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Abstract

Information obtained from autopsies of patients infected
with high-risk pathogens is an important pillar in managing
a proper response to pandemics, particular in the early
phase. This is due to the fact that autopsy allows efficient
evaluation of comorbidities for risk assessment, as well as
identification of key pathophysiological and molecular
mechanisms in organs driving the severity of disease which
might be important targets for therapeutic interventions. In
the case of patients who have died of infection with un-
known pathogens, isolation and culture of pathogens from
the affected organs is another important opportunity for a
proper response to (re)emerging infectious diseases. How-
ever, the situation of COVID-19 demonstrated that there
were concerns about performing autopsies because of bio-
safety risks. In this review we compare requirements for bio-
safety level 3 (BSL-3) laboratories from the European Com-
mission and the World Health Organization and summarize
specific recommendations for postmortem analysis of COV-

ID-19-deceased patients from the Centers for Disease Con-
trol and Prevention. Furthermore, we describe in detail a
BSL-3 facility with enhanced protection of personnel and an
environment that has been designed for performing autop-
sies, biobanking of collected tissue specimens, and culture
of pathogens in cases of high-risk pathogen infections and
report on the experience obtained in operating this facility
in the context of COVID-19. ©2020 S. Karger AG, Basel

Introduction

Increasing population densities, increased mobility,
and changing habitats of humans and animals, as well
as climate change, are major drivers of the appearance
of new or reemerging pathogens and pandemics [1, 2],
which may cause major threats to global socioeconom-
ic systems. Autopsy plays an important and generally
underestimated role in disease surveillance and a prop-
er response to pandemics. Firstly, autopsies are one of
the most reliable methods for identifying the cause of
death, including evaluation of the functional role of co-
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morbidities, which is important for risk assessment of
infectious diseases [3]. For instance, there was major
variation in the estimated reported case fatality rate of
the swine origin influenza A (H1N1) pandemic, which
made risk assessment difficult [4]. This overestimation,
especially of the number of people who died in the ear-
ly phase of the pandemic, was most probably due to the
relatively advanced age of patients with a fatal course
and the lack of knowledge of comorbidities [5]. Also
with COVID-19 there is a large variation in case fatality
rates reported in different countries, which has resulted
in major discussions regarding the appropriateness of
measures taken to reduce spread of the disease and save
capacities in hospitals [6, 7]. A second very important
role of autopsies in pandemics is to obtain insight into
the pathogen-host interaction and the pathophysiology
of organ damage. This is only possible via comprehen-
sive pathological and molecular analyses of affected or-
gan samples that have been properly collected and bio-
banked during autopsy [8, 9]. Thirdly, autopsy may help
to identify and quantify pathogens by immunohisto-
chemical and molecular testing, and it allows isolation
of pathogens from organ samples centrally involved in
the disease [3, 10]. However, there was reluctance to
perform autopsies during the early phase of the COV-
ID-19 pandemic and some authorities, such as the Ital-
ian Ministry of Health, declared that, for the entire pe-
riod of the emergency phase, autopsies or postmortem
diagnostic studies should not be performed in full-
blown cases of COVID-19 [11]. This restriction, how-
ever, did not apply to autopsies for research purposes.
Also the Robert Koch Institute (Germany) advised not
performing autopsies because of biosafety concerns [12,
13], which was later revised after intervention by pa-
thologists from Germany.

Biosafety

Biosafety measures must be applied for all autopsies
even if the autopsy is performed for another disease such
as cancer or degenerative disorders, since some infectious
diseases are not diagnosed before death or, for example,
there might be an infectious pathology such as tubercu-
losis mimicking a tumor on radiology. So all autopsies
need the application of appropriate biosafety measures in
order to protect healthcare workers and the environment.
Generally, biosafety measures depend on the risk group
of the pathogen, the infection route (e.g., aerosol, drop-
lets, or blood), the pathogen concentration in organs and
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body fluids, the stability of the pathogen in corpses and
the environment, and the risk of exposure and injury by
performing autopsies. In the event that the pathogens are
unknown or the risk group has not yet been defined, the
best possible protection of personnel and the environ-
ment should be achieved. The biosafety requirements are
typically higher for autopsies than for laboratory testing,
because of the higher risk of handling infectious material
in the context of autopsies (i.e., risk of contamination of
personal protective equipment [PPE], generation of
droplets and aerosols, risk of injury by using sharp tools,
etc.) compared to laboratory testing wherein critical anal-
ysis steps are performed in biosafety cabinets. Detailed
guidance for laboratory testing of COVID-19-derived
samples is provided by the World Health Organization
(WHO) [14]. Autopsies are important particularly in the
early phases of pandemics in order to support actions that
are based on scientific evidence. This requirement goes
hand in hand with the fact that in the early phases of pan-
demics many of the parameters required for risk assess-
ment are not yet sufficiently investigated and defined.
Therefore, a higher protection level for personnel and the
environment might be required than in later phases of an
outbreak.

SARS-CoV-2 has been classified as a risk group 3 (RG-
3) pathogen by the European Commission and several
other organizations [15]. However, several groups in the
Employment and Social Affairs Committee of the Euro-
pean Parliament only agreed to classify the virus that
causes COVID-19 as an RG-3 biological agent after add-
ing more safeguards to protect all workers [16]. This dis-
cussion mirrored the fact that mandatory requirements
for biosafety level 3 (BSL-3) do not include further speci-
fied PPE requirements. BSL-3 requirements are defined
at different levels, such as guidelines published by the
WHO [17] or the European Commission [18], and are
implemented in national legislation. General require-
ments include restricted access to the facilities, closed
rooms with negative air pressure, wearing of PPE, and
appropriate decontamination and waste inactivation (for
comparison of the European Commission Directive and
the WHO guideline, see Table 1). These requirements are
defined for RG-3 pathogens in general and the further
specification has to be based on risk assessment for spe-
cific cases.

Concerning autopsies of SARS-CoV-2 infected pa-
tients, the Centers for Disease Control and Prevention
(CDC) has published a guidance document that specifi-
cally addresses biosafety requirements for collection and
handling of postmortem specimens [19].
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Table 1. Comparison of requirements for BSL-3 laboratories as specified in the EU Directive and the WHO Biosafety Manual

Commission Directive (EU) 2019/1833 of October 24, 2019

WHO Laboratory Biosafety Manual (3rd edition, 2004)

Annex V (indications concerning containment measures)

The workplace is to be separated from any other activities in the
same building (recommended?).

The laboratory must be separated from the areas that are open to unrestricted
traffic flow within the building.

Not defined®

Anteroom doors may be self-closing and interlocking so that only one door is
open at a time. A break-through panel may be provided for emergency exit use.

The workplace is to be sealable to permit fumigation
(recommended®).

Yes?

Not defined®

Windows must be closed, sealed, and break resistant.

Not defined®

A hand-washing station with hands-free controls should be provided near each
exit door.

Infected material including any animal is to be handled in a safety
cabinet or isolation or using another suitable containment (if
infection is by the airborne route).

Open manipulations of all potentially infectious material must be conducted
within a biological safety cabinet or other primary containment device.

Extract air to the workplace is to be filtered using HEPA or the like.

When exhaust air from the laboratory (other than from biological safety cabinets)
is discharged to the outside of the building, it must be dispersed away from
occupied buildings and air intakes. Depending on the agents in use, this air may
be discharged through HEPA filters.

The workplace is to be maintained at an air pressure negative to the
atmosphere (recommended®).

There must be a controlled ventilation system that maintains a directional airflow
into the laboratory room. A visual monitoring device with or without alarm(s)
should be installed so that staff can at all times ensure that proper directional
airflow into the laboratory room is maintained.

Surfaces impervious to water and easy to clean Yes®
Surfaces resistant to acids, alkalis, solvents, and disinfectants Not defined®
Access is to be restricted to nominated workers only. Not defined”
Efficient vector control, e.g., rodents and insects Not defined”
Specified disinfection procedures Not defined"
Safe storage of a biological agent Not defined”
Personnel should shower before leaving the contained area Not defined”
(recommended®).

Validated inactivation process for the safe disposal of animal Not defined®
carcasses, on or off site

A laboratory is to contain its own equipment (recommended®). Not defined®
An observation window, or an alternative, is to be present so that Not defined®

occupants can be seen (recommended®).

Not defined” An autoclave for decontamination of contaminated waste material should be
available in the containment laboratory.

Not defined® Backflow precaution devices must be fitted to the water supply.

Not defined® Medical examination of all laboratory personnel who work in containment

laboratories (BSL-3) is mandatory.

2 Same requirements. ® This requirement is not mentioned in the respective document. ¢ The measures should, in principle, be applied unless the results
of the assessment referred to in (EU) 2019/1833 article 3(2) indicate otherwise.

Biosafety for COVID-19 Autopsy

Pathobiology 3
DOI: 10.1159/000513438



The guidance specifies several issues as follows (short-
ened examples; for the full text, see the website of the
CDC [16]):

General procedures:

— Aerosol-generating procedures such as the use of an
oscillating bone saw should be avoided or attached to
a vacuum shroud.

— Allow only one person to cut at a given time.

— Limit the number of personnel working in the autopsy
suite.

— Use a biosafety cabinet for the handling and examina-
tion of smaller specimens.

— Use caution when handling needles or other sharps.

— A logbook for all workers participating in the post-
mortem and cleaning of the autopsy suite should be
kept.

Facility requirements:

— Negative pressure to surrounding areas

— A minimum of 6 air changes per hour (ACH) for exist-
ing structures and 12 ACH for renovated or new struc-
tures

— Air exhausted directly outside or through a high-effi-
ciency particulate aerosol (HEPA) filter.

PPE requirements:

— Double surgical gloves interposed with a layer of cut-
proof synthetic mesh glove

— Fluid-resistant or impermeable isolation gown

— Waterproof apron

— Goggles or face shield

— N-95 or higher respirator

— Powered, air-purifying respirators with HEPA filters
may provide increased worker comfort during extend-
ed autopsy procedures

— When respirators are necessary to protect workers,
employers must implement a comprehensive respira-
tory protection program

— Surgical scrubs, shoe covers, and surgical cap should
be used per routine protocols.

Doffing of PPE:

— Doff (take off) PPE carefully to avoid contaminating
yourself and before leaving the autopsy suite or adja-
cent anteroom.

— After removing the PPE, discard the PPE into the ap-
propriate laundry or waste receptacle. Reusable PPE
(e.g., goggles; face shields; and powered, air-purifying
respirators) must be cleaned and disinfected according
to the manufacturer’s recommendations before reuse.

— Immediately after doffing PPE, wash hands with soap
and water for 20 s. An alcohol-based hand sanitizer
that contains 60-95% alcohol may be used. Ensure that
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hand hygiene facilities are readily available at the point

of use (e.g., at or adjacent to the PPE doffing area).

Furthermore, guidelines on autopsies of COVID-
19-deceased patients have been published by various
medical societies, and several institutions have described
their in-house procedures [8, 20-28] [for review and
comparison of reccommendations and guidelines, see 29].

Example for the Design and Operation of a BSL-3
Facility with Enhanced Protection of Personnel and
the Environment for Performing Autopsies

Here we describe the BSL-3 facility at the Medical Uni-
versity of Graz that has been designed specifically for per-
forming autopsies involving highly pathogenic agents or
unknown pathogens, handling frozen sections to facili-
tate a fast diagnosis, processing of infectious samples for
diagnostics, collection of samples for biobanking, and
isolation and culture of pathogens (Fig. 1). We built on
experience accumulated during participation in EU-
funded research programs aimed at the design and con-
struction of a European research infrastructure for high-
ly pathogenic agents (ERINHA; https://www.erinha.eu/),
which included several of the European BSL-4 laborato-
ries. Therefore, several biosafety features mandatory for
BSL-4 laboratories were implemented in order to obtain
a higher level of protection of health care workers, re-
searchers, and the environment. The rationale for imple-
menting higher biosafety features was to minimize the
risk for personnel performing autopsies of patients who
died from unknown pathogens or pathogens for which a
risk classification has not yet been performed. This was
achieved by a negative pressure system, restricted access
via airlock, the use of liquid-impermeable full body suit
PPE including powered air-purifying respirators, and op-
timized decontamination procedures comprising a chem-
ical shower to decontaminate personnel and sealed body
bags after autopsy. Furthermore, the biosafety concept
was complemented by measures to prevent unauthorized
access to and theft of biobanked pathogens or pathogen-
containing samples.

A specific challenge to be addressed in the design was
the limited available space and that there were no floors
above or below the laboratory for supply and disposal or
technical rooms, as is typically the case in high-security
laboratories. The BSL-3 pathology laboratory has a work
area of 68 m?, and areas for the lock, sanitary, and techni-
cal areas account for approximately 24 m?. The labora-
tory has a 2-stage negative pressure system (2x -30 Pa for
the airlock and laboratory, respectively) with HEPA fil-
ters (HEPA H14) and it has 8 ACH.
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Fig. 1. Interior view of the BSL-3 autopsy and laboratory area. a Room 1 with an autopsy table, a chemical hood,
a class II cabinet, and cryo cut. b Room 2 with laboratory equipment for cell and virus culture.

Fig. 2. a Lock area with a personnel entrance, a chemical shower, a material lock, and a pass-through autoclave
(left to right). b Chemical shower (fumigation step).

Room decontamination is performed with hydrogen
peroxide which is produced by a gas generator outside
the containment and then distributed in the laboratory
area. Furthermore, UV radiation is available for daily
decontamination and wipe disinfection (e.g., for pri-
ons). Another special feature of the laboratory is the
chemical shower for personnel and corpses, which has
been newly designed for these applications and offers

Biosafety for COVID-19 Autopsy

the opportunity for different decontamination process-
es to be developed, tested, and used (Fig. 2). For decon-
tamination, peracetic acid or chlorine dioxide is used for
the chemical shower and chlorine dioxide is used for the
material lock.

The use of water in the laboratory has been reduced to
aminimum and water is heat inactivated within the labo-
ratory. For autopsies, water supply and removal of waste
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water are provided locally at the autopsy table by peristal-
tic pumps. Waste water is collected in plastic containers
for inactivation by autoclaving. Waste water pipes in the
floor were avoided to facilitate decontamination. Our
practical experience showed that the use of water can be
avoided during most autopsies, and small amounts of as-
cites or pleural fluid can be easily removed using cellulose
paper towels, which are collected in single-use and sealed
waste containers. For biobanking of tissue samples, two
-80°C freezers (one freezer serves as backup) are avail-
able. The use of liquid nitrogen is avoided in the labora-
tory because of safety and maintenance issues.
Depending on the requirements, 3 different types of
PPE are foreseen (Fig. 3). The single-use “PPE light” con-
sists of surgical scrubs and 2 layers of disposable material
(overalls, inner gloves, inner shoe covers, an FFP3 mask,
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Fig. 3. Three different types of PPE. a PPE light. b PPE-heavy variant 1. ¢ PPE-heavy variant 2.

glasses, a liquid-impermeable apron with sleeves, outer
gloves, outer shoe covers and a face shield for postmor-
tems). PPE light is used for autopsies involving RG-3
pathogens such as SARS-CoV-2 or multiresistant tuber-
culosis, and when decontamination by chemical shower
is not feasible (e.g. in the case of Creutzfeldt-Jakob dis-
ease, requiring wiping decontamination with sodium hy-
droxide solution). After work with PPE light, both dis-
posable layers are deposited according to a detailed doff-
ing protocol in containers for autoclave waste. The
outermost potentially contaminated PPE layer (outer
shoe cover, liquid-impermeable apron, and outer gloves)
is deposited in the laboratory in the doffing area next to
the personnel lock and the inner layer (overall, inner shoe
cover, face shield, FFP3 mask, and inner gloves) in the
first negative pressure level of the airlock. The changing
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area with the personal shower can then only be entered
with the surgical scrubs.

“PPE heavy” comprises 2 variants and is applied in cas-
es of pathogens with unknown risk or when propagating
SARS-CoV-2 (e.g., culture of virus isolates, and infection
experiments with high-titer virus preparations for testing
of antiviral compounds or neutralizing antibodies). PPE
heavy includes a pathogen- and liquid-impermeable cov-
erall and reusable blower filters for the head or whole-
body ventilation. Variant 1 consists of a Tychem® protec-
tive suit (Tychem® 2000 C, category 3, type 3/4/5/6;
Haberkorn GmbH, Austria) on which gloves and boots
are sealed with adhesive tape. The protective hood (3M™
Versaflo™ Premium Suspension Chemical Hoods; Fish-
erScientific) is ventilated by a powered air-purifying res-
pirator (Jupiter™ Powered-Air Respirator; Haberkorn)
equipped with Type ABEKP filters (3M™ Jupiter™ Pow-
ered-Air Turbo Filters; Haberkorn). Variant 2 consists of
a closed Tychem® full-body protective suit (35 ProChem
III CPM; 3S-Arbeitsschutz GmbH, Germany) with inte-
grated gloves and foot parts. This variant provides addi-
tional protection through the positive pressure generated
by the powered air-purifying respirators in the entire suit.
Both PPE heavy versions are suitable for decontamina-
tion in the chemical shower with peracetic acid. The dif-
ferent PPE versions and handling protocols have been
tested in a study with volunteers in order to identify lim-
iting factors for working in PPE and the impact on dex-
terity as well as on error rates in long working shifts (up
to 6 h; the regular working shift should not be longer than
4 h in the BSL-3 laboratory) [30].

For decontamination of personnel, 2% peracetic acid
is currently used in the chemical shower due to the short-
er exposure time as compared to chlorine dioxide. For
corpses, other decontamination agents that require a lon-
ger exposure time in order to be effective, such as chlorine
dioxide, can be used. A smaller spray lock, which is oper-
ated with 2,200 ppm chlorine dioxide as a decontamina-
tion agent, is used for sample and material transfer
(Fig. 2).

Validation of decontamination processes in the chem-
ical shower and sample lock was performed according to
the Association for Applied Hygiene (Verbund fiir Ange-
wandte Hygiene, [VAH], Germany) guideline for the test
procedures for disinfectants [31]. To simulate a realistic
autopsy setting, 2 bacterial suspensions, i.e., Staphylococ-
cus aureus (DSM 799) and Mycobacterium fortuitum
(DSM 46621), were spiked with a high organic load (0.3%
albumin and sheep erythrocytes, respectively). For vali-
dation of the decontamination processes used in the

Biosafety for COVID-19 Autopsy

chemical shower, defined pathogen suspensions were ap-
plied to different critical parts of PPE heavy (i.e., bottom
of shoes, side of the suit, and headpiece) and then air-
dried for 30 min. After the fumigation and incubation
steps of the decontamination process, the test spots were
swabbed and the surviving bacterial fraction was deter-
mined by plating onto agar plates. The sample lock was
also tested, and in that case the bacterial suspension was
applied onto sample tubes. According to VAH guidelines,
a decontamination process is successful when the disin-
fectant reduces the bacterial load by log 4. The chemical
shower and the sample lock allow for variation of differ-
ent parameters in the decontamination processes, such as
the incubation time of disinfectants and the type and con-
centration of disinfectant. Therefore, these factors can be
adjusted freely according to the application and disinfec-
tant used. Room decontamination with hydrogen perox-
ide (8.0 g/min for 3 h and 4.0 g/min for 7 h) was validated
using Geobacillus stearothermophilus and Bacillus atro-
phaeus as bioindicators (APEX biological indicators for
H,0, vapor; MesaLabs). After validation of the negative
pressure and filter system, the room and person decon-
tamination, and training of the personnel, the BSL-3 lab-
oratory was approved for operation by the authorities in
December 2018.

Conclusion

This laboratory for highly infectious pathogens has
currently the highest protection level in Austria and is
used in the context of the COVID-19 pandemic, in addi-
tion to autopsies, for research and development projects
and cooperation with institutions that do not have suffi-
cient BSL-3 capacities. Several research collaborations are
currently underway to test possible drugs and neutraliz-
ing antibodies against SARS-CoV-2 with other universi-
ties and companies. In addition, the laboratory is used to
evaluate preanalytical requirements of diagnostic tests to-
gether with leading diagnostic manufacturers and to as-
sess new decontamination processes. Due to the limited
space available, the room and operational concepts were
optimized in the best possible way leading to a design for
BSL-3 laboratories that can be well established in health
care environments, providing a high level of protection at
reasonable costs. Experience acquired in performing 20
autopsies of COVID-19-deceased patients and several re-
search projects requiring propagation of SARS-CoV-2
showed that the design of the laboratory was appropriate
for the various types of work planned. However, the area
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of the airlock is very small so there is limited capacity to
dry the PPE suits and powered air-purifying respirators
after the chemical shower. Operational procedures were
continuously optimized with increasing experience, and
personnel had to be trained repeatedly. PPE light was ap-
propriate for performing autopsies, and, as single-use
equipment, it did not require cleaning. PPE heavy, par-
ticularly variant 1, was found to be better suited for work
with cultured virus than the full body ventilated variant 2
because of less impairment of movements and better dex-
terity compared to variant 2. The powered air-purifying
respirator in PPE heavy was superior to FFP3 masks not
only in terms of providing greater protection from aero-
sols when working with a high-titer virus but also in re-
ducing fatigue in long work shifts, and it should also be
considered for autopsies. The availability of different PPE
configurations proved to be essential because several PPE
components were not available during the COVID-19
crisis. Furthermore, the chemical shower allowed reuse of
both PPE-heavy variants, which enabled us to remain op-
erationally independent of the PPE supply, at least for the
most critical 2 months.

Lessons learned for future pandemics are that trained
personnel and sufficient stocks of PPE are essential for a
rapid and proper response, and that more emphasis
should be placed on infectious disease pathology in gen-
eral [10]. In particular, all residents in pathology (junior
pathologists) need to be aware of safety procedures and
they need to be trained by senior pathologists to do au-
topsies of infectious diseases. Furthermore, there is a need
for more specialized BSL-3 capacities with increased
measures for protection of personnel and the environ-
ment. The general issue in addressing highly pathogenic
infectious disease challenges is that it is very expensive to
maintain the infrastructure and regularly train personnel
in times without need. Infectious disease research pro-
grams are therefore very important in the health care en-
vironment since they ensure the continuous availability
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