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Abstract
A 75-year-old man presented to a French hospital with a 4-day fever after returning from a coronavirus disease-19 (COVID-19)
cluster region. A reverse-transcription polymerase chain reaction test was positive for severe acute respiratory syndrome
coronavirus-2 (SARS CoV-2) using a nasopharyngeal swab sample. After he returned home and a telephone follow-up, he
was found deceased 9 days after first showing symptoms. Whole-body, non-enhanced, post-mortem computed tomography
(PMCT) and a forensic autopsy were performed approximately 48 h after death, with sanitary precautions. The PMCT showed
bilateral and diffuse crazy-paving lung opacities, with bilateral pleural effusions. Post-mortem virology studies detected the
presence of SARS-CoV-2 (B.1 lineage) in the nasopharynx, plasma, lung biopsies, pleural effusion and faeces confirming the
persistence of viral ribonucleic acid 48 h after death. Microscopic examination showed that severe lung damage was responsible
for his death. The main abnormality was diffuse alveolar damage, associated with different stages of inflammation and fibrosis.
This case is one of the first to describe complete post-mortem data for a COVID-19 death and highlights the ability of PMCT to
detect severe involvement of the lungs before autopsy in an apparently natural death. The present pathology results are concor-
dant with previously reported findings and reinforce the disease pathogenesis hypothesis of combined viral replication with an
inappropriate immune response.
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Abbreviations
COVID-19 Coronavirus disease-19
HES Haematoxylin and eosin stain
MERS Middle East respiratory syndrome
PMCT Post-mortem computed tomography
RNA Ribonucleic acid
RT-PCR Reverse transcriptase polymerase

chain reaction
SARS-CoV 2 Severe acute respiratory

syndrome–associated coronavirus 2

Introduction

Most patients infected with the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) experience a mild form
of the illness, but 5% experience a severe form resulting in
1.4% mortality [1].

The pathophysiological mechanisms of these severe infec-
tions are poorly understood [2]. SARS-CoV-2 infection has
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been reported to induce both direct organ damage [3, 4] and an
inappropriate immune response that results in viral sepsis [5].
Infectious SARS-CoV-2 virus particles have been isolated
from respiratory samples [6], but to date, there are few post-
mortem reports about the possibility of broad dissemination of
viral particles and possible impact on different organs [7, 8].
Such findings are essential for a better understanding of the
disease and to provide new perspectives for future treatment
(e.g. anti-viral and immunomodulator) trials. Here we report
the full autopsy results for a 75-year-old man deceased from
coronavirus disease-19 (COVID-19).

Clinical report

A 75-year-old man was admitted to a COVID-19 testing unit in
a French regional hospital early in the pandemic. He presented
for virus screening after experiencing 4 days of fever after
returning from a disease cluster area. A family member was
also hospitalized for SARS-CoV-2 infection. He had no rele-
vant medical history, and his only medication was a laxative.

Upon arrival, blood pressure, heart rate and cardio-pulmonary
auscultation were normal. The patient did not complain of dys-
pnoea, and oximetry with room air was 95%. He presented with
hyperthermia (38 °C), moderate asthenia, diarrhoea and drows-
iness. His body-mass index was normal (25 kg/m2). SARS-
CoV-2 screening was performed by nasopharyngeal swab and
COVID-19 was confirmed 24 h later by real-time reverse-tran-
scription polymerase-chain reaction (RT-PCR). The threshold
for hospitalization was not met, so the patient returned home
with clinicalmonitoring instructions and follow-up by telephone.
The blood sample taken 3 days before death showed lymphope-
nia (770/mm3) and an increase in C-reactive protein (163 mg/L).
Polymorphonuclear neutrophils were slightly increased (7.38
109/L), and electrolytes were normal.

The telephone follow-up reported symptom stability and
no fever on the seventh day following the first symptoms.
On the ninth day after illness onset, the patient was found
deceased in his bed at home by a close relative. A forensic
investigation was required by a French prosecutor.

The present report was written in accordance with the
Helsinki Declaration on Medical Research.

Post-mortem investigations

The first investigation was whole-body, non-enhanced, post-
mortem computed tomography (PMCT) imaging approxi-
mately 24 h after death, with specific disinfection of the CT
scanner. PMCTwas performed using an Aquilion Prime scan-
ner (Canon Medical Systems Corporation, Otawara, Tochigi,
Japan), with soft tissue, bone and pulmonary parenchyma re-
constructions. Scan parameters were 135 k, modulated mAs

and a 1-mm slice thickness. A radiologist trained for pulmo-
nary diseases and a forensic radiologist examined the images
using a Carestream PACS Station (Carestream Health,
Rochester, NY, USA) with multiplanar reconstructions.

After the PMCT, a complete forensic autopsy was performed
by a forensic pathologist and a forensic assistant, in a negative
room pressure. Access to the autopsy room was strongly limited
during the examination according to published recommendations
[9]. Personal protective equipment included a filtering facepiece
type 2 (FFP2) medical mask, a scrub hat, two pairs of surgical
gloves separated by a pair of cut-resistant gloves and a Tyvek®
DuPont coverall covered by a surgical gown, protective eyewear
and rubber boots. Normal autopsy technique was used, except
that the tracheawas clamped as a precaution before extracting the
heart and lungs as a block. Organs were studied both in situ and
individually on a dissection table.

The following samples were taken. (1) For virology pur-
poses: a nasopharyngeal swab, percutaneous lumbar puncture
sample, transthoracic blood puncture sample, rectal swab, pleu-
ral effusion sample, lung biopsy sample. (2) For bacteriology
purposes: blood samples for culture and a lumbar puncture
sample. (3) For histology: samples of the liver, kidneys, small
intestine, colon, brain, heart and lungs were fixed in formalin.

Specialized disinfection of the autopsy room and the mate-
rial it contained was performed using a disinfecting detergent
(Anios Oxy’Floor, Anios Laboratories, Lille-Hellemmes,
France) on the floors, the ceiling and surfaces. Every piece
of equipment, used or unused, was discarded after the autopsy.
The samples were conditioned in triple packaging, which was
disinfected before being taken out of the autopsy room.

Pathological examination was performed on each organ.
Microscopic examinations of the lungs were performed on
the central and peripheral areas of each lobe, using sections
stained with haematoxylin and eosin and a CD3 (T cell mark-
er) immunohistochemical staining.

Real-time RT-PCR was performed using the nasopharyn-
geal swab, plasma, pleural effusion, lung biopsy, cerebrospi-
nal fluid and faecal swab samples. Nasopharyngeal swab,
pleural effusion and plasma sample were also sent to the
National Reference Center for Respiratory Viruses (Lyon,
France) for sequencing. An amplicon-based approach devel-
oped by the ARTIC network (https://artic.network/ncov-
2019) and combined with Oxford Nanopore Technologies
sequencing (Oxford, UK) was used.

Results

PMCT findings

Brain, cervical and abdominal areas showed no abnormalities
other than normal post-mortem changes. No signs of putrefac-
tion or traumatic injuries to bone or soft tissues were observed.
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Examination of the thorax revealed bilateral pleural effu-
sions but no pericardial effusion. A bilateral, multilobar crazy-
paving pattern was observed in the lungs, defined by ground-
glass opacity and intralobular and perilobular reticulations
(Fig. 1). Approximately 85% of lung parenchyma was affect-
ed. The subpleural parenchyma was slightly consolidated, but
the anterior portion of each lung field was spared. The trachea
and bronchi were filled with liquid. The oesophagus presented
with global and marked distension with undetermined
spongiform contents. A few centimetre-sized nodes were pres-
ent in the mediastinum, notably in the pre-tracheal area.

Autopsy findings

The post-mortem autopsy delay was estimated to be 48 h.
External examination of the body showed no traumatic injuries
to the skin. Internal exploration of the chest confirmed the bilat-
eral pleural effusions totaling 200mL of serohaematic fluid. The
heart weighted 470 g and showed a moderate dilatation of the
right ventricle, without increase of the myocardial wall thick-
ness. Gross examination showed non-obstructive atherosclerotic
plaques in the coronary arteries and the aortic bifurcation. Both
lungs were slightly dense, but the liver, spleen, intestines, kid-
neys, pancreas and brain were macroscopically normal.

Microbiological analysis

SARS-CoV-2 was detected in all the samples except in cerebro-
spinal fluid. To quantify SARS-CoV-2 viral load, we used an
external standard curve that revealed a higher viral load in respi-
ratory samples (7.05 log10 copies/106 cells in nasopharyngeal
swab, 5.52 log10 copies/10

6 cells in lung biopsy and 5.15 log10
copies/106 cells in pleural effusion sample) than in plasma (4.5
log10 copies/10

6 cells). The percentage of SARS-CoV-2 genome
covered was 99.6%, 98.9% and 92.2% for the nasopharyngeal
swab, pleural effusion and plasma sample, respectively. Multiple
sequence alignment revealed that consensus sequences generated
from the three samples were identical. Using the pangolin web
application (https://pangolin.cog-uk.io), the sequences were
assigned to the B.1 lineage currently circulating in Europe.

Bacteriological blood analysis identified gram-positive
cocci (Staphylococcus schelfeiferi and S. epidermidis) consid-
ered to be consequent to post-mortem proliferation.

Pathological findings

The right and left lungs weighed 1044 g and 834 g, respectively.
The main lung injury was bilateral diffuse alveolar damage. It
appeared heterogeneous with identifiable stages: an acute stage
(Fig. 2) defined by scattered or diffuse hyaline membranes, as-
sociated in some areas with alveolar oedema, an alveolar eosin-
ophil exudate and a few vacuolated macrophages; and a more
organized stage (Fig. 3) defined by parenchymal collapse and
enlargement of alveolar septa, filled with incorporated alveolar
fibrin deposits, relatively pronounced hyperplasia of type-2
pneumocytes, very sparse multinucleated giant cells and minor
fibroblast proliferation. Squamous cell metaplasia was not ob-
served. Immunohistology identified slight-to-moderate interstitial
or perivascular infiltration by inflammatory TCD3+ lympho-
cytes. Alveolar infiltration by neutrophils was not observed and
both capillaries and arterioles were thrombosis-free.

Other pathological findings included mild hepatic steatosis
and confirmed a mild coronary artery atherosclerosis. Heart
sections showed no evidence of myocarditis but displayed
some scattered wavy fibres. No other microscopic anomalies
were found in other organs, especially brain and kidney vas-
culitis or disseminated intravascular coagulation.

Discussion

Currently, post-mortem COVID-19 pathology and virology
findings are rare. Clinical and forensic COVID-19 autopsies
are usually not required for such deaths, especially when such
diagnoses are made before death and given the considerable
logistical constraints deployed to limit the risk of virus trans-
mission. Here we report complete post-mortem data following
the natural evolution of untreated COVID-19.

Considering the subject’s clinical history and absence of
other acute or chronic diseases detected by histological

Fig. 1 Post-mortem computed
tomography and pulmonary
parenchyma reconstruction. Axial
(a) and sagittal (b) views showing
diffuse, bilateral and panlobar
ground-glass opacities associated
with interlobular and intralobular
septal thickening, subpleural con-
solidations and bilateral pleural
effusions (asterisk). The anterior
portions of both lungs were more
likely to be spared
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examination, the main hypothesis was that death resulted from
the consequences of SARS-CoV-2 infection. Diffuse alveolar
damage led to hypoxemia, resulting in polypnea. Cardiac ar-
rest may have occurredwhen compensatorymechanismswere
exhausted. Cardiac abnormalities, asymptomatic during the
individual’s lifetime, may also have been responsible for a
poorer hemodynamic response to hypoxia. Electrolyte distur-
bances may have been associated. Pulmonary embolism, fre-
quently observed during the evolution of the disease [10], was
excluded by both gross and microscopic examinations.

The histological findings were consistent with those of pre-
vious studies [7, 8, 11], and very similar to those viral pneu-
monia findings associated with Middle East respiratory syn-
drome and SARS-CoV-1 [12]. In addition to diffuse alveolar
damage, different microscopic patterning was observed that
may illustrate the progression and pathogenesis of the disease.
In some areas, an acute exudate pattern (fibrin deposition and/
or alveolar exudates) appeared to be the consequence of early-
stage damage to the capillary endothelium and alveolar epi-
thelium. In other areas, there was a more organized pattern,
with enlargement of alveolar septa and pronounced desqua-
mated type-2 pneumocyte hyperplasia, fibrin deposition/
incorporation into alveolar septa and some interstitial fibrosis
with minimal fibroblast proliferation. These changes suggest
the beginning of a healing process 1 week after disease pro-
gression. Moreover, the presence of a T lymphocyte infiltrate
may reflect an early immune response that increases extracel-
lular matrix remodelling and contributed to the fibrosis. These
results reinforce the hypothesis of direct pathogenesis due to
viral replication combined with an excessive immune re-
sponse [13, 14]. The autopsy allowed an analysis of almost
all the organs, but there was no evidence for multi-organ
damage.

Concerning the post-mortem virology data, this case dem-
onstrated that RNA from SARS-CoV-2 was still detectable in
blood, faeces, the lungs and the upper airways more than 48 h
after death. Given the current status of viral persistence on
inanimate surfaces [15], this finding should be interpreted
cautiously: viral presence is not the same as viral infectivity.
Only viral cultures from post-mortem samples would reliably
demonstrate viral survival in the deceased. No support was
found for neurological involvement during the infection [16,
17] as virus was not detected in cerebrospinal fluid.
Sequencing brought no arguments for a variation of the viral
sequence between airway and plasma. The European lineage
was the one expected in this part of the world [18].

In addition, we have demonstrated the first post-mortem
imaging of a COVID-19 deceased person. Normally, there
are many post-mortem changes, and some can mimic pulmo-
nary diseases observed in the living [19]. The most frequent
post-mortem changes in the lungs are diffuse ground-glass
opacities sometimes associated with posterior consolidation.
These features are very close to those described in COVID-19
chest CT scans and could imitate or mask them [20]. For this
reason, PMCT would probably be inefficient for detecting
moderate or asymptomatic COVID-19 in a deceased person.
In the present case, the predominant pattern described as crazy
paving was indicative of COVID-19, especially as there was
no other pre-existing pulmonary pathology [21–23]. The very
extensive distribution in both lungs was reminiscent of previ-
ously described white lungs in severe cases [24]. Pleural effu-
sion is an uncommon finding in moderate COVID-19 but is
associated with severe and refractory COVID-19 pneumonia

Fig. 2 Microscopic findings in the lungs. (HES, magnification × 20).
Diffuse alveolar damage in the acute (exudative) stage. a Hyaline mem-
branes (arrow). b Hyaline membranes and alveolar vacuolated exudates
(arrow)

Fig. 3 Microscopic findings in the lungs. (HES, magnification × 20).
Diffuse alveolar damage in a more organized stage. Note the
enlargement of the alveolar septa, fibrin deposition and incorporation,
intraalveolar exudates and a type-2 pneumocyte hyperplasia (arrow)
representing patchy, interstitial chronic inflammation
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[25]. In contrast, tracheal and bronchial findings should not be
used for diagnosis as they are subject to many post-mortem
changes due to passive mobilization of gastric fluid [26]. The
present data highlight the potential for PMCT to orient a pa-
thologist investigating an apparently natural death, measures
for preventing contamination of personnel and facilities and
guidance for forensic pathologists to harvest appropriate vi-
rology and histology samples.

Conclusion

Collecting post-mortem information adds to the knowledge
base for this new virus. This report provides additional de-
scriptions of microscopic findings in COVID-19 and illus-
trates different stages of disease progression. It also highlights
the possible role of PMCT for detecting severe and potentially
fatal COVID-19, provided that images are read by a trained
forensic radiologist. It also confirms virology data on post-
mortem viral persistence in the respiratory tract and supports
recommendations for infection prevention when performing
an autopsy. Further cases are needed for a better understand-
ing of, treatment of, and hopefully prevention of COVID-19.
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