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Abstract
Robust evidence on the pathogenesis and pathological findings of most diseases is based on autopsy 
examination. In view of the many knowledge gaps still hindering our current understanding of SARS-
CoV-2 infection, post-mortem studies in this life-threatening disease are urgently needed. However, 
due to logistic and especially biohazard challenges less than 50 post-mortem examinations have 
been conducted in patients dying from COVID-19; most of them adult males with comorbidities. 
A few years ago, our group developed and validated in all age-groups a standardised minimally 
invasive autopsy (MIA) protocol, which might be a safer and more feasible approach to investigate 
SARS-CoV-2-related deaths. This MIA method is highly accurate in exploring infection-related deaths 
and may represent a valid post-mortem approach in all settings during the COVID-19 pandemic, 
especially in those lacking adequate facilities to perform high-risk autopsies.  Expansion in the use of 
MIA might contribute to eliminate the current knowledge gaps on the COVID-19 disease, especially 
in pediatric deaths and in cases with unusual clinical features.

Introduction
The new coronavirus disease, or severe acute 

respiratory syndrome coronavirus 2 (SARS-
CoV-2), emerged at the end of 2019 in the city of 
Wuhan, in the Chinese province of Hubei. On 
January 30, 2020, it was declared a public health 
emergency of international concern by the World 
Health Organization (WHO)[1]. In the following 
weeks, the disease was officially designated as 
Coronavirus Disease-2019 (COVID-19) and 
officially declared a pandemic by the WHO [2]. 
Since then, it has become clear that SARS-CoV-2 
infection is a highly contagious and harmful 
infectious disease. Merely 4 months after the 
first cases were detected, it has spread to more 
than 200 countries around the world, causing 
over 3 million confirmed cases and over 200,000 
deaths [3]. While SARS-CoV-2 steadily continues 
to spread, all the countries affected are making 
enormous efforts to effectively control the 
pandemic, which is heavily impacting health 
systems and economies. 

Most patients with SARS-CoV-2 infection 
have mild clinical symptoms. However, a small 
proportion develops severe respiratory disease 

with a high mortality rate [4]. Older individuals 
and patients with chronic diseases are at higher 
risk of developing severe COVID-19 disease 
and dying. Severe and life-threatening disease 
may, however, also occur in younger adults with 
no pre-existing conditions. From the clinical 
experience acquired during the few months of 
the pandemic, it has been recognized that SARS-
CoV-2 mostly affects the lungs, frequently showing 
bilateral and multifocal involvement on CT scans 
[5–7]. It is also speculated that the cardiovascular 
system can be severely damaged in some cases, 
leading to severe myocarditis [8,9]. Additionally, 
some patients show clinical signs of encephalitis 
[10] and meningitis [11]. In the last days, reports 
of Kawasaki-like and/or toxic shock syndrome 
have also been reported as a possible clinical 
presentation of COVID-19 in children, but very 
little is yet known of this unusual new presentation 
[12]. Altogether, the uncertainties regarding what 
happens at the pathophysiological level call for 
the need for robust post-mortem examinations. 
Unfortunately, no autopsy has been conducted in 
any of these cases with unusual clinical features to 
confirm clinical suspicion [8–11]. Indeed, there are 
still important knowledge gaps on how COVID-19 
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Figure 1. Minimally Invasive Autopsy method A, Tools for sample collection in adults: automatic needles for punctures of solid organs (upper 
part of the image); fine needles and syringes for blood and cerebrospinal fluid collection (lower left corner) and bone marrow biopsy needle 

(lower right corner). B, and C, MIA specialist using automatic needle aiming to collect heart and lung samples, respectively. D, Cores of lung 
tissue obtained during MIA. E, Representative image of histologically processed cores of lung tissue at low power view (x10). F, Higher power 

magnification (x160) of lung tissue shows clear signs of severe acute pneumonia.

disease affects human organs and systems and the pathological basis 
of the severe complications [13]. At present, throughout the world 
researchers from different fields are making significant progress 
in characterising the disease and understanding ways to control 
this infection. However, most studies focus on the development 
of vaccines and molecular diagnostic methods. In contrast, post-
mortem studies aiming to explore the pathological lesions in fatal 
COVID-19 disease, which may provide fundamental insights into the 
pathogenesis of the disease [13], are still scarce. Here in we review 
the available autopsy evidence on COVID-19 disease and discuss why 
minimally invasive approach might be relevant to expand the use of 
post-mortem studies, providing valuable knowledge for treatment, 
diagnosis and prevention.

Post-mortem findings in COVID-19 disease: what do 
we know so far?
Up to date, about 100 post-mortem procedures in COVID-19 cases 
have been documented in the literature [6,7,14-23], with the biggest 
series reporting 21 cases [21]. Twenty-nine post-mortem procedures 
(20 % of all autopsies) were performed using minimally invasive 
(needle-based) approach [17-20,24,25]. The majority of the deceased 
patients were adult males with comorbidities [6,7,17-23]; mostly 
with cardiovascular conditions [6,7,15,17-21]. Lungs were severely 
damaged in all cases [17-20,24,25]. The most frequent finding was 
diffuse alveolar damage, frequently associated with interstitial 
lymphocytic infiltrate of variable degrees (viral pneumonia) [6,7,17-
22]. Several studies also reported thrombotic lesions, predominantly 
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in the lungs or the kidneys [6,18,21], as well as pulmonary embolisms 
[6,21]. Myocarditis was an exceptional finding [6,18]. None of the 
studies reported encephalitis. Interestingly, one study reported 
high prevalence of blood group A, and of senile cardiac amyloidosis 
[6]. Only one study reported the presence of viral inclusions in the 
respiratory epithelium [15].

Role and feasibility of conventional autopsy in exploring 
fatal COVID-19 disease
It is well-known that classic autopsy with detailed examination of 
internal organs followed by tissue sampling for histological evaluation 
(and, if required, microbiological and molecular analyses) is the 
most complete method to study how diseases (including infectious 
diseases) affect different organs and systems [26,27]. However, as 
described above, there is a clear lack of international efforts focused 
on performing autopsies in suspected or confirmed COVID-19 cases 
and less than 50 post-mortem examinations have been documented 
so far worldwide [6,7,18-21]. The main reasons for this scarcity of 
pathologic studies include the re-prioritization of essential health care 
measures to the living and severely sick, the huge workload of health 
professionals, and the non-negligible logistical challenges imposed 
by a highly contagious infection to guarantee biosafety during the 
procedure. In addition, adequate infrastructures, including certified 
biosafety level-3 facilities, and special personal protective equipment 
(PPE) have been recommended to perform autopsies in these cases 
[28,29]. These requirements are difficult to meet during the current 
pandemic, as even many third level health facilities are experiencing 

significant economic and logistic challenges. Indeed, there is a lack 
of PPE even for physicians attending COVID-19-infected patients. 
Additionally, some governments and national pathology societies 
strongly advise against autopsy in COVID-19 cases. These reasons 
might explain, in part, the fact that many hospitals in affected 
countries have preferred not to perform autopsies during the current 
pandemic. Unfortunately, as has been shown in the history of 
medicine, a lack of post-mortem studies may hinder or delay scientific 
progress in understanding the pathogenesis of emerging diseases [13] 
and lead to distortions of data on the cause of death [30].

What is a minimally invasive autopsy?
The minimally invasive autopsy (MIA), also known as minimally 
invasive tissue sampling (MITS), was designed by our group in 2013, 
as an alternative to conventional autopsy for use in low-income 
settings, where the lack of infrastructures and human resources, 
together with the poor acceptability of “invasive” post-mortem 
procedures, prevents performing complete autopsies of sufficient 
quality [31]. The MIA is a standardised, needle-based, post-mortem 
examination that is performed without opening the body and 
without using any sophisticated image-based techniques to guide 
the sampling [32]. Figure 1 illustrates MIA sampling procedure. The 
procedure is simple, requires only a basic autopsy room and can be 
successfully performed, not only by fully trained pathologists, but 
also by other physicians or less qualified technicians or nurses after 
receiving basic training [33]. Briefly, a MIA consists of inserting 
fine needles into the body (Figure 1 B and 1C), aimed at collecting 

References Country No of 
cases

Mean age  
years (range)

Male:female 
ratio

Ultrasound 
Guidance

Sampled 
organs

Lung lesions (n; 
%)

Other interesting pathologi-
cal findings  (n; %)

Zhang et al [20] China 1 72 (N/A) 1:00 No Lungs DAD (1; 100%) -

Xu et al [17] China 1 50 (N/A) 1:00 No Lungs, heart, 
liver

DAD (1; 100%) -

Tian et al [19] China 4 73 (59-81) 3:01 No* Lung, liver, 
Heart (2 cases)

DAD (4; 100%)
Pneumonia (1; 
25%)

-

Yao et al [18] China 3 70 (63-79) 2:01 No Lung, heart, 
liver, kidney, 
spleen, bone 
marrow, 
pancreas, 
stomach, 
intestine, 
thyroid and 
skin

DAD (N/S)
Pneumonia (N/S)

Mild myocarditis (N/S)
Hypocellular bone marrow 
and spleen (N/S)
Thrombi in kidneys (N/S)

Wu et al [24] China 10 70 (39-87) 7:03 Yes Lungs DAD (9; 90%)
Bacterial co-
infection (1; 10%)
Fungal co-
infection (1; 10%)

Capillary hyaline thrombus 
and intravascular mixed 
thrombus in lung tissue (N/S)

Duarte-Neto et 
al [15]

Brazil 10 69 (33–83) 5:05 Yes Lungs, liver, 
heart, kidneys, 
spleen, brain, 
skin, skeletal 
muscle and 
testis

DAD (10; 100%)
Pneumonia (6; 
60%)

Myositis (2; 20%)
Orrchitis (2; 20%)
Mild myocarditis (2; 20%))
Fibrinous thrombi in alveolar 
arterioles (8; 80%)
Intense pleomorphic 
cytopathic effects on the 
respiratory epithelium (6; 
60%)
High density of alveolar 
megakaryocytes (10; 100%)

 * No ultrasound guidance was used, but the patients’ last radiographic images and surface anatomic landmarks were used as references
DAD: diffuse alveolar damage; DVT: deep venous thrombosis; N/A not applicable; N/S: not specified; PE: pulmonary embolism

Table 1. Summary of minimally invasive autopsy (MIA) findings in COVID-19 positive deceased patients
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fluids (blood, cerebrospinal fluid, effusions etc.) and cores of tissue 
(Figure 1 D and 1 E) from key, highly informative organs such as 
the lungs, liver, brain and heart [32,33]. The success of this technique 
in obtaining samples of these organs is close to 100% [32]. These 
samples are analysed through histopathological and microbiological 
methods, and provide evidence on the pathological lesions (Figure 1 
F) and the infectious agents responsible for the fatal outcome [34]. In 
addition, not only the final cause of death, but also the chain of events 
leading to death can be successfully determined in most cases [33,35]. 

Potential role of the MIA in exploring fatal COVID-19 
disease
We have validated our standardised MIA approach against complete 
autopsy in different age groups, including adult, paediatric and 
maternal deaths [35-39]. The technique has shown adequate 
concordance with the complete autopsy in all age groups, and 
importantly, a particularly high performance for infectious diseases 
[35,37-39]. Taking into account that the lungs may show severe 
multifocal and bilateral damage in individuals with COVID-19 
infection [5], and that its radiological and pathogenic evolution is 
still poorly known [40], MIA may provide relevant information to 
understand these lesions. In addition, it is difficult to determine the 
chain of events leading to death in some patients and to ascertain 
how many patients die due to SARS-CoV-2 or with SARS-CoV-2, for 
example by secondary infections complicating the viral infection [9] 
or other conditions aggravated by the viral disease. 
To the best of our knowledge, MIA approach has not been 
implemented in cases of highly transmissible infectious diseases with 
high mortality rates, such as hemorrhagic fevers (e.g., Ebola virus 
disease), with the exception of a few cases of a MIA-like procedure 
utilized in the investigation of Nipah Virus infections in Bangladesh 
[41] and yellow fever in Brazil [42].
Similar minimally invasive approaches have been used in a few 
COVID-19-related deaths in China during the current pandemic. 
Table 1 summarizes the main pathological findings from the 9 
published post-mortem studies that employed MIA approach. 
(Table 1). Overall, 6 studies reported 29 MIA procedures. However, 
the sampling was restricted to the lungs [20,24], including also 
sampling of liver and/or heart in some cases [17,19]. Only a two 
studies, conducted in China and Brazil, have used an almost identical 
approach to our MIA protocol, with sampling of a wide range of 
organs [15,18]. We strongly believe that a protocolized approach, 
involving the systematic collection of tissues from key organs and 
bodily fluids is necessary not only to confirm the impact of the 
infection in each organ, but also to better determine the chain of the 
events leading to death.

Biosafety of MIA during the COVID-19 pandemic
There is no solid evidence on how safe the MIA procedure is in 
COVID-19-infected individuals. Among the four studies that have 
recently performed MIA in COVID-19 cases [15], only one [19] 
indicated the room in which the procedure was carried out (negative 
air isolation ward). Our standardised MIA method has not been 
extensively used in the context of highly contagious emerging 
infectious diseases, such as COVID-19 infection, with the few 
abovementioned exceptions, mainly conducted in China [18,20]. 
Nevertheless, up to now, we have safely performed over 600 MIA 
procedures, including a high number of cases with HIV and/or 
active tuberculosis. The autopsy room we used was standard (with 
no negative air pressure). In all of these procedures, basic universal 
precautions have been followed [43], including conventional autopsy 
PPE [hair cap, surgical mask, gown, apron, gloves, googles and boots] 
(Figure 1 B), and none of the technicians and pathologists performing 
the procedures have suffered any incident or infection. It is clear that 
the transmission routes of COVID-19 infection might be different 
from HIV (blood-borne route), being more similar to tuberculosis 
(airborne and droplet route) [44]. However, it is important to take 
into consideration that in a MIA procedure the body is not opened, 
and consequently, the generation of infective aerosols from organs 

and fluids is extremely unlikely. However, the procedure should not 
be considered as exempt of risks. In fact, any routine conventional 
autopsy can actually turn out to be a previously unsuspected highly 
infectious disease. 
From our point of view, MIA can be performed following reinforced 
universal PPE measures. Appropriate PPE must be available for each 
person involved in the procedure; a mask (N95, FFP2/3 masks are 
highly recommendable), scrub suit, long sleeved fluid-resistant gown, 
gloves, cap to protect hair, eye protection (goggles or face shield), and 
boots [29,45]. Full body suits that include a powered air-purifying 
respirator providing 100% protection can be used but are not 
absolutely necessary. Without doubt, autopsy room with negative air 
pressure is highly recommendable for any post-mortem procedure 
dealing with COVID-19-related deaths [29]. However, since aerosol 
generation is unlikely during MIA, in our opinion, any adequately 
ventilated standard autopsy room is suitable for performing MIA in 
suspected or confirmed SARS-CoV-2 cases [45].  A critical biosafety 
rule for the MIA procedure would be the application of thorough 
disinfection of surfaces and tools, during and after the procedure 
[45,46]. Additionally, the number of personnel performing MIA 
should be reduced to a minimum, and all should have sufficient 
training [45].

Conclusions
Post-mortem examinations to determine the chain of events leading 
to death and the final causes of death are key to characterising and 
understanding new diseases, such as SARS-CoV-2 infection. Indeed, 
even in many well-known “old diseases” (e.g. chronic pulmonary 
disease), there are significant uncertainties about the final events 
leading to death that have not been completely elucidated. There are 
still some uncertainties about COVID-19 pathogenesis; especially 
in clinically challenging paediatric cases. Given the biological risk 
and challenges of performing conventional autopsies, MIA may 
be considered as a simpler and more adequate alternative in these 
cases. Despite the limited experience of performing MIA in COVID-
19-related deaths, we consider that a basic, well-ventilated autopsy 
room, the use of reinforced PPE together with thorough disinfection 
measures should suffice to perform this procedure in suspected or 
confirmed COVID-19 cases. Absence of certified biosafety level-3 
facilities should not be an obstacle to perform MIA. 
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