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Abstract:

Anatomy laboratories are essential for medical education, where students learn about the structures and their relations in
the human body, through hands-on dissection of human cadavers. The problem of unclaimed bodies without medical
records poses a serious threat to public health due to the potential for the spread of infections. Infection control practices
are crucial in the handling of cadavers in anatomy laboratories to prevent the spread of infectious diseases. Several
studies have revealed the need for increased awareness and compliance with infection control measures among students
and staff. To build upon this foundation, future research should focus on the development of standardized infection
control guidelines and the use of modern technologies specific to anatomy laboratories. Such guidelines should outline
the necessary procedures and protocols that should be followed for effective infection control.
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Introduction:

Cadavers are considered the first teacher for medical
students. Anatomy laboratories are essential for
medical education, where students learn about the
structures and their relations in the human body,
through hands-on dissection of human cadavers [1,2].

The history dates to 300 BC for cadaver dissection.
Cadaveric dissection has been the only recognized
approach for studying complex human body
architecture since the 15th century. There are records of
medical students dissecting cadavers in the 16th
century [3]. Cadaver dissection was the most practical
approach for instructing medical students at the
beginning of their medical schooling in the 18th
century. Presently, cadaver dissection is still the most
effective part in the curriculum of medical
undergraduates. With advances in current technology,
there is a recent trend to use virtual dissection to teach
anatomy [4]. However, most medical schools and
colleges prefer to continue the use of standard cadaver
dissection over the latest virtual dissections, despite the
debate which continues over the ethical issues of using

cadavers in the medical curriculum [5]. In this review
article, we will aim to summarize the current
knowledge on risk factors, infections in the handling of
cadavers, and various infection control precautions in
anatomy laboratories along with future perspectives

Importance of cadaveric dissection:

Medical students can learn more about the structure
and functioning of the human body through cadaveric
dissection. It aids in the development of abilities
needed for correctly diagnosing and treating a range of
medical disorders. Medical students can learn about the
anatomical features of the human body and how it
functions through dissection. Medical students have the
chance to practice techniques that are used when
carrying out intricate surgical procedures on live
patients through dissection [4,6].

Anatomy is a vital subject of research and medical
understanding. Beyond textbooks and anatomical
models, it is essential to see the anatomical variances
present in individual cadavers to fully understand the
human body. Medical practitioners can learn more
about the human body and any potential medical
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implications that may result from these variances by
examining them [4].

Cadaver procurement:

The demand for cadavers for dissection has grown
dramatically along with the expansion of medical
schools around the world [7]. But using human
cadavers for training and instruction raises several
ethical questions. These include the moral implications
of employing corpses as learning tools, the legal
consequences of breaking national laws, and the
spiritual repercussions of adhering to specific faith
organizations' ideals. The issue of informed permission
and the requirement for a suitable donation process is
also brought up by cadavers for teaching reasons. Thus,
medical schools must make sure the ethical issues and
consequences of using cadavers are considered.

The International Federation of Associations of
Anatomists (IFAA) has long advocated for the
exclusive use of donated bodies when it comes to
anatomical teaching and research [5,8, 9]. A recent
two-year survey conducted on cadaver sources in 71
countries revealed a stark contrast in the sources of
cadavers for medical schools across different regions.
32% of cadavers were obtained from donors, while
57% of them were unclaimed bodies [10]. Cadavers
obtained through donations are the primary source for
cadavers in European and North American medical
schools, accounting for 80-100% of the total cadaver
sources. However, African medical schools are still
heavily reliant on unclaimed bodies, which make up
around 90% of their total cadaver sources [11]. This is
shown by a survey conducted in Nigeria over a three-
year period, which revealed that approximately 86% of
cadavers used for teaching and research in Nigerian
medical schools were sourced from unclaimed bodies
[12]. This shows that most African countries are
dependent on unclaimed bodies or felons for
anatomical studies, while some Middle Eastern nations
import cadavers from other countries for the same
purpose. This reliance on unclaimed bodies for
anatomical studies has been connected to the necessity
for cadavers from other sources owing to these nations'
inadequate procedures for a voluntary donation. Even
though importing cadavers from other nations can be
expensive, it is nevertheless regarded as a practical
way to address the cadaver scarcity in some of these
nations. [5, 8-12]

Issues with cadaveric Procurement:

Due to the risk of infection spreading, the issue of
unclaimed bodies without medical records poses a
major risk to public health. This issue has been a
problem ever since the anatomical study first began.
Gloves were not worn to protect those handling the
body before the late 1800s, and little to no care was
taken to ensure that cadavers were adequately sterilized
before dissection. The Italian anatomist Giovanni
Domenico Santorini (1681-1737) died on May 9,
1737, becoming one of the tragic consequences of
human dissection's first victims. He died early enough
from an infection brought on by the cadaveric
dissections he performed [13]. From the height of
human dissection in the 1700s until close to the end of
the 19th century, this signaled the beginning of a
protracted period during which doctors, anatomists,
and medical students were often infected and many of
them perished. These tragic deaths had an
unfathomable effect and left a permanent impression
on the development of medical research.

Cadavers used for anatomical study are usually
preserved with formalin, a strong disinfectant. Despite
the use of this fixative agent, there is still a risk of
bacterial and infectious agents being still present in the
cadaver [14]. This means that the cadaver, even after
being embalmed in 5-10% formalin, could potentially
be infectious. The risk of infectious disease
transmission through contact with cadavers is a real
concern for medical schools. Several diseases, such as
tuberculosis, hepatitis B and C, human
immunodeficiency virus (HIV), prions, and fungi, can
be transmitted in this way [15-17]. The recent outbreak
of the novel coronavirus (COVID-19) has posed an
additional challenge for medical schools, as they have
had to adapt to virtual teaching methods for anatomy

[4].

Once aperson dies, handling their body as an
infectious material is required. To guarantee that it is
kept in the safest setting possible, it must be transferred
to the university promptly. Depending on the cause of
death, some microorganisms can continue to be
infectious and active up to a few weeks after the host
has passed away. A potentially fatal bacteria known as
Mycobacterium tuberculosis can continue to function
for up to 36 days after the death of its host. Because of
this, it is crucial to use extra caution when working
with the deceased. There are numerous reports of
Bacillus transmission from cadavers to laboratory
workers. It has been proven that cadaver blood
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samples, tissue banks, and even donated organs can
transmit the hepatitis B and C viruses. Even six days
after a patient's death, the human immunodeficiency
virus (HIV) was recovered from the patient's bone,
spleen, bone marrow, brain, and lymph nodes. A study
conducted to identify the spectrum of bacteria and
fungi colonizing the surfaces of cadavers and to
determine the need to follow infection control
protocols during their handling revealed an overall
culture positivity rate of 78%, with Escherichia coli
and Coagulase negative Staphylococci (CoNS) being
the most prevalent at 23.07% each, while Aspergillus
species had the highest rate at 37.50% in the fungal
group. The study showed that cadaver surfaces can be a
reservoir for a wide variety of bacteria and fungi,
highlighting the importance of adhering to "standard
infection control protocols” to protect students and
avoid further risks of contamination [18]. Hand
washing is an effective way to avoid many microbes,
but it is not enough to protect against all infections.
Pathogenic microbes can spread in other ways, such as
through student laboratory clothing. A study reported in
2019 showed the potential for pathogenic transmission
through student laboratory clothing and advocated for
the introduction of wuniversal infection control
procedures to protect medical students and their
contacts. As part of these procedures, it is
recommended that laundry protocols for coats should
be implemented in anatomy laboratories. These
protocols can help to create a safer environment for
everyone [19].

Risk factors with cadaver handling:

e Exposure to Chemicals- The most popular
chemical used to preserve cadavers, formalin,
has been found to cause a variety of adverse
reactions, such as headache, nausea, dizziness,
dry eyes and mucous membranes, excessive
tears, and burning sensations in the eyes and
throat. Skin disorders and cancer could result
from prolonged formalin exposure. [20].

e Direct Exposure to Body Fluids- Although
cadavers are cleansed by being preserved in
embalming fluids, this does not drop the
possibility of them harboring illnesses.
Dissection involves using sharp tools, which
increases the risk of spreading illnesses like
HIV, hepatitis B, and tuberculosis through any
inadvertent skin injuries or open wounds
sustained by trainees or those handling
cadavers. [20].

e  Unhygienic Practices- Instruments, hands, and
filthy clothing (laboratory coats) can act as
carriers because multiple infections may
adhere to them and enter the body through any
route. [21].

e Inadequate Ventilation and Ineffective
Laboratory Practices- When conducting
dissections in crowded classrooms or
hallways with inadequate ventilation, there is
a higher risk of spreading airborne illnesses.
Major risk factors for the spread of many
illnesses in laboratories include poor
sanitation, inappropriate preservation methods
for the cadavers, and improper disposal of
tissues and skin generated in the dissection
room. [21].

Microorganisms reported to be associated with
cadaveric infections:

A study done from 107 pathology departments
covering approximately 192,000 necropsies showed
that two doctors and eight technical staff were infected
with TB during the examination of specimens
Bacteriological examination of post-mortem rooms has
shown that tubercle bacilli are present on the surfaces
and furniture in these rooms for 24 hours following a
necropsy on a case of tuberculosis, and these bacilli
have been verified as active through culture and animal
inoculation [22].

Two documented cases of embalmers contracting
tuberculosis (TB) during the embalming process have
been reported. In these cases, direct infection was
confirmed through DNA fingerprinting. It is believed
that exposure to TB occurred through gurgling at the
nose and mouth of the cadaver, which was caused by
fluid buildup in the chest cavity and putrefaction of
tissue and organs. Aerosols generated during the
embalming process may also have been a contributing
factor in infections [23].

In a study conducted by Kenneth et al., 138 lung
specimens with histological evidence of AFB were
tested to detect Mycobacterium tuberculosis. Out of
these lungs, 12 cases grew mycobacteria. Surprisingly,
the number of days the tissue was exposed to formalin
did not influence the viability of mycobacteria in any
way. Even after extensive treatment of the Iungs,
Mycobacterium species were still able to grow and
thrive. This is an interesting result that could lead to
further research into the effects of formalin on
mycobacteria [24].
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An extensive epidemiologic investigation was
conducted when genotype results for isolates from two
previously unlinked TB cases were revealed. Through
this investigation, it was uncovered that there was
likely TB transmission between a cadaver and an
embalmer. The patient and the cadaver were initially
clustered by genotype and then further linked based on
time, place, and person. This correlation was strong
enough for the authors to conclude that the patient
likely acquired the Tuberculosis infection from the

The Approved List of biological agents provides the
approved classification of biological agents into hazard
groups [26]. The hazard groups are defined in Table 1;
when classifying a biological agent, it should be
assigned to one of these four groups according to its
level of risk of infection to humans. The list of
pathogens reported from cadavers, their mode of
transmission, and the disease caused along with
recommendations about embalming the infected
cadavers is represented in Table 2 [27].

cadaver during embalming procedures [25].

Table 1 - Classification of biological agents into hazard groups

Group Definition

Group 1 Unlikely to result in human illness

Group 2 It can cause human sickness and pose a risk to workers, but it is unlikely to
spread to the community and there are typically adequate preventative measures
or treatments available.

Group 3 Can cause serious human disease, pose a risk to workers, and spread to the
community, however effective preventative measures or treatments are typically
available.

Group 4 Causes a serious illness in humans and poses a substantial risk to workers. It is
also likely to spread to the community, and there are typically no effective
preventative measures or treatments.

Table 2: Pathogens reported from cadavers along with their mode of transmission and diseases caused

Category of | Name of the | Hazard Mode of | Diseases caused Is
microorganisms | microorganism group transmission Embalming
allowed
Bacteria Bacillus anthracis 3 Inhalation of | Anthrax/Ragpicker’s No
spores disease/ Wool Sorter’s
disease
Mycobacterium 3 Aerosol Tuberculosis Yes
tuberculosis
Neisseria meningitidis 2 Droplet Meningitis and | Yes
septicemia
Corynebacterium 2 Droplet Diphtheria Yes
diphtheriae
Streptococcus  pyogenes | 2 droplets, Streptococcal sore | No
(Group A) contact throat, impetigo,
necrotizing fasciitis
Shigella dysenteriae (type | 2 the fecal-oral | Shigellosis Yes
1) route, contact
Salmonella typhi/ Para | 3 fecal-oral route | Intestinal infection, | Yes
typhi typhoid fever
Brucella melitensis 3 contact with | Brucellosis or undulant | Yes
infected tissues, | fever,
infected aerosols
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Verocytotoxin/ Shiga | 3 fecal-oral route | Hemolytic Uremic | Yes
toxin-producing E. coli Syndrome
(e.g., O157: H7)
Virus Hepatitis A 2 fecal-oral route | Hepatitis and | Yes
Gastrointestinal
infection
Hepatitis B, C, D 3 Accidental Hepeatitis Yes
needle stick
injury
Hepatitis E 2 fecal-oral route | Hepatitis and | Yes
Gastrointestinal
infection
HIV 3 Accidental AIDS (Acquired | Yes
needle stick | Immune Deficiency
injury Syndrome)
Prion 3 Contact with | Creutzfeldt-Jakob No
infected disease (CJD)
embalmed
tissues
Lassa  fever Ebola, | 3 contact with | Viral Hemorrhagic | No
Marburg, Crimean- infected blood, | Fevers (VHFs)
Congo hemorrhagic fever secretions, and
viruses organs
MERS  (Middle East |3 Droplet Respiratory illness Yes
Respiratory  Syndrome)
coronavirus
SARS  (Severe  Acute | 3 Droplet Respiratory illness Yes
Respiratory  Syndrome)
coronavirus
Lyssa virus 3 Contact Paralysis, delirium, | No
convulsions and death
Fungi Aspergillus Inhalation of | Aspergilloma, lung
spores abscess
In one study, specific regions of the body like the laboratories. Proper hand hygiene, PPE wuse,

axilla, oral, nasal, and perineal regions of the cadavers
were examined to check for the presence of bacteria.
The presence of skin folds in these regions makes them
potential sites for the growth of bacteria. The authors
reported a variety of bacteria in these sites like Aero
coccus viridans, Cellulomonas, Gardnerella vaginalis,
Gemella hemolysans, Staphylococcus epidermidis, etc.
which can cause bacteremia, endocarditis, and other
severe infections [22].

Implications:

It is worth taking note that the risk of infection from
human cadavers is of lower level than those from
persons having an active disease or from the carriers of
infectious agents. Infection control practices are
essential to prevent the spread of infections in anatomy

disinfection, waste management, and training and
education are key components of infection control in
anatomy laboratories. These practices should be
implemented consistently and rigorously to ensure the
safety of students and staff. In addition, ongoing
monitoring and evaluation of infection control
practices in anatomy laboratories are necessary to find
areas for improvement and ensure continuous quality
improvement.

The recommended infection control practices for the
handling of cadavers in anatomy laboratories include:

e  For accidental exposure to blood and body fluids,
Universal precautions should be followed and for
pathogens transmitting through fecooralroute,
enteric precautions should be followed.
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The staff and students should wear proper attire
(laboratory coat) and cover their hair (using cap
masks)

Hand hygiene: Proper hand hygiene is essential to
prevent the spread of infections. All individuals
handling cadavers in anatomy laboratories should
wash their hands with soap and water for at least
20 seconds before and after handling the cadavers.
If hands are visibly soiled, hand washing should be
performed with an antiseptic hand rub or soap and
water.

Personal protective  equipment: Individuals
handling cadavers in anatomy laboratories should
wear personal protective equipment (PPE) to
prevent exposure to infectious agents. PPE
includes gloves, gowns, masks, and eye protection.
Gloves should be changed after each cadaver is
handling, and gowns should be changed daily or
when visibly soiled. Masks and eye protection
should be worn when there is a risk of splashes or

sprays. (11)

Disinfection: All surfaces that encounter cadavers
in anatomy laboratories should be disinfected
using a suitable disinfectant. The disinfectant
should be effective against a broad range of
microorganisms, including bacteria, viruses, and
fungi.

Waste management: All waste generated in
anatomy laboratories, including cadaver tissues
and contaminated materials, should be disposed of
per local regulations. Waste containers should be
labeled appropriately and stored in a secure
location.

The severely damaged cadavers can be transported
in the Body bags to reduce the infection risk
[8,14]. Body bags is recommended if the cadavers
are infected with  M.tuberculosis, MERS
coronavirus and SARS coronavirus [16].

The precautions for handling cases of CJD, and
sterilization measures for instruments and objects
in contact with these patients, should be
publicized. In the United Kingdom, the current
policy requires the destruction of all neurosurgical
instruments used in patients with suspected CJD
[7]

All equipment that will be used to embalm or
prepare bodies for the funeral should be well-
cleansed in detergent and either sterilized in an
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autoclave, boiled, or soaked in a disinfectant.
Blood or other bodily fluid spills should be
cleaned up with disinfectants, and single-use
gloves should be used to prevent contact between
the spill and the hands. After a session, hands
should always be cleaned.

To lower the danger of TB transmission, the
Centers for Disease Control and Prevention (CDC)
in New York propose environmental control
measures for embalming rooms and the use of N95
respirators during embalming processes. Yearly
TB testing is conducted for funeral service
professionals at a TB risk [10].

Vaccination against hepatitis B, tuberculosis

Training and education: All individuals handling
cadavers in anatomy laboratories should receive
training on infection control practices. This
training should include hand hygiene, PPE use,
disinfection, and waste management. The
embalming staff should be trained in the hazard
group pathogens and procedures to be followed
when they meet the cadaver with the infectious
agent.

Future perspectives:

Infection control practices in anatomy laboratories will

continue to evolve and improve in the future. Some of
the future perspectives include:

Standardized guidelines: Currently, guidelines for
healthcare settings are general and may not
adequately address the special challenges posed by
anatomy laboratories. By developing infection
control  guidelines  specific to  anatomy
laboratories, compliance with infection control
measures can be improved. Such guidelines should
cover the use of personal protective equipment,
maintenance of anatomical specimens, and
decontamination of work surfaces. Moreover,
guidelines should also address procedures for
managing anatomical specimens exposed to
potentially infectious agents. Additionally, the
guidelines should guide reporting any potential
infection control breaches. The guidelines must be
based on a through understanding of anatomy
laboratory practices and the risks posed by these
activities. The development of clear and concise
guidelines will help to ensure that best practices
are followed consistently across all anatomy
laboratories and that students, faculty, and staff are
adequately protected from infection transmission.
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e Alternative chemical agents for cadaver
preservation: Since formalin has serious negative
effects, researchers are trying to find alternative
embalming methods using a wide range of
chemicals. Above all, formalin is still employed in
dissection rooms as preservation and disinfection
because of its affordability, efficiency, and
outcomes. Therefore, it is important to take the
necessary precautions to reduce unnecessary
exposure to chemicals and germs until a suitable
substitute is discovered.

e  Use of modern technologies: The use of innovative
technologies, such as UV-C irradiation and
hydrogen peroxide vapor, may supply effective
means of disinfection and could improve infection
control practices in anatomy laboratories. It has
been proven that UV-C disinfection is effective at
lowering the bacterial load on surfaces and in the
air [5]. It has been proven that air purifiers are
effective at lowering airborne particles and
enhancing indoor air quality [6]. These
innovations could be employed in anatomical
laboratories in addition to hospitals and other
healthcare settings.

e Different approaches to teaching anatomy: The
requirement for cadaveric dissection may be
eliminated by using virtual dissection as an
alternative way of anatomy instruction. The lack of
cadaver procurement, storage, and disposal means
that wvirtual dissection may also be more
economical and efficient.

e Improved PPE: Personal protective equipment
(PPE) will continue to be an essential part of
infection control practices in anatomy laboratories.
There may be improvements in the design and
functionality of PPE to improve comfort and ease
of use, which could encourage greater compliance
with PPE use.

e Increased awareness and education: about
infection control practices in anatomy laboratories
will be important in the future. This includes
educating students, faculty, and staff about the
risks of infection transmission and the importance
of following best practices. This may also involve
greater collaboration between anatomy
departments and infection control specialists. To
address this issue, there must be an increased focus
on education and training about PPE use. This
should include clear instructions on how to use
PPE and highlighting its importance. Emphasizing
fostering an environment where individuals feel at

ease asking questions and using proper PPE is also
necessary. To ensure employees follow the
suggested rules and practices, regular monitoring
and evaluation of PPE use in the anatomy lab is
also essential. The knowledge and practices of
disinfection and sterilization are improved by
educational interventions [4].

The limited number of studies found, and the studies'
heterogeneity serves as added limitations of this
review. Future studies should aim to address these
limitations and supply more robust evidence on
infection control measures in anatomy laboratories.

Conclusion:

In conclusion, infection control practices are essential
for the safe handling of cadavers in anatomy
laboratories. Proper hand hygiene, PPE wuse,
disinfection, waste management, and training and
education are key components of infection control.
However, there is still a need for more standardized
guidelines and the use of innovative technologies to
improve infection control practices in anatomy
laboratories. These practices should be implemented
consistently and rigorously to prevent the spread of
infections in anatomy laboratories. = Ongoing
monitoring and evaluation of infection control
practices in anatomy laboratories are necessary to
ensure continuous quality improvement.
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