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The novel coronavirus infection (2019-nCoV, novel coronavirus 
disease 2019, abbreviated COVID-19) was first officially reported 
in 2019 in Wuhan, China. By August 2020, the infection had 
spread to 213 countries [1]. As of January 1 and May 1, 2021, 
there were a total of 84,092,619 and 152,196,159 diagnosed 
COVID-19 cases worldwide, respectively [2].

Approximately 20% of individuals infected with SARS-
CoV-2 were hospitalized; of them, about 20% needed 
intensive care [3]. Of those needing intensive care, 50–80% 
died; this figure corresponds to 2–4% mortality in countries 
with resourceful healthcare systems. At the same time, death 
rates from the coronavirus varied across the world from 0.1% 
to 14% in May 2020 and from 1.5% to 14% in July 2020. 
[1]. By May 1, 2021 the total death toll from COVID-19 had 
reached 3,192,763 [2]. Naturally, healthcare workers and the 
relatives of COVID-19 victims come in contact with the bodies 
of the decedents.

One of the most serious challenges facing the medical 
community today is to understand how the virus can be 
contracted from the bodies of deceased persons with 
confirmed or suspected COVID-19. 

Routes of microbial transmission from corpses 

Throughout its history, mankind has suffered from infectious 
diseases, including life-threatening infections characterized by 
high mortality rates. The bodies of diseased individuals have 
always been thought to be a potential source of infection, and 
their handling required additional biosafety measures [4].

For example, skin and mucosal infections caused 
primarily by Streptococcus pyogenes (a group А pathogen) 
and methicillin-resistant Staphylococcus aureus (MRSA) can 
be transmitted through direct contact with the infected skin 
of the decedent or contaminated fomites. There is a risk of 
contracting noxious microorganisms, like Salmonella typhi, 
which causes typhoid fever, and Hepatovirus A, the causative 
agent of viral hepatitis A, through direct contact with the stools 
of the infected person or contaminated fomites.  

Airborne transmission is typical for Mycobacterium 
tuberculosis; therefore, autopsy suite staff and morgue 
workers are at high risk for tuberculosis [5]. The increased 
risk of TB among funeral home workers handling the bodies 
of TB-afflicted individuals is inferred from their tuberculin skin 
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test results [6]. Notably, formalin used for tissue fixation is a 
tuberculocidal agent. 

Direct contact with blood or other bodily fluids coming, 
among other things, from skin wounds can result in contracting 
hepatitis B, C (Hepacivirus В and C) and AIDS-causing HIV 
(Human Immunodeficiency Virus) [4]. Viable HIV was isolated 
from the bone fragments, spleen, brain, bone marrow and 
lymph nodes of an AIDS patient during the autopsy performed 
6 days postmortem [7]. Moreover, HIV was detected in the 
pleural and pericardial effusions and blood of human corpses 
stored at 2 °C for 16.5 days after death [8]. Direct contact with 
infected bodily fluids like blood, saliva, sweat, or urine can 
result in the transmission of Ebola virus (Ebolavirus), Marburg 
virus (Marburgvirus) and Lassa hemorrhagic fever (Lassa 
mammarenavirus), all of which are endemic to Africa.

The decision to perform an autopsy on a patient who fell 
victim to an infectious disease was always based on the careful 
consideration of the causative agent, biosafety and the existing 
policies on human autopsies. 

In the USSR, an autopsy was mandatory in the case of 
death from a highly infectious disease, and the organs of 
the decedent were subjected to a histopathological and 
bacteriological/virological examination [9]. However, autopsies 
were prohibited if death was caused by anthrax (regardless 
of its form) bacteriologically confirmed during life. Today, an 
autopsy is mandatory in the case of death from a suspected or 
confirmed infectious disease [10]. 

Autopsy and SARS-CoV-2

SARS-CoV-2 is a representative of group II pathogens, i.e. 
those that cause highly contagious epidemic diseases in 
humans. In Russia, autopsies are performed on all deceased 
individuals with COVID-19. 

That said, some foreign authors think that it is unreasonable 
to perform an autopsy on a patient infected with SARS-CoV-2. 
For instance, some Polish forensic pathologists hold the opinion 
that there are no medical indications for autopsy in the case of 
death from confirmed SARS-CoV-2 [11]. Italian researchers think 
that autopsy on a COVID-19 patient should be well-justified, but 
propose no criteria for such justification [12].

Interestingly, medical autopsies are not performed routinely 
in China. At the outset of the epidemic in China, the bodies 
of patients with COVID-19 were not autopsied, but later 
administrative authorization was obtained to perform autopsies 
on COVID-19 patients, with strict adherence to biosafety 
guidelines. However, at that time there were not enough 
autopsy suites in Wuhan meeting the stringent biosafety 
requirements [13]. 

In the spring of 2020, there was a surge in COVID-19 cases 
in Italy. On April 1, 2020 the Ministry of Healthcare of Italy 
issued a recommendation to avoid autopsies or postmortem 
diagnostic examinations on corpses infected COVID-19 [14].

At the outset of the epidemic, the Robert Koch Institute, 
one of the leading research facilities in Germany, advised 
against performing autopsies on patients with COVID-19; 
so postmortem examinations were carried out only in some 
parts of the country [15]. However, in Hamburg, the second 
largest German city with 1.8 million population, all necessary 
arrangements were made in the early stage of the epidemic 
to ensure that full autopsies could be performed on COVID-19 
victims [15]. 

Despite the diversity of opinions and autopsy policies, 
one of the major arguments in favor of autopsies during the 
coronavirus pandemic is the need to determine the exact cause 

of death, be it COVID-19 or a preexisting condition. Besides, 
the main body of knowledge about morphological changes 
and organ pathology associated with COVID-19 came from 
the autopsies and full pathomorphological examinations of 
COVID-19 patients’ organs and tissues. 

So far, we know that COVID-19 is caused by SARS-CoV-2, 
one of 7 human coronaviruses [16]. This enveloped single-
stranded RNA β-coronavirus has the largest genome known 
and a crown-like appearance visible under a microscope. 

Similar to other coronaviruses, SARS-CoV-2 has 4 basic 
structural components: spikes (S), a membrane (M), an 
envelope (E) and a nucleocapsid (N). It has been established 
that the S protein helps the virus latch onto and enter the host 
cell. The C-terminal domain of the S protein binds to а human 
angiotensin converting enzyme 2 (hACE2) receptor expressed 
on the cell surface and thus mediates fusion of the virus 
membrane and the plasma membrane of the host cell, resulting 
in endocytosis and infection [17].

This mechanism is analogous to that employed by SARS-
CoV, but according to electronic microscopy data, the affinity of 
the SARS-CoV-2 S protein for ACE2 is 10-20 times higher than 
that of SARS-CoV [18], which presumably determines the high 
transmissibility of the novel coronavirus.

A study has identified potential routes of entry and target 
sites for SARS-CoV-2 based on the information about the sites 
of ACE2 expression [19]. ACE2 is expressed in the alveolar 
type II cells of the lungs, cardiomyocytes, the epithelial lining of 
the renal proximal tubule, the esophagus, ileal epithelial cells, 
the epithelium of the urinary bladder, lymph nodes, the thymus, 
the bone marrow, the spleen, the liver and the brain [20]. 
ACE2 receptors also occur on the surface of keratinocytes, 
fibroblasts, endothelial cells, osteoblasts and osteoclasts. 

Consequently, autopsies followed by immunohistological 
and molecular biological analysis were instrumental in 
describing changes to the organs and tissues of COVID-19 
patients, mapping them against infection sites and the sites 
of SARS-CoV-2 receptors and determining the time interval 
during which the viral RNA is present in the tissues of a dead 
infected patient.

Coronaviruses have been known to persist in the organs 
and tissues of dead infected patients since 2007 [21]. A 
comparative postmortem analysis of viral load in the internal 
organs of 7 patients who had died from severe acute respiratory 
syndrome (SARS) revealed that the SARS–CoV/GAPDH RNA 
ratio was the highest (≥ 1) in the lungs and small bowel and was 
< 1 in the heart, spleen and kidneys. Time from death to tissue 
sampling for PCR was 90–180 h. Unfortunately, the researchers 
failed to find out how virulent the viral particles were [21].  

Reportedly, SARS-CoV-2 is detected in the organs and 
tissues of dead patients who tested positive for this virus 
during life. For example, of all nasopharyngeal swabs collected 
from 29 patients with COVID-19 2–24 h postmortem, 10 were 
positive for SARS-CoV-2 2 h and 4 h after death, 9 were 
positive 6 h after death and 7 were positive 12 h postmortem 
[22]. Remarkably, the nasopharyngeal swabs obtained from 
the forensic pathologists performing the autopsies were all 
negative. Another study compared the results of antemortem 
and postmortem nasopharyngeal COVID-19 swab testing 
[23]. Antemortem swabs were collected 2–14 days before 
death. Comparison of SARS-CoV-2 RNA levels in the obtained 
specimens demonstrated the high viability of the viral RNA in 
the bodies within 2.7–482.6 h after death. The authors note 
that all patients had pronounced immunosuppression and 
their bodies were refrigerated and kept at 4 °С before being 
autopsied [23].  
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Another study detected SARS-CoV-2 RNA in the bodies of 
4 patients with SARS-CoV-2 infection confirmed during life: a 
full autopsy was performed followed by real-time PCR analysis 
of the obtained tissue specimens. SARS-CoV-2 RNA was 
detected in the lung tissue of each body [24]. Besides, one of 
the decedents had SARS-CoV-2 RNA in their brain, another 
had the virus in the small intestine and the kidney. Notably, time 
between the autopsy and death varied from 1 to 17 days. 

SARS-CoV-2 might persist in the eyes, specifically in the 
retina and the vitreous body [25]. A study reports that 2 of 10 
vitreous body swabs collected from patients with COVID-19 
were positive for SARS-CoV-2 RNA. Importantly, the viral RNA 
persisted in the vitreous body even after the specimens were 
stored at –20 °C and then thawed.   

There is an interesting case of a 60-year-old male 
hospitalized after a fall at home; the man died in the hospital 
the next day [26]. The preliminary cause of death was SARS-
CoV-2-associated pneumonia; the infection was comorbid with 
Steinert's disease and ischemic cardiomyopathy. After death, 
the patient’s body was stored at 4 °С awaiting cremation, 
which was performed 35 days later. Before cremation, a 
forensic pathologist collected nasal and oropharyngeal swabs 
from the decedent; real-time PCR performed the same day, i.e. 
35 days after death, detected the presence of SARS-CoV-2 
RNA in the swabs. The authors of the cited article think that 
the long persistence of SARS-CoV-2 RNA could be explained 
by the absence of antiviral therapy and the temperature of the 
mortuary refrigerator (4 °С) [28].

SARS-CoV-2 was also detected in the decomposing tissues 
of a human corpse subjected to a postmortem examination 17 
days after death [24]. There is a report of SARS-CoV-2 presence 
in necrotic placental villi collected from a pregnant woman with 
COVID-19; the virus was detected immunohistochemically in 
the reaction with anti-SARS-CoV-2 Nucleocapsid antibodies [27]. 

Coronaviruses can persist on non-biological surfaces like 
metal, plastic, paper, and glass [28]. The endemic human 
coronavirus strain HCoV-229E remains infectious on different 
types of surfaces from 2 h to 9 days. TGEV (transmissible 
gastroenteritis virus) and MHV (mouse hepatitis virus) are 
reported to persist for up to 28 days at 4 °С. At higher 
temperatures (30 °С or 40 °С), the duration of highly pathogenic 
MERS-CoV (Middle East respiratory syndrome coronavirus), 
TGEV and MHV is shorter. At room temperature, HCoV-229E 
persists longer at 50% vs 30% relative humidity.

A comparative study of stability and decay rates of SARS-
CoV-2 and SARS-CoV-1 in aerosols and on 4 different surfaces 
(plastic, stainless steel, copper and cardboard) showed that SARS-
CoV-2 remained viable in aerosols for 3 h, but its tissue-culture 
infectious dose TCID50, which kills 50% of monolayer cells, was 
decreasing over time from 103.5 to 102.7 per liter of air. For SARS-
CoV-1, TCID50 went down from 104.3 to 103.5 per liter of air. 

At the same time, viable SARS-CoV-2 was detected on 
plastic and stainless steel after 72 h and 48 h, respectively, with 
TCID50 falling from 103.7 to 100.6 per milliliter of medium. The 
dynamics of SARS-CoV-1 concentrations were the same. On 
cardboard and copper, no viable SARS-CoV-2 was detected 
after 24 h and 4 h, respectively; viable SARS-CoV-1 was no 
longer detected on these surfaces after 8 h [29]. For SARS-
CoV-2, the longest viability was on stainless steel and plastic. 
These are the materials dissection tables, autopsy instruments 
and body bags are made of. This is an important factor that 
needs to be accounted for when developing biosafety and 
disinfection guidelines for autopsy suites.

An example to illustrate this point is an incident with the 
Diamond Princess cruise ship: SARS-CoV-2 RNA was detected 

on various surfaces in the cabins 17 days after all symptomatic 
and asymptomatic patients with COVID-19 had come ashore 
[30]. Of 3,711 passengers and crew members, 712 (19.2%) 
tested positive for SARS-CoV-2; of them 331 (46.5%) had no 
clinical symptoms at the time of testing. 

It should be born in mind that viral transmission is determined 
by the type of the virus and the duration of contact. It is reported 
that 31.6% of influenza A virus and 1.5% of parainfluenza 
virus was transferred from the surface contaminated with 
influenza A and parainfluenza, respectively, to a hand during a 
5-second-long contact between the hand and the surface [31]. 
Interestingly, students touch their faces 23 times an hour on 
average; skin is the most touched organ (56%), followed by the 
mouth (16%), nose (14%) and eyes (12%) [28]. 

Unfortunately, despite a wealth of reports, there is no 
clarity on how long the novel coronavirus persists in the 
organs and tissues of deceased patients with COVID-19, and 
no clear correlations between the results of PCR testing for 
SARS-CoV-2 RNA and the results of culture tests have been 
established. Post- and antemortem studies of tissue samples 
collected from patients with COVID-19 could shed more light 
on these issues [32].

Considering that organs and tissues of deceased individuals 
with COVID-19, as well as equipment, instruments and other 
items used for their transportation, storage and autopsying, 
may contain or be contaminated with viral particles, they can be 
the source of infection for autopsy suite staff and funeral home 
workers. SARS-CoV-2 is transmitted via respiratory droplets, 
through direct contact, via the fecal-oral and airborne routes.

Although there are few reports of COVID-19 infection 
among dissection room staff unsupported by strong evidence 
of SARS-CoV-2 transmission during autopsies [33], deaths of 
medical and forensic pathologists who performed autopsies on 
“red zone” patients suggest that such transmission is highly 
probable.

Biosafety measures against SARS-CoV-2

This leads us to conclude that the respiratory tract specimens 
of any human corpse must be PCR-tested for SARS-CoV-2 
to ensure safety of autopsy suite staff [34]. A positive SARS-
CoV-2 test is not a pretext for not performing an autopsy; it is a 
warning that adequate biosafety measures should be taken to 
protect the personnel. 

All foreign and Russian guidelines on the safe handling 
of deceased persons with COVID-19 prescribe that personal 
protective equipment (PPE), i.e. gloves and a disposable gown, 
should be worn by the involved staff (see Table). Additionally, in 
some countries, including China [35] and India [36], a water-
resistant apron, googles and a face shield must be worn. A 
body of a patient with COVID-19 must be transported to a 
morgue as soon as possible. According to Chinese [35] and 
Indian [36] guidelines, the skin of the deceased person must 
be disinfected; wounds must be disinfected and dressed with 
impermeable material. Natural body orifices, including the 
mouth, nose and anus, must be plugged. In accordance with 
Russian guidelines, all natural body orifices must be plugged 
with cotton balls and wounds must be dressed with gauze 
soaked in a 3,000–5,000 mg/L chlorine-based disinfectant or 
0.5% peracetic acid [43].

In most countries, bodies are transported to morgues in 
leak-proof plastic body bags to prevent contact with the body 
or bodily fluids. In China [35] and India [36] body bags must be 
wrapped in a mortuary sheet. According to Indian guidelines, 
corpses infected with SARS-CoV-2 must be stored separately 
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Table. Personal protective equipment recommended for staff involved in the handling and autopsying of dead bodies of patients with COVID-19

Note: standard PPE are gloves, a disposable gown and hand hygiene.

Source Standard PPE Water-resistant apron Face shield Googles Double gloves

No autopsy performed

China [35] + + + +

India [36] + + + +

USA [37] + + +

Netherlands [38] + – –

UK [39] + + +

Europe [40] +

WHO [41] + + + +

During autopsy

China [35] + + + +

India [36] + + + + +

USA [37] + + + + +

UK [39] + + + + +

Germany [42] + + + + +

Europe [40] + + + +

WHO [41] + + + + +

from SARS-CoV-2 negative bodies in a room fitted with an 
autonomous ventilation system [36]. In Germany, the body of 
a patient with COVID-19 must be wrapped in a double-layer 
sheet treated with a disinfectant, placed into a double-layer 
leak-proof bag and then placed into a casket, which must be 
immediately sealed [42].

A pathologist must follow stringent biosafety guidelines 
while performing an autopsy on a COVID-19 patient. In our 
opinion, Russia can boast the most effective biosafety measures 
for the handling of dead bodies with COVID-19. The Ministry 
of Healthcare of Russia requires that autopsies on COVID-19 
patients should be performed at specially conditioned facilities 
[44]. In Moscow, some anatomic pathology units have been 
modernized to ensure compliance with the biosafety guidelines 
of the Russian Ministry of Healthcare [45]. 

In Russia, autopsies must be conducted in a negative 
pressure room with 6 air changes per hour (for existing facilities) 
or 12 air changes per hour (for newly built or renovated facilities); 
air must be exhausted directly outside or HEPA-filtered [43]. 
In UK [39] and India [36] autopsies must be performed in a 
properly ventilated negative pressure room fitted with a down-
draught table. In Germany, autopsies must be performed in 
a separate building with autonomous sewage and ventilation 
systems and shower cabins for staff [42]. 

In Russia, the number of people in the dissection room 
must be limited to those participating in autopsying and tissue 
sampling, i.e. a pathologist, a laboratory assistant and a diener. 
Medical and forensic autopsies of persons with COVID-19 
must be performed in the presence of a federal state sanitary 
and epidemiological surveillance representative [43]. However, 
this requirement does not apply to the anatomic pathology 
units of Moscow specially conditioned for autopsying 
COVID-19 patients and authorized for such procedures by 
Rospotrebnadzor [45]. The autopsy itself is performed and 
supervised by the head of the unit or the most experienced 
pathologist [43]. Paradoxically, some foreign researchers 
think that experienced autopsy pathology trainees, including 
pregnant trainees, can be recruited for autopsies on COVID-19 
patients [46].

All foreign guidelines require that a pathologist performing 
an autopsy should wear standard PPE, including gloves and 

a disposable gown, and practice good hand hygiene (see 
Table). In Germany [42] and India [36], the standard PPE set 
is complemented by double gloves. In the USA [37], UK [39] 
and Germany [42], a protective whole-body gown and vented 
respirators are recommended.

According to Russian guidelines [43], a pathologist involved 
in autopsying a person with COVID-19 must wear: 

– double surgical gloves with a layer of cut-proof synthetic 
mesh;

– a disposable water-resistant or impermeable long-sleeved 
protective garment (a surgical scrub suit, a gown);

– a water-resistant apron;
– a plastic face shield or googles to protect the face and the 

eyes from splashes of fluid;
– a disposable respirator with the high level of respiratory 

protection;
– disposable shoe covers, a surgical cap. 
Alternatively, a pathologist can wear type I or II biohazard 

suit and “Quartz” PPE or type II biohazard suit plus double 
surgical gloves with a layer of cut-proof synthetic mesh, 
googles, an oilcloth or polyethylene apron, protective sleeve 
covers and an FFP3 respirator. Quartz-1M protective wear for 
infectious disease specialists is also recommended [44].

Most guidelines advise against procedures accompanied by 
inadvertent splashes (from high-pressure water jets or placing 
a cadaver in the water) and aerosol generation or recommend 
they should be minimized. Russian guidelines suggest the “dry 
autopsy” approach [43–45]. Using an oscillating saw is not 
recommended or the saw should be attached to a vacuum 
shroud to contain bone dust; biological specimen should be 
collected using a sterile instrument set.

In India [36], UK [39] and Germany [42] autopsies are 
performed by dissecting body cavities consecutively. Some 
researchers suggest that a staged autopsy protocol should be 
applied [46]: first, a biological specimen is collected for SARS-
CoV-2 testing and then a full autopsy is carried out. 

Some international authors insist on a minimally invasive 
autopsy in the case of a COVID-19 patient: tissue and fluid 
specimens are collected based on antemortem and/or 
postmortem radiographic data [13, 47]. CT complemented by 
a histopathological examination is increasingly employed for 
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postmortem imaging of lung tissue in adult patients [48, 49]. In 
the case of a neonatal death, a postmortem MRI examination 
is recommended, since it can effectively and reliably verify 
congenital pneumonia [50, 51]. Postmortem ultrasonography 
can be used to accurately collect tissue specimens while 
minimizing the risk of infection at autopsy [52]. However, in 
order to prevent artifacts, postmortem ultrasonography should 
be conducted no sooner than 1–2 h after the body has been 
retrieved from the mortuary refrigerator and reached room 
temperature [52].

The final stage of any autopsy involves disinfection of 
the cadaver’s skin, medical instruments and the dissection 
room itself. For skin disinfection, sodium hypochlorite (1% or 
5.25%) is recommended. All surfaces that come in contact 
with the dead body must be cleared of all visible stains and 
decontaminated with sodium hypochlorite or 70% ethanol. In 
Germany, it is prohibited to drain wastewater down the shared 
drain [42], and air in the dissecting room must be disinfected 
with an ultraviolet lamp for 1 h and filtered for 2 h [42]. 

Russian researchers [43–45] advise against embalming; 
instead, the body should be placed in a plastic body bag, the 
outer surface of the bag should be disinfected and left in the 
storage room until the funeral. Before the body is collected by 

the relatives, it should be placed in the second plastic bag, the 
outer surface of the bag should be disinfected, and then placed 
into a casket, which should be then sealed for further burying or 
cremation. In China [35] and India [36] the embalming of bodies 
infected with COVID-19 is prohibited. Almost in every country 
a physical contact with the body is not recommended, except 
the Netherlands [38], where touching is allowed, providing 
that good hand hygiene is practiced. In China, the bodies of 
patients with COVID-19 are subjected to cremation [35]; in 
Germany, it is allowed to bury the bodies if the grave is at least 
2 m deep [42].

CONCLUSION

SARS-CoV-2 persists for quite long in the tissues and bodily 
fluids of decedents with COVID-19 and on various surfaces 
that come in contact with the infected deceased person. The 
longest viability of the virus is on stainless steel and plastic 
surfaces. Autopsies on decedents with COVID-19 must be 
performed at specially conditioned facilities ensuring biosafety 
of the involved personnel. Medical and forensic pathologists 
and other mortuary workers must adhere to stringent biosafety 
requirements imposed by the existing guidelines.
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