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Inflammasome formation in the lungs of patients with fatal COVID-19
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Abstract

Objective The orf8b protein of the coronavirus SARS-CoV, analogous to SARS-CoV-2, triggers the NLRP3 inflamma-
some in macrophages in vitro. Deregulated inflammasome-mediated release of interleukin-1 family cytokines is important
in hyper-inflammatory syndromes, like happens in SARS-CoV-2-mediated cytokine release syndrome. We propose that an
intense inflammasome formation characterizes the lungs of patients with fatal COVID-19 disease due to pneumonia and
acute respiratory distress syndrome (ARDS).

Methods Samples from four patients with confirmed COVID-19 pneumonia who had been hospitalized at the Hospital of
the University of Trieste (Italy) and died of ARDS and four lung samples from a historical repository from subjects who
had died of cardiopulmonary arrest and had not been placed on mechanical ventilation and without evidence of pulmonary
infection at postmortem examination were collected. Pathology samples had been fixed in formalin 10% at time of collection
and subsequently embedded in paraffin. We conducted staining for ASC (Apoptosis-associated Speck-like protein containing
a Caspase recruitment domain), NLRP3 (NACHT, LRR, and PYD domains-containing protein 3), and cleaved caspase-1.
Results Intense expression of the inflammasome was detected, mainly in leukocytes, within the lungs of all patients with
fatal COVID-19 in the areas of lung injury. The number of ASC inflammasome specks per high power fields was signifi-
cantly higher in the lungs of patients with fatal COVID-19 as compared with the lungs of control subjects (52 +22 vs 6 +3,
P=0.0064).

Conclusions These findings identify the presence of NLRP3 inflammasome aggregates in the lungs of fatal COVID-19 pneu-
monia thus providing the potential molecular link between viral infection and cytokine release syndrome.
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Introduction

Stefano Toldo and Rossana Bussani equally contributed to the

realization of this manuscript. The severe acute respiratory syndrome coronavirus 2

Electronic supplementary material The online version of this (SARS-CoV-2) is responsible for a clinical syndrome in
article (https://doi.org/10.1007/s00011-020-01413-2) contains humans referred to as coronavirus disease 2019 (COVID-
supplementary material, which is available to authorized users. 19) that ranges from mild self-limiting rhinopharyngitis to
severe acute respiratory distress syndrome (ARDS) which
can be fatal [1]. The mechanisms by which ARDS ensues are
incompletely understood, but is considered to be related to
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of the intracellular macromolecular structure—the inflam-
masome, in macrophages in vitro [3—5]. Deregulated inflam-
masome-mediated release of cytokines of the interleukin-1
(IL-1) family is central in hyper-inflammatory syndromes,
thus representing a potential link between SARS-CoV-2
infection and cytokine release syndrome in COVID-19.
Despite the interest in the inflammasome in COVID-19,
there have been no reports identifying the inflammasome in
human lung samples to date.

We propose that an intense inflammasome formation
characterizes the lungs of patients with fatal COVID-19
disease due to ARDS.

Methods

To this aim, we obtained post-mortem samples from four
patients (median age 71 years, range between 43 and 77,
3 [75%] males) with SARS-CoV-2 infection confirmed by
real-time reverse-transcriptase polymerase chain reaction
from nasopharyngeal swabs who had been hospitalized at
the Hospital of the University of Trieste and died of ARDS
a median of 15 days after admission (range 1-29). All four
patients had critical COVID-19 pneumonia with respira-
tory failure requiring mechanical ventilation for ARDS for
a median duration of 7 days (range 1-28 days).

For comparison, we obtained lung samples from a histori-
cal repository from pre-COVID-19 era deriving from four
subjects (median age 55, range between 51 and 57, 2 [50%]
males, 3 [75%] smokers) who had died of cardiopulmonary
arrest and had not been placed on mechanical ventilation
and no evidence of pulmonary infection at postmortem
examination.

All pathology samples had been fixed in formalin 10% at
time of collection and subsequently embedded in paraffin.

The samples were then cut in 4 um sections and under-
went rehydration, antigen retrieval, and treated with a pri-
mary and secondary antibody directed against ASC (Apop-
tosis-associated Speck-like protein containing a Caspase
recruitment domain), a scaffold protein for the inflamma-
some and appearing as a cytoplasmic speck as it aggregates,
or against the NLRP3, the sensor protein in the inflamma-
some, or against cleaved caspase-1, the effector enzyme in
the inflammasome that cleaves pro-IL-1p into active IL-1p,
as previously described [6, 7]. Negative control experiments
were conducted by omitting the primary or the secondary
antibody or both.

Images were acquired using a IX70 microscope and
Cellsense software (both Olympus, Center Valley, PA, USA)
using a 40 X objective (400 X magnification) and quantified
by two investigators (ST, AA) unaware of group allocation
by measuring the numbers of ASC-containing specks per
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high-power fields [6]. Morphology was used to identify to
leukocytes and alveolar epithelial cells.

Results

Evidence of lung injury was present in all four cases of fatal
COVID-19 cases and not in the control subjects. Intense
expression of the inflammasome was detected, mainly in
leukocytes, in the lungs of all patients with fatal COVID-19
in the areas of lung injury. A small number of inflammasome
specks were found in leukocytes also in control subjects, but
a lesser degree.

The number of ASC inflammasome specks per high
power fields was significantly higher in the lungs of patients
with fatal COVID-19 as compared with the lungs of control
subjects (52+22 vs 6 +3, P=0.0064) (Fig. 1). A similar
trend of significantly increased expression was observed for
NLRP3 and caspase-1 in lungs from COVID-19 patients
compared with control lungs (Supplementary Figure).

Representative images from patients with COVID-19 and
control lungs are shown in Fig. 1: panel a shows staining for
the scaffold protein, ASC; panel b shows staining for the
sensor for viral proteins, NLRP3; and panel C shows staining
for the effector enzyme of the inflammasome.

While preferential to leukocytes, the expression of ASC
and caspase-1 was evident also in alveolar epithelial cells.

Discussion

We herein report for the first time the presence of the inflam-
masome in the lungs of patients with fatal COVID-19. This
provides, to the best of our knowledge, the first ex vivo evi-
dence linking the SARS-CoV-2 to a mechanism of activation
of inflammasome and release of pro-inflammatory cytokines
that may be, at least in part, responsible for the injury to the
lungs.

The SARS-CoV-2 virus enters the body through the
airways and uses the angiotensin-converting enzyme 2
expressed on alveolar epithelial cells, macrophages, and
endothelial cells [8]. As NLRP3 inflammasome is formed
in response to a variety of infectious and non-infectious
stimuli [5], NLRP3 inflammasome formation should not
be in any way be considered unique to SARS-CoV-2 infec-
tion. Indeed, it is reasonable to expect inflammasome for-
mation in forms of ARDS other than the one associated
with COVID-19. The finding of the NLRP3 inflamma-
some in critical COVID-19 lung disease, however, adds
to the literature as it is the first report to this point. In
addition, it opens to the possibility that treatments directed
against the NLRP3 inflammasome or derived cytokines,
such as IL-1p and IL-18, may affect the lung pathology in
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Fig. 1 Inflammasome in the
lungs of patients with fatal
COVID-19 infection. Repre-
sentative images of immuno-
fluorescence from pathology
specimens of patients with fatal
COVID-19 pneumonia (panels
a, ¢, and e) or subjects who
died of cardiopulmonary arrest
without evidence of pulmonary
infection (panels b, d and f).
Staining for inflammasome
structures is identified in red

in panels A-B, C-D and E-F
for ASC (Apoptosis-associated
Speck-like protein containing a
Caspase recruitment domain),
NLRP3 (NACHT, LRR, and
PYD domains-containing pro-
tein 3), and caspase-1, respec-
tively. Panel g illustrates the
quantification of the presence
of the inflammasome, expressed
as ASC specks per high-power
fields, showing a significantly
higher number of inflammas-
omes in COVID-19 patients
versus controls. Data expressed
as mean and standard deviation.
P value generated using 2-tails
T test for unpaired samples
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COVID-19 [9-12]. NLRP3 inflammasome inhibitors are
also under development and being explored for the treat-
ment of COVID-19 (NCT04540120). These hypotheses
would, however, need to be tested in clinical trials.
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Additional pathology studies are also warranted with
adequate number of samples available, to establish the time
course of inflammasome formation, type of cell forming the
inflammasome structure, co-localization with viral antigens
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and viral clearance, and evolution toward organizing pneu-
monia [13].

In conclusion, although limited by the small number of
observations, the data presented herein identify the presence
of NLRP3 inflammasome aggregates in the lungs of fatal
COVID-19 patients, thus providing the potential molecular
link between viral infection and cytokine release syndrome.
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