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Abstract
The severe acute respiratory syndrome (SARS)-
coronavirus-2 (CoV-2) outbreak in Wuhan, China, has 
now spread to many countries across the world including 
the UK with over 3000 deaths as of early March 2020. 
This will inevitably lead to an increase in the number of 
suspected coronavirus disease 2019 (COVID-19)-related 
deaths at autopsy. The Royal College of Pathologists 
has responded to this concern with the release of 
guidelines on autopsy practice relating to COVID-19. 
The following article is a summary and interpretation 
of these guidelines. It includes a description of hazard 
group 3 organisms to which SARS-CoV-2 has been 
assigned, a brief description of what is currently 
known about the pathological and autopsy findings 
in COVID-19, a summary of the recommendations for 
conducting autopsies in suspected COVID-19 cases and 
the techniques for making the diagnosis at autopsy. 
It concludes by considering the clinicopathological 
correlation and notification of such cases.

Introduction
The coronavirus family comprises several zoonotic 
viruses that cause serious human diseases including 
Middle East respiratory syndrome (MERS) and 
severe acute respiratory syndrome (SARS).1 In late 
2019, a new coronavirus outbreak due to SARS-
coronavirus-2 (SARS-CoV-2) began in Wuhan, 
China, which causes an illness in humans desig-
nated as coronavirus disease 2019 (COVID-19) 
by the WHO.2 COVID-19 pathobiology remains 
incompletely understood and significant efforts are 
underway to study it worldwide.

SARS-CoV-2 continues to spread as the number 
of deaths continue to increase.3 The mode of trans-
mission of the virus is thought to be largely by inha-
lation of respiratory droplets although acquisition 
via the skin surface is another possibility.4 Fever is 
usually the first symptom with subsequent develop-
ment of respiratory symptoms.5 6 Most patients with 
COVID-19 have a mild disease course; however, 
approximately 20% develop severe disease with 
high mortality rate and is associated with older age 
and immunosuppression.5 6

In February 2020, the Royal College of Pathol-
ogists (RCPath) released guidance on postmortem 
examinations for mortuary workers in suspected 
COVID-19 cases.4 This article summarises those 
guidelines. It is based on our current understanding 
of COVID-19 in early March 2020 and may change 
as more information becomes available.

Hazard group categorisation of 
COVID-19
In the UK, pathogens are categorised according to 
their risk to humans by the Advisory Committee 
on Dangerous Pathogens (ACDP) within the 
Health and Safety Executive.7 ACDP guidance is 
largely aimed towards staff in clinical and research-
related microbiology laboratories, however given 
the potential risk to the health of mortuary staff, 
autopsy practice has been adapted to reflect the risk 
of transmission of infectious pathogens during and 
after the postmortem examination.8 These hazard 
groups (HG1–4) are assigned according to the risk 
of human infection, the likelihood spread and access 
to treatment or prophylaxis (see table 1). Control of 
substances hazardous to health (COSHH) defines 
four containment levels for working with these, 
which correspond directly to the organism’s hazard 
group (ie, containment level 3 should be used for 
hazard group 3 organisms).

The SARS-related and MERS-related coro-
naviruses are both considered HG3 pathogens, 
while most other Coronavirinae are HG2.7 
SARS-CoV-2 has recently been categorised as a 
HG3 organism.4 7 9 Other viruses within HG3 
include rabies, poliovirus, dengue virus, hepa-
titis virus B, C, D and E, and HIV 1 and 2 among 
others.4 Certain HG3 organisms (eg, herpes B, C, 
D and E virus) may be used at containment condi-
tions less than those outlined by COSHH for HG3 
organisms; however, SARS-CoV-2 is not on this 
list.7 Once appropriate precautions are in place, the 
risk to mortuary workers dealing with these HG3 
organisms are slight, and a well-staffed mortuary 
with experienced personnel should be capable of 
handling cases with any of these HG3 pathogens.

Risk reduction during postmortem 
examination in HG3 organisms
In general, conducting an autopsy on a patient with 
a suspected HG3 organisms requires four areas of 
attention: risk assessment, understanding of the 
pathology that may be found, universal standard 
precautions and any standard operating procedures 
for specific HG3 pathogens. The effective utilisa-
tion of universal precautions mitigates against inac-
curate or incomplete information used in the risk 
assessment on an individual case basis.

Mortuary workers performing autopsies have a 
duty outlined by COSHH to perform risk assess-
ments in every postmortem examination for the 
safety of themselves and their colleagues. Before 
the time of the autopsy, this may include a review 
of the clinical history on the consent form or 
coroner request form, information attained from 
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Table 1  ACDP hazard group definitions: table adapted from ref 7

ACDP hazard group definitions

Group 1 Not likely to lead to disease in humans.

Group 2 May lead to human disease and risk to employees but not likely to 
spread to other humans. Prophylaxis and/or treatment are generally 
accessible.

Group 3 May lead to severe human disease and can be a significant risk to 
employees. It can spread to other humans. Prophylaxis and/or treatment 
are generally accessible.

Group 4 Leads to severe human disease and poses a significant risk to 
employees. It is likely to spread to other humans. No prophylaxis and/or 
treatment are generally accessible.

ACDP, Advisory Committee on Dangerous Pathogens.

Box 1 P ublic Health England interim definition of 
possible cases

Epidemiological criteria
►► Travel to specific countries and regions* within 14 days of the 
onset of symptoms.

►► Contact* with confirmed COVID-19 cases within 14 days of 
the onset of symptoms.

Clinical criteria
►► Severe acute respiratory infection.
►► Any severity of respiratory infection with either shortness of 
breath or cough.

►► Fever alone.

This may be updated regularly. *The specific countries and definition 
of contacts may be updated regularly at the link below. Please review 
this link when considering any potential cases of SARS-CoV-2 infection 
at autopsy. https://www.gov.uk/government/publications/wuhan-
novel-coronavirus-initial-investigation-of-possible-cases/investigation-
and-initial-clinical-management-of-possible-cases-of-wuhan-novel-
coronavirus-wn-cov-infection.

the patient’s doctors, laboratory records and hospital infection 
control and external examination findings.

It must be stressed at this point that if the death is considered 
to be due to a confirmed COVID-19 infection, an autopsy is 
unlikely to be necessary and a Medical Certificate of Cause of 
Death should be given. However, if the infection is involved in 
a forensic case, then legal duty impels the proper performance 
of a full appropriate autopsy. The issue of whether a person dies 
with or from COVID-19 infection may not always be straight-
forward, and ongoing epidemiology and available investigation 
data may shed light on this.

Pathological findings in COVID-19
Information regarding the pathological findings in COVID-19 
is limited, although several case reports have been published in 
recent weeks.10 11

Clinical features: Public Health England (PHE) has outlined 
criteria to assess possibility of COVID-19 infection in patients.12 
These criteria are the same when the patient is deceased with 
the exception that the timelines given in the guidance refer to 
the time prior death or onset of relevant symptoms before death 
where known (outlined in Box 1).

If it is considered that COVID-19 may have been related to 
death by these criteria, the choice of either to perform a full 
postmortem or an examination is limited only to retrieving the 
samples required to verify COVID-19 infection. This decision 

must be made according to the individual case and should 
include the requirements of the coroner or any pertinent individ-
uals. A staged postmortem may also be considered. This involves 
taking only diagnostic samples initially and later considering or a 
more complete autopsy after the results of these diagnostic tests 
are available. This staged technique is recommended if possible.

Macroscopic features: the macroscopic features of COVID-19 
are likely to be in the chest and may include pleurisy, pericarditis, 
lung consolidation and pulmonary oedema. Lung weight may be 
increased above normal. It should be noted a secondary infec-
tion may be superimposed on the viral infection that can lead to 
purulent inflammation more typical of bacterial infection.4

Microscopic findings: a recent article described the early histo-
pathological features in COVID-19 in two patients who under-
went surgical resections for lung adenocarcinoma but were later 
discovered to have had COVID-19 at the time of the operation.11 
The findings were non-specific and included oedema, pneumo-
cyte hyperplasia, focal inflammation and multinucleated giant 
cell formation while no hyaline membranes were seen. Given that 
these patients were asymptomatic with respect to COVID-19 at 
the time of the operation, these are likely to reflect only early 
changes of acute lung injury in the infection.11 In another case, 
a 50-year-old man died from severe COVID-19 infection and 
more marked histopathological findings were noted.10 Samples 
were taken by postmortem biopsy, and a description of the gross 
postmortem findings is not given, although multiple ground 
glass opacities were noted on chest X-ray. The microscopic 
findings included diffuse alveolar damage with exudates.10 The 
inflammation was predominantly lymphocytic, and multinucle-
ated giant cells were seen alongside large atypical pneumocytes, 
although no definitive viral inclusions were noted. Microvesic-
ular steatosis with mild inflammation was noted in the liver, 
although it was unclear whether this was related to the virus or 
iatrogenic. The features are very similar to those seen in SARS 
and MERS-coronavirus infections.13 14

Mortuary factors
Adequate ventilation is need where HG3 autopsies are being 
performed with enough separation from the rest of the mortuary. 
Either whole room ventilation or down-drafts at the work 
stations are acceptable.15 Any electric bone saws used should 
have a vacuum that isolates aerosolised particles. It is preferable 
to have an isolated high-risk facility for performing HG3 autop-
sies, although this is not compulsory.8 All essential equipment 
should be brought at the start of the postmortem examination 
(eg, sample receptacles, culture bottles and so on) to eliminate 
the need to leave and re-enter the workspace. Further informa-
tion may be found in the appropriate National Health Service 
guidance documents.16

The team available for these high-risk, postmortem examina-
tions best includes the pathologist, the anatomic pathology tech-
nician (APT) and a third circulator. The presence of a circulator 
is beneficial but not essential.8 Suitably experienced autopsy 
pathology trainees (as assessed by senior staff) may be involved 
in HG3 autopsies with adequate supervision. No specific infec-
tion risk to pregnant trainees has been identified; however, they 
may decide not to undertake autopsy work, and this should be 
discussed with the deanery.

Performance of the autopsy in HG3 infections
Several techniques undertaken at autopsy can reduce the risks 
encountered by HG3 infections. Personnel must be adequately 
trained. For APTs, this exposure should be in line with their 
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Box 2 L ist of minimum personal protective equipment 
(PPE) in suspected coronavirus disease 2019 (COVID-19) 
cases

Universal PPE
►► Surgical scrubs.
►► Scrub hat.
►► Clear face visor.
►► Waterproof gown to cover whole body and forearms 
(typically a surgical gown).

►► Plastic apron.
►► Rubber boots with metal toecaps.
►► Protective kevlar or neoprene cut-resistant under-gloves.
►► Single use disposable non-latex gloves.

Additional protective equipment in suspected COVID-19 
cases

►► Fold flat and moulded protection mask or whole-body suit.

curriculum and standardised training under the Royal Society 
for Public Health. For pathology trainees, this is at the discre-
tion of senior staff. Sharps injuries can be reduced by minimising 
sharps in the workspace, using round-ended scissors, blunt-
ended PM40 blades and having only a single operator working 
in the body cavity at a time.4 Fresh organs should be sliced while 
being stabilised with a sponge on a solid surface. Needles should 
be placed in sharps bins and never resheathed.

Personal protective equipment (PPE) is vital. Certain PPE is 
universally used in postmortem examinations (Box 2); however, 
the typical surgical masks are not considered sufficient protec-
tion. Valved fold flat and moulded protection masks are over 
95% effective and are suitable for use in anticipated COVID-19 
cases.4 Whole-body suits with individual respirators seem to 
provide almost complete protection, although these are imprac-
tical and not necessary.15

A staged postmortem is recommended by RCPath.4 Where a 
more detailed examination is necessary, a limited postmortem 
may be considered. In widespread infections, a minimally inva-
sive postmortem examination can be performed to provide 
necessary fluid and tissue samples;17 however, regional or local-
ised infections may be difficult to identify with this technique 
alone, although they may be improved by combination with 
postmortem imaging.

Postmortem CT (PMCT) examination: histopathologists 
with local agreements regarding access to scanning facilities 
may contemplate PMCT to demonstrate significant pulmonary 
findings or identify causes of death in a case with incidental 
SARS-CoV-2 infection. A recently multicentre study (n=101) 
showed ground-glass lung opacities in 86% of cases, or mixed 
ground-glass and consolidation in 64% of patients examined.18 
Vascular enlargement and traction bronchiectasis are also 
described (71% and 53%, respectively). The changes were more 
likely to be bilateral, peripherally distributed and involving the 
lower lobes. The decision to undertake native PMCT or venti-
lated PMCT would be for the reporting radiologist following 
consultation: use of an existing clinical airway, or creation of a 
tracheostomy postmortem, would provide access for ventilation 
and potentially lower respiratory tract sampling.

Diagnosis of COVID-19
The samples required to diagnose COVID-19 at autopsy are the 
same as those required during life. They include a 5 mL sample 
of plain blood (no additive) for serology, upper aerodigestive 

tract swabs (nose and throat) and lower respiratory tract samples 
(bronchoalveolar lavage or sputum).19 For full and up-to-date 
details on how to submit these samples, one should follow the 
links in the references.19 It should be noted that the submission 
of each sample requires a specific E28 form. The specific advice 
from PHE is that one swab should be used for the upper aerodi-
gestive tract and another swab for the lower respiratory tract.4

RCPath recommends that standard samples, such as respira-
tory tract swabs and tissue samples, should also be sent to local 
microbiology departments simultaneously to detect pathogens 
in the differential diagnosis. Where possible, a complete set of 
tissue histology is also recommended along with other specific 
investigations as outlined on a case-by-case basis.

Ready-to-use swabs can collect respiratory tract samples. 
Blood, urine and cerebrospinal fluid samples, where deemed 
appropriate, should be taken prior to opening the body cavity 
and under as sterile conditions as possible to reduce contamina-
tion. This may be achieved using alcohol-containing disinfectant 
to clean the skin. Blood cultures should be taken preferentially 
from the subclavian vein, jugular vein or left ventricle to reduce 
contamination from the bowel.

Conclusion
We have outlined the hazard group categorisation, pathological 
features and approach to the autopsy in suspected COVID-19 
cases to aid mortuary workers. If on clinicopathological correla-
tion, COVID-19 is deemed to be primary cause of death, then it 
should be given at the last line of part 1 in the Office of National 
Statistics format. If there is another primary cause of death and 
COVID-19 is considered to be contributory, then it can be put in 
part 2. Finally, it is worthwhile to notify PHE of any cases where 
COVID-19 is confirmed, although this should also be done by 
the laboratory that made the diagnosis.
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