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SUMMARY: Within the framework of undergraduate and postgraduate medical education, cadavers have been used to teach
anatomy by dissection or by using prosected specimens. To accomplish this, an appropriated preservation process mtisaiherantee
cadaver is kept safe for harm, destruction, and decomposition. Embalming fluid contains fixatives, disinfectants, stiéfetants,
salt, and water, making the cadaver safe for teaching anatomy. However, it remains unclear if there is any risk of disgéminatio
microorganisms during anatomy teaching, research, and dissection procedures on fixed cadavers. The purpose of thigesttifjy is to
bacterial and fungal species in fixed cadaveric material used in anatomy teaching. Samples of cadavers and anatomigatesections
cultured and biochemical tests and molecular identification by polymerase chain reaction (PCR) were performed to identify the
microorganisms. The results indicate that fixed cadaveric material has viable bacteria on its surfaces and almost edisihase twor
gram-negative bacilli of theénterobacteriaceatamily. In conclusion, fixed cadavers could be a reservoir of bacteria. This study underscores
the importance of generating safe manipulation protocols to avoid eventual contamination and disease.
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INTRODUCTION

Since the Renaissance, the human body has bewsath. Bacillus transmission from cadavers to laboratory
used for anatomy teaching. In fact, the old Greek roots efaff members has also been reported (Stegliag), 2000;
the word anatomy mean “cut or separate”. Cadaver uBeenner; Correi&t al, 2014). Hepatitis B and C viruses
for anatomy teaching purposes and dissection givaave been detected in cadaver blood samples and tissue
students a wide and three-dimensional vision of anatomid¢ginks; virus transmission has even occurred through
structures, allowing them to observe real variability in thgansplanted organs. Human immunodeficiency virus
human body. From a teacher’s point of view, the use @f1V) has also been isolated from the bone, spleen, bone
anatomy cadavers allows students to guide their learningarrow, brain, and lymph nodes of a patient 6 days after
individually, integrate into a team and develop humageath (Demiryurelet al, 2002).
values. For this reason, various authors have concluded
that the use of cadaveric material for human anatomy In some cases when a cadaveric material is destined
teaching, clinical training, and surgical skill acquisition isor anatomy research, it is tested for these pathogens before
an indispensable task (McLachlanal, 2004; Guptat delivery; nevertheless, this is not a standard procedure in
al., 2013; Brenner, 2014). all research centers and universities.

Usually, cadavers for teaching, research, and After the reception, cadaveric material for anatomy
dissection purposes come from donations. Once the perseaching must be fixed, for which a solution containing
dies, the body is transferred to the university, and the corgis@tives, disinfectants, surfactants, buffers, glycerol, salts,
may be considered as infectious material (depending and water is used. Among the most often used agents which
the cause of death). For exampWcobacterium tuber- act as disinfectants and/or fixatives are included the
culosiscan remain active for up to 36 days after the hostfsllowing:
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Formalin: an aqueous solution of 37 % formaldehyde, whicphenol at different concentrations (two cadavers, one brain,
inactivates infectious agents like bacteria, viruses, and fungne anatomical section at 10 % formalin, two cadavers, one
by covalent bond formation between protein functional groupbrain, one anatomical section at 5 % formalin and two
Not effective against prions (Gupehal; Brenner; Osmaat cadavers, one brain, one anatomical section at 50 % of
al., 2014). formalin).

Ethanol: used for microbial growth control through lipid For each cadaver, we sampled sections of the oral,
disassembly and protein denaturation. It is known to besal, and abdominal cavities, the lung and surface of the
effective against fungi but not endospores, naked virusein using cotton swabs moistened with sterile physiological
or prions (Brenner). serum. Samples were first cultured on 84 blood-agar plates,
and positive cultures were re-cultured on other agar media.
Phenol: Exerts its activity by inactivating essential enzymes
and disrupting membrane lipids and is effective against baCulture conditions. After collection, each swab was used
teria, viruses, and fungi. Not effective against prion® inoculat e different culture media such as blood, soy-blood,
(Brenner; Osmaet al). nutrient, chocolate, MacConkey, and Sabouraud agars
previously prepared according to the manufacturer's
One of the objectives of the cadaver preparationstructions (LINSAN®). After inoculation, a total of 84
process for teaching is the prevention of the growth giates were incubated at 37 °C under oxygen conditions at
microorganisms like bacteria and fungi. This can be achievddferent times. In some cases, plates were incubated in
with the solutions used in this process. Most of the repoi@asPak jars to create anaerobic conditions. Each sample was
related to the presence of microorganisms in cadaveric ntadtured and incubated in duplicate. Sterile saline swabs were
terial aboard cadavers before the fixation process, whialso incubated as negative controls.
seem to be more dangerous due to their cadaver origin and
cause of death. Morphological analysis and biochemical identification
After culture and incubation, morphologic characteristics of
However, only a few studies have addressed thsolated colonies obtained were recorded using macroscopic
biological risk of fixed cadaver manipulation and thenalysis and Gram staining of slides with individual colonies.
dissemination of pathogenic microorganisms during anatonr®nce pure cultures were confirmed, biochemical
teaching, research, and dissection procedures (Ostadn identification was performed. The Analytical Profile Index
Hayashiet al, 2014). Tabaaet al (2013), showed the 10S strips (API-10S strips) for the Enterobacteriaceae family
presence of pathogenic bacteria in 10 fixed cadavers usedfrgram-negative bacteria were used to confirm the genus
anatomy practices and teaching. By sampling the clothesaofd species of bacteria founded in each positive sample. For
students who handled the cadavers, Kaleadil (2013) this purpose, each strip was inoculated with the appropriate
identified Staphylococcus aure&siterococcus faecalisnd sample (using 0.5 McFarland as an indicator) and was
Streptococcus pyogenddhe presence of fungal species likancubated at 37 °C for 24 h. After incubation, the reactions
Aspergillus, Trichophyton, Microsporum, Candidad were interpreted according to the manufacturer’s instructions
Cryptococcusin fixed cadavers has also been reportednd tables provided by BioMérieux®test kits. Acceptable
(Brenner; Osmaet al). identifications were made based on a confidence of 75 % or
higher and previous morphological characteristics.
The purpose of this study to identify bacterial and
fungal species in fixed cadaveric material used in anatomfRCR reaction for Salmonella entericaidentification.
teaching. Molecular identification oBalmonella entericatrains was
performed with chromosomal DNA prepared as previously
described (Santiviaget al, 2003). PCR amplifications were
MATERIAL AND METHOD performed using an Eppendorf thermal cycler and TagDNA
polymerase (Invitrogen). Reaction mixtures contained 1X
PCR buffer, 1.5 mM MgCJ each dNTP (200 mM), primers
Cadavers and sampling Six cadavers, three brains and1 mM), 100 ng of template DNA, and 2 U polymerase.
three anatomical sections from the anatomy laboratory Standard conditions for amplification were 30 cycles at 96
the University of Chile, Santiago, Chile, were used for thi¥C for 40 s, 58C for 45 s, and 72C for 2 hours and 30
study. All the have being used to anatomy teaching at leasins., followed by a final extension step at “@2 for 10
for 5 years and were previously fixed with formalin solutiomin. The primers used for Salmonella enterica identification
including concentrated formalin, glycerin, ethanol, andiere E14D (AGCGACAACATGCACATCAT) and E14R
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(CAGGGCCGTAGTTCTTGAT) (Fuentest al., 2008). presence dbtreptococcus sjn these cavities was expected
Products generated by PCR amplifications were resolveddoe to the composition of the bacterial microbiota and to
0.8 % agarose gels. the role of species lik&treptococcus mutanand
Streptococcus sobrinus biofilms and caries formation
(Nishimuraet al, 2012).
RESULTS
Proteus mirabilis, Xanthomonas maltophilzand
Salmonella entericavere also recovered from cadavers fixed
In this study seven species of bacteria, six granwith 10 % formalin. UnlikeProteus,which belongs to the
negative (85.7 %) and one gram-positive (14.3 %), welfmiman microbiotaSalmonella entericavas found in the
identified from fixed cadavers belonging to the anatomprain, nasal cavity, and skin sections, uncommon places for
department of the Universidad de Chile, Santiago, Chile. the recovery of this gram-negative bacillus. The presence of
Salmonellaenterica serovalyphi, the etiologic agent of
Different bacterial species were isolated from cadavertgphoid fever (Wairet al, 2014), was ruled out by a PCR
samples or from anatomic regions of cadavers maintainedidentification from McConkey agar-cultured colonies (data
faculties of medicine from three different universities. Almoshot shown). Although the presenceS#Imonella enterica
all these correspond to gram-negative bacilli of then these cavities was not expected, the recovery of this
Enterobacteriaceadamily, such asSalmonella enterica, bacterium can be explained by cross-contamination of the
Enterobacter aerogenes, Citrobacter freundii, Proteusadaver during its manipulation. The same method of
mirabilis, Serratia odoriferaand the non-fermentative gram-inoculation can explain the finding ofanthomonas
negative bacilluXanthomonas malthopilia. maltophilia and Serratia odoriferafrom body sections of
cadavers fixed at 10 % and 5 %, respectively.
In the 10 % fixed we foun8almonella enterican the
brain, nasal cavity, and skin sectioRsoteus mirabiliswas Enterobacter aerogenesas recovered in all fixed
found in the lung and nasal cavity axdnthomonas cadaver samples from 5 % fixed cadaver. This finding was
malthopiliainthe brain and body sections. In the oral and almot uncommon, aBnterobacter aerogenesan be found in
dominal cavities, we found a gram-positaeecuof the genus  the gastrointestinal microbiota. On the other hand, its
Streptococcudn the 5 % fixed cadaver, we fouRdterobacter presence in all samples analyzed could have been due to
aerogene all samples except for the skin surface, on whicbross-contamination of different cadaveric samples.
we foundSerratia odorifera In the 50 % fixed cadaver, we Citrobacter freundiiwas the only species found in 50 %
foundCitrobacter freundiin a sample from the body section.fixed cadaver, its presence can also be explained by
None of the samples demonstrated growth of fungi; no colonidssemination through manipulation from the gastrointestinal
grew on the Sabouraud agar plates. tract of the sampled cadaver.

Finally, Salmonella entericasolated was evaluated It is known that properly implemented cadaveric
through PCR amplification to determine whether it corredixation processes using formalin, ethanol, and phenol
ponded to typhoidal or non-typhoid serovars. In all cases, teéminate the presence and growth of bacteria, even though
products generated by PCR amplification coincided with noisome viruses such as hepatitis, HIV, and prions could remain
typhoidalSalmonella entericaerovars (data not shown).  active. Therefore, transmission of microorganisms from

properly fixed corpses is extremely uncommon (Kaleadi

All these microorganisms were recovered and cultureal.). For this reason, the finding of different microorganisms
from different cadaveric samples including skin; brain; lungsndicates that there are differences in the fixation and/or
and abdominal, nasal, and oral cavities maintenance processes in the analyzed centers, which could

be due to the method of fixation, an ineffective fixation, or
contamination by students and manipulators.
DISCUSSION
In summary, bacteria could be present in fixed
cadavers and can eventually compromise the health of

Previous studies have shown that fixed anatomyanipulators and students. These findings suggest that a
cadavers could be sources of different bacterial species, andintenance protocol and microorganism assessment in
the risks involved in this discovery are cause for concelluman cadavers used for anatomy teaching should be
(Demirytireket al; Tabaaet al). In this study Streptococcus implemented in order to generate safe manipulation and
sp. were recovered from oral and abdominal cavities. Thearning.

475



MOLINA, C.; BERROCAL, L.; JOFRE, M. R.; ROSAS, C. & ROJAS, S, X. Identification of bacterial and fungal species in human cadavers used in anatomy teaching.
Int. J. Morphol., 32(2473-476, 2019.

MOLINA, C.; BERROCAL, L.; JOFRE, M. R.;ROSAS, C.&  Metachian, J. C. Bigh J; Bradiey, B. & Searie, J. Teaching anatomy
ROJAS, S, X.ldentificacion de especies bacterianas y fungicaﬁisw' out cadaversved. Educ., 38(4}18-24, :

da h d | ~ del P himura, J.; Saito, T.; Yoneyama, H.; Bai, L. L.; Okumura, K. & Isogai,
€n cadaveres Numanos usado en la ensenanza de la anatdmia. g piofilm formation byStreptococcus mutarend related bacteria.

J. Morphol.,32(273-476, 2019. Adv. Microbiol., 2(3)208-15, 2012.
Osman, N. A.; Abdeen, S. M.; Edriss, A. A. & Sulieman, A. A. Identification

RESUMEN: Dentro delcurriculumde los programas de of fungal growth in formalin fix human cadaver among Faculties of
postgrado y pregrado de las carreras de la salud, los cadaveres haMedicine at Khartoum Staat. Sci., 12(11p4-7, 2014.
sido utilizados para la ensefianza de la anatomia mediante la diS@&iiviago, C. A.; Toro, C. S.; Hidalgo, A. A.; Youderian, P. & Mora, G. C.
cion o utilizando preparados anatémicos. Para poder llevar a caboG(')‘:itr’]a'(r;?:ggoré‘;fcttr;?ii'lm‘()i‘ge;% (e);tgnczzeorgvar typhimurium major
e.s,to’ el cadaver deb.e. pasar por un adecugdo pro_(_:eso de presg'i\e/r ing, T R.; Pope,D. S.; Bi’shai, W.R,; ’Harrington, S.; Gershon,R. R. &
cion; en el que se utilizan fluidos que contienen fijadores, desin- Chaisson, R. Transmission bycobacterium tuberculosisom a
fectantes, surfactantes, buffers, sal y agua, los cuales lo protegenagaver to an embalmeét. Engl. J. Med., 342(46-8, 2000.
del deterioro y la descomposicion. Las soluciones fijadoras y corabaac, B.; Goldberg, G.; Alvarez, L.; Amin, M.; Shupe-Ricksecker, K. &
servadoras contienen desinfectantes, surfactantes, fijadores, buffersGomez, F. Bacteria detected on surfaces of formalin fixed anatomy
sal y agua, que hacen que el cadaver sea seguro para la ensefiangadaversltal. J. Anat. Embryol., 118(1)-5, 2013.
de la anatomia. Sin embargo, no esté claro si existe algln riesgd\@#. J.; Hendriksen, R. S.; Mikoleit, M. L.; Keddy, K. H. & Ochiai, R. L.
diseminacion de microorganismos durante la ensefianza, investi- 1YPhoid feverLancet, 385(9973)136-45, 2014.
gacién y/o diseccién en estos cadaveres. El propdsito del estudio
es identificar especies bacterianas y/o fungicas en material cada-
vérico previamente fijado, usado en la ensefianza de la anatomia.
Se realizaron cultivos y técnicas de identificacion molecular m&orresponding author:
diante reaccion en cadena de polimerasa de muestras tomadas@esidio Rodrigo Molina
de material cadavérico para identificar los microorganismos eBepartment of Human Anatomy
contrados. Los resultados indican que el material cadavérico praculty of Medicine
viamente fijado posee bacterias en sus superficies, la mayoria doiversidad Finis Terrae
rresponde a bacilos gram negativos de la familia de las/d. Pedro de Valdivia, 1509,
Enterobacteriaceae. En conclusion, los cadaveres previamentdfievidencia, Santiago
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