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Influenza virus and coronavirus pandemics regularly sweep the globe, at great cost of health and economy. Our aim was
to conduct a PubMed search for autopsy studies on influenza and coronavirus to investigate the contribution of autopsies
during pandemics, focussing on autopsy methods and procedures and the role of autopsy findings in pandemics. The
retrieved autopsy studies generally relied on microscopy, polymerase chain reaction (PCR), immunostaining and electron
microscopy. Most were small and reported on lung effects, including diffuse alveolar damage (DAD), pneumonia and tra-
cheobronchitis. Antibiotic therapy has diminished a role for bacterial pneumonia, whereas obesity is an emerging risk fac-
tor. Autopsy studies have provided new insights into coronavirus disease 2019 (COVID-19) treatments like anti-
coagulative therapy. Unfortunately, autopsies during pandemics are hampered by lack of guidelines, facilities and exper-
tise for handling potentially infectious corpses and by widely varying recommendations for personal protective equipment
and procedures. The Department of Forensic Pathology, at the Forensic Institute, at the University of Copenhagen in
Denmark has, in collaboration with the Department of Pathology, Rigshospitalet, Copenhagen, initiated a prospective
observational study on COVID-19-related deaths encompassing postmortem imaging, standardized autopsy procedures/
reporting and extensive tissue sampling for histological, chemical, microbiological and genetic analysis. The study
involves a diverse array of research groups at the University of Copenhagen, and the clinical field.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pan-
demic currently wreaks global havoc on both lives
and finances. The World Health Organization
(WHO) utilizes a system of ‘phases’ to describe
viral transmission, where ‘Phase 6’ is a pandemic
and applies when a transmittable disease occurs in
two WHO regions at the same time (1). Influenza
pandemics have struck in the 19", 20" and 21°
centuries. The first beta-coronavirus pandemic, sev-
ere acute respiratory syndrome (SARS), appeared
in 2002, with cases on all continents but the
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Antarctic, although the number of cases was small
outside Asia and Canada. In 2012, Middle East
Respiratory Syndrome (MERS) appeared in the
Middle East and spread from there to Europe,
North America, Africa and Asia, although deaths
occurred only in Asia and Europe. In 2019, SARS-
coronavirus-2 (SARS-CoV-2) was detected in sew-
age samples as early as March in Europe (2) and
November in South America (3), but the index case
is generally attributed to China in December 2019
(4). Cases and deaths followed in the rest of Asia,
North America, Europe, Australia, Africa and
South America.

The first autopsy of a presumably viral, pan-
demic death was performed in 1729 (5). Autopsy
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techniques vary considerably (6), but the overall
autopsy approach has changed little since the publi-
cation of ‘De abditis nonnullis ac mirandis morbo-
rum et sanatorium causis’ in 1507. During the 18™
and 19" century, Morgagni, Rokitansky and Vir-
chow pioneered autopsy practice considerably by
correlating clinical symptoms with autopsy findings
(7). Autopsies today are generally performed in two
separate settings: the clinical and the forensic. The
nature of pandemics results in deaths occurring in
both settings. The clinical autopsy is performed at
the request of the physician or the family, whereas
a forensic autopsy is performed at the request of
the authorities, depending on the legislation. The
clinical autopsy includes external examination of
the body and a thorough gross and microscopic
examination of organs (8). The gold standard for a
forensic autopsy is similar, but also includes sam-
pling of tissue and fluids for ancillary examinations,
such as toxicology, chemistry, microbiology and
genetic testing. Postmortem computed tomography
(PMCT) is increasingly considered part of the gold
standard forensic autopsy, but it is not available at
all institutions (9). In some forensic settings, alter-
native ‘autopsies’ using postmortem radiology (e.g.
Virtopsy) are proposed as alternatives or supple-
ments to the standard autopsy (9).

Autopsy rates have declined globally since the
1960s (7), and systematic autopsies are generally
scarce during pandemics. The reason for this scar-
city during pandemics is correlated with the fear of
transmission of the disease, a lack of proper facili-
ties and procedures, and stringent regulations
imposed by governments and scientific communi-
ties.

The guidelines for safe autopsy are based on
either national or international systems that group
infectious diseases depending on factors that
include severity, transmission rate and treatment
options. In the English Hazard Group system (10),
SARS-CoV-2 is a group 3 pathogen (of 4 groups),
meaning that it may lead to severe human disease,
may pose a significant risk to employees and may
be capable of human-to-human transmission.
SARS-CoV-1 and MERS-CoV are also group 3
pathogens, whereas influenza A is a group 2 patho-
gen. In the United Kingdom, autopsies in which
hazard group 4 pathogens are suspected are only
allowed in select mortuaries and should generally
be avoided (11). Hazard classifications differ
between countries. In Denmark, influenza A and
SARS-CoV-2 are classified as group 2 (12). Only
autopsies involving group 3 pathogens are per-
formed in a separate suite, but the personal protec-
tion equipment (PPE) remains identical to that
used in a standard autopsy.

In order to maintain safe work conditions and at
the same time balance the need for clinical informa-
tion, governments or professional organizations
may issue guidelines concerning safety and PPE
use, as well as physical safety measures regarding
separate suites, air flow and specific equipment (13,
14). In China, the 2002 SARS pandemic prompted
the construction of a biosafety level 3 facility (15),
which was only used for three autopsies. These
types of facilities are rare, and approximately 81%
of U.S. medical examiners/coroners have no access
to biosafety level 3 facilities (16). Consequently,
some institutions refrain from doing autopsies alto-
gether or perform less thorough autopsies (10, 17).
To diminish the risk of infection, various measures
have been recommended regarding PPE (rubber
boots, facemask, visor, hair net, waterproof gown,
double gloving, Kevlar gloves, etc.), prevention
(vaccination, pre-autopsy testing of deceased,
PMCT, down-draft tables) and procedures (no high
pressure water, no power tools) (11, 18, 19).

The need for systematic autopsies during pan-
demics is crucial in order to learn as much as possi-
ble about novel infectious diseases for the purpose
of prevention and treatment. This was clearly
demonstrated during the human immunodeficiency
virus (HIV) pandemic, where autopsies served to
document the connection between pathogen and
pathology and ultimately formed the basis for treat-
ment (20).

Inspired by the current SARS-CoV-2 pandemic,
we examine the role of the autopsy in understand-
ing the pathogenesis of viral pandemics for the pur-
pose of prevention and treatment. Our focus is on
the execution of autopsies in pandemics and on the
results of studies in earlier pandemics.

METHODS

This is a narrative review of autopsy practice and its
impact in viral pandemics. As such, we did not perform a
systematic literature search. We searched MEDLINE
(PubMed) for literature on our chosen topics. A detailed
description of the search methods and strings is provided
in Appendix 1.

RESULTS

Execution of autopsies during pandemics

The majority of the autopsy studies are case reports
(21, 22) or case series (23, 24). Larger observational
studies are limited and mostly report only gross
and microscopic changes (25). Most of the studies
utilize biopsies rather than full body autopsy (26,
27).
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Tables 1 and 2 present an overview of methods
applied in the studies discussed in this review. H&E
staining and light microscopy of human tissue
(most commonly lung tissue), either sampled at
autopsy (17, 28) or obtained from either post-
mortem or antemortem biopsies (26, 29), are the
most common method of examination. Other
histopathological methods include special staining
for fungi (30, 31), immunostaining (22, 24) and
electron microscopy (32, 33) of tissues sampled at
autopsy. More advanced methods include PCR
analysis of ante- or postmortem swabs taken, for
example, from the upper airways or of tissue sam-
pled at autopsy to detect and classify viruses (28,
34). Other methods are virus cultures of human tis-
sue sampled at autopsy (35), lung tissue bacterial
cultures (36), PMCT of the deceased (37), genome
analysis of virus (22, 33), microCT of sampled lung
tissues (38), in situ hybridization of tissue sampled
at autopsy (39) and enzyme-linked immunosorbent
assay (ELISA) of sera sampled at autopsy (31).

Influenza virus: Spanish Flu, Hong Kong Flu, Asian
Flu and Swine Flu

Influenza A viruses are RNA viruses and part of
the Orthomyxoviridae family. Influenza strains with
affinity for upper airways generally spread easily
but cause mild disease, whereas strains with affinity
for the lower airways cause more severe disease but
spread less easily (40, 41). The symptoms of the

Table 1. Methods in influenza autopsies

influenza A viruses are fever, cough, sore throat,
headache, myalgia and fatigue. In children, gas-
trointestinal symptoms are common. The incuba-
tion period for influenza viruses is 1-4 days. The
prevalence is greatest in school-age children, and
the disease is more severe in infants, the older pop-
ulation and those with comorbidities, such as
chronic heart and lung disease or diabetes. Compli-
cations include exacerbation of chronic obstructive
pulmonary disease (COPD) and bacterial pneumo-
nia (42). For the clinical diagnosis, swabs and PCR
testing are utilized but the accuracy is suboptimal
(28). Table 3 provides an overview of prior influ-
enza pandemics.

Influenza A generally spreads by animal-to-hu-
man or human-to-human routes via direct contact,
aerosols and droplets — the virus can be spread
either directly onto mucosal membranes or via sur-
faces such as door handles (43). In vitro studies
have demonstrated how influenza viruses bind
through their surface glycoprotein haemagglutinin
(HA) onto sialic acid-containing receptors on the
surfaces of epithelial cells, typically those in the res-
piratory tract (29, 43).

Autopsy studies on influenza concern either sea-
sonal flu (i.e. epidemic influenza) or novel pandemic
influenza (e.g. swine flu). Macroscopic features in
influenza-related deaths are oedematous lungs with
hyperaemia and tracheobronchitis (26, 28, 30, 31).
Microscopic features are tracheobronchitis, diffuse
alveolar damage (DAD) in both exudative and

Study, author Sample Autopsy

Auxiliary methods

Histopathology  Tissue for microscopy

Influenza virus

Edler et al. (28) 2 Full RT-PCR for virus H, Lu, ‘all other’
Fujita et al. (24) 4 Autopsy/AM RT-PCR for virus Special stains NR
biopsy Immunostaining
Harms et al. (30) 8 NR PCR for virus Special stains ‘Major organs’
Lung tissue cultures Immunostaining
Bal et al. (26) 9 Autopsy/AM RT-PCR for virus Special stains H, Lu, T, Li, S, P, K,
biopsy E.M. ‘G-I tract’, BM, LN,
Immunostaining Sk, V, AG, SM

Voltersvik et al. (33) 19 NR

RT-PCR for virus

Immunostaining Lu

Viral genome sequencing

Tamme et al. (44) 21 NR Lung tissue cultures H, Lu, S, P, Li, B, K
Sheng et al. (34) 68 Archival PCR of tissue Lu
material Lung tissue cultures
Drescher et al. (31) 84 Full ELISA of sera Special stains H, B, ‘respiratory
Virus isolation tract’
Hers et al. (36) 148 NR Virus isolation Lu

Lung tissue cultures

Abbreviations: AG, Adrenal glands; AM, Antemortem; B, Brain; BM, Bone marrow; CSF, Cerebrospinal fluid; E.M.,
Electron Microscopy; GB, Gall bladder; G-I tract, Gastrointestinal tract; H, Heart; I, Intestines; K, Kidneys; Li, Liver;
LN, Lymph nodes; Lu, Lungs; NR, Not reported; P, Pancreas; PE, Pleural effusion; R, Reproductive organs; S, Spleen;
SG, Submandibular gland; Sk, Skin; SM, Skeletal muscle; T, Trachea; TG, Thyroid gland; V, Vessels.
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Table 2. Methods in corona autopsies

Study, author Sample Autopsy Auxiliary methods Histopathology  Tissue for microscopy
COVID-19
Menter et al. (76) 21 Full/Partial RT-PCR for virus Special stains Lu, T, H, K, Li, AG,
E.M. LN, S, BM, B
Immunostaining
Wichmann et al. (37) 12 Full RT-PCR for virus Immunostaining Lu, H, K, Li, S, P, B,
Virology R, 1, SM, V, Ph
PMCT
Lax et al. (75) 11 Full/Partial RT-PCR for virus Immunostaining Lu, H, K, Li, P, S,
TG, AG, GB, SG, 1
Ackermann et al. (38) 7 Only lungs Corrosion casting E.M. Lu
Genome analysis of virus Immunostaining
microCT of lung tissue
Schaller et al. (94) 10 Full RT-PCR for virus Lu, H, Li, S, K, B,
PE, CSF
Fox et al. (72) 10 NR RNA labelling E.M. Lu, H
Immunostaining
Youd et al. (95) 9 Full RT-PCR for virus Lu, H
Microbiology
Carsana et al. (71) 38 Full E.M. Lu
Immunostaining
Special stains
Bradley et al. (81) 14 Full/Partial PCR for virus EM. Lu, T, H, K, Li, P, S,
Immunostaining TG, AG, PG, I, B,
LN
MERS
Ng et al. (22) 1 Full Viral genome sequencing E.M. H, Lu, T, S, LN, BM,
Immunostaining K, B, I
SARS
Lang et al. (67) 3 Full RT-PCR for virus E.M. Lu, LN, S, Li
Gu et al. (39) 18 Full RT-PCR for virus E.M. Lu, T, S, LN, K, B,
In situ hybridization Immunostaining Li, R, H, P, AG,
of tissue SM, ‘G-I tract’, TG
Chong et al. (68) 14 Full PCR for virus Immunostaining Lu, H, K, Li, LN, S
In situ hybridization
of tissue
Microbiology
Virology
Ding et al. (69) 3 Full EM. Lu, H, S, LN, Li, K,
Immunostaining  AG, B, SM, BM
Special stains
Nicholls et al. (29) 6 Full/PM lung Virology E.M. Lu, S
samples RT-PCR for virus Immunostaining
Microbiology F.M.
Hwang et al. (32) 20 Only lungs RT-PCR for virus Special stains Lu
E.M.
Immunostaining
Franks et al. (96) 8 Only lungs RT-PCR for virus Special stains Lu
Immunostaining
Tse et al. (70) 7 Full/Partial RT-PCR for virus Special stains Lu, S, ‘other organs’

E.M.
Immunostaining

Abbreviations: AG, Adrenal glands; B, Brain; BM, Bone marrow; CSF, Cerebrospinal fluid; E.M., Electron Microscopy;
F.M., Fluorescent Microscopy; GB, Gall bladder; G-I tract, Gastrointestinal tract; H, Heart; I, Intestines; K, Kidneys; Li,
Liver; LN, Lymph nodes; Lu, Lungs; NR, Not reported; P, Pancreas; PE, Pleural effusion; PG, pituitary gland; Ph, Phar-
ynx; PM, Postmortem; R, Reproductive organs; S, Spleen; SG, Submandibular gland; Sk, Skin; SM, Skeletal muscle; T,
Trachea; TG, Thyroid gland; V, Vessels.

proliferative stages, pneumonia and thrombus for-
mation in small vessels (24, 26, 28, 30, 31, 34, 36,
44). Bacterial pneumonia was present in pulmonary

© 2021 The Authors. APMIS published by John Wiley & Sons Ltd on behalf of Scandinavian Societies for Medical Microbiology and Pathology

tissue from all cases from the 1918 pandemic (34)
and in 80% of cases during the 1958 pandemic
(36). Interestingly, Hers et al. found no lung lesions
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Table 3. Influenza virus pandemics

Point of time Disease Mortality
(mio) (97)

1874 Influenza pandemics Unknown
1889 Influenza pandemics Unknown
1918 ‘Spanish flu’, HIN1 50-100
1957 ‘Asian flu’, H2N2 1-4
1968 ‘Hong Kong Flu’, H3N2 1-4
2009 ‘Swine Flu’, HIN1 0.02-0.5

in 17 confirmed influenza deaths in 1958 (36). An
overview of pulmonary findings regarding influenza
autopsy studies is provided in Table 4.

Extrapulmonary manifestations of influenza
infection have received sparse comments in autopsy
studies. Some studies have reported that up to 50%
of autopsied influenza-related deaths have
histopathological signs of myocarditis, although the
importance of bacterial co-infection in this manifes-
tation is undetermined (45, 46). Acute tubular
necrosis (ATIN) (47, 48), influenza-associated
encephalitis (IAE) (49, 50) and liver damage (26,
51) have coincided with influenza infection. Evi-
dence regarding thromboembolic disease related to
influenza is inconclusive (52). Nevertheless, most of
these manifestations are believed to be a result of
systemic inflammation rather than direct viral
action (52). Generally, it is difficult to assert
whether extrapulmonary complications of influenza
infection are direct consequences of influenza, sys-
temic illness or exacerbation of prior underlying
disease.

Coronavirus: SARS-CoV, MERS-CoV and SARS-
CoV-2

SARS-CoV, MERS-CoV and SARS-CoV-2 are all
zoonotic viruses and part of the family of beta-
coronaviridae. Although they belong to the same
family of virus, SARS-CoV-2 seems to cause milder
infections than the other two coronaviruses (53).
The most common symptoms for all three viruses
are fever, cough and myalgia, followed by respira-
tory symptoms (dyspnoea) and gastrointestinal
symptoms (diarrhoea). However, gastrointestinal
symptoms are apparently less common in SARS-
CoV-2-infected patients (53-55). The incubation
periods for SARS-CoV, MERS-CoV and SARS-
CoV-2 are approximately 4 days (with a range of
2-10 days) (56), 5 days (with a range of 2—-14 days)
(57) and 5 days (with a range of 1-14 days) (58),
respectively. These viruses affect all age groups, but
older age and comorbidities, such as diabetes and
cardiovascular disease, are associated with the
development of more severe disease forms (59, 60).
Table 5 provides an overview of the year of emer-
gence and the mortality of these coronaviruses.

All three coronaviruses spread via droplets from
human to human and likely also from animal to
human (22, 55, 61). In addition, SARS-CoV and
SARS-CoV-2 likely spread through contact trans-
mission (55, 62) and SARS-CoV via a faecal-oral
route as well (55). SARS-CoV-2 is more widely
transmitted in the community than are SARS-CoV
and MERS-CoV. The explanation for this seems to
be that SARS-CoV-2 is both more contagious and

Table 4. Pulmonary findings in influenza autopsies (microscopic findings constituting DAD = DAD)

Study Lung Microth- Medium and  Tracheobronchitis Lymphadeno-  Superimposed DAD
oedema  rombus large vessel pathy pneumonia
thrombus
Edler et al. (28) + - - + + + _
Fujita et al. (24) — - — + - + +
Harms et al. (30) + + + + + + +
Bal et al. (26) + - — + - — _
Voltersvik et al. (33) — - - — — + +
Tamme et al. (44) + - - + — + +
Sheng et al. (34) + + — + - + +
Drescher et al. (31) - - - — — + +
Hers et al. (36) — + - + — — _

Table 5. Beta-coronavirus pandemics

Point of time Disease

Mortality (22,55.98)

2002 Severe acute respiratory syndrome, SARS, SARS-CoV 9.6% of 8096 infected

2012 Middle Eastern Respiratory Syndrome, MERS, MERS-CoV 35.6% of 1368 infected

2019 Coronavirus disease 2019, COVID-19, SARS-CoV-2 3.16% of 29.7 mio infected
328 © 2021 The Authors. APMIS published by John Wiley & Sons Ltd on behalf of Scandinavian Societies for Medical Microbiology and Pathology
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has a longer incubation period than SARS-CoV
and MERS-CoV (53).

SARS-CoV and SARS-CoV-2 use the same
receptor, the angiotensin-converting enzyme 2
(ACE-2), to enter human cells, while MERS-CoV
enters human cells through the dipeptidyl peptidase
4 receptor (DPP4). Immunohistochemistry on biop-
sies from living patients has demonstrated that
ACE-2 receptors are expressed in the epithelial cells
of the respiratory tract and small intestines, as well
as in endothelial and smooth muscle cells of several
organs (63). Immunohistochemistry on biopsies
from living patients, organ donors and animals has
revealed that DPP4 receptors are primarily located
on cells in the lower respiratory tract and on
epithelial cells in the kidney, small intestine, liver
and prostate (22, 64—66).

Relatively few autopsy studies exist on patients
with COVID-19, but when compared to SARS and
MERS, they are numerous. Quite a few studies
involving postmortem findings of SARS patients
exist, but only a few are based on whole-body
autopsy (29, 39, 67-70) and only Ng et al. have
published autopsy findings on MERS-related deaths
(22). Many of the findings in COVID-19 autopsies
are similar to those reported for SARS and, in part,
for MERS. In all three infections, the respiratory
tract is believed to be the main target of the virus;
therefore, most research is focused on the respira-
tory system and, in particular, on the lungs (22, 60)
(see Table 6). On macroscopic gross examination,
the lungs infected with SARS, MERS and COVID-
19 are typically described as oedematous and con-
solidated (22, 70, 71), with regions of haemorrhage
(29, 69, 72). Pulmonary thromboembolism originat-
ing from deep venous thrombosis (37, 72-74), a
tendency for thrombus formation in branches of
pulmonary arteries (23, 75) and signs of superim-
posed bronchopneumonia are also seen in several
of the COVID-19 deceased patients (37, 75, 76).
Microscopically, DAD is the most reported acute
histopathological finding in the lungs for all three
coronaviruses (22, 39, 67). Different stages of DAD
have been found, typically correlating with the
duration of illness. Other microscopic findings
reported for SARS and COVID-19 are microvessel
thrombi (32, 38, 68, 72) and vascular injury, such
as endotheliitis and vasculitis (39, 69, 76, 77). An
overview of pulmonary findings regarding corona
autopsy studies is shown in Table 6.

Although SARS-CoV has been detected in most
extrapulmonary organs, no definite consensus exists
regarding the pathological findings because of the
small number of autopsy studies and cases included
in each study (39, 67-69). Nevertheless, a similarity
seems evident in the findings reported by those few

studies concerning the effects of SARS. In lymph
nodes and spleen, typical findings have been haem-
orrhagic necrosis, atrophy and lymphoid depletion
(39, 67-69). In the liver, fatty degeneration and cen-
trilobular necrosis has been reported (39, 67-69). In
some SARS autopsies, the kidneys show focal
haemorrhage and various degrees of acute tubular
necrosis (39, 68, 69). Other findings worth mention-
ing are mild diffuse inflammation and atrophy of
the submucosal lymphoid tissues of the digestive
tract (39, 78), haemorrhage and necrosis in the
adrenal glands (67, 69), and oedema and neuronal
degeneration in the brain (39, 69). In other organs
like the heart and pancreas, the findings have been
nonspecific. Generally, it is not clear whether the
extrapulmonary organ manifestations are due to
direct or indirect effects of the virus.

According to autopsy studies, the SARS-CoV-2
virus has been detected in various extrapulmonary
tissues, including the upper airways, heart, intesti-
nes, kidneys, lymph node, brain, liver and spleen
(79-81). While some studies suggest that some of
the extrapulmonary manifestations (e.g. acute kid-
ney failure, myocarditis and endotheliitis) (77, 81,
82) may be related to SARS-CoV-2 infection, little
evidence exists for acute pathological changes
caused by the virus itself other than in the respira-
tory system (60).

No MERS-CoV was detected outside the lungs
at autopsy, despite MERS-CoV RNA being a com-
mon finding in urine and acute renal failure being a
common complication of MERS-CoV (22)

Autopsy-confirmed knowledge changing clinical
approaches

From the beginning of its era, the autopsy has pro-
vided the health system with new knowledge on dif-
ferent aspects of the human body and diseases.
Autopsies on patients with influenza viruses or
coronaviruses are no exception.

A study of autopsies from the influenza pan-
demic in 1918, the Spanish Flu, revealed that the
pandemic started four months earlier than assumed
and that the high mortality appeared to be caused
not only by viral virulence but also by bacterial
superinfection and factors related to host immunity
(34).

An autopsy study on the seasonal flu (H3N2),
Hong Kong flu, showed that 81% of sudden unex-
plained deaths (SUD) had elevated IgM compared
to 2.5% of the controls. The study researchers con-
cluded that testing for viral infection in cases of
unknown causes of death could be helpful (31).

An autopsy study on the influenza pandemic in
2009, the Swine Flu, showed that a specific
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Table 6. Pulmonary findings in corona autopsies (microscopic findings constituting DAD = DAD)

Study (disease) Lung Microthrombus Medium and Tracheobronchitis Superimposed DAD
oedema large vessel pneumonia
thrombus
Menter et al. (76) + + + + + +
Wichmann et al. (37) + + + — + +
Lax et al. (75) + + + - + +
Ackermann et al. (38) + + + — - +
Schaller et al. (94) - - — — + +
Fox et al. (72) + + — — _ +
Youd et al. (95) + — — _ + n
Carsana et al. (71) + — - _ + +
Bradley et al. (81) + + — + + 4
Ng et al. (22) + — NR + _ +
Lang et al. (67) + + - _ NR +
Gu et al. (39) + - NR — _ +
Chong et al. (68) + — + _ + _
Ding et al. (69) + + — + _ "
Nicholls et al. (29) + — - _ _ +
Hwang et al. (32) - + - — + +
Franks et al. (96) — + - — + +
Tse et al. (70) + — + _ + 4

NR, not reported.

mutation in the virus made it more lethal than the
original virus. The study concluded that disease
severity correlated with the specific mutation, obe-
sity and underlying disease (33). A retrospective
autopsy study on the Swine Flu in Estonia showed
that influenza or influenza complications were the
primary cause of death in 1/3 of all fatal cases dur-
ing the 2009-2010 pandemic. The researchers con-
cluded that a high autopsy rate, together with
recommendations for testing with reverse transcrip-
tion polymerase chain reaction (RT-PCR) for influ-
enza viruses, had enabled the identification of cases
that had no clinical suspicion of influenza. Further-
more, they found that none of the deceased had
been immunized; therefore, they also emphasized
the importance of vaccination (44).

The few full autopsy studies on SARS have
shown that the virus affects multiple organs and
causes damage to the immune system. Some
authors have proposed a pathogenic mechanism for
SARS that consists of SARS-CoV entry into the
body by invasion of epithelial cells of the respira-
tory tract and alveoli and subsequent damage to
these cells and tissues. At the same time, the virus
infects both resident and circulating immune cells,
thereby leading to a weakening of the immune
defence and causing a rapid progression of the dis-
ease (39, 55).

Even a single autopsy can sometimes contribute
to the discovery of important knowledge. The one
autopsy performed during the MERS pandemic
showed that MERS-CoV does not affect the kid-
neys directly, as was otherwise thought. No

330

extrapulmonary virus was detected, despite clinical
findings of virus in the urine (22).

A German autopsy study on SARS-CoV-2 has
shown how important autopsies can be while the
pandemic is still present. The study showed deep
venous thrombosis and pulmonary embolism in
40% of deceased individuals infected with SARS-
CoV-2 (25) compared to a prevalence of 16%
among medical intensive care patients (83). This
finding led to a change in anti-coagulation treat-
ment in Germany.

DISCUSSION

In this review, we have examined the role of the
autopsy in understanding the pathogenesis of pan-
demics and epidemics for the purpose of prevention
and treatment. We have focused on the execution
of autopsies in pandemics and the results of
autopsy studies in prior relatively comparable pan-
demics that were caused by influenza virus and
coronavirus.

Overall, our search has shown that autopsy stud-
ies are sparse during influenza and coronavirus
pandemics and often exist only in the form of case
reports or case series, thereby limiting a systematic
overview of the pathology of diseases. We found no
large observational studies on epidemic disease
employing algorithm-based, standardized sampling
or investigations such as those done in ‘“The Survive
Study’ (84). Most studies are done on biopsies,
rather than as full body autopsies, raising the
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possibility of potentially overlooking changes in
organs not a priori suspected and therefore not
sampled (26, 27). As Kuiken and Taubenberger
state, our understanding of pathology in novel viral
infections in humans is critically hampered by the
few autopsies performed (40). The quality of the
studies also varies and might further diminish the
role of pathology in modern medicine. Sample sizes
are generally small, investigative methods have
remained virtually unchanged for 60 years, and sci-
entific reporting is inconsistent.

The autopsy methods utilized in influenza virus
and coronavirus pandemics are primarily light
microscopy and, in some cases, electron microscopy
and immunohistochemical staining. Some studies
rely on antemortem PCR analysis of swabs, while
others perform PCR analysis on postmortem swabs
and/or tissue to confirm the diagnosis, and expand
the understanding of the presence and of virus in
tissues and of the direct and indirect effects of the
virus in organs. Some studies use further advanced
methods, thereby contributing to the understanding
of these virus diseases and their consequences (see
Tables 1 and 2).

The explanation for the lack of systematic
autopsy studies during influenza virus and coron-
avirus pandemics is multifaceted. One major reason
is anxiety among autopsy personnel about becom-
ing infected. In a 2019 survey of U.S. medical
examiners and coroners, 51% and 78%, respec-
tively, answered that they would not perform
autopsies in cases of suspected or confirmed highly
infectious disease (16). The survey further demon-
strated that only 56% had received training in how
to use PPE and that only 44% had been involved
in handling suspected or confirmed highly infectious
cases, whereas 62% indicated a lack of proper
training for staff. Lack of proper facilities and pro-
cedures may deter the pathologist from performing
certain, if not all, procedures. The precautions at
autopsy for SARS, COVID-19 and MERS are simi-
lar and are more extensive than for influenza-sus-
pected deaths. The use of PPE may be hampered
by low compliance (85), thereby exposing the
pathologist to health risks (15, 23). Yaacoub et al.
performed a systematic review on the safe manage-
ment of bodies with suspected or confirmed SARS-
CoV-2, but they found no evidence for any pro-
posed guidelines (86).

The lack of systematic autopsy studies during
pandemics is clearly also the result of regulations
by governments and scientific communities. The
Danish law on epidemics entails a provision for
autopsy at the request of the epidemic committees
(87). So far, this provision has not been enacted

during the COVID-19 pandemic, resulting in a low
autopsy rate. In Hamburg, Germany, autopsies
were performed during the first wave of the
COVID-19 pandemic, despite an opposite recom-
mendation by the German Robert Koch Institute
(25). In TItaly, autopsies were performed at the dis-
cretion of the pathologist, with core biopsies and
PMCT recommended as alternatives (88, 89). The
Danish Society of Pathology presented algorithms
for safe handling and execution of autopsies at the
beginning of the COVID-19 pandemic, but these
essentially left all but one department in eastern
Denmark unable — or unwilling — to perform
autopsies (no publicly available reference).

Despite the small sample sizes and the variability
in quality of the autopsy studies during influenza
virus and coronavirus pandemics, autopsy studies
have contributed to the understanding of the
pathology of these viruses. The pathological find-
ings are generally identical and include oedematous
lungs and DAD. Secondary bacterial infection at
autopsy ranges from 100% of cases in 1918 (34),
through 80% of cases in 1958 (36) to 40% in 2009
(44). The lowering frequency is presumably due to
better antibacterial treatments. The extrapulmonary
findings are generally attributed to the immune
response or organ dysfunction secondary to infec-
tion, rather than to a direct viral cytopathic effect
(26). One autopsy case report described the patho-
logical findings in a MERS-related death (22), and
the benefits of that study were widely heralded (90)
for contributing significantly to the understanding
of MERS effects in the kidneys. In the COVID-19
pandemic, autopsy findings have guided anti-throm-
botic treatment in Germany and Denmark (37).

Overall, an acute need exists for systematic
autopsies during pandemics. Autopsies are very
important for identifying emerging infectious dis-
eases and describing the pathological consequences
of both novel and established diseases (91). The
importance of autopsies in understanding disease
pathogenesis was demonstrated in the HIV pan-
demic, where autopsies contributed significantly, for
example, to the understanding of the AIDS-related
disorder, Kaposi’s sarcoma. Furthermore, a study
on 101 deceased patients with AIDS documented
that 74% had AIDS-related disorders that had not
been suspected or diagnosed clinically (20). Even
during inter-epidemic periods, autopsy studies have
helped reduce the number of exclusion diagnoses,
such as SUD, by demonstrating that influenza virus
was present in a disproportionate amount of cases
(31).

Autopsy studies make the establishment of tissue
biobanks possible, thereby enabling future research
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(43, 83). This was demonstrated with the break-
through in understanding the Spanish Flu, as de
novo analysis of autopsy material from the biobank
— the National Tissue Repository — of samples from
1918 demonstrated, that the Spanish flu had caused
deaths at least four months prior to recognition of
the pandemic. Similarly, PCR analysis identified the
strain (34).

Another important aspect in pandemics is to
classify the cause of death correctly. The question
of whether the patient died with the disease versus
from the disease is better answered by autopsy than
clinically (92). The poor accuracy of swabs or
‘quick tests’ (28) may result in misclassification of
cause of death, so these tests are not reliable substi-
tutes for autopsy. An example of the impact of cor-
rect classification of cases and non-cases is the case
fatality rate in New York City, USA, during the
2009 Swine Flu pandemic, which ranged from
0.0008% to 0.2% depending on whether clinical
information, swabs or autopsies were used to estab-
lish cause of death (93).

A collaborative autopsy study between The
Forensic Institute at University of Copenhagen
and the Department of Pathology, Rigshospitalet,
Copenhagen, has initiated the establishment of a
biobank and databank of confirmed and sus-
pected COVID-19-related deaths to help in clari-
fying the pathogenesis of SARS-CoV-2 infection
and its long-term complications. The study uti-
lizes standardized sampling and reporting. An
autopsy algorithm 1is available upon request,
should any institution wish to mirror our data
and thus facilitate in obtaining a larger cohort
and international comparison of COVID-19
deaths. Likewise, the data collected will be avail-
able for future research upon request, on the con-
dition that the proposed project is scientifically
solid and complies with legislation on data and
ethics. Data for the biobank are gathered at stan-
dardized, accredited autopsies that encompass
PMCT, postmortem magnetic resonance imaging
(if deemed necessary), external examination, open-
ing of all three body cavities, standardized sam-
pling from all organs for  microscopy,
standardized tissue and fluid sampling for toxico-
logical, genetic and microbiological analysis, and
standardized reporting. We will be publishing a
protocol article with more details. This approach
is similar to our prior ‘SURVIVE’ study that
marked the beginning of a national, prospective,
comprehensive collection and analysis of data
from autopsies of the mentally ill, with collabora-
tion from chemists, geneticists, cardiologists, epi-
demiologists, radiologists and pathologists (84).

CONCLUSION

Autopsies enable the detection of novel disease,
help to monitor the spread of infectious disease,
enable the reliable registration of deaths related to
epidemics, correct clinical misdiagnoses, serve as
quality control, identify prognostic and risk factors,
and aid in treatment through identification of target
sites for infection and complications of infection.
Biobanks provide the possibility of using new meth-
ods on old samples.

If autopsies are to provide meaningful insight
into novel diseases such as COVID-19, then ancil-
lary and interdisciplinary methods, as well as stan-
dardized algorithms utilizing full body autopsies,
should be employed. Looking solely to confirm sus-
pected findings can lead to erroneous conclusions
and might also limit the knowledge that can be
gained from autopsies in both hospital and forensic
settings.

If autopsies are to be performed systematically,
then governmental and scientific society support is
needed that stresses how knowledge is lost when
autopsies are not performed and that stresses the
importance of maintaining autopsy competencies
and facilities.

The authors would like to thank Lykke Schreder Jacobsen
for assisting in literature search and table production.
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APPENDIX 1

Methods

We searched the MEDLINE (PubMed) databases
with the terms (autopsy OR necropsy OR
necrotomy OR post mortem) AND (mers OR mers-
cov OR Middle Eastern respiratory OR influenza
OR flu OR swine flu OR bird flu OR avian flu OR
hinl OR h2nl OR h3n2 OR h5nl OR hong kong
virus OR asian virus OR spanish flu). We
performed a separate search on SARS-CoV-2 with
the string (‘SARS Virus’[Mesh]) AND (Pathology
OR autopsy OR post-mortem), and COVID-19
with the string (((wuhan[All Fields] AND
(‘coronavirus’lMeSH Terms] OR ‘coronavirus’[All
Fields])) AND 2019/12[PDAT]: 2030[PDAT]) OR
2019-nCoV[All Fields] OR 2019nCoV[All Fields]

APPENDIX 2

Overview of studies mentioned in article

OR COVID-19[All Fields] OR SARS-CoV-2[All
Fields]) AND (Pathology OR post-mortem OR
autopsy). We performed the searches in mid-2020
and retrieved 1046 publications on influenza and
MERS and, respectively, 402 and 2032 publications
on SARS and COVID-19. We primarily selected
autopsy studies as our focus. The publications were
screened for relevance, focusing on these terms. The
retrieved publications consisted of case reports, case
series, observational studies and reviews. We
screened the references of the included articles to
capture additional relevant studies. An overview of
the studies can be found in Appendix 2 — overview
of studies mentioned in article.

Authors Title Year
Ackermann et al. (38)

Article N
Case series 7/7

Disease
COVID-19

Pulmonary Vascular 2020
Endothelialitis,
Thrombosis, and
Angiogenesis in Covid-
19
COVID-19 Autopsies, 2020
Oklahoma, USA
Histopathology and 2020
ultrastructural findings
of fatal COVID-19
infections in
Washington State: a
case series
The emerging spectrum 2020
of cardiopulmonary
pathology of the
coronavirus disease 2019
(COVID-19): Report of
3 autopsies from
Houston, Texas, and
review of autopsy
findings from other
United States cities.
Pulmonary pathology 2020
and COVID-19: lessons
from autopsy. The
experience of European
Pulmonary Pathologists

Barton et al. (23) Case series 2 COVID-19

Bradley et al. (81) Case series 14 COVID-19

Buja et al. (73) Case series 3 COVID-19

Calabrese et al. (60) Review - COVID-19
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Authors

Title

Year

Article

Discase

Carsana et al. (71)

Fox et al. (72)

Grimes et al. (74)

Konopka et al. (62)

Lax et al. (75)

Menter et al. (76)

Puelles et al. (80)

Schaller et al. (94)

Sekulic et al. (79)

Su et al. (82)

Pulmonary post-mortem
findings in a series of
COVID-19 cases from
northern Italy: a two-
centre descriptive study

Pulmonary and cardiac
pathology in African
American patients with
COVID-19: an autopsy
series from New Orleans

Fatal Pulmonary
Thromboembolism in
SARS-CoV-2-Infection.
Cardiovascular
pathology : the official
journal of the Society
for Cardiovascular
Pathology

Diffuse Alveolar Damage
(DAD) from
Coronavirus Disease
2019 Infection is
Morphologically
Indistinguishable from
Other Causes of DAD

Pulmonary Arterial
Thrombosis in COVID-
19 With Fatal Outcome:
Results From a
Prospective, Single-
Center,
Clinicopathologic Case
Series

Postmortem examination
of COVID-19 patients
reveals diffuse alveolar
damage with severe
capillary congestion and
variegated findings in
lungs and other organs
suggesting vascular
dysfunction

Multiorgan and Renal
Tropism of SARS-CoV-
2

Postmortem Examination
of Patients With
COVID-19

Molecular Detection of
SARS-CoV-2 Infection
in FFPE Samples and
Histopathologic
Findings in Fatal
SARS-CoV-2 Cases

Renal histopathological
analysis of 26
postmortem findings of
patients with COVID-19
in China

2020

2020

2020

2020

2020

2020

2020

2020

2020

2020

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

38

10

21

22

10

26

COVID-19

COVID-19

COVID-19

COVID-19

COVID-19

COVID-19

COVID-19

COVID-19

COVID-19

COVID-19
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(continued)

Authors Title Year Article N Discase

Varga et al. (77) Endothelial cell infection 2020 Case series 3 COVID-19
and endotheliitis in
COVID-19
Wichmann et al. (37) Autopsy Findings and 2020 Case series 12 COVID-19
Venous
Thromboembolism in
Patients With COVID-
19
Youd et al. (95) COVID-19 autopsy in 2020 Case series 9 COVID-19
people who died in
community settings: the
first series
Ng et al. (22) Clinicopathologic, 2016 Case report 1 MERS
Immunohistochemical,
and Ultrastructural
Findings of a Fatal Case
of Middle East
Respiratory Syndrome
Coronavirus Infection in
the United Arab
Emirates, April 2014
Ding et al. (69) The clinical pathology of 2003 Case series 3 SARS
severe acute respiratory
syndrome (SARS): a
report from China
Franks et al. (96) Lung pathology of severe 2003 Case series 8 SARS
acute respiratory
syndrome (SARS): a
study of 8 autopsy cases
from Singapore
Lang et al. (67) A clinicopathological 2003 Case series 3 SARS
study of three cases of
severe acute respiratory
syndrome (SARS)

Nicholls et al. (29) Lung pathology of fatal 2003 Case series 6 SARS
severe acute respiratory
syndrome

Chong et al. (68) Analysis of deaths during 2004 Case series 14 SARS

the severe acute
respiratory syndrome
(SARS) epidemic in
Singapore: challenges in
determining a SARS
diagnosis
Tse et al. (70) Pulmonary pathological 2004 Case series 7 SARS
features in coronavirus
associated severe acute
respiratory syndrome

(SARS)

Gu et al. (39) Multiple organ infection 2005 Case series 18 SARS
and the pathogenesis of
SARS

Hwang et al. (32) Pulmonary pathology of 2005 Case series 20 SARS

severe acute respiratory
syndrome in Toronto.
Modern pathology : an
official journal of the
United States and
Canadian Academy of
Pathology, Inc.
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Authors

Title

Year

Article

Discase

Shi et al. (78)

Guo et al. (55)

Harms et al. (30)

Edler et al. (28)

Bal et al. (26)

Tamme et al. (44)

Fujita et al. (24)

Voltersvik et al. (33)

Hers et al. (36)

Drescher et al. (31)

Sheng et al. (34)

Severe acute respiratory
syndrome associated
coronavirus is detected
in intestinal tissues of
fatal cases

Pathogenetic mechanisms
of severe acute
respiratory syndrome

Autopsy findings in eight
patients with fatal
HINI influenza

The new influenza A
(H1N1/09): symptoms,
diagnostics, and autopsy
results

Pathology and virology
findings in cases of fatal
influenza A HINI virus
infection in 2009-2010

Clinical and pathological
findings of fatal 2009-
2010 pandemic influenza
A (HINI) infection in
Estonia

Clinicopathological
findings of four cases of
pure influenza virus A
pneumonia

Pulmonary changes in
Norwegian fatal cases of
pandemic influenza
HINI (2009) infection:
a morphologic and
molecular genetic study

Bacteriology and
histopathology of the
respiratory tract and
lungs in fatal Asian
influenza

Recent influenza virus A
infections in forensic
cases of sudden
unexplained death

Autopsy series of 68
cases dying before and
during the 1918
influenza pandemic peak

2005

2008

2010

2011

2012

2012

2014

2016

1958

1987

2011

Case series

Review

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

Case series

21

19

148

84

68

SARS

SARS

Swine influenza

Swine influenza

Swine influenza

Swine influenza

Swine influenza

Swine influenza

Asian influenza

Hong Kong influenza

Spanish influenza
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