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Dear Editor,

The pathophysiology of pneumonia caused by SARS-
CoV-2 infection is related to defective antiviral immunity
and protracted systemic and pulmonary inflammation.
Severe coronavirus disease 2019 (COVID-19)-related
pneumonia often requires prolonged mechanical venti-
lation, related to the primary pulmonary insult and to a
particular susceptibility to secondary ventilator-associ-
ated pneumonia (VAP) [1, 2]. Monocyte deactivation, as
assessed by decreased monocytic HLA-DR (mHLA-DR)
expression, has been associated with increased risks of
intensive care unit (ICU)-acquired infections in vari-
ous conditions including bacterial sepsis, acute respira-
tory distress syndrome or trauma [3]. In patients with
COVID-19-related pneumonia, decreased mHLA-DR
expression is associated with the development of severe
respiratory failure, and presumably may contribute to
pronounced susceptibility to bacterial superinfections [4,
5].

In line with this hypothesis, we report six non-immu-
nocompromised patients who sustained recurrent VAP
despite adapted courses of antibiotics, thereby sugges-
tive of defective anti-infective responses. Patients were
assessed for mHLA-DR expression and were then admin-
istered interferon (IFN)-gamma to restore activated
monocytes and thereby improve lung defense.
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VAP was diagnosed in patients under invasive mechan-
ical ventilation for at least 48 h fulfilling the following cri-
teria: (i) clinical manifestations (purulent sputum, fever,
deterioration of oxygenation and/or new-onset or wors-
ening shock); (ii) radiographic infiltrates; (iii) positive
cultures of endotracheal aspirates for pathogenic bacteria
(>10° colony-forming units/mL). mHLA-DR expression
was assessed by flow cytometry and was reported as the
proportion of HLA-DRM&" monocytes (supplementary
figure 1). The significant decrease in mHLA-DR expres-
sion prompted a 5-day course of IFN-gamma (100 pg/day
subcutaneous). mHLA-DR expression was monitored at
days 3, 5, and 8 following IFN-gamma initiation.

All patients had experienced at least two prior epi-
sodes of VAP, caused by at least one of the same putative
bacteria (supplementary table 1). The new VAP episode
resulted in oxygenation impairment and acute circulatory
failure requiring vasopressors in all patients. Antibiotic
treatment was optimized based on antimicrobial suscep-
tibility testing and antibiotic plasmatic concentration,
and was prolonged (median 14 days, interquartile range
[14-21]). Time courses of mHLA-DR expression and
total lymphocyte counts are displayed in the Fig. 1. IFN-
gamma treatment led to a fast increase in HLA-DRMe"
monocytes in all but one patient with rapidly fatal sep-
tic shock (patient #3). Two additional patients died from
bleeding complication (patient #5) and from late septic
shock (patient #6) unrelated to VAP. The three remain-
ing patients improved their respiratory condition with-
out further recurrence of VAP (supplementary figure 3),
and finally recovered to be discharged from the ICU.
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Fig. 1 Impact of interferon gamma treatment on immune parameters. a Representative example of the evolution of HLA-DR"9" monocytes after
5-day interferon gamma (IFN-gamma) treatment in patient #1. b Evolution of monocytic HLA-DR (mHLA-DR) expression (proportion of HLA-DRM9"
monocytes) over time following IFN-gamma administration. € Time course of total lymphocyte counts following IFN-gamma administration

IFN-gamma was well tolerated without any attributable
side effects.

These results point toward a plausible efficacy of IFN-
gamma in the treatment of recurrent VAP through
restoration of monocyte activation. These results are
exploratory but echo previous reports of IFN-gamma
treatment efficacy in superinfections complicating bac-
terial sepsis [6]. IFN-gamma treatment was based on
mHLA-DR expression, a reliable biomarker of post-
aggressive immune suppression, thereby accounting for
a good example of personalized medicine in critically ill
patients.

Besides early anti-inflammatory approaches to treat
severe COVID-19 pneumonia, our results raise the ques-
tion of immunostimulant therapies to fight recurrent
bacterial superinfections in critically ill patients later in
the course of the disease.
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