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Importance. Assessment of the causative association
between the COVID-19 and cause of death has
been hampered by limited availability of systemat-
ically performed autopsies. We aimed to present
autopsy-confirmed causes of death in patients who
died with COVID-19 and to assess the association
between thrombosis and diffuse alveolar damage
consistent with COVID-19 (DAD).

Methods. Consecutive forensic (n = 60) and clinical
(n = 42) autopsies with positive post-mortem
SARS-CoV-2 PCR in lungs (age 73 � 14 years,
50% men) were included. The cause of death
analysis was based on a review of medical records
and histological reports. Thrombotic phenomena in
lungs were defined as pulmonary thromboem-
bolism (PE), thrombosis in pulmonary artery
branches or microangiopathy in capillary vessels.

Results. COVID-19 caused or contributed to death in
71% of clinical and 83% of forensic autopsies, in
whom significant DAD was observed. Of the
patients with COVID-19 as the primary cause of
death, only 19% had no thrombotic phenomena in
the lungs, as opposed to 38% amongst those with
COVID-19 as a contributing cause of death and
54% amongst patients whose death was not related
to COVID-19 (p = 0.002). PE was observed in 5
patients. Two patients fulfilled the criteria for
lymphocyte myocarditis.

Conclusions. Vast majority of all PCR-positive fatali-
ties, including out-of-hospital deaths, during the
SARS-CoV-2 pandemic were related to DAD caused
by COVID-19. Pulmonary artery thrombosis and
microangiopathy in pulmonary tissue were com-
mon and associated with the presence of DAD,
whilst venous PE was rarely observed. Histology-
confirmed lymphocyte myocarditis was a rare
finding.
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Introduction

The SARS-CoV-2 infection outbreak that led to the
ongoing pandemic has been associated with signif-
icant morbidity and mortality. However, assessing
the causative association between SARS-CoV-2
infection and cause of death has been problematic
and due in part to limited availability of systemat-
ically collected unselected post-mortemdata, which
has been reported as small series [1]. In particular,
deaths occurring out of hospital without confirmed
SARS-CoV-2 infection prior to death may have been
missed from reporting in the COVID-19 context [2]
and contributed to excess mortality during the

pandemic [3,4]. Thromboembolic events and pul-
monary thromboembolism (PE) in particular have
been proposed as important and potentially lethal
complications associated with COVID-19 [5] that
can lead to unaccounted COVID-19-related deaths
in out-of-hospital settings. This, however, has not
been supported by systematic pathology data since,
to the best of our knowledge, studies that would
specifically address out-of-hospital deaths with
post-mortem confirmed COVID-19 are generally
lacking.

In Russia, a special procedure aimed to distinguish
cases in which death was related to or not causally
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associated with COVID-19 using post-mortem
examinations was used since March 2020 and also
included forensic autopsies performed for all
deaths that occurred out of hospital. The authors
participated in an expert assessment of fatal
COVID-19 cases in St. Petersburg submitted for
review in March–May 2020. The study had two
aims: 1) to present clinical characteristics and
causes of death in patients who died with COVID-
19, and 2) to assess the prevalence of thrombotic
events during the course of COVID-19 and their
association with the presence of diffuse alveolar
damage (DAD) consistent with COVID-19.

Methods

According to the procedure for handling death
cases during the COVID-19 pandemic imple-
mented in Russia in March 2020, all in-hospital
deaths of patients with the COVID-19 disease in
Russia (either suspected or confirmed using real-
time polymerase chain reaction (PCR) assay)
required a clinical autopsy aimed at establishing
the patients’ cause of death. All deaths occurring at
home and cases when violence could not be ruled
out as a cause of death were submitted for forensic
autopsy. The background COVID-19-positive
cohort was therefore comprised of all fatal cases
that occurred in St. Petersburg between 25 March
2020 and 31 May 2020 where SARS-CoV-2 tissue
PCR in the trachea, bronchi or pulmonary tissue
samples was positive. All COVID-19-positive fatal-
ities were submitted for systematic centralized
evaluation by the expert commission appointed
by the St. Petersburg City Committee on Health
Protection in order to establish the cause of death
and its possible relation to the COVID-19 infection.

A routine autopsy was initially performed either at
a local clinical pathology laboratory affiliated with
the hospital where the death occurred (clinical
autopsy) or at the city forensic pathology labora-
tory (forensic autopsy). Tissue samples collected
from pre-specified locations (trachea, segmental
bronchi and their branches of the 1st- and 2nd-
order, adjacent pulmonary parenchyma and sub-
pleural regions) were submitted for histological
assessment using light microscopy and haema-
toxylin–eosin and van Gieson’s staining and SARS-
CoV-2 real-time PCR using AmpliSens� CoV-Bat-
FL Kit (Russia). In patients with visible macro-
scopic alterations, additional pulmonary tissue
specimens selected for histological verification of
the nature of the pulmonary damage were taken

from lung segments that expressed the most dis-
tinguishable macroscopical abnormalities. Histo-
logical assessments of tissues collected from vital
organs such as heart, liver, kidney, pancreas,
spleen and brain were also performed.

After initial evaluation at the local pathology lab-
oratory, all histological specimens from patients
who had PCR-confirmed COVID-19 disease along
with the autopsy report and available medical
documentation were forwarded to the central
pathology laboratory (MR and VK) for independent
review of histological specimens, validation of con-
sistency of observed findings with COVID-19 and
assessment of its possible causative association
with death.

The presence of DAD was considered significant if
typical histological alterations [6] were present in
the alveolar–capillary unit, such as intra-alveolar
oedema, with multiple macrophages in the alveolar
lumen and hyaline membranes lining the alveolar
septa. DAD was considered minimal if no macro-
scopic abnormalities were observed at autopsy and
alveolar patency was preserved. Typical examples
of pulmonary parenchyma exhibiting signs of sig-
nificant and minimal DAD are presented in Fig. 1.

As a rule, death was categorized as COVID-19-
related (COVID-19 death) if patients demonstrated
significant DAD. The presence and the character-
istics of other comorbidities as potential death
causes were considered in order to then categorize
COVID-19 as the primary or the contributing cause
of death. In all other cases with positive SARS-CoV-
2 tissue PCR but with no or minimal DAD, COVID-
19 was considered a concomitant condition not
causally associated with death (non-COVID-19
death).

The final decision with regard to case classification
was made by expert commission members (ER, VV,
GS, VK and MR) based on the original local
laboratory pathology report and the central pathol-
ogy laboratory evaluation. In the clinical autopsy
cohort, the review also included clinical documen-
tation from the patient’s latest hospital admission.
In case of disagreement or uncertainty, the deci-
sion was reached by a consensus-based discus-
sion.

Thrombotic phenomena reported during post-
mortem studies were classified as either pul-
monary thromboembolism (PE), thrombosis in the
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branches of the pulmonary artery (PA) or microan-
giopathy at the level of alveolar–capillary unit. As
distinguishing between PE and in situ thrombi may
be problematic, especially in the medium-size
pulmonary vessels, we applied a conservative
approach and diagnosed PE only in cases with
identifiable embolic source, and all other cases of
thrombi observed in the medium- and small-size
pulmonary vessels were classified as thrombosis in
PA branches. Microangiopathy was defined as a
complex of characteristic phenomena observed in
the microcirculatory bed [6], including micro-
thrombi in the arterioles, erythrocyte stasis and
erythrocyte aggregates in capillary vessels, and
capillary congestion.

In a subset of consecutive 42 cases of in-hospital
deaths in which clinical autopsies were performed
(clinical autopsy cohort), the cause of death anal-
ysis was performed using medical record review for
detailed analysis of the COVID-19 disease course,
therapy, clinical manifestations and histological
findings. Similarly, a detailed review of histological
and autopsy findings was performed in all 60
tissue PCR-positive forensic autopsy cases.

All post-mortem examinations, tissue collection
and preparation, and information processing were
performed as a part of standard routine. The study
complies with the Declaration of Helsinki and
meets local ethical and regulatory requirements.

Continuous data are presented as the mean �
standard deviation or the median [interquartile
range]. The chi-square test or the Fisher exact test
was used to compare categorical variables, and the
t-test was used to compare continuous variables.
Statistical analysis was performed using IBM SPSS
Statistics release 26.0.0.0.

Results

Background COVID-19-positive cohort

In total during the study period, the SARS-CoV-2
tissue PCR of trachea and/or pulmonary tissue
was positive in 799 cases (mean age 72 � 14,
52% men), and in 502 (63%) of these cases,
death was considered COVID-19-related (Fig-
ure S1). In this group, men died at a significantly
younger age than women (69 � 15 vs. 75 � 13,
p < 0.001).

Of all 799 SARS-CoV-2 tissue PCR-positive autop-
sies, 60 were forensic autopsies. Age at death in the
forensic autopsy cohort tended to be higher
(75 � 14 vs. 72 � 14 years, p = 0.087), but gender
distribution was similar to the patients for whom
clinical autopsies were performed (48% vs. 52%
men, respectively, p = 0.790). The cause of death
was more likely to be COVID-19-related in the
forensic autopsy cohort (83%) than in the patients
for whom clinical autopsies were performed (62%,
p < 0.001).

Fig. 1 Minimal (left panel) and significant (right panel) diffuse alveolar damage. Note the viral transformation of
desquamated alveolocytes, the early signs of microangiopathy with detectable interalveolar capillary occluded by
erythrocyte clots and preserved alveolar patency on the left panel. On the right panel, alveolar space is filled with exudate,
and capillaries are massively occluded with microthrombi. Numbers in the figure indicate alveolar space (1), microthrombi in
alveolar capillaries (2) and desquamated alveolocytes (3). Haematoxylin–eosin staining, magnification 9200.
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Forensic autopsy cohort

Patient characteristics and the list of primary
causes of death in the forensic autopsy cohort are
presented in Table 1 and Fig. 2. Death was iden-
tified as COVID-19-related in 50 (83%) patients, all
of whom presented with significant DAD.

In 10 cases, COVID-19 infection was considered to
be a background concomitant condition (non-
COVID-19 deaths). One patient died of a ruptured
aortic aneurism, and despite the presence of typ-
ical morphological manifestations of SARS-CoV-2
pneumonia with significant DAD, SARS-CoV-2 was
judged as unrelated to the cause of death. In the
other 9 patients, no DAD or minimal DAD was
observed in the pulmonary parenchyma.

Pre-existing cardiovascular comorbidities were
observed in the vast majority of patients. A detailed
description of primary vs. contributing cause of
deaths in the forensic autopsy cohort is presented
in Table S1.

TheamplificationcyclethresholdforpositivePCRwas
reported for 9 tracheal (median Ct 33 [27–36]) and 13
parenchymal (median Ct 33 [28–35]) specimens.

Clinical autopsy cohort

Clinical characteristics in the subgroup of 42
consecutive clinical autopsy cases in which the
cause of death analysis was performed using
medical record review are presented in Table 1
and Table S2. The patients included in the sub-
group did not differ from the rest of the patients for
whom clinical autopsy was performed in either age
(69 � 15 vs 72 � 15 years, p = 0.205) or gender
(52% vs 59% males, p = 0.342).

Death was identified as COVID-19-related in 30
(71%)patients,all ofwhompresentedwithsignificant
DAD. In 12 cases, COVID-19 infection was classified
as unrelated to the mechanisms causing death. One
of these 12 patients died in hospital of massive
pulmonary thromboembolism developed on the
backgroundof ischaemiccardiomyopathyandsevere
congestive heart failure, and despite the presence of
significant DAD that patient’s death cause was
categorized as not related to COVID-19. In the other
11 patients, no DAD orminimal DAD was observed.

The details regarding the clinical course prior to
death can be found in Table S3. Patients were

admitted to the hospital with a median of 6 [2–9]
days from onset of symptoms with a median
duration of 6 [3–14] days of hospital stay until
death. The vast majority of patients were admitted
to the intensive care unit and were treated with
invasive ventilation support.

The amplification cycle threshold for positive PCR
was reported for 11 tracheal (median Ct 27 [23–30])
and 17 parenchymal (median Ct 33 [24–35]) sam-
ples. Results of PCR tests performed using
nasopharyngeal swabs pre-death in hospital were
available in 32 cases, 25 of which were positive. Of
the patients with observed significant DAD, 27 had
PCR tests done on nasopharyngeal swabs before
death. Of the 27 patients, 23 tested positive.

Thrombotic phenomena

Of all 102 post-mortem studies included in the
cause of death analysis, five patients had PE.
Thrombosis in the PA branches associated with
microangiopathy was observed in 38 patients
(37%), and 28 patients (27%) had microangiopathy
without notable thrombosis in the PA branches.

Of the five patients with documented PE, a forensic
autopsy was performed in one patient who died at
home of massive DAD and in whom PE was not
deemed to have contributed significantly to death.
In four patients, the source of embolism was
identified as deep vein thrombosis. In one patient,
multiple thrombi were found in the right chambers
of the heart and were deemed to be the source of
the massive PE that caused death. None of the
patients were treated with anticoagulants prior to
hospital admission. Two patients were hospitalized
with PE following several days of pneumonia
symptoms. In two other patients, PE developed
between one and two weeks after hospital admis-
sion despite a prophylactic dose heparin regimen.
We did not observe an association between PE and
DAD: PE was present in 1 of 20 patients who had
no DAD or minimal DAD (5%) and in 4 of 82
patients (4.9%) who had significant DAD (p = 1.0).

Thrombotic phenomena in lungs were related to
the cause of death (Fig. 3). Of the patients with
COVID-19 as the primary cause of death, only 19%
had no thrombotic phenomena in the lungs, as
opposed to 38% amongst those with COVID-19 as a
contributing cause of death and 54% amongst
patients whose death was not related to COVID-19
(p = 0.002).
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Thrombotic manifestations were associated with
significant DAD (Fig. 4) and were observed in 78%
of the patients with significant DAD, whereas just

35% of the patients who had no DAD or minimal
DAD had these signs present in the lungs
(p = 0.002).

Fig. 2 Cumulative number of deaths with positive SARS-CoV-2 real-time PCR on trachea/pulmonary parenchyma referred
from the forensic pathology unit (left panel), age-gender distribution (upper right-hand panel) and the determined
relationship between COVID-19 and the cause of death (lower right-hand panel).

Fig. 3 Prevalence of pulmonary embolism, thrombosis in the pulmonary artery (PA) branches and microangiopathy with
regard to the association between COVID-19 and the cause of death. Thrombotic phenomena were less prevalent in patients
who died from causes not related to COVID-19 (p = 0.002). The numbers in the bar diagram correspond to the absolute
count of patients in each group.
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Extrapulmonary thrombotic events observed in our
study were ischaemic stroke (n = 4), acute myocar-
dial infarction (n = 3) and critical lower limb
ischaemia (n = 1). All of these eight patients had
pre-existing advanced atherosclerotic plaques in
cerebral, coronary and peripheral arteries. Signif-
icant DAD was observed in two patients who
developed ischaemic stroke, two patients with
myocardial infarction and one patient with critical
lower limb ischaemia.

In total, 11 patients developed either PE or extra-
pulmonary thrombotic events. Of these 11
patients, 73% (n = 8) had significant DAD as com-
pared to 81% (n = 74) of the patients who did not
develop thrombotic events (p = 0.447).

Inflammatory reaction in the myocardium

Interstitial oedema and microangiopathy with ery-
throcyte aggregates occluding the capillary vessels
were observed in 35 of 102 reviewed autopsies, and
in 12 others, it was associated with mononuclear
infiltration of myocardium. The extent of

inflammatory reaction fulfilled the morphological
criteria for lymphocyte myocarditis [7] in two
patients and in one of whom myocarditis was
associated with extensive noncoronary necroses
and was considered the primary cause of death.
Neither of the two patients in whom quantitative
criteria for lymphocyte myocarditis were fulfilled
had any notable amount of pericardial effusion. We
did not observe a significant association between
the presence of DAD in the lungs and lym-
phomononuclear infiltration in the myocardium,
which was present in 11 of 82 patients with
significant DAD and in 1 of 20 patients with no
DAD or minimal DAD (p = 0.452). Figure 5 illus-
trates the structural alterations observed in the
myocardium in patients with COVID-19.

Discussion

Generalizability of study findings

Our data provide the most representative autopsy-
verified spectrum of causes of death during the
COVID-19 pandemic in a city with a population
exceeding 5,000,000. According to the Russian

Fig. 4 Prevalence of pulmonary embolism, thrombosis in the pulmonary artery (PA) branches and microangiopathy related
to the presence and extent of diffuse alveolar damage consistent with SARS-CoV-2 infection. Thrombotic phenomena were
less prevalent in patients with no diffuse alveolar damage or with minimal diffuse alveolar damage (p = 0.002). The
numbers in the bar diagram correspond to the absolute number of patients in each group.
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Federal State Statistic Service (ROSSTAT), during
the March–May 2020 study period, 2,016 COVID-
19-positive patients died in St. Petersburg, of
whom 1,290 patients (64%) died of COVID-19-
related causes [8]. The excess mortality calculated
with regard to the average number of deaths in St.
Petersburg during the same months of 2016-2019
was +12,3% or 1918 in the absolute count. The
similarity between excess mortality figures and
number of reported deaths with COVID-19 indi-
cates that ROSSTAT methodology accurately
reflects the expected contribution of the pandemic
to the increased mortality, with a low probability of
substantially undercounting COVID-19 amongst
the deceased. The study population of 799
autopsy-verified SARS-CoV-2-positive deaths rep-
resents 39% of all deaths that occurred during the
study period in patients with positive PCR. The
proportion of death causatively related to COVID-
19 infection in our background population is
remarkably similar to the ROSSTAT report and is
thus likely to be representative of the population as
a whole.

Out-of-hospital deaths and forensic autopsies

Our nonselected cohort also makes it possible to
determine the relative contribution of undiagnosed
COVID-19 to death during the pandemic. To the
best of our knowledge, our forensic autopsy cohort
is the largest reported so far, as previous reports
were limited to case presentations [9] or limited
case series [10,11]. In St. Petersburg, forensic

autopsies are centralized and are performed at a
single location at the Bureau of Forensic Pathology
Expertise. All cases in which disease affecting
lungs could be suspected during forensic exami-
nation underwent tissue PCR and were referred to
the central laboratory for independent review.

In the vast majority of forensic autopsy cases, DAD
was the main cause of death, which confirms
earlier reports based on observations made during
forensic autopsies of sudden out-of-hospital
deaths [9–11]. When assessed with regard to the
total number of COVID-19-related deaths reported
during the study period, the autopsy-confirmed
out-of-hospital COVID-19-related deaths appear to
represent 10% of all COVID-19-related mortality.

Thrombosis and thromboembolism in COVID-19

Previous studies indicated a spectrum of throm-
botic phenomena associated with DAD caused by
COVID-19, including venous thromboembolism,
thrombosis in segmental and subsegmental pul-
monary artery vessels [12], and microangiopathy
[13]. Thrombi in PA branches are commonly
reported [14] and appear to be present in a
greater proportion of fatalities during the COVID-
19 pandemic than during the ‘Spanish flu’ of
1918-1919, as recently reported [15]. Thrombotic
microangiopathy attributable to viral endothelial
damage [13] and incorporating capillary or arteri-
olar thrombosis appears to be an even more
prevalent finding – it was previously reported in

Fig. 5 The myocardium in patients with COVID-19. Left panel: interstitial oedema and diffuse lymphomononuclear
infiltration (haematoxylin–eosin stain, 9200). Middle panel: prominent interstitial oedema (haematoxylin–eosin stain,
9150). Right panel: massive thrombosis in myocardial vessels of variable diameter (haematoxylin–eosin stain, 9100).
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the majority of autopsy studies in small-size series
[1,6,14,16-19] and was also confirmed by our
data. Moreover, thrombi in the PA branches in our
cohort were a very common finding and were
strongly associated with the DAD (Fig. 4) and the
strength of causative association between COVID-
19 and death (Fig. 3). Our findings therefore
further confirm the role coagulation alterations
play in the pathogenesis of alveolar damage in
patients with COVID-19.

PE was suggested as a relatively common finding in
patients who died of COVID-19, although conflict-
ing results are reported in literature. PE was
documented as the cause of death in 4 of the 12
patients in one study [20], but was not observed in
another similar-size cohort [21]. In our data, only a
small number of patients were found to have PE,
and a few patients had extrapulmonary thrombotic
events. Our findings therefore question the contri-
bution of thromboembolic complications as the
cause of death to out-of-hospital mortality during
the COVID-19 pandemic, and indicate no associa-
tion with DAD; however, the number of observed
events was low.

Anticoagulation has been suggested as a valuable
component of COVID-19 management and was
associated with lower mortality and lower risk of
intubation in retrospective studies [22,23]. How-
ever, data from randomized controlled trials that
evaluate the use of oral anticoagulants in COVID-
19 have not yet become available, and nearly one
third of thromboembolic complications confirmed
at autopsy occurred in patients on therapeutic
anticoagulation [22]. It is currently unknown
whether or not oral anticoagulation is effective in
preventing or treating microangiopathy affecting
the capillary bed, which is the major component of
COVID-19-related organ damage, as also observed
in our study.

Myocardial injury

Myocardial injury in the context of COVID-19 has
been proposed as a component of the broader term
of acute COVID-19 cardiovascular syndrome [24],
which may manifest by a variety of clinical syn-
dromes that include cardiac arrhythmias, heart
failure and myocardial ischaemia with a spectrum
of electrocardiographic manifestations [25]. The
mechanisms of myocardial injury can be related to
either noncoronary lesions attributed to a complex
interplay between inflammatory reaction and

microangiopathy with interstitial oedema and
microcirculatory stasis with erythrocyte aggregates
leading to myocardia hypoperfusion [26] or ischae-
mic lesions due to thrombosis in an epicardial
coronary artery.

Although ischaemic heart disease has been con-
sidered a risk factor for a severe course of COVID-
19, there is only limited information concerning the
prevalence of myocardial infarction as the cause of
death in patients with COVID-19. In a recent
analysis based on data from the Swedish national
SWEDEHEART registry, a 20% drop in admissions
with myocardial infarction was noted during the
pandemic nationwide and did not appear to be
related to delayed admissions or interrupted chain
of acute care delivery [27]. In our cohort, the
majority of patients had pre-existing ischaemic
heart disease with autopsy-confirmed atheroscle-
rotic plaques in the coronary arteries (Table 1), but
only three patients (3%) developed acute myocar-
dial infarction during the course of COVID-19, for
two of these three patients, this was the primary
cause of death. Circumstances related to myocar-
dial infarction were known for one patient, who
then developed inferior myocardial infarction
twelve days after hospital admission with COVID-
19, underwent primary percutaneous coronary
intervention and died six days later due to pro-
gressive cardiorespiratory failure.

By contrast, noncoronary myocardial injury asso-
ciated with COVID-19 appears to be a relatively
common finding reported in 45% of patients in one
cohort study using cardiac magnetic resonance
imaging [28]. This prevalence is in striking agree-
ment with our study, according to which 46% of
cases showed a histological picture of an inflam-
matory reaction in the myocardium. In another
post-mortem study, mild lymphocytic myocarditis
was observed in one third of cases [21]. In our
cohort, however, lymphomononuclear infiltration
was less common and was similar to the findings
made in the series of 21 post-mortem examinations
performed by cardiovascular pathologists, in which
the presence of lymphocytic myocarditis was
reported in 3 cases (14%) [26]. Recent meta-
analysis of 277 reported autopsies indicated that
the true prevalence of COVID-19-associated
myocarditis is likely to be even lower – 1.4% of
fatal cases [29].

Nevertheless, acute myocardial injury associated
with COVID-19 and manifested with cardiogenic
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shock was reported [30]. In our cohort, lymphocyte
myocarditis with diffuse noncoronary necroses in
the ventricular myocardium was considered the
primary cause of death in the presence of bilateral
pneumonia inonlyonepatientwhodiedathomeand
in whom a forensic autopsy was later performed.

Post-mortem findings in patients with minimal alveolar damage

Determining the cause of death in patientswhowere
deemed tohave died fromcauses other thanCOVID-
19 was generally not problematic. Of 22 patients in
whom COVID-19 was not associated with death,
only 2 patients had significant DAD, and it is
debatable whether or not SARS-CoV-2 infection
would have contributed to their death. In one of
these two cases, death occurred out of hospital as a
result of a rupturedaortic aneurism,whilst theother
death occurred in hospital where the patient was
brought after suffering from a massive PE and
myocardial infarction. In these two cases, autopsy
findings were such that the extent of DAD was not
considered sufficient to justify the conclusion
regarding a causal relationship between SARS-
CoV-2 infection and death. However, one cannot
completely rule out the possibility that infection
could have triggered cardiovascular complications
and contributed to the fatal outcome.

Limitations

Although autopsy remains the gold standard for
determining the cause of death, decisions regard-
ing the causal relationships between autopsy find-
ings and death mechanisms remain subjective,
especially when autopsies are performed at differ-
ent locations or when limited information regarding
the clinical course of the disease is available, such
as for out-of-hospital deaths. In our study, we
attempted to minimize subjectivity by having the
central laboratory review all histological speci-
mens, with the final categorization reached by
expert group consensus. This approach, however,
cannot completely eliminate a certain degree of
subjectivity in classifying morphological patterns,
such as those observed in histological specimens,
or in establishing causative associations between
observed comorbidities and mechanisms of death.

Furthermore, due to the high number of autopsies
performed during the pandemic, the extent of
examinations that were feasible to perform on a
large scale was limited to a meaningful minimum
and thus did not include immunohistochemistry or

virus identification tissues that could have pro-
vided valuable complementary information for the
study.

Conclusion

Based on the largest to date systematic review of
consecutive clinical and forensic autopsies per-
formed during the first wave of the SARS-CoV-2
pandemic, a causal relationship betweenCOVID-19
anddeathwasconfirmed in thevastmajorityofPCR-
positive fatalities and was strongly associated with
extensive DAD. Our data further support the impor-
tant role of thrombotic phenomena involving micro-
circulatory bed in the development of COVID-19-
relatedorgandamage.Cardiacmanifestations in the
reviewed series were relatively mild and fulfilled the
criteria for lymphocyte myocarditis in less than 2%
of all cases. Finally, our findings highlight the
importance of forensic autopsies, which revealed
10% of all COVID-19-related deaths.
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