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Objective: During the pandemic, the SARS-CoV-2 infection with its different variants had determined high morbidity and mortality. As the
clinical autopsies were reduced in our country, complete forensic autopsies had provided important valuable information regarding the patho-
logical changes and pathophysiological mechanisms associated with SARS-CoV-2 infection. Our aim was to focus on different variants of
SARS-CoV-2, trying to determine the contribution of SARS-CoV-2 infection to the lethal outcome and to establish the cause of death.

Methods: Complete autopsies were performed on cases confirmed by polymerase chain reaction for SARS-CoV-2 infection. All autopsies
findings and the patient’s comorbidities were analyzed.

Results: Forty-nine cases were studied. Twenty were female (41%), and 29 were male (59%). The median age at death was 63 years (range
26-93 years), with an upward trend during the four variants of SARS-CoV-2. The age of the cases that died due to their comorbidities and
were associated with SARS-Cov-2 infection was higher compared to the age of the cases that died due to SARS-CoV-2 infection. Two thirds
of cases died at hospital, most of them with less than one week of hospitalization and one third of them were found dead at home. Most cases
without significant health conditions died at home.

Conclusions: The immediate cause of death for many of our cases was of respiratory origin and most of them died of diffuse alveolar dam-
age. The cases without evident comorbidities were less represented, that highlight the importance of multimorbidity in the development of
critical illness.
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Introduction

The illness caused by the coronavirus first identified in
December 2019 in Wuhan, China, is called COVID-19
(Coronavirus Disease 2019). The virus responsible for this
disease is known as SARS-CoV-2 (Severe Acute Respira-
tory Syndrome Coronavirus 2) [1]. The risk of developing
a critical illness or death from SARS-CoV-2 depends on
age and previous comorbidities, but a clear correlation in
between existing comorbidities and higher risk of death is
not clear [2,3].

Since the outbreak numerous studies have investigated
this disease, focusing primarily on clinical aspects, but also
covering histopathological, immunohistochemical, mo-
lecular, electron microscopy, and other multidisciplinary
approaches.

Even so, there are not many autopsy studies, most of
them being on hospitalized patients [4—6]. This was mainly
because, in many countries [7], medical autopsies to con-
firm or clarify death diagnoses of COVID-19 were deemed
not necessary and were avoided to reduce the risk of disease
transmission.
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Nevertheless, combined with epidemiological, clinical,
and laboratory data, medical autopsies were a very useful
tool for improving knowledge about the pathophysiology
of COVID-19 infections, and complete autopsies were still
regarded as the “gold standard” [8].

Forensic autopsies, conducted in legally required cases,
including cases with COVID-19 infection, were still per-
formed. Therefore, forensic autopsies were in many places
the only method to add new and essential information re-
lated to the pathological changes and pathophysiological
mechanisms associated with COVID-19 infection [9,10].

Our study presents the causes of death and comorbidi-
ties for all the cases positive for SARS-CoV-2, for which a
full autopsy was performed in our institution. We focused
on different variants of SARS-CoV-2 and we highlighted
the differences between the cases that died at home in com-
parison to cases that died after a period of hospitalization.
We try also to determine the contribution of SARS-CoV-2
infection to the lethal outcome and to establish the cause

of death.
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Methods

Study design, organizational structure

This is a retrospective study, analyzing the autopsies per-
formed at the Institute of Forensic Medicine Targu Mures,
Romania, between 04 April 2020 and 11 September 2023.

Only the cases that tested positive ante- and/or post-
mortem for SARS-CoV-2 infection and confirmed by pol-
ymerase chain reaction (PCR) were included.

Four variants of SARS-Cov-2 were described in Ro-
mania and our cases were classified according to date of
death/the date of admission in the hospital in one of these
categories: original, alpha, delta, or omicron type. Each of
the cases was included in the specific wave of COVID-19
infections described in our country [11-14].

Demographic and medical data, macroscopic and mi-
croscopic characteristics were collected from the autopsy
files. Age, gender, place of death, relevant health condi-
tions and comorbidities were noted. If the death occurred
while the patient was admitted to a hospital, the survival
time starting from the admission to the institution was in-
cluded.

No data were available regarding the vaccination profile
of our cases.

Institutional review board approval from the ethics com-
mittee of the Institute of Forensic Medicine Targu Mures
was obtained. Informed consent was obtained from a legal
representative.

Evaluation methods: autopsy procedure and interpre-
tation

Prior to the autopsy careful examination of all the medical
records, laboratory results, patient history were performed
to determine the most likely cause of cause of death.

For all the cases a full complete conventional autopsy
was performed, and all the three body cavities were opened,
using standard forensic medicine autopsy protocol. Safety
precautions were undertaken for infection control. For the
personnel involved in autopsy, FFP2-masks, protective
suits, and cut resistant gloves were mandatory to use.

The histopathological examination was performed for all
cases included in our study. Representative tissue samples
were taken from brain, heart, lungs, liver, and/or kidney.
All the samples were processed via standard procedure and
all the slides were stained with haematoxylin-eosin (H&E).

In each case the contribution of SARS-CoV-2 infection
to lethal outcome was interpreted considering all autop-
sies findings and the patient’s comorbidities. In accordance
with WHO guidelines [15], the underlying cause, condi-
tion leading to cause of death, and immediate cause of
death were assessed for each of the case. For each of the
cases, the severity of all findings was evaluated, and their
causal chains were assessed. Following prior published
classifications [9,16], we classified the cases based on the
presence of COVID-19 and of the comorbidities.

Microscopically, we considered a positive COVID-19

case, if the pulmonary tissue consisted of inflammation
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suggestive for pneumonia and/or criteria for diffuse alveo-
lar damage (DAD). Severe COVID-19 was considered if
the pulmonary changes were consistent and started the se-
quence of events leading to death. We considered a mild
COVID-19 if the pulmonary changes were focal, and the
immediate cause of death was determined by the pre-exist-
ing comorbidities.

Based on all the acquired information, the cases were
classified in three main categories: cases that died of se-
vere COVID-19 without evident comorbidities (group
A), cases that died of severe COVID-19 with evident and
significant comorbidities (group B), and cases that died of
comorbidities with SARS-CoV-2 infection and/or mild
or absent COVID-19 (group C). For the last category, we
considered the pre-existing illness as the major cause of

death.

Statistical analysis

Descriptive statistics was used to characterize the popula-
tion groups. All data collected in the study were labelled
as categorical variables (sex, covid variant, place of death,
type of death, comorbidities) or quantitative variables (age,
year, hospitalisation period). Qualitative variables were
summarized as counts and frequencies. All statistical analy-
ses were conducted using Epi Info version 7.2.0.1. To com-
pare parametric data, the Fisher exact test was used. T test
was applied for comparing the means of different groups
regarding type of death. The level of statistical significance
was set at p < 0.05.

Results

Clinical presentation

For all cases that were confirmed prior to necropsy or were
suspected and confirmed post-mortem with SARS-CoV-2
infection, a full autopsy was performed. Forty-nine cases
were included in our study. Of the deceased, 20 (41%)
were female and 29 (59%) were male (Table 1). During
all described variants, there were more men than women,
except omicron variant.

The median age at death was 63 years (range 26-93
years), with an upward trend during the four variants of
SARS-CoV-2 (Table 2).

Two thirds of cases (31 cases) died at hospital, most of
them with less than one week of hospitalization and one
third of them were found deceased at home. Regarding the
place of death, the distribution of the cases during the dif-
ferent variants of SARS-CoV-2 was uniform. There were
more cases that died during hospitalization than cases that
died at home.

The median period of hospitalization was 8 days (range
0-45 days), also with an upward/ascending trend during
the four variants of SARS-CoV-2 (Table 2).

The distribution of our cases during Covid-19 pandemic
period was in accordance with the numbers of the reported
deaths and the different waves described in our country
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Table I. The most important characteristics of the cases.
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Caracteristics Total(n=49) Percent (%) p
Gender 0.840
Men 29 59.2%
Women 20 40.8%
Age 0.174
<45 years 6 12.2%
46-59 years 14 28.6%
>=60 years 29 59.2%
Comorbitities
Cardiovascular disease 38 0.024
Chronic neurologic disease 12 0.708
Obesity 11 0.246
Chronic liver disease 9 0.220
Type Il diabetes mellitus 5 0.598
Malignancy 3 1
Chronic renal disease 2 0.464
Chronic respiratory disease 2 0.464
Comorbidities No. 0.747
0 10 20,4%
1 12 24,5%
>=2 27 55.1%
Table Il. The characteristic of the cases based on different variants of SARS-CoV-2.
ORIGINAL (n=11) ALFA (n=9) DELTA (n=19) OMICRON (n=10)

Gender (no., %)

Women 5 (45,5%) 3 (33,3%) 6 (31,6%) 6 (60%)
Men 6 (54,5%) 6 (66,7%) 13 (68,4%) 4 (40%)
Age (median, range) 57,09 (26-85) 64,33 (36-93) 64,47 (33-88) 67,7 (41-89)
Comorbidities (no.)

Cardiovascular disease 8 7 15 8
Chronic neurologic disease 3 3 4 2
Obesity 3 1 7 0
Chronic liver disease 2 3 3 1
Type Il diabetes mellitus 1 0 1 3
Malignancy 0 0 3 0
Chronic renal disease 1 1 0 0
Chronic respiratory disease 1 1 0 0
Place of death (no., %)

Home 4 (36,4%) 3 (33,3%) 8 (42,1%) 3 (30%)
Hospital 7 (63,6%) 6 (66,7%) 11 (57,9%) 7 (70%)
Mean time of hospitalization (days, range)* 2 days (0-7) 5 days (0-16) 5,89 days (0-45) 9,1 days (0-23)
Cause of death (no., %)

Group A (severe Covid-19) 2(18,2%) 2 (22,2%) 4(21,1%) 2 (20%)
Group B (severe Covid-19 +Comorbidities) 7 (63,6%) 1(11,1%) 14 (73,7%) 4 (40%)
Group C (Comorbidities + mild or absent Covid-19 and 2 (18,2%) 6 (66,7%) 1(5,3%) 4 (40%)

SARS-CoV2 infection)

*cases that died at home were excluded

(Figure 1). Most of our cases were included in the second

and fourth waves of SARS-CoV-2 infection.

Comorbidities

Relevant health conditions and known chronic comorbidi-
ties were noted for each of the case (Table 3). In our study,
most of the cases were included in group A and B, and died
of severe COVID-19 (73,46%, 36 cases) and among these
the majority were part of the group B, being associated
with comorbidities (72,22%, 26 cases).

The distribution of cases during the four variants de-
scribed was uniform, except for alfa period, in which more
of the cases were part of the group C. From all cases in-
cluded in the study, most of them (55,11%, 27 cases) had

at least two comorbidities (Table 1). The most accounted
comorbidities were cardiovascular (77,55%, 38 cases) and
neurological (24,48%, 12 cases) diseases. Obesity was
identified in 11 cases (22,44%), especially in cases that
died during the delta wave period. The median age at
death was significantly higher (72,3 vs. 60,25, p<0,05) in
the group C compared with the group of cases that died of
COVID-19 (group A and B).

Causes of death determined at autopsies

After the evaluation of autopsy findings including the his-
topathological data, the immediate causes of death, the
conditions leading to the cause of death, and the underly-
ing causes were established (Appendix).



34

APRIL

MAY
AUGUST
OCTOBER
NOVEMBER
DECEMBER
JANUARY
FEBRUARY
APRIL

MAY

2020

JUNE

2021

Acta Marisiensis - Seria Medica 2024;71(1)

4th wave 5th wave 6th wave

SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER
JANUARY
FEBRUARY
MARS
SEPTEMBER
DECEMBER

N
S SEPTEMBER

5

2022

Fig. 1. The distribution of our cases based on different waves of COVID-19 disease described in our country.

The most common causes of immediate death were rep-
resented by DAD in 26 cases (53,1%), followed by res-
piratory failure in 9 cases (18,4%). In 5 cases (10,2%), the
septic shock was considered the immediate cause of death
and three cases presented with central cardio-respiratory
failure. Only one case with acute myocardial infarction
and one case with cardiogenic shock were described.

When we considered the condition leading to the cause
of death, pneumonia was the most common cause and was
seen in 25 cases (51,0%), being associated with pulmonary
embolism in 6 cases. Acute pulmonary edema was seen in
9 cases (18,4%), acute subdural hematoma and cerebral
contusion in three cases (6,1%).

We found individual cases with invasive aspergillosis,
diffuse alveolar damage, myocarditis, acute myocardial in-
farction, and pulmonary embolism (2% each). In 7 cases
(14,3%), the condition leading to the cause of death was
impossible to establish.

The most frequent underlying cause of death was SARS-
CoV-2 infection in 34 cases (69,4%), followed by trauma
in 8 cases (16,3%): craniocerebral in four cases (8,2%),
polytrauma in two cases (4,1%), and individual cases with
femoral neck and pertrochanteric fractures (2% each).
Coronary atherosclerosis was described in 4 cases as the
underlying cause of death (8,2%). Two cases with decom-
pensated liver cirrhosis (4,1%) and one case with alcohol
induced cardiomyopathy were also noted (2%).

Histopathology

The microscopic description was mainly focused on the
lung tissue, which was the most affected organ in our cases.
DAD was described in many of the reports (57,1%), and
among these cases 57,1% were associated with pneumo-
nia. DAD was classified into acute/exudative or organizing
phase based on the specific alveolar, epithelial and vascular
changes. Compared to acute phase of DAD, the organ-
izing phase of DAD was less seen in our reports, being in
the same percentage when we compared the cases with and
without pneumonia (around 25%). The presence of the

(micro)thrombi was reported in 32 cases. In all of them,
(micro)thrombi were found in lung tissue, and in few cas-
es, they were found in heart and renal tissue (Figure 2).

Discussion

Our study highlights, that respiratory complications,
mainly DAD, were the most encountered immediate caus-
es of death (71,4%) in cases that died with SARS-CoV-2
infection.

We found that men have presented a higher mortality.
Whilst the factors that lead to this are not clear in our study,
the results can be seen in accordance with other studies
[17], that highlight the differences in immunologic reac-
tion between men and female and the lack of protective
effect of estrogen signaling seen in females [18,19], and
that likely men presented higher risk severe COVID-19
sequelle.

Age over 60 has been associated with increased risk of
death, this was previously described, as older patients have
a tendency towards severe symptoms and lower recovery
rates than patients under 60 years of age [9]. In our study,
the majority of the cases older than 60 years had comor-
bidities, being part of the group B and C (96,6%). The age
of the cases that were part of the group C was significantly
higher (<0,05), compared with the age of the cases that
died due to severe COVID-19 (group A and B), which is
in accordance with other studies [17,20].

The majority of our cases were associated with prior co-
morbidities (79,6%). Presence of at least one known co-
morbidity has been proven to associate with higher risk
of death [21,22]. There is still uncertainty if there is a
proper correlation between some types of comorbidities
and higher risk of death. Our study has shown that most
often identified comorbidities were cardiovascular disease
and chronic neurologic disease, whereas other authors have
shown in their series higher prevalence of type II diabetes
mellitus, chronic lung disease and cardiovascular disease
[23]. Petrili et al has found that age, heart failure, male
sex, chronic kidney disease, and obesity were associated
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Fig. 2. Histopathological changes: a. DAD, exudative phase (lungs, H&E stain, 10x objective); b. DAD, exudative phase associated with
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acute inflammatory foci (lungs, H&E stain, 10x objective); c. DAD, organizing phase (lungs, H&E stain, 10x objective); d. the identification
of the thrombi into the heart tissue (myocardium, HE stain, 4x objective).

with development of critical illness [24]. We have seen that
obesity was identified in 22,4% of cases, and as obesity is
considered a pro-inflammatory condition, it was strongly
associated with high risk of critical illness [24]. It could be
tentatively to hypothesize that there might be not a single
comorbidity factor, but rather the severity or extent of the
prior disease that is associated with higher risk of death.

Other studies concluded that not only chronic health
disease, but also lifestyle risk factors were increased the
risk for fatal outcome of COVID-19 [25]. In our study,
the evaluation of lifestyle risk factors, such as alcohol con-
sumption and nicotine abuse, was difficult to assess for all
the patients, alcohol consumption being documented only
in two cases.

In our country three highest peaks were described in:
April 2020, October 2020, and November 2021 [26].
Many of our cases died during the second wave and fourth
wave of SARS-CoV-2 infection, which is in accordance
with available WHO data and with the second and third
peaks described in our country. The absence of the first
peak in our study, it could be partially explained by the
lower number of tested cases in that period. The higher
peak in our series of cases had also corresponded to the
pandemic period with most of the reported deaths.

The literature is scarce with studies comparing the effect
of the different SARS-Cov-2 variants and associated mor-
tality. Most the literature being focused are on hospitalized
COVID-19 cases alone [4-6]. Schwab et al. being one of
the few that have described the effect of different variants
of SARS-CoV-2 on fatal outcomes [27] and they conclude

that omicron variant affected the lungs less frequently with
a less severe lung disease. In our study, there were no evi-
dent differences on histologic appearance of the lungs, but
instead we observed an ascending trend of the mean age of
the cases and an increase of mean time of hospitalization
during the four variants described. The ascending trend of
the mean age could be related to the decrease of aggressive-
ness of SARS-CoV-2 variants in cases with more signifi-
cant comorbidities. The period of hospitalization increased
from one variant of SARS-CoV-2 to another was also seen
in other studies and could be at least partially explained by
the improvement of COVID-19 therapies, some results of
the vaccination campaign, and likely to the decrease of ag-
gressiveness with each subsequent variant of SARS-CoV-2
[9,12,28].

We have seen a higher incidence in cases that deceased
at home (36%) than other authors (28.5%). Even more
interestingly most of these patients that didn’t have any
known comorbidities (group A) died at home (80%). A
possible reason for this could be the presence of minor or
non-specific symptoms of disease or unfortunately a lack
of medical education leading to severe symptoms being
disregarded, or unwillingness to visit medical facilities.
This finding is not solitary, other authors have suggested
that people avoided visiting healthcare facilities during
pandemic, as diverse sociodemographic groups may differ
in their ability to successfully navigate a healthcare system
under pressure [29].

There is a clear association in between COVID-19 in-
fection and thrombosis. We found that almost two-thirds
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of the cases had either microthrombosis or thrombosis pre-
sent in the lung tissue. While earlier studies suggested a
significant risk of pulmonary embolism in COVID-19 pa-
tients [30] and underscored hypercoagulability as a major
fatal factor [30-32], the role of pulmonary embolism as a
direct cause of death remains less clear. Notably, pulmo-
nary embolism was present in 14,3% of our cases and it
was deemed a condition leading to death in most of the
cases. Other investigations also identified pulmonary em-
bolism as an immediate cause or a condition contributing
to death, hinting at the potential efficacy of anticoagulant
therapies. These findings emphasize the nuanced role of
thrombotic complications in COVID-19 and underscore
the importance of targeted therapeutic strategies.

Conclusion

As expected, the immediate cause of death in many of the
cases with SARS-CoV-2 infection was of respiratory origin
and was represented by diffuse alveolar distress.

The ascending mean age of death, seen during the sub-
sequent variants of SARS-CoV-2 could be related to the
decrease of aggressiveness of SARS-CoV-2 variants, affect-
ing towards the end of the pandemic only the very elderly
and patients with severe comorbidities.

Improvement in the treatment therapies of COVID-19,
and possible decrease of aggressiveness with each variant
of SARS-CoV-2 could be related to the increased period
of hospitalization prior to death seen from one variant of
SARS-CoV-2 to another.

Forensic autopsies represented an important tool to add
new and essential information related to the pathological
changes and pathophysiological mechanisms associated

with SARS-CoV-2 infection.
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