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Abstract

COVID-19 pandemic has posed a new challenge for medical schools across the world regarding the acceptance of donated and
unclaimed dead bodies for academic purpose. Uncertainty of the COVID-19 status among the donated bodies poses a health risk
for embalming personnel and medical students who handle the embalmed cadavers. There is a paucity of literature delineating the
criteria for accepting or rejecting the bodies during COVID-19 pandemic. Similarly, there is no recommended standard operating
procedure for anatomical embalming during COVID-19. We propose certain criteria for accepting and rejecting the human dead
bodies for anatomical embalming. And we propose some technical modifications to the conventional procedure of formalin-
based anatomical embalming. A guarded approach and diligent screening of donated bodies is the way forward during the
COVID-19 pandemic.
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Introduction

COVID-19 pandemic has posed a new challenge to the med-
ical schools regarding the sourcing of human cadavers for
medical education. The COVID-19 status remains unknown
in a wide sector of the population until they are tested and
there is also a possibility of asymptomatic cases who might
have died due to associated comorbidities; when such dead
bodies are donated for academic purpose, they pose as risk
factors for the “body handlers,” embalmers who handle the
potentially infected body. The welfare and safety of the
healthcare workers and staff involved in managing the dead
bodies of COVID-19 should be paramount [1]. The World
Health Organization (WHO) is doing a commendable job
and is at the forefront of providing the guidelines and proto-
cols to be followed for the management of patients and
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hospitals for COVID-19 pandemic; however, it has failed to
recognize the issue of the use of donated dead bodies for
academic purpose. The WHO interim guidance dated 24th
March 2020, for the infection prevention and control for the
safe management of dead body in the context of COVID-19
mentions that embalming should not be performed on the dead
bodies either suspected or confirmed COVID-19 cases to
avoid excess manipulation of the dead body [2]. However,
there is no mention of the management protocols for dead
bodies that are neither confirmed nor suspected of COVID-
19. Similarly, there is no mention of the voluntary whole-body
donation programs or anatomical gift programs which cater to
providing the dead bodies to the medical schools for academic
and research purpose, including anatomical examination and
dissection. Further, the WHO did not recommend any stan-
dard operating procedures and the embalming protocols to be
followed before, during, and after the anatomical embalming
[2].

The literature search regarding the issue of dead-body man-
agement during COVID-19 pandemic revealed only the guid-
ance for individuals and families for managing the funeral
during the COVID-19 pandemic by the United States
Centres for Disease Control and Prevention (CDC), and the
Governments of UK and Canada [2-5]. Similarly, the
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guidelines on dead body management during COVID-19 by
the Government of India were only meant exclusively for the
management of dead bodies of COVID-19 [6, 7]. Neither of
the above-mentioned regulatory authorities have provided ex-
plicit guidance regarding the continuation or the suspension of
voluntary whole-body donation programs by the medical
schools nor the standard operating procedures to be followed
before, during and after the anatomical embalming.

Continuing the pre-COVID-19 criteria for accepting the
body donations or fitness assessment of the body donated
for the academic purpose may turn out to be disastrous due
to the omnipresent threat of SARS-CoV-2. Hence, there is a
need to incorporate the COVID-19 factor into the screening
criteria used in the voluntary body donation program and
while accepting unclaimed bodies by the medical schools.
Similarly, the conventional embalming solutions that are used
in the pre-COVID-19 era for embalming may not ensure com-
plete disinfection to neutralize the new threat of SARS-CoV-
2. Hence, continuing to use the same pre-COVID-19 era
embalming solution for embalming the bodies during and af-
ter the COVID-19 pandemic will be a risky proposition for
“body handlers”, embalming personnel, medical students and
ultimately medical schools. The duration of the COVID-19
pandemic has not been estimated yet and is considered to be
a long-term problem according to the CDC [8]. So, to counter
the threat of SARS-CoV-2 among the dead bodies received by
the medical schools for academic purpose, there is a need for
two-pronged approach consisting of (a) strategically focussed
screening criteria for selecting/accepting the body donations
and (b) purpose-designed embalming solution for the disin-
fection of the cadavers before, during, and after the anatomical
embalming while effectively neutralizing the new threat of
SARS-CoV-2. Even after the advent of vaccine for COVID-
19, the unknown vaccination status among the voluntary do-
nors and the unclaimed bodies that are going to be utilized for
academic purpose makes the need for modified selection
criteria and effective SARS-CoV-2 neutralizing embalming
solution an all the more compelling proposition.

Here, we present various factors that are to be considered
and screening criteria for selecting/accepting the whole-body
donations and unclaimed bodies for academic purpose. We
present a goal-oriented SARS-CoV-2 neutralizing embalming
solution for effectively disinfecting the donated and un-
claimed bodies. We also explore the different strategic tech-
nical modifications to the embalming procedure that are re-
quired to be adopted before, during, and after anatomical
embalming of such cadavers and while storing them, subse-
quently. Such criteria will aid in avoiding the potential disrup-
tion in anatomy education using dissection of embalmed ca-
davers. This paper is intended for embalmers, dead body han-
dlers, medical school administrators and policymakers in-
volved in the management of dead bodies during COVID-19
pandemic and after the end of COVID-19 pandemic.

Background
SARS-CoV-2 and COVID-19

COVID-19 outbreak that began in later December 2019, and
caused due to novel coronavirus (SARS-CoV-2) has an “in-
cubation period” ranging from 1 to 14 days with an average of
around 5 days [9]. The SARS-CoV-2 has known to be trans-
mitted through airborne droplet particles and droplet nuclei
[10]. It is also found to be transmitted through saliva, bron-
choalveolar lavage, blood, urine, tears, facces, sputum and
sweat [11]. SARS-Cov-2 is also transmitted through invasive
medical devices such as an endotracheal tube, tracheostomy,
bronchoscopy and direct contact with an infected person, fo-
mite transmission and transmission through invasive medical
devices [2, 3, 8]. The virus is said to be active in the water for
up to 7 days [12]. According to a report, the SARS-CoV-2
was found to be viable for up to 3 h in aerosols, 4 h on
copper, 24 h on cardboard and 2-3 days on plastic and
stainless steel [13].

Currently, there is a paucity of data available regarding the
transfer efficiency of SARS COV-2 and the amount of time
the virus remains infective from the dead bodies of confirmed
COVID-19. In the case of influenza virus, the transfer effi-
ciency was 31.6% of viral load to the hands with a contact of
5 s [14]. On the other hand, the transfer efficiency of
parainfluenza virus 3 was 1.5% of viral load in 5 s [15].
Although there are some preliminary studies regarding the
viability of SARS-CoV-1lon metals, plastic stainless steel
and water, there is no convincing information regarding the
viability of SARS-CoV-2 on glass, fluids such as sewage,
ex vivo samples of blood [12, 13, 16]. In the case of a com-
paratively more lethal virus such an Ebola, the CDC of the
USA recommends that the washing of the dead body,
embalming and autopsy should not be performed [3].
Similarly, the invasive medical equipment such as implanted
electronic medical devices, intravenous lines, endotracheal
tubes and other tubes should not be removed from the dead
body as it exposes the “body handlers” to an unwarrant-
ed risk [17].

Implications of Voluntary Whole Body
Donations for Teaching Medical Schools
During COVID-19 Pandemic

Teaching medical schools across the world are dependent on
human cadavers for medical education and research including
anatomical examination and dissection. Another important
use of embalmed cadavers is that they are used for surgical
skill training. Without cadaveric dissection, it was observed
that the competency of the surgeons will be affected [18].
Each medical school across the world will have a continuous
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source of human cadavers through voluntary whole-body do-
nation programs and the unclaimed dead bodies referred to the
medical schools. Such procurement of human cadavers is
done under various legal provisions of the Anatomy Act/
Unified Anatomical Gift Act [19]. The human dead bodies
thus sourced will be utilized for teaching by dissection of the
cadaver during each academic year. In India, an average of 10
human cadavers will be allotted for teaching the students of
various health professional courses in a medical school. At the
end of the teaching-learning exercise, the human cadaver will
be utilized for the preparation of the wet gross anatomy spec-
imens, osteology specimens and plastinates, which can, in
turn, be used as teaching material. Essentially, each allotted
human cadaver is completely utilized for teaching anatomy in
an academic year. Thence, a fresh batch of human cadavers is
required for each academic year. Due to the ongoing COVID-
19 pandemic, there is an anticipated scarcity of cadavers,
which will affect the various human cadaver-based activities
in the medical schools. Already there is lack of an adequate
number of cadavers for teaching in medical schools due to the
growing demand created by the increasing number of the
medical students, and the COVID-19 pandemic will further
worsen the situation [20].

The embalmed human cadavers are considered as the first
patient for any medical student, where they gain an apprecia-
tion for the “fabric of the human body” [21]. Many students
discover their passion for surgery while they are an anatomy
student, and an inadequate or poor anatomy teaching was
found to have an impact on students in not opting for a surgi-
cal speciality [22]. Therefore, the unavailability of cadavers
due to COVID-19 pandemic may result in fewer people opting
for surgery. We may miss out on some prospective top sur-
geons, and the consequences of inadequate good surgeons
may be felt in the future [23]. The cadaver scarcity will also
affect the learning process of current trainee anatomists and as
a result of their inferior exposure to the dissection during their
training, these trainee anatomists might not turn out to be
confident enough to employ dissection as a teaching tool,
when they become teachers of anatomy, and this may even
hamper their employability [23].

A continuous supply of cadavers is a prerequisite for the
preparation of prosections and skeletons, which cannot be
otherwise prepared [24]. The unavailability of cadavers for
teaching will invariably hamper the quality and modality of
teaching anatomy [23]. The cadavers are used for learning
surgical anatomy by the postgraduate students of general sur-
gery, paediatric surgery, orthopaedics, cardiothoracic and vas-
cular surgery, gastrointestinal surgery, surgical oncology and
otorhinolaryngology. The soft embalmed cadavers are used
for conducting surgical skill training programs for training
surgeons of various specialities. Research in surgical anatomy
and histology, as well as molecular research, is conducted
using the cadavers or specimens obtained from the cadavers.
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The cadavers are also required for biomedical engineering
during the designing, development, and testing of new medi-
cal devices, where the measurements of and between the dif-
ferent anatomical structures are taken. Training of surgeons
and allied medical professionals on using the newly developed
biomedical devices will be done using the cadavers [25].
Thence, the cadavers are an invaluable resource for the med-
ical school.

Can we Do Away with Human Cadavers?

Learning anatomy by dissection of embalmed human ca-
davers has been the “gold standard” in the medical curriculum
[26]. It is an acknowledged fact that dissection of human ca-
daver enables the understanding of the 3D relationship of
anatomical structures. The acquisition of anatomical knowl-
edge by cadaveric dissection is considered as the most effec-
tive modality of learning. So, if there is feasibility, the face-to-
face teaching using dissected cadavers should be continued
while maintaining social distancing guidelines during the pan-
demic [27].

Options for Learning Anatomy Other than by Human
Cadaveric Dissection

Learning certain aspects of anatomy by methods other than
the cadaveric dissection may be considered in the case of
unavailability of cadavers and prosected cadaveric specimens
due to reduced supply of dead bodies to the medical schools
during or immediately after the COVID-19 pandemic. Owing
to their portability and unconventional nature, learning tools
such as plastinated specimens (sheet plastinates, whole organ
plastinates and whole-body plastinates), plastic and fibreglass
3D models, anatomy videos, online anatomy resources, social
media, 3D printed models, augmented reality (AR) and virtual
reality (VR) models are being aggressively promoted. Often,
they appear to be dominating the narrative in the teaching-
learning paradigm; some anatomists are vehemently rejecting
them, while some are vociferously recommending them.
However, all modalities have their advantages and disadvan-
tages. Plastinated models are handy, long-lasting and with-
stand a great amount of wear and tear. The preparation of
plastinated specimens may not be feasible in all the medical
schools, and plastinates cannot replace the cadavers [28].
Anatomy videos had brought learning content to the homes
and laps of the students with the same costs involved in any
number of reruns of the videos; this greatly aids in the revision
of the content. However, learning anatomy by videos is con-
sidered as passive learning, and it was found that they do not
increase the learning outcome among the students [29]. The
social media such as Facebook®, Twitter® and YouTube®
have revolutionized the dissemination of the teaching and
learning resources in anatomy to the masses. However,
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learning through social media will not help the low-
performance students [30], as it may require a great amount
of self-control on their part to prevent themselves from
straying into the entertainment paradigm owing to the com-
monality of the platforms. The YouTube® and other social
media are mushrooming with anatomy learning content and
sometimes the students are perplexed with a range of videos
spanning from photographic content to schematic content.
However, social media is not considered as a comprehensive
resource for learning anatomy, as it is not bounded by any
rules of the prescribed curriculum in anatomy. It may be at
best useful for filling the gap in the knowledge for a layman
who has limited access to conventional learning material [31,
32]. In spite of their huge cost, the 3D printed models can be
quantitatively and qualitatively correlated with anatomical
structures, but there is no evidence that they offer better learn-
ing outcomes compared with the cadaveric dissections [30,
33]. On the other hand, the advantage of increasingly popular
technologies such as augmented reality (AR) and virtual real-
ity (VR) is that the students are inherently motivated to use the
technology for interactive learning [20]. The augmented real-
ity (AR) offers an interactive three-dimensional representation
of the anatomical model superimposed onto the physical ob-
jects in the real space, and learning using such medium was
found to yield better test scores among students when com-
pared to the dissection [34]. However, the estimated research
outcome of “AR in anatomy” is yet to be comprehensively
ascertained [35]. The virtual reality (VR)-based anatomy of-
fers virtually generated desktop-based learning environment:
however, it requires prior basic knowledge to comprehend the
imagery [36]. Mixed reality offered by Microsoft Holo lens
consists of a head mounted display that overlays the virtual
objects on to a user’s environment. It uses holographic pro-
jectors to place an image directly on wearer’s retina. This
technology enables participation in peer group learning,
which is the main advantage of this technology [37].
Automated anatomical intelligence is a next-generation fusion
imaging technique which processes ultrasound images cap-
tured by Philips EPIQ and Affiniti ultrasound systems with
EchoNavigator (Philips Healthcare, Best, The Netherlands)
software. This aids in creating a 3D image of the anatomical
organs from a series of ultrasounds scans from different
axes [38].

The Disadvantages of Technology-Based and Online
Anatomy Learning Platforms

COVID-19 pandemic has abruptly transformed the delivery
and the reception of education into a technology-based exer-
cise, resulting in the creation of a huge cache of technology-
based online content delivered through various media. But,
basically, any technology-intensive learning tools are costly
to procure and require a computer with good Internet

bandwidth, which translates into a lot of initial investment in
hardware and software for the creator and the consumer of the
technology-based content. Most of the online anatomy soft-
ware available today is costly and can only be subscribed by
institutions and individuals with financial freedom, and it may
not be the case for all the medical schools and students [21].
Although the online resources such as Netter 3D anatomy
computer model may allow interactive learning, they may
become tedious over the long run. Moreover, it was found that
the students prefer to learn anatomy in a conventional manner
rather than by using the Netter 3D anatomy [39, 40]. When the
cadaveric dissection and other technology-based modalities
were compared for their learning outcomes, the students’
scores were equivalent [30]. In addition, the effectiveness,
benefits and the learning outcome of purposely created exclu-
sive online programs are yet to be fully ascertained [23].
Hence, various tools used in teaching and learning of anatomy
complement each other rather than act as a substitute.
Moreover, prior basic knowledge in anatomy is required to
use certain technology-based learning resources, which makes
the cadaveric dissection an irreplaceable learning tool [30].
Mixed reality using Microsoft Holo lens involves huge initial
investment cost for setting up and a dedicated support staff for
maintenance. Moreover, it allows only a limited number of
students to participate in learning at any given point of time, so
it cannot be used for large class of students [37]. The use of
Philips 3D automated anatomical intelligence is limited to the
visualization of solid organs that can be scanned using ultra-
sound and cannot be used for studying entire anatomy of the
body. The concept of blended learning, which uses the online
resources for asynchronous or synchronous learning to com-
plement the conventional face to face learning by the cadav-
eric dissections, will make the best use of all the available
tools at our disposal [41, 42].

The Technology-Based Learning Platforms:
From the Students’ Point of View

Fundamentally, the learning of anatomy is a multi-modal, in-
novative and engrossing activity. So, the technology-based
education of anatomy can only assist but cannot replace dis-
section because medical students have to learn to dissect on
the cadaver which enables them to operate on real patients
[43]. Similarly, the online learning material present in any
form will give considerably decreased levels of self-
perceived learning and satisfaction compared with the cadav-
eric dissection [44]. Similarly, excessive reliance on the online
anatomy learning material will deprive the students of social
interaction and team building which the face-face learn-
ing will offer to the student [23, 45]. Sometimes, online
learning resources and technology-based learning may
bring about disengagement and feeling of isolation
among the students [46].
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The Impact of Cadaveric Dissection on the Students

Cadaveric dissection provides hands-on experience in
comprehending complex 3D arrangement of anatomical struc-
tures which can be learned experientially, provides an insight
into anatomical variations and helps to develop compassion
and empathy for the patient [43, 45]. There will be a lot of
hidden curriculum that the student learns when he is dissecting
the cadaver. The dissections will foster the non-traditional,
discipline-independent skills (NTDIS) in the students which
are all the more important to wade through the testing times
such as the COVID-19 pandemic [23, 45]. Apart from that,
cadaveric dissection is considered as an invaluable resource
for cultivating fine motor skills in a stress-free environment
[47]. The dissection of human cadaver fosters team-based
learning and creates the team players out of doctors which is
quintessential in an operation room setting. Working with ca-
davers in the dissection laboratory along with peers, teacher,
technicians, academics and the body donors will help students
develop their emotional intelligence, situational awareness, pro-
fessional behaviour, personal feeling of love and empathy [23].
Apart from its use in learning anatomy, the cadaveric dissection
also has a role in ethics and humanity [48], as it is known to
influence the ethical perceptions of the medical students which
inculcate the concept of dignity, beneficence, consent, and jus-
tification versus the necessity of dissection and contrast be-
tween objectification and personification [49]. Already, the cur-
rent level of exposure of students to cadaveric dissection is
inadequate from an aspiring surgeons’ point of view [50].
And completely, ditching the cadaveric dissection will be dis-
advantageous to the competency of prospective surgeons [18].

Student’s Preference

Students prefer to learn anatomy by cadaveric dissection over
the other available methods [28, 39, 49, 51] . Medical, dental
and biomedical science students consider that cadaveric dis-
section and prosections to be critical to their development into
a complete professional [52]. Hence, it is clear that the cadav-
eric dissection is indispensable for a medical student despite
the hindrances caused in the procurement of cadavers due to
the ongoing COVID-19 pandemic. So, it is incumbent on the
medical schools to seek means to procure an adequate number
of cadavers to cater to the needs of medical students of various
courses.

Factors Responsible for Decreased Input
of Human Dead Bodies to Medical Schools
during COVID-19 Pandemic

1. Many medical schools across the world have suspended
the voluntary whole-body donation program/willed body
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programs and are not accepting donated bodies [43,
53-55].

2. Registrations for voluntary whole-body donations by the
prospective donors will come down because of the fear of
approaching the medical schools, where COVID-19 pa-
tients are being treated [56]. Almost all the medical
schools across India are being converted into COVID-19
hospitals for the admission and the treatment of COVID-
19 cases [57, 58].

3. Deaths at home due to non-COVID-19 reasons: The next
ofkin of the deceased will be reluctant to visit the hospital
for the process for donation (not pre-registered, 11th-hour
donations after the death) because of the fear of ap-
proaching medical schools where COVID-19 patients
are being treated.

The Nuances of Accepting Human Dead
Bodies by the Medical Schools
During COVID-19 Pandemic

Embalmed cadavers are paramount in teaching anatomy to the
students, and non-infectious cadavers are essential for teach-
ing anatomy during and immediately after the COVID-19
pandemic [43]. The decision to accept or reject the voluntary
whole-body donation and unclaimed bodies for academic pur-
pose is indeed a challenging one for the medical schools. This
is because of two explicit reasons: (a) the unknown COVID-
19 status of the body and (b) the possibility of donor being an
asymptomatic carrier of COVID-19. Because of this, every
dead body can be a potentially infectious one for the
embalming personnel while receiving and embalming the
body. Moreover, there is a paucity of literature regarding the
transmission efficacy of SARS-CoV-2. Because of too many
unknowns regarding the SARS-CoV-2 and the lack of recom-
mendations or standard operating procedures from the regula-
tory authorities regarding the sourcing and embalming the
dead bodies, the decision to accept or reject the donated bodies
is all the more difficult one.

Certain medical schools across the USA and Europe such
as the Cleveland Clinic, University of Aberdeen, University of
Cambridge, University of Dundee, Royal College of Surgeons
in Ireland, University of Edinburg, University of Glasgow,
Imperial College of London, University of Nui Galway,
University of Oxford and other medical colleges including
that of the authors have suspended their body donation
programs [23, 53, 54, 59, 60]. However, the University
of Munich (LMU) has not suspended the body donation
program, but potentially SARS-CoV-2-infected body do-
nors are not being accepted. Moreover, all the donations
were screened by COVID-19 testing before they are
accepted [53].
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On the other hand, some medical schools in Australia and
New Zealand, which are “open for business” with a status of
“business as usual”, have admitted the students to a new aca-
demic year starting from February/March 2020 and continue
to teach human anatomy face to face laboratory practical ses-
sions through dissection of cadavers [55]. The University of
Chicago, USA, is also continuing to accept body donations
and teaching the students using cadaveric dissection de-
spite the COVID-19 pandemic [43]. In the context of
the business, as usual, there have been reports where
there were enquiries made with the medical school if
the deceased body of COVID-19 patient would be ac-
cepted as an anatomical gift [53]. Furthermore, there
have been instances where the donated bodies have
been accepted during the initial stages of the COVID-
19 pandemic without ascertaining the COVID-19 status
of the body with a confirmatory test [53]. It is an agree-
able fact that such situations are quite dangerous for the
personnel involved in embalming. Moreover, a negative
nasopharyngeal and oropharyngeal swab test does not
rule out COVID-19 [61], which implies that there is
no safe way to delineate suspected/ confirmed COVID-
19 cases from that of the uninfected ones. Given such
circumstances, a blanket rejection of all the donated
bodies during the COVID-19 pandemic will not be a
viable strategy and may lead to acute scarcity of
embalmed cadavers in medical schools. And teaching
using dissection of cadavers may be affected, when
the medical schools return to conventional working pat-
terns, after the end of the pandemic [55].

It is incumbent on the administrators of the medical school
and department of anatomy to provide a safe environ-
ment for both staff and the students during the COVID-
19 pandemic and immediately after the end of the pan-
demic. The embalming staff are at the risk of exposure
to virus if the voluntary body donor or the unclaimed
body donated to the department anatomy is a carrier of
SARS-CoV-2. Similarly, students handling the
embalmed cadavers will be at the risk if there is inad-
equate disinfection of the donated cadavers during
embalming. The crux of the matter lies in the quick
identification of the potentially risky circumstances
where the exposure to SARS-CoV-2 is more, and if
necessary, a temporary suspension of voluntary body
donation programs to decrease the health risks of the
community [55]. Hence, there is a clear need to review
the existing policy and selection criteria for accepting
voluntary body donations and unclaimed bodies by medical
schools during and sometime after the COVID-19 pandemic.
A new and comprehensive cadaver management strategy for
donor screening and embalming may mitigate the risks of
COVID-19 and maintain the steady supply chain of dead bod-
ies for the medical schools.

The Challenges Faced by the Medical Schools While
Sourcing Human Dead Bodies during COVID-19
Pandemic

1. Unknown COVID-19 status of all the voluntary dona-
tions, if the place of death of the deceased is at home or
any other place other than a hospital

2. Unknown COVID-19 status of all the unknown and or
unclaimed dead bodies, if the place of death of the de-
ceased is at home, prison, public place, or any other place
other than a hospital

3. Cases of death at a hospital without a definitive and con-
firmed diagnosis (Unknown COVID-19 status)

4. Cases where the immediate or antecedent medical cause
of death is a respiratory illness

5. Cases where the diagnosis of the presenting illness is not
made, e.g. cases such as fever for evaluation

Asymptomatic and Pre-Symptomatic Cases
of COVID-19

The incidence of asymptomatic COVID-19 cases ranges from
11 to 17% [62, 63]. It was reported that the asymptomatic car-
riers and the COVID-19 cases during their incubation period
were contagious [64]. The uncertainty regarding the COVID-19
status calls into a question of whether to accept the voluntarily
donated and unclaimed bodies during the time of the pandemic.

Safe Bets for Accepting Dead Bodies by Medical
Schools for Educational Purpose (Anatomical
Embalming)

To avoid undesirable consequences, we propose certain selec-
tion criteria for accepting voluntary body donations and un-
claimed bodies by the medical schools for academic purpose.

Voluntary whole-body donations or unclaimed bodies may
be accepted if it meets the following criteria:

1. If the place of death is at a hospital

2. If the immediate or antecedent medical cause of death is
not COVID-19

3. [If the patient is tested for COVID-19 and found to be
negative during hospitalization for the terminal illness

However, even if the body donation is accepted or

declined, the dignity of the deceased and the next of kin
should be respected at all times [1].

SARS-CoV-2 and Disinfection

Disinfection is the cornerstone for embalming the bodies dur-
ing and some time after the COVID-19 pandemic. Reportedly
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SARS-CoV has different viable periods on different surfaces.
On materials such as metal, glass and plastic, the SARS-CoV-
1 is found to be viable and infectious ranging from 2 h up to
9 days [65]. SARS-Cov-2 was found to be present and viable
in urine and stool specimens [9, 66]. Hence, disinfection of
embalming instruments, embalming surfaces, embalming fa-
cility and the embalming personnel should be based upon the
viability potential of the SARS-CoV-2.

Recommended Protocol for Anatomical
Embalming

In earlier outbreaks of the virus infections such as SARS,
MERS and EBOLA, there is a blanket ban on using the bodies
for academic purpose [62]. Moreover, the earlier virus out-
break did not reach the extent of COVID-19 pandemic; hence,
there was no threat of a shortage of voluntary body donations
to the medical schools for academic purpose. On the other
hand, COVID-19 has been declared a global pandemic
[10]. In the absence of explicit guidelines, we propose
the following recommendations for embalming of vol-
untarily donated or unclaimed human dead bodies used
for medical education and research purpose using CDC
recommendations and WHO protocol for conducting the
post-mortem autopsy during COVID-19 pandemic as a
guidance [2, 3, 10].

Pre-Embalming Considerations
Strategic Approach

People who handle dead bodies have a perennial risk of
contracting infection from the dead bodies [67, 68]. So, con-
sider all the dead bodies to be infectious of SARS-CoV-2 until
proven otherwise and follow safe work practices. The dead
bodies should be mandatorily tested for COVID-19 by post-
mortem nasopharyngeal (NP) swab before taking up for
embalming. Only a limited number of embalming personnel
should be working at any given point of time. Personnel with
age above 60 and/or immunocompromised should not be
allowed to handle the body [69]. Wear PPE during the ana-
tomical examination for ascertaining the fitness of the body
for anatomical embalming [53].

Sometimes, in the case of post-mortem autopsied bodies,
the next of kin of the deceased may not be ready to take the
body to home or for cremation and may be requesting the
medical school authorities to accept the autopsied body as a
donation for medical education and research. Any such re-
quests should be categorically denied as the post-mortem
autopsied bodies are inherently unfit for academic embalming
and use for teaching medical students. As a rule, all the
autopsied bodies should not be accepted for anatomical
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embalming, even if the next of kin of the deceased is
requesting for such donation.

Risk to Body Handlers

There are reports of “body handlers” contracting COVID-19
from the infected dead body they were handling; hence, the
safety of the personnel should not be taken lightly [70, 71].
The body handlers are at the constant risk of being infected
while transporting and handling the bodies of unknown
COVID-19 status. Although the chances of aerosol generation
are very unlikely after death, there is a chance for leakage of
body fluids that are highly contagious. So, body handlers
should be mindful of leakage of body fluids during all times.
The body handlers are at the risk of exposure during the fol-
lowing scenarios: (a) shifting the patient from hospital bed to
body bag before transportation, especially with invasive medi-
cal devices still in place; (b) leakage from body bag in case of a
faulty body bag seal; (c) the splashing of body fluids that are
collected within the body bag while opening the zipper of body
bag or while removing the body from the body bag; and the (d)
removal and disposal of invasive medical devices. Hence, it is
prudent for the body handlers to have 1% sodium hypochlorite
solution always at their disposal for emergency use to deal with
unanticipated mishaps (to disinfect the surface of the body,
leaked body fluids, and invasive medical devices).

Personal Protective Equipment (PPE) Recommendations
for Embalming Personnel

The personal protective equipment that is mandated for han-
dling the suspected and confirmed COVID-19 cases [10]
should be worn by all the personnel who receive the dead
body irrespective of COVID-19 status. Similarly, the person-
nel who are inspecting the donated bodies or the unclaimed
bodies for assessing the fitness for academic purpose should
also wear PPE during the entire process of assessment. The
embalming personnel who are embalming the selected bodies
should wear the PPE before, during and after the completion
of embalming and until the transfer of the embalmed cadaver
to the cadaver storage tank and cleaning of embalming facility
thereafter.

1. Wear a clean, fluid-resistant, long-sleeved hospital isola-
tion gown to protect skin and clothing with shoe and hair
covers.

2. Wear puncture proof heavy duty gloves over double ni-
trile gloves while handling the body and embalming
instruments.

3. Use a plastic face shield to protect eyes, nose and mouth
from splashing of body fluids.

4. Use the NIOSH-approved N95 respirator recommended
for use in COVID-19.
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5. Follow correct donning and doffing procedure recom-
mended by WHO while using PPE.

Testing

All bodies should be mandatorily subjected to post-mortem
testing for COVID-19 before they are accepted for anatomical
embalming [53]. Even after the availability of the vaccine for
COVID-19 or after the end of COVID-19 pandemic, the vac-
cination status of the voluntarily donated body or the unclaimed
body may not always be available before embalming. Hence, it
is imperative that all the bodies should be considered as a po-
tentially infectious and tested post-mortem for COVID-19. The
bodies can be tested by obtaining post-mortem nasopharyngeal
(NP) swab. In case of difficulty in obtaining the NP swab, an
oropharyngeal (OP) specimen or nasal mid-turbinate (NMT)
swab or anterior nares (nasal swab; NS) specimen or nasopha-
ryngeal aspirate or nasal aspirate (NA) specimen should be
obtained and subjected to COVID-19 testing. Strictly adhere
to the protocols recommended for biosafety and infection con-
trol practices while collecting and handling the specimens.

Storage

Store the dead bodies in a double body bags at 4° centigrade in
a cold chamber separately designated to hold COVID-19 dead
bodies, until the COVID-19 test results are obtained. For stor-
age and handling the dead bodies, an integrated layered body
bag is recommended to reduce the exposure of infected body
fluids to the “body handlers” [72].

Preparation of Embalming Chemicals

Conventional embalming fluid contains components such as
formaldehyde/formalin (primary component, preservative, an-
tibacterial and antiviral), ethanol (preservative, antibacterial
and antiviral), methanol (preservative, antibacterial and anti-
viral), phenol (antibacterial, anti-fungal, antiviral and preser-
vative), Thymol (antifungal), glycerine (humectant), sodium
borate (pH Buffer), sodium citrate (anticoagulant), eucalyptus
oil (perfume) and eosin (colouring agent).

Embalming Fluids and their Effect on SARS-CoV-2

Formaldehyde inactivates the virus by combining with non-
protonated amino acid groups such as lysine to form
hydroxymethylamine. Hydroxymethylamine creates inter- or
intramolecular methylene crosslinks by combining with ami-
no, amide, guanidyl, phenolic or imidazole groups of amino
acids [73]. It is reported that the SARS-CoV-1 was neutralized
by the use various disinfectants such as Ethanol: 62—71%
(within 30 s), Hydrogen Peroxide: 0.5% (within 1 min) or

Sodium Hypochlorite: 0.21% (within 30 s), Formaldehyde:
0.7-1% (within 2 min), Gluteraldehyde: 0.5-2.5% (within
5 min) have inactivated the SARS-CoV-1 [65].

Recommended Composition of the Arterial Injection Solution
for Anatomical Embalming

Ethanol: 2000 ml, Phenol: 500 ml, 0.5% Sodium
Hypochlorite solution: 5 ml, Formalin: 1400 ml, Hydrogen
Peroxide: 50 ml, Glycerine: 3000 ml, Sodium borate: 45 g,
Sodium Citrate: 45 g, Thymol: 25 g, Eucalyptus oil: 10ml,
Eosin: 2 pinches, Distilled water: 2940 ml, to constitute a total
0f 10,000 ml to embalm a cadaver with an average weight of
70 kg. Phenol is the primary component of cavity embalming
solution and used in compartmental embalming in the case of
gangrene for it has a superior disinfection capability [74].
Phenol is used in 5% concentration as a disinfectant in the
embalming solution. Hence, ethanol- and phenol-based
embalming solution would effectively neutralize the SARS-
CoV-2 in the shortest period.

Recommended Composition of Cadaver Storage Tank
Solution

Formalin: 14%, Glycerine: 14%, Phenol: 1%, Sodium
Hypochlorite solution: 0.5%, Thymol 500 g for 1000 1 of tank
solution. However, one must be aware that the inclusion of
sodium hypochlorite solution (bleach) in the arterial solution
and tank solution may result in minced meat appearance of
histological sections obtained from the cadavers.

Preparation of Bleach

Bleach can be prepared by using a dilution of 1:100 of 5%
sodium hypochlorite solution resulting in a final concentration
of 0.1% hypochlorite solution which is effective against
SARS-CoV-2 within 1 min. A dilution of 1:50 of standard
bleach is recommended for SARS-CoV-1 [65]. For
disinfecting the body fluids, the exterior of dead body and
faeces, 0.5% of sodium hypochlorite solution (equivalent to
5000 ppm) is recommended [3].

Cadaver Preparation and Embalming
Receiving the Body

The personnel receiving and handling the body should be clad
with PPE that is mandated for use in COVID-19. The friends
and family members of the deceased donor should not be
allowed to come in contact with “body handlers” for an ex-
tended period [75]. Social distancing should be maintained
while receiving the donated body of the deceased. The body
should be transported in a double body bag (minimum
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thickness of 6 mm). Only a single person should handle the
body at a time. Remove all the personal artefacts and sharp
objects if any from the body. Strictly adhere to standard pre-
cautions to prevent percutaneous injury and direct contact
with infectious material such as body fluid discharges. After
removing the invasive medical devices, disinfect the puncture
holes or wounds by using 1% hypochlorite solution [69].

Surface Disinfection

There is need for extensively and thoroughly disinfecting the
bodies particularly the oral cavity, nasal cavities and orophar-
ynx with disinfectant viricidal solutions during embalming
before they are used for teaching [43]. Use a 0.5% sodium
hypochlorite solution as a surface disinfectant. Strictly avoid
all aerosol-generating procedures (AGPs) such as splashing of
water while cleaning the body or cleaning the oronasal, anal
and vaginal purge. Disinfect the external surface of the body
bag by gently irrigating with the disinfectant. Remove the
body from the body bag and gently irrigate the external sur-
face of the body with the disinfectant. Remove the invasive
medical devices, if any and put them in a plastic bag contain-
ing an adequate amount of disinfectant. Thoroughly irrigate
the external orifices of the body. Induce oronasal, vaginal
(female) and anal purge by exerting pressure on the anterior
abdominal wall to evacuate the body fluids. Utmost care
should be taken to avoid contact with body fluids as SARS-
CoV-2 has been detected in the facces of COVID-19-positive
patients and considered infectious [3, 76]. Neutralize the ex-
uded purge/body fluids by adding 0.5% sodium hypochlorite
solution before they are let into common drainage. Shave the
body hair from the cadaver, irrigate the entire body once again
with disinfectant and thoroughly wash the body with water.
The entire procedure of surface disinfection is notoriously
prone for generating splashes. Avoid using compressed air
and/or water under pressure for cleaning which may cause
splashing and re-aerosolize the infectious material. Hence,
utmost care should be taken to avoid splashing.

Recommendations for Embalming Procedure

Position the body on the embalming table. Use caution while
handling scalpel and needles. Use the femoral artery or common
carotid artery to inject the arterial solution. Do not perform
drainage through veins. After completion of the arterial injec-
tion, suture the arterial access area carefully avoiding any needle
prick injuries. Inject 20 ml of arterial solution into the cranial
cavity by using long needle and syringe passed through inner
canthus of the eye and superior orbital fissure. For hypodermic
and surface embalming, use the concentrated arterial solution
devoid of water. After completion of embalming, once again
induce oronasal, vaginal and anal purge by applying pressure on
the anterior abdominal wall. After draining the purge,
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thoroughly irrigate and wash the cadaver. Shift the cadaver
carefully without splashing into a designated cadaver storage
tank for cadavers received during COVID-19 pandemic.

Disinfection, Cleaning and Disposal after Embalming

After completion of embalming, continue to wear the PPE
while cleaning and disposing of the biomedical waste and
use additional layers of protection, if required.

Disposal of Body Fluids/Purge Generated during Embalming

If the purge is collected within the embalming station, add
0.5% sodium hypochlorite solution to neutralize the purge
before draining.

Disposal of Invasive Medical Devices

The invasive medical devices such as catheters, intravenous
cannula, nasogastric tubes, tracheostomy tubes and personal
artefacts that are removed from the body are highly contagious
and should be handled with care. They should be disposed-off
responsibly according to the existing hospital protocol for
disposal of biomedical waste after the completion of
embalming. Dispose the scalpel, needles, and all other sharps
in a labelled, puncture-proof, and closable container.

Terminal Disinfection

Disinfect the embalming equipment, embalming station and
embalming room using 0.5% sodium hypochlorite solution.
PPE should be worn by the personnel throughout the entire
cleaning procedure.

Disinfection of Embalming Instruments

The recommended composition of disinfection solution for
embalming equipment is 1% formalin, 1% phenol, 1% ethanol
and 0.5% sodium hypochlorite solution. Surgical instruments
used for embalming should be continuously placed in a tray
containing disinfectant solution while performing embalming.
After completion of embalming, the embalming instrument
should be soaked in the above disinfection solution for 6—
8 h before washing and storing them.

For cleaning large contaminated areas, 0.5% sodium hypo-
chlorite solution should be used. Any gross contamination and
liquids should be collected using the absorbent material.

Disposal of PPE
Doff the PPE carefully and dispose-off in a bio-hazard bag

(yellow bag). Then, irrigate the interior of the bag with 0.5%
sodium hypochlorite solution and tie the mouth of the
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bag. Following this, irrigate the exterior of the bag with the
same disinfectant solution [6].

Personal Cleaning

After the cleaning of embalming facility and disposal of the
PPE, wash hands immediately with soap and water for 20 s
followed by sanitizing the hands with alcohol-based hand rub
containing at least 60% alcohol. Avoid touching face, eyes
and nostrils with gloved or unwashed hands. Make sure that
washing and hand sanitizing area is accessible and in proxim-
ity to the place of disposal of PPE. The protocol to be followed
for anatomical embalming during and immediately after
COVID-19 pandemic is summarized in Fig. 1.

Recommendations for Embalming Facility

Maintain a logbook and enter the details of date, names and
activities of all the personnel participating in the embalming

and cleaning of embalming facility. Perform embalming in a
well-ventilated room which has natural airflow of at least 160 1
per second per person and with a controlled direction of air-
flow. Maintain a negative air pressure differential greater than
2.5 Pa (0.01-in. water gauge) or an airflow differential greater
than 56 I/s (125 cfm) exhaust versus supply in the embalming
room compared with the surrounding areas. All the air should
be exhausted to outside directly or through a high-efficiency
particulate air (HEPA) filter. In an air-controlled facility, have
at least 12 air changes per hour (ACH) not only during the
embalming but also during the cleaning process of embalming
facility [77]. After the completion of embalming, continue
ventilation and air changes till the cleaning the embalming
facility is complete.

Sometimes there may be requests from the next of kin of
the deceased donor for visiting the body of the deceased after
embalming, if they did not get a chance to bid farewell to the
deceased before donation. All such requests should be denied
complying with social distancing norms during COVID-19

Fig. 1 Schematic of protocol to
be followed for anatomical
embalming during and
immediately after COVID-19
pandemic

Follow strict selection criteria for dead bodies during and immediately after pandemic

Conduct post-mortem COVID-19 testing in unknown unclaimed bodies

Conduct Surface disinfection of body with invasive medical devices

Follow strict infection prevention guidelines during embalming

Thoroughly embalm/saturate the body using arterial injection, hypodermic injection, surface

Employ concurrent disinfection of embalming instruments

Disinfect and dispose the body fluids, body bag and invasive medical devices

Shift the body into a cadaver storage tank containing purpose designed preservative solution

Disinfect the embalming instruments, equipment and facility

!

Store bodies in leakproof double body bags

Remove and disinfect invasive medical devices

}

Prepare purpose designed embalming solution

embalming

!
!

!
!

Dispose the Personal Protective Equipment (PPE)

}

Conduct thorough personal cleaning
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pandemic as they may be asymptomatic carriers of the SARS-
COV-2.

Training and Awareness

All the personnel who handle the body during storage, trans-
portation and embalming as well as the personnel who are
involved in cleaning the embalming facility should be trained
in the infection prevention and control practices. Train all the
embalming personnel and the cleaning staff on the basics of
transmission risk of SARS-CoV-2, infection prevention and
control practices, cautious usage of hazardous chemicals, ra-
tional use of PPE, correct PPE donning and doffing tech-
niques, correct disinfection and cleaning techniques and tech-
niques to avoid AGP.

Funeral Embalming and Forensic Post-Mortem
Autopsy

The COVID-19 prevention protocols suggested for handling
the body during anatomical embalming can also be extrapo-
lated to and used while conducting funeral embalming or
while performing the forensic post-mortem autopsy, since
the body handling procedures for all three procedures are
practically the same. In funeral embalming, venous drainage
will be accompanied by arterial injection of the embalming
solution. Care should be taken to disinfect and dispose the
body fluids and blood extruded form venous drainage. In fo-
rensic post-mortem autopsy, the body is cut open in the mid-
line to access the thoracic, abdominopelvic cavities and the
cranial cavity. Care should be taken while separating and dis-
secting each organ for inspection. Strict infection prevention
guidelines mandated for COVID-19 including PPE should be
followed during autopsy as the lungs are cut open during the
autopsy which may release the air trapped within the alveoli as
aerosols. After inspection, the remainder of the viscera should
be placed in the plastic visceral bag filled with preservative
solution (cavity fluid) including 1% sodium hypochlorite to
ensure neutralization of SARS-CoV-2. Biomedical waste
should be disinfected before it is disposed as per existing
guidelines.

Conclusion

Shortage of human cadavers will hamper the medical educa-
tion not only during the COVID-19 pandemic but also during
the post-pandemic period. Adopting pre-COVID-19 screen-
ing criteria for accepting donated bodies may be risky during
COVID-19 pandemic. Similarly, pre-COVID-19 embalming
protocol may not be adequate to disinfect the bodies for
SARS-CoV-2. An alternative strategy needs to be adopted to
overcome the shortage of human cadavers in the near future.
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There is a need to rigorously screen the body donations for
COVID-19 before accepting for academic purpose during the
COVID-19 pandemic and after the end of the pandemic, be-
cause of the unknown vaccination status of the donated body.
Appropriate COVID-19-specific modifications to the proto-
cols of anatomical embalming may be the way forward for
mitigating the risk posed by the SARS-CoV-2 for the person-
nel handling the cadavers.
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