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Natural outbreaks of biological agents, causing local and global emergencies, have
impacted human safety, social/political/economical activities, and the security of critical
infrastructures. Lessons learned by previous emergencies have been used by decision-
makers not only to improve the phases of prevention, intervention, and recovery of
normality but also to facilitate the dual-use of methods, instruments, and technologies. A
crucial phase of emergency management is the investigation that in the past was based
on questioning, suspicions, witnesses, and often unreliable evidence. Nowadays
investigation is supported by technology and various types of forensics that are deeply
involved. The authors in this paper consider the pandemic outbreak of SARS-COV-2 as
a case study and propose virtual autopsy by postmortem CT (PMCT) as a technique to
facilitate post-mortem examinations on ascertained or suspected SARS-COV-2 cases.
This method reduces the risk of infection for the operators that have to conduct the

particular investigations during the emergencies.

1. INTRODUCTION

The global spread of biological agents along with loss of
national control have been long-standing concerns in the
post-Cold War world. In recent years, the fear that new
epidemic situations could degenerate into a pandemic has
been alive since the early years of the new millennium with
the first SARS epidemic that provoked the “bird flu”, the
MERS epidemic, the Swine flu and the recent outbreaks of
Ebola. The SARS-COV-2 epidemic has been the worst
epidemic emergency since the Spanish Flue [1, 2] and is
forcing the world to push knowledge over new boundaries.
This has led to the invention of new vaccines and drugs and
integrating existing technologies and methods or using them
in an innovative way (such as the dual-use approach) to face
emergency situations.

The national security strategies of each country place a
strong emphasis on these matters through multidisciplinary
research, focused on the long-term perspective, that plays an
important role in understanding the implications of constant
rapidly changing technological development in the area of
pandemic emergencies. It will also allow enlightening as to
how the global spread of scientific education might affect
aspirations of different states to use these technologies and
the knowledge to reduce the risks connected to operators
directly involved in the emergencies. Because of safety and
security budget reduction, how different countries prepare for
pandemic emergencies deserves renewed attention; this
involves the prioritization of capabilities in the Analysis,
Prevention, and Response (APR) phases. It is also necessary
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to acquire detailed information about the capability of the
states involved to use or produce certain technologies. The
interactions between nations and experts in different
disciplines is fundamental to acquire new types of
capabilities and develop more effective policies.

In this context, the authors can ascertain that forensic
science is like an umbrella that encompasses experts with
different backgrounds using their skills to aid decision-
makers to solve a crime or to manage emergencies or crises.
SARS-COV-2 has provoked millions of contagions and
hundreds of thousands of victims in 2020 [1] with a huge
impact on the community of health operators. Reducing the
risks for health operators is essential to maintain the integrity
of the National and International Systems and to save lives.

The autopsy of those who died because of COVID-19 has
to be performed, for legal reasons, if the deceased person is
part of a forensic investigation (the suspect of COVID-19
disease cannot be an obstacle in this case). The forensic
pathologists working in the morgues have to follow the same
indications and guidelines for the correct management of
potentially infectious pathogens applied in clinical and
research practice in microbiology laboratories because of the
high infectivity of this particular virus.

In this particular context, the authors, propose modern
techniques using virtual autopsy by PMCT and its subsidiary
techniques (percutaneous biopsy, as a viable non-invasive, or
minimally invasive technique) for analysis of suspected or
confirmed SARS-COV-2 deaths to reduce the risk of
infection for the operators and increase the quantity of data
available to perform an effective investigation.


https://crossmark.crossref.org/dialog/?doi=10.18280/ijsse.100413&domain=pdf

2. SARS-COV-2 AND AUTOPSY

It is now well known that the SARS-COV-2 causes an
illness in humans and has been named coronavirus disease

2019 (COVID-19) by the World Health Organization (WHO).

This pathology attacks primarily the upper respiratory tract
(Figure 1). In fact, the lungs represent the predominant site of
entry and replication of SARS-COV-2, together with the
endothelial cells and the kidney [3, 4].

It is not completely clear, at this stage, how the COVID-19
affects other organs even if a large amount of literature is
now available on the clinical effects of this disease [5]. The
present literature is quite poor regarding histopathological
studies based on autopsy cases [6-8]. This is a key aspect to
understand the pathophysiological mechanisms of SARS-
COV-2, to improve the prevention and treatment of patients
with COVID-19. The Health and Safety Executive’s (HSE)
Advisory Committee on Dangerous Pathogens (ACDP) [9]
has defined four hazard groups, SARS-COV-2 is located in
the pathogen category HG3 [9, 10]. This is way, to reduce the
risk of cross-contamination during and after post-mortem
examinations, it is common practice of governments and
health systems worldwide to restrict traditional autopsies as
much as possible. The precautions indicated by the
international health organizations [10-12] are related to the
environment where the autopsy is performed (ventilation,
temperature, pressure, humidity, and distances), the personal
protective equipment (PPE) of the operators and the
training/preparation of the operators. It is also necessary to
prepare the room with the minimum equipment and
consumables to perform the autopsy and collect the fluid
samples (blood, urine, cerebrospinal) to minimize the risk of
cross-contamination [12].

It is fundamental, to improve the investigation phase even
in emergency situation, to guarantee carrying out of the
autopsy and the safety of the medical operators. This is way
the authors are to propose the Virtual autopsy for analysis of
suspected or confirmed SARS-COV-2 deaths.

Figure 1. Coronal CT images at the level of the thorax (lung
window level of the gray scale) in a patient massive
pneumonia positive for SARS-COV-2 (a), and in a patient

without pulmonary CT alterations (b).
Note in (a) multiple ground-glass opacities with septal thickening (crazy
paving pattern) compatible with massive pulmonary involvement of COVID-
19. This image is from the database of the Policlinico di Tor Vergata that is
the COVID Hospital 4 in the city of Rome, Italy.

3. VIRTUAL AUTOPSY AS A NON/LOW-INVASIVE
TECHNIQUE FOR POST-MORTEM ANALYSIS

The term “Virtual autopsy” or “Virtopsy®” defines a set of
imaging techniques used on a cadaver for forensic purposes
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[13-15]. The techniques already applied for a non/low-
invasive autopsy to improve the forensic analysis are CT,
MRI, photogrammetry and 3D surface scanning, PMCT
angiography and percutaneous post-mortem  biopsy
(eventually under CT guide for tissue or body fluid sampling).
However, the key to a modern virtual autopsy is a whole-
body PMCT scan [16]. PMCT is used to analyze violent
deaths because of its optimal visualization of skeletal
traumatic lesions, intravascular gas, and foreign bodies
(Figure 2).

This technique present limits in investigating "natural”
deaths, because of the low sensitivity in differentiating soft
tissue interfaces and reporting vascular alterations [15]. In
2005 PMCT angiography was introduced by Jackowski et al.
[17] as a new supplementary technique to overcome the
limits of classic PMCT. Since then, this innovative technique
has improved [18-20] and other whole-body PMCT
angiography techniques were implemented [21, 22], with
differences in the intravascular contrast media and the
contrast-media injection/propulsion methods. The absence of
body samples for histopathological, microbiological, or
toxicological analysis is a strong limitation in applying
virtual autopsy even if implemented by PMCT angiography.

In 2007, the Swiss group of Thali [23-26] became a
pioneer in the virtual autopsy field by demonstrating the
effectiveness in combining PMCT virtual autopsy with post-
mortem percutaneous biopsy to provide specimens suitable
for histological examination and reduce the invasiveness. The
efficiency of these combined techniques is evident in terms of
providing data (post-mortem gross pathological data,
toxicological data, and microbiological data) to establish the
modalities and causes of death with higher accuracy. PMCT
and other post-mortem imaging techniques have also been
successfully applied for non-forensic analysis like
pathological and/or veterinary investigations [27-29].

Figure 2. Virtual autopsy PMCT images in a fatal case of

natural death (myocardial infarction)
Note the 3D volume rendering images (a and b) with anterior view the body
lying on the CT bed, with soft tissue (a) and bone windowing (b). The
coronal PMCT MPR reconstruction in (¢) shows 2D anterior view of the
same cadaver. The image is taken from the author’s working database.

4. VIRTUAL AUTOPSY TECHNIQUES IN POST-
MORTEM INVESTIGATIONS ON SARS-COV-2
ASCERTAINED OR SUSPECTED CASES

In biopsy and autopsy studies, pulmonary pathology for
both early and late phase COVID-19 patients showed diffuse



alveolar damage with the formation of hyaline membranes,
mononuclear cells, and macrophages infiltrating air spaces,
and diffuse thickening of the alveolar wall. Lung disease is
the main manifestation of COVID-19 but a complete map of
pathogenic mechanisms in SARS-COV 2 infection is still
missing because of its capability to provoke multiple organ
dysfunction [7, 8]. Some of the most common pathological
evidence in other organs reported in the literature are [30-34]:
hilar lymph node necrosis, spleen atrophy, focal hemorrhage
in the kidney, liver enlargement with inflammatory cell
infiltration, gastrointestinal damage with diarrhea and acute
abdomen, edema and scattered degeneration of the neurons in
the brain.

4.1 Potentials of a virtual autopsy in lung disease related
to COVID-19

Different CT patterns for lungs are suggested by clinical
studies in the literature [35-40] together with cases that have
an unclear or distribution of ground-glass opacities. Equally
important is the similarity between the patterns identified in
the lungs of the patients with COVID-19 compared to one of
the patients affected by other viral pathogens (like virus
Influenza A, or another source of lung pathology such as drug
reaction). Therefore, CT is not usually suggested as a
screening tool for the diagnosis or exclusion of COVID-19 in
the clinical settings even if it is a valuable pre-test method
due to its relatively high speed and sensitivity [41]. Moreover,
some of the standard techniques like RT-PCR analysis on
nasopharyngeal swabs may delay the diagnosis or even miss
diagnose of SARS-COV-2 because of the potential presence
of false negatives [42].

The potential of PMCT in detecting significant pulmonary
alterations in post-mortem analysis is well known in literature
[43]. The imaging of lungs in non-enhanced computed
tomography (both in clinical and in post-mortem setting)
allows the acquisition of high-quality data to thanks to the
intrinsic contrast related to the presence of air. PMCT
imaging of lungs, in cases of drowning and blood aspiration
in thoracic trauma, is commonly used as a tool for forensic
investigation and also applied as post mortem method in
combination or substitution of autopsy [44]. The post mortem
alteration of lungs [43], due to their structure complexity,
may affect PMCT imaging results that might hide COVID-19
lung involvement. In theory, the probability that this
occurrence happens is higher in the initial stages of lung
pathology, when few and scanty areas of ground-glass
opacity could be located in dorsal, peripheral regions,
eventually in the inferior lobes, thus with the same
distribution of internal livors. However, during the pandemic
of SARS-COV-2, for a radiologist operator, the natural
consequence of the evidence of pulmonary CT findings
(typical for COVID-19) is to suggest the diagnosis of SARS-
COV-2 infection in the lungs. Patients who died from SARS-
COV-2 infection, as already shown in a case of the virtual
autopsy by PMCT performed in Switzerland by the group of
Thali [45], generally show a dramatic involvement of the
lungs with an ARDS resemblance.

4.2 Potentials of virtual autopsy findings in extra-
pulmonary manifestations related to COVID-19

SARS-COV-2 has demonstrated the capability to affect
other organs through a direct attack or an indirect mechanism
mediated by inflammation and coagulation mediators. The
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lymph nodes, heart, kidneys, spleen, liver, gastrointestinal
tract, and brain are among the organs that can be affected by
COVID-19 disease [30]. Uncommon manifestations have
been reported in:

(1)  The thorax where the mediastinal lymphadenopathy
if found with lymph node enlargement that can be
potentially detected by CT imaging suggesting
expression of the inflammatory response to the
infection [46-48].

In the gastrointestinal tract where distended fluid-
filled small and large bowel loops and surrounding
stranding are demonstrated on enhanced CT [30].

SARS-COV-2 was also detected in the liver cells in some
histopathological studies [49]. Micro-vesicular steatosis of a
moderate entity and mild lobular and portal inflammatory
activity was revealed in the liver histological analysis of
SARS-COV-2 patients [7, 50]. In literature, there is not CT
imaging research related to these pathological alterations of
the liver but these should be reflected in PMCT imaging by
diffuse hypo-density of the liver due to unspecific steatosis
[30]. SARS-COV-2 may provoke hemorrhagic lesions in the
brain due to due to potential endothelium damage [51, 52].
Possible CT manifestations of SARS-COV-2 in the brain are
hypo-density together with the bilateral medial thalami on the
head CT and hemorrhagic lesions [52, 53].

The 71.4% of COVID-19 victims suffered from
disseminated intravascular coagulation, with abnormal
coagulation results in the later stages of the disease. It has
been demonstrated that there is a link between increased
concentrations of D-dimer and other fibrin degradation which
leads to poor prognosis [54].

The literature suggests that COVID-19 patients in critical
conditions are affected by two types of pathologic
coagulation processes. The first is related to the
microcirculation of the lungs and other organs causing the
formation of microvascular clots [55]. The second is related
to the systemic circulation with the potential development of
large-vessel thrombosis and major thromboembolic events,
including pulmonary embolism [56-58].

PMCT angiography has been introduced in the virtual
autopsy as a complementary technique to add important
information about the vascular bed in non-decomposed
cadavers, enhancing possible applications of the virtual
autopsy, particularly in natural deaths [20, 59]. The literature
reports both:

(1) The ability of PMCT angiography to document

central and paracentral pulmonary
thromboembolism [20, 59], with the complete
concordance with autopsy results and histological
analysis. Also, deep venous thrombosis has been
demonstrated in some cases of PMCT angiography
documented pulmonary embolism [59].
The development of small post-mortem clots and/or
the presence of possible small filling defects related
to artifacts generally prevents the correct
identification of peripheral pulmonary embolisms
[20]. In the case of suspected lethal pulmonary
embolisms, the accuracy of PMCT angiography
diagnosis in detecting pulmonary embolism is not
completely proven, due to the absence of robust
statistics. Moreover, factors related to post-mortem
clots and artifacts may compromise the accuracy of
this  post-mortem  imaging  technique in
demonstrating pulmonary embolism. In these cases,
a full autopsy dissection is mandatory.
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PMCT angiography might be proposed as a viable
technique for detecting central and paracentral pulmonary
embolism or other major thrombotic or thromboembolic
phenomenon in the systemic circulation with reduced
invasiveness in subjects deceased with COVID-19. It is
important to point out that the combination with the
histological analysis is highly recommended to improve the
capability to demonstrate microvascular thrombosis and
embolism. Post-mortem multi-organ percutaneous biopsy has
already been applied to post-mortem investigations in three
cases of deceased COVID-19 patients [34] in low invasive
autopsy settings. Post-mortem percutaneous biopsies with
PMCT guidance may represent a useful technique for low
invasive post-mortem investigations in subjects deceased
with ascertained or suspected SARS-COV-2 infection. In
those cases, post-mortem percutaneous biopsies can
overcome the above-mentioned limitations of the virtual
autopsy with unenhanced PMCT or also with PMCT
angiography, providing tissue and body fluid samples for
histological, immunohistochemically, microbiological and
toxicological analysis.

5. ADVANTAGES OF THE VIRTUAL AUTOPSY IN
ASCERTAINED OR SUSPECTED SARS-COV-2
INFECTED DEATHS

SARS-COV 2 infection provokes a severe disease which
has spread rapidly all over the world. The Italian National
Institute of Health has underlined the importance of
histopathological, microbiological, and virological analysis
on tissue and biological specimen’s analysis on deceased
people with ascertained and suspected SARS-COV-2
infection during the post-mortem analysis. The purpose of the
autopsy procedure on the COVID-19 ascertained cases is also
to contribute to understanding the pathophysiological
mechanisms of SARS-COV-2 to advance the prevention and
treatment of patients. It has to be pointed out that Italian
National Institute of Health and other health institutions
worldwide have advocated the limitation of body dissections
in ascertained and particularly in suspected SARS-COV-2
cases to limit the risk for the operators. The high number of
bodies to examine and the high risk for operators are the
reasons why there is a reduction in the rates of autopsies on
SARS-COV-2 infected subjects. Other limitations to
approach a full autopsy are the availability of adequate
mortuary rooms; the lack of proper PPE and the inadequate
training of many operators which is fundamental to reduce
the risk of direct and cross contaminations.

In many clinical settings, pulmonary CT findings are not
considered a diagnostic method for COVID-19, this
technique is currently used as a screening method, at least
until the data of viral analysis of the nose and throat swab are
available. The virtual autopsy with PMCT is already applied
in cases of subjects with an ascertained diagnosis of SARS-
COV-2 infection who died at home [45]. The authors propose
the use of these post-mortem investigation techniques in
cadavers of ascertained and suspected SARS-COV-2 infected
subjects because of:

(1) Its low invasivity (or non-invasivity at all in some
cases) that reduce significantly the risk of infection
of the operators;

(2) Its capability to extrapolate preliminary information

about potential COVID-19 lung disease, particularly
in cadavers were pre-death clinical information, and
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the complete results of the viral nose and throat
swab are not available.

Its rapidity and capability do not require particular
environmental conditions that are main differences
with the techniques normally applicable to living
patients.

Moreover, in ascertained cases of death due to COVID-19,
eventually, CT guided, post-mortem percutaneous biopsies
might improve the understanding of this lethal pathology
with an important impact on prevention and treatment and at
the same time ensuring a reduction of infection for the
operators compared with classical autopsy techniques. This
technique produces also an objective database, available for
further analysis against unrepeatable autopsy procedure. Due
to the aforementioned reasons, the authors propose this
technique as an innovative tool to reduce the risks of
operators during pandemic emergencies.

(€))

6. CONCLUSIONS

Emergency management is created to provide
methodologies and techniques to face and reduce the risks
during adverse events like epidemics. The assessment and
measurement of entity level risks is an essential step to make
correct decisions about countermeasures. The risk control,
together with the relating phase of their evaluation, is the
most defining phase of the whole process. The purpose of
emergency management actions is, therefore, to help
populations and the emergency operators to live with low
uncertainty in an environment with high safety and security.
Then, the emergency management actions need to be
organized to stand up to the innovations that are also being
introduced into the scientific world (in terms of new
technologies, methods, instruments, education and training
programs) and must detect and implement existing techniques
used for different applications to improve the emergency
response system. Therefore, from the paper it can be evinced
that the authors have approached the technological cross-
contamination mentality and proposes the application of
virtual autopsy techniques in the study of ascertained or
suspected SARS-COV-2 infected deceased patients. This
method is proposed not only as a screening technique but also
as a method of post-mortem investigation. Virtual autopsies
are able to provide considerable information on a high
number of COVID-19 infected people and with a significant
reduction of infection for the operators.
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