drug in its class that acts as a mucolytic by cleaving extracellular

chromosomal DNA from neutrophil extracellular traps (NET)
and other cell-free DNA. The drug’s on-label clinical use is to
reduce the viscosity and quantity of airway mucus in individuals
with cystic fibrosis, thereby improving mucociliary clearance
[I]- Dornase alfa is commonly used in individuals with cystic
fibrosis, including those with severe complications requiring
mechanical ventilation in intensive care units, and is compatible
with co-administration of other routine drugs including antibi-
otics. Off-label use of dornase alfa includes reports treating
acute respiratory distress syndrome (ARDS), where the drug
can lead to mucus plug clearance and accelerated recovery in
humans and mice [2,3]. A controlled clinical trial for treating
ARDS with dornase alfa is currently underway [4]. In the
Critical Care setting, rare and minor adverse effects associated
with dornase alfa include voice alteration and rash [1].

The cellular and molecular mechanisms proposed for dor-
nase alfa activity in severely distressed lungs of individuals with
cystic fibrosis and many ARDS patients are as follows. Inflam-
mation results in neutrophilia and neutrophil infiltration in the
lungs, where these cells produce NETs, largely comprised of
sticky, large chromosomal DNA that physically reinforces
airway mucus viscosity and accumulation [5,6]. Thick mucus
that clears poorly can lead to airway obstruction, bronchiec-
tasis, lung injury, hypoxia and respiratory failure. Dornase alfa
facilitates airway clearance by breaking up reinforcement of
mucus by NETs, by far the greatest source of extracellular
DNA in inflamed lungs [5,6].

Severe cases of coronavirus disease 2019 (COVID-19) have
shown an inflammatory neutrophil and mucus-mediated airway
exclusion pathway with striking similarities to that described
above (Fig. I). Unlike mild COVID-19, which is often associated
with fever and upper-airway symptoms, individuals with severe
COVID-19 often progress to an ARDS condition: hypoxaemic
respiratory failure associated with neutrophilia and neutrophil
infiltration in the lungs, thick mucus in bronchi, and bronchi-
ectasis [7—10]. Because lung neutrophilia in ARDS is generally
known to involve high NET production [5], we feel it is rational
to hypothesize that NETs contribute to severe pathology in
COVID-19. Indeed, lung neutrophilia and NET production have
been shown to contribute to the development of ARDS in
other severe viral respiratory infections, including HINI
influenza [11].

We postulate that nebulized dornase alfa may effectively
treat a deleterious effect of NETs in the airways and so
promote recovery in individuals with COVID-19-related
ARDS (Fig. ). Dornase alfa can be easily administered
to mechanically ventilated patients and is well tolerated in

intensive care unit settings. Anecdotally, an individual with
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Model of how dornase alfa-
sensitive  neutrophil  extracellular
traps (NETs) from neutrophils may
reinforce mucus accumulation, rigid-
ity and airway occlusion in severe
coronavirus disease 2019 (COVID-
19). (a) Viral infection causes inflam-
mation and respiratory distress
(darkened lungs). Lung-infiltrating
neutrophils produce NETs whose
large quantities of chromosomal,
extracellular DNA are susceptible to
degradation by dornase alfa (recom-
binant human deoxyribonuclease I,
right). (b) Close up view of alveoli.
Without dornase alfa treatment
(left), NETs reinforce the accumula-
tion and rigidity of mucus that can
increase lung injury and reduce
oxygenation. Dornase alfa treatment
(right) reduces NET-mediated rein-
forcement of mucus, making it less
rigid (lighter yellow) and facilitating
mucus clearance, so reducing lung
injury and increasing gas exchange.
(c) The rate at which recovery from
severe COVID-19 occurs naturally
(left, thin arrow) might be increased
by dornase alfa treatment (right,
thicker arrow). Figure was created

with BioRender.


http://creativecommons.org/licenses/by-nc-nd/4.0/

Letter to the Editor 3

COVID-19 who had been intubated for 5 days was given 3
days of nebulized dornase alfa (2.5 mg twice daily) with
continued standard intensive care unit care. Improvements
in oxygenation and lung compliance were observed
comparing before with after the 3-day period (changes:
arterial oxygen partial pressure (PaO2)/fractional inspired
oxygen (FiO2) = P/F, 212 to 305; FiO2, 65% to 40%;
positive end-expiratory pressure (PEEP), 20 to 14). Four
additional days were followed by extubation and six more
days in hospital before the patient was considered
recovered and discharged home. At this juncture of a
rapidly evolving pandemic associated with high mortality in
severely ill individuals and the concepts discussed above,
we suggest the consideration of including inhaled dornase
alfa in clinical trials for severe COVID-19 associated with
ARDS.
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