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Abstract

SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) is a coronavirus responsible for COVID-19 (coronavirus disease
2019) which resulted in a cluster of cases of pneumonia that originated in China around 31 December 2019 and has subsequently
spread across the globe. Currently, COVID-19 represents a health emergency worldwide, leading, in severe cases, to pneumonia,
severe acute respiratory syndrome, multiorgan dysfunction or failure, and death. In the context of limited scientific knowledge
and evidence of SARS-CoV-2 infection, guidance is becoming increasingly necessary for pathologists who have to perform
postmortem investigations on COVID-19 cases. The aim of the present report is to share a procedure applicable to cases of
COVID-19-related death, particularly in cases of death without medical intervention and in the absence of an ascertained SARS-
CoV-2 infection and/or COVID-19 diagnosis, therefore providing support for diagnostic activity in the present COVID-19
pandemic. For this purpose, a standard operating procedure for correct swab collection, autopsy investigation and tissue sampling
is provided.
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Hic est locus ubi mors gaudet succurrere vitae
“This is the place where death delights in helping life”

cases, to pneumonia, severe acute respiratory syndrome,
multiorgan dysfunction or failure, and death [1].

Measures and recommendations have been developed to
help healthcare personnel prevent the spread of the virus and
to properly manage COVID-19 cases, advising on possible
risks and preventive measures [2]. In the context of limited

Introduction

SARS-CoV-2 (severe acute respiratory syndrome coronavirus
2) is a coronavirus responsible for COVID-19 (coronavirus
disease 2019) which resulted in a cluster of cases of pneumo-
nia that originated in China around 31 December 2019 and has
subsequently spread across the globe. Currently, COVID-19
represents a health emergency worldwide, leading, in severe
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scientific knowledge and evidence of SARS-CoV-2 infection,
guidance is becoming increasingly necessary for pathologists
who have to carry out postmortem investigations on COVID-
19-related deaths [3-5].

The aim of the present report is to share a procedure for
correct swab collection and autopsy investigations, offering
technical support to professionals involved in these activities
during the SARS-CoV-2 pandemic outbreak.

In each of the phases, the described procedure is carried out
with the involvement of an operating pathologist and a sup-
port pathologist appointed to manage the samples and docu-
ment the findings.

Such an approach can be used in cases of both suspected
and probable COVID-19. The strength of this method is the
development of a standard operating procedure for sampling
and autopsy investigation in conditions of high biological risk.
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Fig. 1 Materials required for swabs collection

Postmortem sampling for SARS-CoV-2 virological
research

The safe and correct sample collection for SARS-CoV-2 re-
search by real-time PCR (RealStar® RT-PCR Altona
Diagnostic) [6] requires the following materials (Fig. 1):

» 2 synthetic fiber swabs with plastic shafts;

» 2 sterile tubes (e.g. BD Vacutainer® 5 mL volume) con-
taining 2—3 mL of viral transport medium or sterile saline;

e 2 Falcon® tubes with a volume of 50 mL;

» 1 transparent plastic bag with adhesive closure and an
absorbent pad for biohazard specimen transport;

» 1 transparent plastic bag with zip closure.

Fig. 2 Collection of
nasopharyngeal a and
oropharyngeal b swabs

Swab collection during external examination
Nasopharyngeal and oropharyngeal swabs

Before the autopsy investigation, swabs of the upper respira-
tory tract (nasopharyngeal and oropharyngeal) are collected
for virological SARS-CoV-2 research.

Collection of nasopharyngeal swabs is performed as fol-
lows (Fig. 2A):

1. insert the swab into the nostril, parallel to the palate;

2. leave the swab in place for a few seconds to absorb
secretions;

3. perform a contralateral swab in the same manner and with
the same device.

Collection of oropharyngeal swabs is performed as follows
(Fig. 2B):

1. insert the swab into the oral cavity until it reaches the
posterior pharyngeal wall (pay attention to avoiding con-
tact with the tongue);

2. leave the swab in place for a few seconds to absorb
secretions.

For safe sample preparation, after collection each of the
swabs is placed in a sterile tube containing 2-3 mL of viral
transport medium or sterile saline. The sterile tubes are then
inserted into two different Falcon® tubes, which are placed
into a plastic bag with adhesive closure and, subsequently, into
a plastic bag with zip closure. Each container is labeled to
indicate the identification number of the subject, the identifi-
cation code of the sample, the type of sample and the date of
collection.

Immediately after sampling, the swabs are sent to the lab-
oratory for subsequent processing by real-time PCR.




Fig. 3 Respiratory block (tongue-hypopharynx-larynx-trachea-bronchi-
lungs) with a detailed view of airways

Autopsy technique

In the autopsy investigation of COVID-19 cases (suspected or
probable) “en bloc” extraction (evisceration according to
Ghon) of the cervicothoracic organs is performed.

According to this technique, “en bloc” extraction of the
oral (tongue, oropharynx, hypopharynx), cervical (larynx, tra-
chea) and thoracic (tracheal bifurcation, major bronchi, lungs)
respiratory structures is performed, with final resection from
the surrounding structures (aorta, inferior vena cava and
esophagus) [7].

The basic steps for Ghon block removal are briefly de-
scribed below:

1. the block is preliminarily prepared by dissecting the neck
and chest muscles, removing the thyroid gland, opening
the thoracic cavity by removing the sternocostal plate, and
opening the pericardial sac;

2. the floor of the mouth is incised, making a “horseshoe
incision” from one mandibular corner to the other, gaining
access to the oral cavity and permitting visualization of
the base of the tongue;

Fig. 4 Collection of bilateral
lower respiratory tract swabs (a-
b)

3. the block of tongue-hypopharynx-esophagus-larynx-
trachea is isolated from the vertebral-cervical segment
by dissecting the root of the tongue and hypopharynx
and then proceeding with sectioning in the axis of the
vertebral column in a proximo-distal direction;

As an alternative to steps 2 and 3, the cervical block can be
dissected above the thyroid cartilage to avoid the risk of sharp
injury and to facilitate the maneuver for less experienced
operators.

4. cervical-thoracic evisceration is completed by dissecting
the aortic branch vessels from the thoracic outlet, cutting
in the vertebral plane until the diaphragm is reached,
overturning the block onwards and down onto the dia-
phragm, isolating the esophagus, transversally cutting
the descending aorta slightly further from its origin, and
finally cutting the inferior vena cava and the pericardial
sac along the fusion line with the diaphragm;

5. the obtained cardiovascular-respiratory block is posi-
tioned on its anterior surface: the aorta is separated from
the pulmonary trunk, the pulmonary arteries are opened
from the trunk towards the pulmonary hilum, the pulmo-
nary veins are resected near the hilum, the aortic branch
vessels are separated from the trachea and the bronchi,
and finally, the cardio-aortic block is isolated,;

6. the obtained respiratory block (tongue-hypopharynx-lar-
ynx-trachea-bronchi-lungs) is positioned on its posterior
surface: the larynx is opened along the posterior median
line, while the trachea and the principal bronchi are
opened along their posterior membranous walls (Fig. 3).




Fig. 5 Diagnostic algorithm for
postmortem sampling and
autopsy investigation in cases of
suspected or probable COVID-19

Diagnostic algorithm for postmortem sampling and

autopsy investigation in cases of
suspected or probable COVID-19
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(*) If nasopharyngeal and oropharyngeal swabs are negative, the

autopsy is performed in accordance with the protocols for sudden
death.
If nasopharyngeal and oropharyngeal swabs are positive, the
autopsy is performed by extraction “en bloc” of the cervicothoracic
organs, with standard sampling of trachea (proximal and distal),
primary bronchi, and lungs (one sample for each lobe and a sample
of the hilar region bilaterally).

Swab collection during autopsy investigation Collection of the lung swabs is performed as follows:

Lung swabs

1. insert the swab into the branches of the main bronchus
(Fig. 4A);

Intra-autopsy swab collection for virological SARS-CoV-2 2. leave the swab in place for a few seconds to absorb
research is performed after the removal and opening of the secretions;
respiratory block from the lower respiratory tract (primary 3. perform a contralateral swab in the same manner but with

bronchi).

a different device (Fig. 4B).



For safe sample preparation for transport and processing,
the procedure is the same as that mentioned above for the
nasopharyngeal and oropharyngeal swabs.

Tissue sampling for histology
and immunohistochemistry

Standard samples collected for histopathological investigation
of COVID-19 cases include the following:

» Respiratory system: trachea (proximal and distal); right
and left primary bronchi; hilar lung with segmental bron-
chi (bilaterally); representative pulmonary parenchyma
from the right and left lungs (one sample for each lobe);

+ Additional samples: brain, heart, liver, spleen, kidney, gas-
trointestinal tract and any other tissue with macroscopical-
ly evident pathological involvement.

Discussion

The present procedure was designed according to a step-by-
step diagnostic approach (Fig. 5). In particular, postmortem
sampling for SARS-CoV-2 virological research by real-time
PCR is always carried out in cases of a decedent with
suspected or probable COVID-19 in two steps:

1. During external examination, nasopharyngeal and oro-
pharyngeal swabs are collected to assess and label the
cases as SARS-CoV-2 positive or negative (SARS-CoV-
2 detected or not detected).

2. During autopsy, as an adjunct, swab collection from the
primary bronchi is performed in the following cases:

* positive pre-autopsy nasopharyngeal/oropharyngeal swab
(SARS-CoV-2 detected) with or without significant autop-
sy pulmonary findings, suggestive of lung disease (confir-
mation test);

* negative pre-autopsy nasopharyngeal/oropharyngeal swab
(SARS-CoV-2 not detected) with significant autopsy pul-
monary findings, suggestive of lung disease (exclusion
test).

For this purpose, a complete autopsy with extraction of the
Ghon respiratory block is therefore of considerable impor-
tance, as it allows preservation of the anatomical integrity of
the upper and lower airways and correct sampling of the pri-
mary bronchi for virological confirmation/exclusion.

The correct visualization of the whole respiratory tract, as
well as the description and evaluation of its macroscopic char-
acteristics (caliber, width, intraluminal content), are also

facilitated. Furthermore, the advantages of the described tech-
nique include the possibility of proceeding with complete and
accurate sampling, which is useful for a definitive pathologi-
cal diagnosis through histological and immunohistochemical
investigations [8—11].

In conclusion, the present procedure is applicable in cases
of COVID-19-related death, particularly in cases of death
without medical intervention and in the absence of an
ascertained SARS-CoV-2 infection and/or COVID-19 diag-
nosis, therefore providing support and an approach for the
diagnostic activity in the present COVID-19 pandemic.
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