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Abstract

With the continuous spreading of SARS-CoV-2 and increasing number of deaths worldwide, the need and appropriateness for
autopsy in patients with COVID-19 became a matter of discussion. In fact, in the COVID-19 era protection of healthcare workers
is a priority besides patient management. No evidence is currently available about the real risk related to the procedure as well as
to the subsequent management of the samples. We herein describe the procedure that has been used to perform the first series of
postmortem examinations in the COVID center of the Padua University Hospital, Padua, Italy, after the implementation of an ad
hoc operating procedure, to minimize the risk of infection for pathologists and technicians. Provided that the procedure is
performed in an adequate environment respecting strict biosafety rules, our data indicate that complete postmortem examination
appears to be safe and will be highly informative providing useful insights into the complex disease pathogenesis.
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Introduction

In early January 2020 in the city of Wuhan, the capital of
Hubei (China), following an outbreak of pneumonia of
unknown cause, a novel subtype of coronavirus (CoV)
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was identified [1-5]. The novel Cov, originally called
2019-nCOV, has then been named Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). In
February 2020, the World Health Organization (WHO)
introduced the label coronavirus disease 2019 (COVID-
19). The virus from China rapidly spread over the world
generating a global pandemic (https://www.who.int/
publications-detail/global-surveillance-for-human-
infection-with-novel-coronavirus-(2019-ncov)). The
Advisory Committee on Dangerous Pathogens (ACDP)
in UK had classified SARS-CoV-2 as group 3 of Hazard
Group Definitions (HGD) (https://www.hsa.ie/eng/topics/
biological agents/biological agents introduction/
classification of biological agents/interim statement
covid 19 virus.pdf), namely, a pathogen that may lead to
severe human disease and can represent a significant risk
to employees, can spread to other humans, and
prophylaxis and/or treatment are generally accessible.

The WHO, the Center for Disease Control (CDC), the
Scientific Societies, the National Ministries of Health, the
Regional Health Systems, and the Chief Medical officers not
only provided guidance on patient management in different
settings but also focused the attention on the protection of
healthcare workers with a large number of documents and
dedicated operating procedures.
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With the continuous spreading of SARS-CoV-2, the num-
ber of deaths increased worldwide. Thus, the need and appro-
priateness for autopsy in patients with COVID-19, with the
inherent risk-benefit ratio, became a matter of discussion.

Hazard Group Definition is a key parameter in identifying the
potential risk also for the health of mortuary staff and pathologist/
forensic physicians. The limited knowledge regarding the path-
ological findings of this novel disease represents the main ratio-
nale to justify postmortem examination. Nonetheless, in the ab-
sence of sound evidences regarding the degree of infectivity of
cadavers, the Italian Ministry of Health has raised concerns re-
garding the safety of this procedure as to indicate that if a death is
believed to be due to confirmed COVID-19, there is any need for
a postmortem examination [6].

Human-to-human transmission of SARS-CoV-2 occurs by
close contact, in particular through respiratory droplets. This
modality of transmission does not apply to a postmortem pro-
cedure. However, albeit less frequently, it is postulated that
transmission may occur via the contamination of inanimate
surfaces from activated virus. Even if there exists not much
evidence when dealing with COVID-19, studies on related
viruses such as MERS and SARS demonstrated persistence
until 9 days on metallic, glassy, or plastic surfaces [7].
Nonetheless, complete inactivation could be achieved by dis-
infection with 62—71% ethanol, 0.5% hydrogen peroxide, and
0.1% sodium hypochlorite [7]. Application of UV radiation
for 60 min also seems to result in complete inactivation of
viral infectivity [8].

It is currently accepted that formalin fixation at room temper-
ature inactivates SARS-CoV-2 within 24 h [9]. Moreover, the
process of paraffin embedding that occur at high temperature
(60—65 °C) seems to contribute to virus inactivation [10].
Regarding postmortem examinations of patients died of
COVID-19 infection, no evidence is currently available about
the real risk related to the procedure as well as to the subsequent
management of the samples [10—12]. At the time of this writing
and revising (mid of May 2020), we are aware of few published
European report of complete autopsies on decedents affected
with COVID-19 in the English literature [13, 14].

We herein describe the procedure that has been used to
perform the first series of postmortem examinations in the
COVID center of the Padua University Hospital, Padua,
Italy, after the implementation of an ad hoc operating proce-
dure in the hospital, to minimize the risk of infection for pa-
thologists and technicians.

Materials and methods
Autopsy workflow Postmortem examination of COVID-19
cases was performed in the autopsy suite of the two

Pathology Units of the Padua University Hospital,
Padua, Italy.
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In keeping with Center for Disease Control (CDC) indications
(https://www.cdc.gov/coronavirus/2019-ncov/hep/guidance-
postmortem-specimens.html), Ministry of Health [6], National
Society for Pathological Anatomy (SIAPEC, https:/www.
siapec.it/public/uploads/archiviodocumenti/PRD%20COVID-
19-9%20rev001%20010420.pdf), and Padua University
Hospital internal Operative Procedure, postmortems were
performed in an autopsy suite, the ventilation system of which
could provide 6 complete air changes’h (ACH) in a pressure-
negative environment, with air exhausted through HEPA filters
[Biosafety Level 3 (BSL3)].

The autopsy suite is isolated and linked to the clean area by
a “filter” room aimed to avoid any chance of transferring
potentially contaminated material. Automated doors in be-
tween clean areas, isolation room, and autopsy suite are kept
closed during postmortem procedure and immediately after
entry and egress. Good ventilation is guaranteed in the autop-
sy table and dissection bench.

All necessary but essential equipment to hand was already in
the autopsy suite to avoid the need to find missing items and to
leave and re-enter the workplace. Containers for all organ and
tissue sampling with formalin and other fixative were also pre-
pared in advance and available in the autopsy suite (Fig. 1). An
oscillator saw with suction extraction of the bone aerosol into a
removable chamber was used for sawing the skull (Fig. 2). All
other universal precautions in autopsy dissection practice were
used. A checklist for all the steps and a video camera to record
external and internal examination were also available.

Bodies enter the autopsy suite contained in a double
impermeable body bag. The body is then transferred to
the cutting table within the inner bag. All procedures
were performed within the inner bag. At the end of
the procedure, the inner bag is closed and transferred
to the outer bag. Before leaving the autopsy suite, the
outer bag is wiped with 0.5% sodium hypochlorite/
disinfectant.

Morgue workers performing autopsies on the bodies
of people who are known to have COVID-19 at the
time of their death are listed in the very high exposure
risk category. As such, according to national and inter-
national recommendations, to minimize the risk of in-
fection, a specific training of the involved professionals
was carried out, aimed to sensitize to the best use of the
specific personal protective equipment (PPE) (Fig. 3).
The use of PPE was organized as follows:

1. Following accurate washing of hands, operators wear a
first pair of surgical gloves, shoe covers, and head cover

2. Operators wear a Tyvek chemical protection coverall
(Cat. IIT) and leg covers

3. Operators wear a second pair of surgical gloves before
wearing a filtering face piece 3 (FFP3) protective face
mask and protective plastic goggles
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Fig. 1 Containers for whole organs and tissue sampling with formalin
and other fixative available in the autopsy suite for a COVID-19
postmortem examination. a Distinct test tubes filled with Karnovsky’s
fixative and RNA later (recognizable based on shape or cap’s color, for
kidney, heart, lungs, liver, skeletal muscle, brain): two fragments 0.5 cm

4. The Tyvek chemical protection coverall is closed.
Eventually, an impermeable apron, a third pair of surgical
gloves, and a fourth pair of nitrile gloves are worn

In consideration of the potential risk, we limited the num-
ber of personnel working in the autopsy suite to three people,
i.e., the pathologist working in the body, the clean pathologist
acting as “circulator,” and the technician. The team
performing postmortem examinations consisted of three alter-
nating expert pathologists (CB, FC, ADT) and two dedicated
specifically trained technicians. Pathology trainees were not
involved. To minimize the risk of incidental cutting, one sin-
gle operator was allowed to work in the body cavity at any
given time. A full organ autopsy examination was performed
including appropriate sampling, storage, and preservation for
different types of analysis.

The organs and tissue harvested (listed in Table 1) for his-
topathologic examination as a whole or fragments were all

Fig. 2 Essential instruments available in the autopsy suite for a COVID-
19 postmortem examination

in size were placed in Karnovsky solution, whereas 1 fragment 1 cm in
size was placed in RNAlater. b Endobronchial swab and saline phosphate
buffer tube for lung tissue molecular and cultural analysis. ¢ Five jars
filled with 10% formalin (lungs, liver-spleen-kidney, heart, brain and
multiorgan sampling), were used for the specific tissue samples

fixed in 10% formalin solution with a final formaldehyde
concentration of 4%. Paraformaldehyde-glutaraldehyde solu-
tion (Karnovsky’s fixative) was used for electron microscopic
analysis and RNA stabilization solution (RNA later) for mo-
lecular analysis. Distinct test tubes filled with Karnovsky’s
fixative and RNA later (recognizable based on shape or cap’s
color) were used for the specific organ/tissue samples (Fig. 1).
This allowed performing the first disinfection of each tubes
without jeopardizing correct sample identification. One
endobronchial swab and fragments of lung tissue placed in
saline phosphate buffer were systematically sent the
Microbiology and Virology Unit, Padua University Hospital,
Padua, Italy, for molecular and cultural analysis. Lungs, heart,
liver, kidney, spleen, and brain where removed and placed in
formalin within rigid plastic containers. All procedures were
recorded on digital devices.

Fig. 3 Personal protective equipment (PPE) used for a COVID-19
postmortem examination. Head cover, shoes cover, leg cover, Tyvek
chemical protection coverall (Cat. III), impermeable gown, plastic
protective goggles, 3 pairs of surgical sterile gloves, 1 pair of powder-
free nitrile gloves, FFP3 protective face mask

@ Springer



Virchows Arch

Table 1  List of tissues and organs harvested; checklist in the autopsy

suite

Organs and Harvesting ~ Harvesting Additional samples

tissues for histology, for histology, (R =RNALater;
whole organ 1 sample K =Karnowski;

C = Culture)

Brain + 2 R+K)

Heart + 2 (R+K)

Lungs + 3(R+K+C)

Liver + 2 R+K)

Kidney + 2 R+K)

Spleen +

Trachea - 1

Adrenal - 1

Esophagus - 1

Stomach - 1

Small bowel - 1

Large bowel - 1

Bone marrow  — 1

Skin - 1

Aorta - 1

Lymphnode  — 1

Skeletal muscle — 1 2 (R+K)

In case of macroscopic gross findings or clinical history suggestive for
other organs involvement, additional sampling is carried out

After completion of postmortem examination, all the test
tubes as well as all containers are disinfected using an alcohol-
based solution by the technician and then placed in larger
containers. Then, the nitrile gloves, the first pair of surgical
gloves, and the impermeable apron are removed inside the
autopsy suite and placed in an appropriate waste receptacle.
Operators then enter the filter room and, following disinfec-
tion with alcohol-based solution of gloved hands, remove the
Tyvek chemical protection coverall, leg covers, plastic gog-
gles, and the second pair of surgical gloves. Plastic goggles are
placed in alcohol-based disinfection solution. All non-
reusable PPEs are placed in an appropriate waste receptacle.
Following disinfection of gloved hands, operators enter the
clean area. In the clean area, shoe covers are removed.
Operators disinfect again gloved hands and then remove hat
cover and the FFP3 protective. The last pair of gloves is then
removed, and hands washed with soap and water for a mini-
mum of 20 s.

At the end of the procedure, the autopsy suite and the filter
room undergo an extensive process of disinfection. At the end
of disinfection, all containers are placed in plastic bags and
transferred outside the autopsy suite.

All operators have been periodically tested for COVID-19
through molecular analysis of viral RNA of nasopharyngeal
swabs.

@ Springer

Processing of tissue samples After 24 h of fixation in buffered
formalin, digital pictures were taken to record the gross fea-
tures of main organs and further sectioning was performed to
allow better fixation. After 72 h, the organs were weighted and
after sectioning and sampling, all specimens were then proc-
essed according to standard histologic processing procedure in
a dedicated tissue processor. Our protocol included a total
number of 17 samples (three samples per lobe + one at the
hilum) for the lungs, 21 samples (18 samples covering two
circumferential cross sections of the heart plus 3 coronary
artery segments) for the heart, two samples of the liver, four
samples of the kidneys (two per two), one-two samples of the
spleen, four samples of the brain, besides other single organ/
tissue sampling as detailed in Table 1. Other regions of spe-
cific interest were sampled, if applicable.

The workflow of tissue processing for histology, immuno-
histochemistry, electron microscopy, and molecular analysis
is reported in details in Fig. 4.

Results

In the time interval February—April 2020, 59 patients died of
COVID-19 infection at the University Hospital, Padua, Italy.
A total of 22 postmortem examinations (7 female patients, age
range 61-96, mean 80.6 + 8.4 years) were carried out for an
autopsy rate of 39%.

Time from death to postmortem examination was ranging
from 1 to 6 days (median 3 days). Endobronchial swabs were
positive for SARS-CoV-2 by RT-PCR in all cases independently
from timing of postmortem examinations. Viral cultures demon-
strated vital virus in lung samples obtained in the patient who had
postmortem examination 6 days after death.

Quality of histopathological and ultrastructural specimen
was optimal despite relatively long time between death and
postmortem examination. The relatively longer time of forma-
lin fixation did not affect the quality of histology and
immunostainings of paraffin-embedded tissue.

None of the operators either in the autopsy suite or in the
histopathology lab developed symptoms related to COVID-
19 at a median interval of 16 days from postmortem examination,
and all nasopharyngeal swabs proved to be repeatedly negative.

Discussion

Postmortem examination has played a key role in the devel-
opment of modern medicine based on epicritic evaluation of
diseased organs and clinic-pathologic correlations. From the
historic standpoint, the University of Padua in the eighteenth
century has represented the epicenter of this cultural revolu-
tion [15, 16]. Since then, despite the evolution of imaging
techniques, postmortem examination has kept a key role in



Virchows Arch

WORKFLOW COVID-19 POSTMORTEM EXAMINATION

0 24 h 72 h 3-6 days 7-10 days
Postmortem Sectioning of organs Sampling of Preparation of the Preparation of
examination bya team || taken in whole orin the organs histological sections ultrathin sections
of up to three people part fixed in stained in
(2 pathologistsand 1 formalin Hematoxylin & Eosin || Preparation of
technician) Sampling for IHC histochemicaland

Snap-freeze processing
of the samplein

Cutting of the
samples embedded
in EPON and acrylic

IHC reactions
required for the
histological sections

RNAlater after 24 h at
4°C

Embeddingin EPON
and acrylic resins (LR
white) of samples fixed
in Karnowsky solution

Fig. 4 Flowchart for tissue processing in COVID-19 postmortem
examination. After 24 h, samples, placed in RNAlater and kept at 4 °C,
are snap frozen and stored at — 80 °C in a dedicated freezer. Samples fixed
in Karnovsky fixative solution were embedded in both EPON and acrylic
resins (LR white). After 3—6 days, tissue blocks were cut 4 um thick and
stained with hematoxylin and eosin for microscopic examination.

several fields of human disease, particularly in the areas of
cardiovascular diseases and infectious disease, allowing for
instance significant progresses in the elucidation of pathoge-
netic mechanisms underlying sudden death [17], prion disease
[18], Alzheimer disease [19], perinatal mortality [20], and
sudden infant death syndrome [21]. The opportunity of
performing postmortem examination of patients deceased for
COVID-19 virus infection has raised significant concerns mo-
tivated by the potential risk of infectivity, to the extent that the
Italian Ministry of Health has issued a recommendation that in
principle tends to discourage from performing autopsies [6].
Our institution represents one of the main Italian centers in-
volved with the treatment of COVID-19 patients with 460
patients hospitalized, 88 of which are in intensive care unit.
A total number of 59 patients died of COVID-19 infection in
our institution between February and April 2020. Despite the
evidences generated by the Chinese epidemics [2, 3], several
aspects of COVID-19 disease are still unclear. Among them,
the real extent of the involvement of organs other than lungs,
the mechanism generating lung injury [onset of acute respira-
tory distress syndrome (ARDS) seems not to occur in all pa-
tients], the actual role of mechanic ventilation in the evolution
of disease, the effect of the state of hypercoagulability, and the
real impact of comorbidities and multiorgan injury in COVID-
19 [22]. Furthermore, autopsy is the only chance to provide
tissues from many diseases and from many organs and tissues
in the same patient.

As it has been already demonstrated in the past with HIV,
SARS, and influenza pandemic, autopsy has the potential to

resins (LR white) for
the preparation of
semi-thin sections
stained in toluidine
blue

Semithin sections from EPON/acrylic resin embedded samples were
stained with toluidine blue stain. After 7-10 days, ultrathin sections
were prepared for ultrastructural examination. If necessary,
histochemical and immunohistochemical stains were requested at this
time. Blocks and slides are stored in our storeroom indefinitely

provide unique data for research and therapy, besides surveil-
lance of public health [23-27].

We agree that there exists limited experience in regard of the
real risk related to manipulation of COVID-19 biological speci-
mens not generating aerosols. Recent data have shown that low or
no level of viral RNA were detectable in stools (29%), blood (1%),
and urine (0%) samples; however, the sensitivity of analytic pro-
cedure may represent a potential bias [28]. In consideration of the
potential relevance of data generated by analysis of material ob-
tained from postmortem examination, adopting the stricter safety
procedures, we performed 22 complete autopsies. Moreover,
knowing that when dealing with a novel, previously unknown
pathogen, guidelines tend to be rather fluid, we aimed to achieve
on-field validation of the procedure developed interally (however
largely based on indications from CDC), in terms of feasibility and
biosafety. We were fully aware of the concerns related to the use of
the oscillator saw rather than a handsaw for removal of the brain
because of the potential generation of infectious aerosol and dust
formation. However, we utilized a suction device that allowed the
extraction of the potentially contaminated material into a remov-
able, disposable chamber that was disposed into appropriate waste
receptacle. The oscillator saw and the suction device and the de-
vice were carefully sanitized following each procedure. Our data,
demonstrating no contaminations among the operators involved
with the postmortem examination as well as with tissue process-
ing, indicates that adherence to the biosafety rules suggested by
CDC appear adequate to ensure that a complete autopsy is per-
formed without exposure to significant risk. This represents a
valuable information as published evidence is confined to few
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cases, most often with very limited sampling [11-14, 29]. It might
be argued the absence of contamination is actually related to viral
inactivation in deceased patients. However, we not only proved
the persistence of viral RNA in endobronchial swabs but we could
also demonstrate virus vitality in viral cultures of the lung in a
postmortem performed 6 days after death.

In conclusion, while a few and mostly minimally invasive
autopsy studies have been published so far in COVID-19 pa-
tients, the full autopsy is the only chance to observe the sys-
temic changes and take optimal samples to identify the cause
of death. Provided that the procedure is performed in an ade-
quate environment (BSL3 autopsy suite associated with avail-
ability of adequate PPE) respecting strict biosafety rules, our
data indicate that complete postmortem examination appears
to be safe and will be highly informative providing useful
insights into the complex disease pathogenesis.

As a consequence, the indication to discourage from
performing autopsies in COVID-19 deceased patients is not
scientifically justified and may prevent from collecting rele-
vant information both in terms of research and, even more
importantly, of public health.
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