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Comorbidities and autopsy findings of COVID-19 deaths and their

association with time to death: a systematic review and meta-analysis.

Objective: Examination of postmortem findings can help establish effective
therapeutic strategies to reduce mortality. The aim of this study was therefore to
review complete autopsy cases and their postmortem findings and comorbidities
associated with death caused by COVID-19, in order to establish a profile of the
deceased and the likelihood of time to death. Methods: A systematic review was
carried out following the recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses and meets Cochrane criteria
recommendations (PROSPERO registration number CRD 42020209649). An
electronic search in the databases Pubmed, Scopus, Web of Science, Wiley
Online Library and Scientific Electronic Library Online (SciELO) was
performed. Results: The search strategy yielded a total of 25 articles where 140
cases of complete autopsies were reported. The most prevalent comorbidity was
vascular diseases. Patients with vascular disease, heart disease and diabetes died
significantly in a shorter period of time. Autopsies mainly focused on the lungs.
The proliferative phase of Diffuse Alveolar Damage (DAD) was the most
reported in the microscopic postmortem findings, and these patients died in a
shorter period of time. However, individuals aged over eighty years significantly
presented fibrotic phase of DAD at the time of death. The kidney was the second
most affected organ with thrombosis and tubular damage, followed by the liver
with congestion and necrosis. Conclusion: Given that accurate information of
complete autopsies findings is still scarce, it is necessary to perform complete
autopsies by examining organs other than the lungs in order to provide
information to improve new treatment strategies in patients with a high risk of

mortality.

Keywords: COVID-19; SARS-CoV-2; autopsy; comorbidities, mortality, forensic

medicine.



Introduction

COVID-19 was the third leading cause of death for most of 2020 and the first
months of 2021. With the rapid adoption of vaccines, deaths from COVID-19 have been
drastically reduced in developed countries. However, with the more infectious Delta and
Omicron variants of COVID-19 and insufficient vaccination rates in some areas of the
world, COVID-19 cases, hospitalisations and deaths are on the rise again. Moreover, the
new variant Omicron, first identified in Botswana and South Africa, is spreading rapidly
around the world, often in settings where the Delta variant was dominant. This may

compromise vaccine effectiveness and lead to reinfections [1].

The virus has caused over 413 million infected cases and over 5.83 million
confirmed deaths to date. Mortality linked to COVID-19 seems to be associated with
underlying conditions such as obesity, heart and vascular diseases, diabetes, advancing
age and chronic lung diseases [2—5]. Coronary heart disease is associated with a poor
prognosis for COVID-19, with higher mortality and a higher likelihood of admission to
the Intensive Care Unit (ICU). In addition, it has been observed that the association
between coronary heart disease and poor prognosis of COVID-19 is influenced by
hypertension [6]. Moreover, individuals with diabetes mellitus and severe obesity are
more likely to be infected with and die from COVID-19 [7]. Based on experience with
other respiratory viruses, a higher proportion of hospitalised patients with lung diseases
could be expected [8]. However, studies conducted in China, Italy and Spain show that
cases of COVID-19 of patients with asthma and chronic obstructive pulmonary disease
were below expectations [9—12]. In contrast, its frequency is much higher in the New
York area and the United Kingdom [3,13]. The discrepancy between these studies is of
great interest in the scientific community and has not yet been resolved. Trained

immunity and vaccines based on trained immunity may explain these discrepancies



between countries. In this regard, it has been shown that the number of cases and deaths
per population during the COVID-19 pandemic appears to be lower in countries with
Bacille Calmette-Guerin (BCG) vaccination programmes than in those without, which
could be attributed to the possible effects of trained immunity induced by BCG
vaccination [14,15]. However, further research and clinical trials are needed to
demonstrate whether new vaccines based on trained immunity could represent a suitable
strategy for the prevention and treatment of SARS-CoV-2 infection [16].

Some studies have shown that male patients with COVID-19 were associated
with significantly increased risk of mortality compared to female patients [17,18].
Likewise, other studies have found that patients older than 50 years had a higher
likelihood of mortality in cases confirmed by COVID-19 [12,17,19]. However, there is
still no consensus, meaning the associated risk factors need more in-depth study, as a
patient suffering from these underlying diseases can suffer a fatal outcome.

The autopsy and its findings determine the cause of death, allow us to know the
physiopathology of death, and can help establish effective therapeutic strategies to
reduce mortality. Autopsies can instruct us about the disease, its prevention and the
treatment received, and optimise clinical management [20]. They can also provide
information on the spread of the virus through the body, the involvement of systems and
organs, or the late effects of the disease [21]. Autopsies should therefore be a key
element in understanding this phenomenon. However, autopsies are not being carried
out and the autopsy findings and comorbidities associated with COVID-19 are not being

sufficiently studied.

The aim of this systematic review was threefold: (1) to identify complete

autopsy cases of SARS-CoV-2 deceased, (2) to identify their comorbidities and



postmortem findings, and (3) to establish a profile of COVID-19 deceased and the

likelihood of time to death

Material and Methods

This systematic review was carried out following the recommendations of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement [22], and meets Cochrane criteria. The protocol of this systematic review was
registered in the International Prospective Register of Systematic Reviews (PROSPERO

CRD 42020209649).

Search strategy and selection criteria

Bibliographic searches were performed in the databases Pubmed, Scopus, Web
of Science, Wiley Online Library and Scientific Electronic Library Online (SciELO) to
identify studies available up to August 2020. The search terms were: "coronavirus
disease" OR "COVID-19" OR "SARS-coV-2" AND "autopsy" OR “biopsy "OR
"forensic biopsy" OR “pathological findings" OR "postmortem findings". All studies on
autopsies in patients who died due to COVID-19 were included. In order to collect all
autopsy cases with COVID-19, studies with individuals who were SARS-CoV-2
positive but the cause of death was not a consequence of it were also included. We did
not apply language restrictions in the search or in the selection process. Exclusion
criteria were: biopsies in animals, in vivo biopsies, biopsies in death, partial or minimal
invasive autopsies, COVID-19 autopsy guidelines or COVID-19 diagnostic test

protocols.



Quality assessment

Studies with incomplete descriptions, duplicate cases, incidental diagnosis of
COVID-19 during autopsies or polymerase chain reaction (PCR) sampling protocols in

COVID-19 autopsies were excluded.

Data extraction

Two reviewers (JMM and LR) independently reviewed the titles and abstracts identified
in the search and retrieved articles to determine eligibility and to extract study data.
Disagreements around eligibility between both authors were resolved by consensus after
reading the full text together. If the discrepancy was not resolved, a third reviewer

(SMH) decided whether to proceed with inclusion.

For each eligible study, we retrieved information based on the following
categories: age, body mass index (BMI), comorbidities, symptoms, hospitalisation time,
ICU time, organ COVID-19 diagnostic test, cause of death, postmortem interval and

autopsy findings.

Statistical analysis

GraphPad Prism 7.05 (GraphPad Software, San Diego, CA, USA) was used for
statistical analysis. Kappa index was performed to assess the degree of concordance in
the inclusion and exclusion of studies based on two reviewers (JMM and LORL). A
descriptive analysis based on percentages was performed on the autopsy findings found.
All data are represented as the mean =+ standard deviation (SD). Groups were compared
using the Student's t-test or one-way ANOV A and Bonferroni post hoc test for multiple
comparisons (p < 0.05 was considered significant) when appropriate. To obtain model

and Pearson-r correlation analysis, only the cases where age and BMI were defined



were chosen. Mortality curves (likelihood of death) were developed to analyse time of
hospitalisation until death, comorbidities and autopsy findings, and a Chi-square

analysis was carried out.

Results

Figure 1 shows the flowchart process applied in the systematic review. The
search strategy yielded 1282 articles. After removing duplicate items, 1034 were
reviewed titles and abstracts. 958 articles were discarded following exclusion criteria.
The remaining 76 were potentially eligible full-text articles for this study (Figure 1).
Concordance between reviewers was 84.2% (x= 0.64, 95% CI 0.45-0.82, p<0.05),
corresponding to “good concordance” [23]. Applying the quality assessment yields an
exclusion of 51 studies (Figure 1). A total of 25 articles were included for qualitative
and quantitative synthesis in the present study. One hundred and forty cases were
reported (92 men and 48 women) (Table 1).

Figure 1. Flow diagram for the systematic review according to Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA Guidelines).

Table 1. Summary of articles identified in the systematic literature review.

Mean age was 70.7 + 14.7 years, ranging from 27 to 96 years. Female mean age
was 72 + 15.4 years (ranged 31 to 94 years), and male mean age was 70 & 14.3 years,
(ranged 27 to 96 years). No significant differences were found between men and women

(p=0.544)



The BMI was categorised according to the World Health Organization (WHO)
indices as underweight (<18.5), normal (18.5-24.9), pre-obese (25.0 - 29.9), obesity
class 1 (30.0 - 34.9), obesity class 2 (35.0 - 39.9), and obesity class 3 (>40). BMI was
reported in 66 cases (45 men and 21 women). The mean BMI was 31.9 £ 9, ranging
from 15.4 to 61.5. Male mean BMI was 31.9 + 8.6, ranging from 20.7 to 59 and female
mean BMI was 31.8 + 10, ranging from 15.4 to 61.5. There were no significant
differences between genders (p=0.756).

The symptoms were reported in 90 cases. The most common symptoms were:
fever (67.7%), dyspnoea (61.1%), cough (54.4%), weakness (25.5%), and digestive
symptoms (15.5%).

Time of hospitalisation was reported in 103 cases, the mean being 12.2+12.8
days (ranging from 1 to 71 days). Time on mechanical ventilation was reported in 25
cases (mean= 5.7+6.6 days; ranging from 1 to 45 days) and time of stay in ICU in 7
cases (mean=12.45+£12.79 days, ranging from 4 hours to 35 days).

Comorbidity was reported in 114 cases (77 men and 37 women). The most
prevalent comorbidity in men and women was vascular diseases (59.6%), followed by
heart disease (42.9%) (especially high arterial blood pressure), diabetes (38.5%) and
respiratory diseases (27.1%) (emphysema and chronic obstructive pulmonary diseases)
(Table 2). Prevalence of comorbidities by gender is shown in Table 2. No statistically

significant differences were found between genders.

Table 2. Prevalence of comorbidities of COVID-19 deceased by gender.



Mortality curves showed different behaviour between comorbidities. Patients
with vascular or heart diseases or diabetes significantly died in a shorter time

(p<0.0001) compared to those without these diseases (Figure 2).

Figure 2. Likelihood of death and comorbidities.

Autopsy findings

One hundred and ten cases reported the sample organ to COVID-19 PCR test. The most
sampled organ was lungs (78.2%), followed by heart (50%) and brain (45.5%).

Postmortem interval was reported in 40 cases. The mean was 2.7 + 2.5 days,
ranging from 1 hour to 41 days. The cause of death reported was COVID-19 except in
5 cases, in which the death was with SARS-CoV-2 but not as a consequence of it.

The macroscopic and microscopic autopsy findings were reported in 140 cases,
mainly focused on the lungs. The macroscopic finding most reported in the lung was
general damage (81.4%), followed by oedema, congestion and patchy areas of

condensation (Table 3). Lung combined weight was reported in 32 cases, mostly

between 1000-2000 grams (26 cases) (Table 3).

Table 3. Macroscopic and microscopic lung autopsy findings of Covid-19

deceased.

The main microscopic pathological finding of the lung was Diffuse Alveolar
Damage (DAD) in its different phases. The proliferative phase was the most reported
among autopsy findings (48.5%), followed by exudative (31.4%) and fibrotic phases

(14.2%). Bronchopneumonia and pneumonia were also reported in a high percentage



(46.4 and 25%, respectively), followed by thrombosis in the lung parenchyma (14.2%)
(Table 3).
We found that individuals with no pulmonary thrombosis died in a shorter time

(p=0.0142) (Figure 3).

Figure 3. Likelihood of death with no pulmonary thrombosis vs. pulmonary

thrombosis.

A more in-depth statistical analysis of the DAD phases showed that older
individuals significantly presented fibrotic phase of DAD at the time of death compared
to the other DAD phases (p <0.01) (Figure 4A). In addition, individuals that
experienced more days of hospitalisation significantly presented proliferative and

fibrotic DAD phases (p=0.0064) in the autopsies (Figure 4B).

Figure 4. Age and days of hospitalisation (at the time of death of the patients).

4A: DAD phases and age (in years). 4B: DAD phases and days of hospitalisation until

death. ## p <0.01 vs. Fibrotic phase, ** p < 0.01 vs. Exudative phase.

The study of mortality curves showed that individuals with proliferative phase

significantly died in a shorter time (p=0.016) (Figure 5).

Figure 5. Likelihood of death with exudative, proliferative, or fibrotic phase.



Macroscopic and microscopic findings in other organs different from lungs
showed that the kidney was the most affected organ, especially with thrombosis and

tubular damage, followed by the liver with congestion and necrosis (Table 4).

Table 4. Macroscopic and microscopic autopsy findings in other organs other

than lungs of Covid-19 deceased.

Discussion

In this systematic review, we have analysed 140 complete autopsy cases, their findings
(both macroscopic and microscopic) and comorbidities associated with death caused by
infection with the SARS-CoV-2 virus, in order to establish a profile of the deceased by
COVID-19 and the likelihood of time to death. To date, few research studies have
shown results of complete autopsy findings performed on patients who died from

SARS-CoV-2 [49].

In line with other research work [50,51], we also found that the deceased were
mostly men, with a ratio of 92 compared to 48 women. Moreover, we observed that the
mean age of the subjects was 70.7 years, in accordance with studies that affirm that

there is a greater risk of death after 60 years of age [5,52].

Given the related mortality of COVID-19, it is important to identify the profile
of vulnerable patients that are more likely to die. In our systematic review, we identified
that vascular disease, heart disease and diabetes are the most prevalent comorbidities,
followed by respiratory and kidney diseases. Several studies have analysed the presence
of comorbidities and risk factors in patients with COVID-19. In this sense, most of the

deceased had pre-existing health conditions such as diabetes and cardiovascular



diseases [53-56]. Other studies have also associated chronic kidney disease and chronic
lung diseases with an excessive risk of mortality [57,58]. As a novelty, our results show
that patients with vascular or heart diseases or diabetes significantly died in a shorter

period of time.

Obesity is also considered a risk factor to be infected with and die from COVID-
19. It might be caused by the underlying inflammation in obese subjects, but the exact
mechanisms underlying are not fully elucidated [2,59]. In this study, BMI was reported
in 66 cases, most of them were categorised as obesity classes 1 and 2 (<40 kg/m2) and,
in contrast, no significant differences between BMI and likelihood of death were found
(p=0.5468). It seems that severe obesity with BMI > 40 kg/m?2 is the one that apparently

shows a higher risk of complications and death from COVID-19 [7].

The majority of the autopsies described deep lung damage. From our results,
patients who died from COVID-19 mostly presented the proliferative phase of DAD in
the lungs. Those patients significantly experienced a shorter time to death. On the other
hand, fibrotic phase was the least observed, probably due to the short duration of the
disease [60]. However, patients older than 80 years are more likely to present fibrotic
phase of DAD in the lung examination versus the youngest patients who showed
exudative and proliferative phases. Thrombotic complications are also frequent in
COVID-19 and contribute significantly to mortality [61]. In our study, we found
thrombosis in lungs and kidneys, showing that individuals with no pulmonary
thrombosis in the autopsy examination died in a shorter time. Despite the few complete
autopsies performed during the pandemic, some studies have observed frequent
macrovascular and microvascular fibrinous thrombi in the lungs and occasionally within

other organs [34,61,62].



SARS-CoV-2 infection causes multisystem disease and significant pathology in
most organs in patients with and without comorbidities [63]. In this systematic review,
the kidney was the second most affected organ in the autopsies, in particular presenting
thrombosis and tubular damage. Indeed, acute kidney injury (AKI) has been associated
with COVID-19 with a reported prevalence of up to 46% [64], although it is still not
clearly known how SARS-CoV-2 damages the kidney. In general, data on macroscopic

and histopathological changes in organs other than the lungs are still scarce.

One limitation of this study is that the publications on COVID-19 have
increased in a short time, so others have been published while analysing these articles.
However, the number of cases that have been analysed support the results obtained. The
lack of standardisation among studies may also be a limitation to extract data not only in
our research but also in any future studies. In this sense, an international postmortem
protocol tool is crucial to ensure the consistency of data extraction of autopsy findings

to assist health care programmes.

We have followed the quality criteria for reviews, the PRISMA
recommendations and Cochrane criteria to identify the major findings at autopsy from
patients diagnosed with SARS-CoV-2. Moreover, only cases of complete autopsy have
been analysed in this study in order to improve the data comparisons. As far as we
know, it is the only study that associates autopsy findings with comorbidities and

mortality through mortality curves.

Conclusion

A profile of the deceased by COVID-19 was established through analysis of 140
cases of complete autopsies. The lung was the organ most affected and examined in the

autopsies. In the lung examination, the patients who died from COVID-19 mostly



presented the proliferative phase of DAD and experienced a shorter time to death,
although fibrotic phase was more frequent in patients older than 80 years. The kidney
was the second most affected organ, presenting thrombosis and tubular damage. The
comorbidities most prevalent were vascular disease, heart disease and diabetes and
patients suffering these conditions died in a shorter period of time. Most of the
individuals were categorised as obesity classes 1 and 2, and no significant association
was found between BMI and time to death. This systematic review highlights the need
to provide information from postmortem complete autopsies and comorbidities
associated with death caused by infection with the SARS-CoV-2 virus, in order to
improve new treatment strategies in patients with a high risk of mortality. Further
complete autopsies including macroscopic and microscopic findings in the lungs and
other organs are recommended to better elucidate the pathophysiology of SARS-CoV-2

infection in order to reduce mortality.
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Table 1. Summary of articles identified in the systematic literature review.

Table 2.Prevalence of comorbidities of COVID-19 deceased by gender.

Table 3. Macroscopic and microscopic lung autopsy findings of Covid-19 deceased.
Table 4. Macroscopic and microscopic autopsy findings in other organs other than lungs
of Covid-19 deceased.

Figure 1 Flow diagram for the systematic review according to PRISMA Guidelines.
Figure 2 Likelihood of death and comorbidities.

Figure 3 Likelihood of death with no pulmonary thrombosis vs. pulmonary thrombosis.
Figure 4 Age and days of hospitalisation (at the time of death of the patients). 4A: DAD
phases and age (in years). 4B: DAD phases and days of hospitalisation until death. ## p
< 0.01 vs. Fibrotic phase, ** p <0.01 vs. Exudative phase.

Figure 5 Likelihood of death with exudative, proliferative, or fibrotic phase.






