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Abstract

Background Although the lung is seen as the main target organ affected by SARS-CoV-2, other organs are also damaged.
Aim We aimed to determine the extrapulmonary findings of autopsies performed on cases with positive results with post-
mortem polymerase chain reaction test.

Methods Pathological changes in extrapulmonary organs were examined with light microscopy.

Results Heart, liver, spleen, kidney, pancreas, and central nervous system samples of these cases were evaluated. About 80%
of the cases were men, and 20% were women. In the examination of heart, 28 of the cases had scar, 14 had acute myocardial
infarction, 6 had acute and previous myocardial infarction findings, 2 had myocarditis, and 4 had interstitial mononuclear
inflammatory cell infiltration. In the examination of the liver, portal inflammation was observed in 84 of the cases, steatosis
in 54, centrilobular necrosis in 9, and capillary endotheliitis in the portal area in 7 of them. In the evaluation of the kidney,
37 cases had chronic pyelonephritis, 36 had tubular damage, 15 had tubulointerstitial necrosis, 16 had subcapsular micro-
hemorrhage, 10 had capillary endothelitis, and 9 had a microvascular fibrin trombosis in their glomerular capillaries. In
the central nervous system, 8 cases had infarction and liquefaction, 56 had perivascular petechial hemorrhage, 54 had acute
hypoxic ischemic change, 3 had parenchymal microhemorrhage, and 52 had capillary endotheliitis.

Conclusion Autopsies play an important role in systematically examining the damage caused by the virus in all organs in
order to elucidate the pathogenesis of SARS-CoV-2 infection and contribute to the clinical management of infected patients.
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Introduction

D4 Aytul Bugra Coronavirus disease-19 (COVID-19), first appeared in the
aytulsargan @gmail.com Wuhan region of China, was resulted in a life-threatening
Taner Das pandemic all over the World [1]. As of February 1, 2021,
tanerdas @hotmail.com more than 100 million people have been infected and more
Murat Nihat Arslan than 2 million deaths have occurred worldwide [2]. A pan-
mnarslan@yahoo.com demic was declared by the World Health Organization on
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CoV, and MERS-CoV have been shown as other members
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of coronaviruses that infect humans [5]. The first four CoVs
mentioned are universally constantly in circulation and
are causative agents of about one-third of common colds
in humans. SARS-CoV and MERS-CoV differ from other
coronaviruses in that they cause severe lung infection and
the fatality rates are 10% and 34%, respectively [6].

The causative agent of COVID-19 is a new enveloped
RNA virus named "Severe Acute Respiratory Syndrome
Coronavirus 2" (SARS-CoV-2) [7]. The source of this new
virus has been recognized as bats. First, it gained the prop-
erty of being transmitted to humans by the zoonotic transi-
tion, and then from person to person [8].

SARS-CoV-2 has four main structural proteins: surface
glycoprotein (S protein) with rod-like protrusions (spike),
small envelope protein, matrix protein, and nucleocapsid
protein [9]. The S protein enables the virus to bind to the
cell membrane by interacting with the Angiotensin Convert-
ing Enzyme 2 (ACE 2) receptor. ACE 2 receptor has been
identified in many organs such as the respiratory system,
gastrointestinal system, lymph nodes, thymus, spleen, bone
marrow, liver, kidney, and brain [10].

The SARS-CoV-2 infection causes significant proinflam-
matory cytokine release, exacerbating interstitial pneumonia
and acute respiratory distress syndrome. It turns into viral
sepsis with hypercoagulation and multiorgan dysfunction
[11].

The mortality rate of COVID-19 worldwide is 2%, and
0.06% of cases are severe. In our country, the mortality rate
is 0.9% and the rate of severe course is 0.7%.

Autopsies of people who died from the SARS-CoV-2
infection can provide important information about the new
disease and its course. Autopsies are also important for the
statistical recording of deaths of cases detected by postmor-
tem sampling, such as bodies being found dead at home,
sudden unexpected deaths, or traumatic deaths, for which
SARS-CoV-2 positivity was not known before.

Our study provides a systematic overview of autopsies
performed on 100 cases with SARS-CoV-2 positivity at
Council of Forensic Medicine, Istanbul Morgue Depart-
ment. Many studies on SARS-CoV-2 and COVID-19 infec-
tion causes have generally focused on lung findings, while
studies on extrapulmonary organ findings are limited. We
believe that our study provides critical details on pathologi-
cal changes in extrapulmonary organs since all autopsies
were performed with a systematic approach in which all
three body cavities were opened.

Materials and methods
This study was approved by the TR Ministry of Health

General Directorate of Health Services Scientific Research
Platform (2020-11-22T22_28_27) and the Council of
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Forensic Medicine, Education and Scientific Research
Commission (21589509/2020/1112-01.12.2020).

The study was perfomed at the Council of Forensic Med-
icine between April 2020 and February 2021. The study
consisted of 100 autopsy cases which were positive for the
postmortem SARS-CoV-2 test. A complete autopsy protocol
was applied in all cases. All body cavities were opened in a
systematic approach with an appropriate autopsy facility for
high-risk cases performed under negative pressure environ-
ment were by organs and tissues were examined in detail.

Cases with positive postmortem SARS-CoV-2 PCR test
applied to swab samples and tissue blocks were included in
the study. Cases with negative results in postmortem swab
samples were not included in the study.

Autopsy technique

During the COVID-19 pandemic, in situ autopsy technique
was modified and used in Morgue Department Council of
Forensic Medicine. All autopsies were carried out by open-
ing three body cavities. Unlike the standard autopsy tech-
nique, in minimally invasive autopsy technique, no organ or
system was eviscerated except for central nervous system
and heart that varies according to the case. Non-eviscerated
organs were evaluated by an in situ technique. Samples were
taken from all cases for toxicological (blood, intraocular
fluid, bile, urine, liver, kidney, stomach contents) and histo-
pathological (brain, cerebellum, brainstem, heart, lung, liver,
kidney) examinations in line with standard autopsy proce-
dures. Autopsies were evaluated at the initial examination
and triage stage in line with the guidelines published by the
Ministry of Health Scientific Board. Nasopharyngeal swab
samples were taken before the autopsy from all cases with
possible case criteria in their medical history. Tracheal swab
and lung swab samples were taken during autopsy from the
cases that were not considered to be in the risky group in
the pre-autopsy evaluation but raised suspicion in the mac-
roscopic examination of the lungs during the autopsy.

SARS-CoV2 RNA Real Time PCR

In order to determine SARS-Cov-2 in nasopharyngeal/
tracheal swab samples and paraffin embedded lung tissue
samples, real-time RT-PCR method, which is a nucleic acid
amplification method that detects viral RNA, was applied.
Nucleic acids were extracted on the QIASymphony (Qiagen
/ Germany) device using the “QIAsymphony DSP Virus/
Pathogen midi” kit. “RealStar® SARS-CoV-2 RT-PCR Kit
RUO (Altona Diagnostics, Hamburg, Germany)” was used
by RT-PCR method and amplified in Rotor Gene (Qiagen/
Germany) device in accordance with the manufacturer’s
recommendations.
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In addition, nucleic acids were extracted from all par-
affin-embedded lung tissues fixed with formalin. Three
or four 10-mm-thick sections of each block were cut by a
microtome. The xylene and ethyl alcohol deparaffinization
procedure was applied to paraffin-embedded lung tissues. It
was then incubated for 24 h by adding 20 ml of proteinase
K and 600 ml of ATL buffer solution.

Histopathological examination

Pathological changes in extrapulmonary organs were exam-
ined with light microscopy in hematoxylin and eosin stained
preparations. Heart, liver, kidney, spleen, pancreas, brain,
cerebellum, and brainstem and vascular changes were exam-
ined. Lymphocytes were evaluated by CD3 and CD20 immu-
nohistochemical staining methods.

Statistical analysis

SPSS (Statistical Package for the Social Sciences) V21 2012
program was used for statistical analysis. While evaluating
the study data, descriptive statistical methods (average,
standard deviation, median, frequency, ratio, minimum,
maximum), as well as the chi-square test, were used to
compare qualitative data. Significance was evaluated at the
p <0.05 level.

Results

About 80% of the cases were male (n = 80); 20% were
female (n = 20). The mean age was 54.8 + 18.9 (7-98), and
the mean body mass index (BMI) was 28.9 + 7.4 (Table 1).
When we look at the distribution of cases according to dec-
ades, it was striking that the number of cases were highest
in the seventh decade. When evaluated according to gender,
the mean age in women was 55.05 + 20.8, and the average
age in men was 54 + 18.5. Mean BMI was 32.5 + 9.7 in
women and 28 + 6.5 in men. BMI was significantly higher
in females than males (p < 0.05). Postmortem SARS-CoV-2
PCR test was performed in all cases. Samples that were
studied with a nasopharyngeal swab, deep tracheal swab,
lung swabs, and sections were taken from paraffin blocks

Table 1 Distribution of age, sex, height, weight and BMI of the cases

Sex

Male n/N 80/100

Female 20/100

Age, year Mean + SD (min—-max) 54.8 + 18.9 (7-98)
Height, cm Mean + SD (min-max) 169.9 + 10.3 (125-189)
Weight, kg Mean + SD (min-max) 83.4 +20.8 (34-150)
BMI, kg/m2 Mean + SD (min—-max) 28,9 + 7,4 (14.0-55.1)

from cases suspected histopathologically for COVID-19
(Table 2). A total of 35 cases were found dead, 25 cases
died in hospital during the treatment process for illness, 20
cases died suddenly, six cases died after falling from height,
five cases died after traffic accident, and eight cases were
grouped as other death causes. In one case, no information
was available. Considering the causes of death after the
autopsy, 74 cases were due to COVID-19 and 26 cases were
death accompanied by SARS-CoV-2 positivity. When path-
ological changes in organs were compared in these cases,
no significant difference was found between the two groups
(p > 0.05). There was hospitalization in 42 cases.

Heart, lung, liver, kidney, brain, cerebellum, and brain-
stem were sampled for routine histopathological examina-
tion in our department. In some cases, the spleen, pancreas,
prostate, and small intestine were sampled.

Pathological changes in the heart and coronary
arteries

In all cases, samples were taken from the left ventricular
wall, interventricular septum, and right ventricular wall
of the heart. The left main coronary artery, the anterior
descending branch of the left coronary artery, the circum-
flex branch of the left coronary artery, and the right coronary
artery were also sampled and examined.

Scar, perivascular and interstitial fibrosis, myocardial
infarction were the most common lesions in the microscopic
examination of the heart. Myocarditis with lymphohistio-
cytic inflammatory cell infiltration and individual myocyte
necrosis was detected in 2% (n = 2) of the cases. In 4%
(n = 4) of the cases, mononuclear inflammatory cell infil-
tration rich in CD3 (+) lymphocytes was observed in the
interstitium. Myocyte injury was not observed in these cases.
Acute myocardial infarction was detected in all cases with
fibrin thrombosis in their coronary artery. In 5% (n = 5) of
these cases, coronary atheroma plaque and fibrin thrombosis
were present in the coronary artery. In 1% (n = 1) of the

Table 2 Sampling methods for postmortem Sars-CoV-2 PCR test

Sampling method n/N
Nasopharyngeal swab 25/100
Tracheal swab 29/100
Lung swab 2/100
Tissue blocks 6/100
Nasopharyngeal + tracheal 27/100
Tracheal +lung swab 3/100
Nasopharyngeal + tracheal + lung Swab 3/100
Tracheal 4+ lung swab + tissue block 1/100
Nasopharyngeal swab + tissue block 3/100
Nasopharyngeal + tracheal + tissue block 1/100
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Fig.1 A Coronary artery atheroma plaque and fibrin thrombo-
sis,x 40; B Lymphohistiocytic myocarditis,x 400; C Interstitial
mononuclear cells,x 400; D Lymphocytic pericarditis,x 400; E
Perivascular and interstitial fibrosis,x 100; F Amyloidosis,x 200;
G Subendocardial hemorrhage, X 200; H Myocardial infarction with
granulation tissue, X 40; I Scarr tissue in the papillary muscle, x 40,
H&E

cases, isolated fibrin thrombosis was observed without ath-
eroma plaque. Acute myocardial infarction without throm-
bosis in the coronary arteries was detected in 4% (n = 4) of
the cases. About 9% (n = 9) of the cases could not be opti-
mally evaluated due to autolysis (Fig. 1). Changes related to
cardiac pathological findings are given in detail in Table 3.

Pathological Changes in the Liver

Ninety eight of the 100 cases autopsied had liver samples.
Portal and lobular inflammation, macrovesicular steatosis,
and centrilobular congestion were among the most common
changes observed in the liver. Portal and lobular inflamma-
tion were divided into three groups as mild, moderate, and
severe. Inflammation rich in CD3 (4) lymphocytes was also
observed in the liver. Macrovesicular steatosis was divided
into three groups as mild, moderate, and severe, in addition,

according to the distribution pattern of steatosis, centri-
lobular and panacinar subgroups. Periportal steatosis was
not observed. Centrilobular mild macrovesicular steatosis
was the most common finding. Microvesicular steatosis was
seen in 3% (n = 3) of the cases. Centrilobular necrosis was
detected in 9% (n = 9) of the cases, capillary endotheliitis
in 7% (n = 7), and fibrin thrombus in the portal vein lumen
in the portal area in 2% (n = 2) of the cases. Periportal
granuloma was seen in 1% (n = 1) of the cases. About 18%
(n = 18) of the cases could not be evaluated due to autolysis
(Fig. 2). Changes related to pathological findings in the liver
are given in detail in Tables 4 and 5.

Pathological changes in the kidney

The most common findings in the evaluation of 100 kid-
ney specimens were peritubular and glomerular capillary
congestion, chronic pyelonephritis, and tubular damage.
Acute tubular necrosis were present in 3% (n = 3) of the
cases, interstitial lymphocytic inflammation in 15% (n = 15),
subcapsular microhemorrhage in 16% (n = 16), capillary
endotheliitis in 11% (rn = 11), fibrin thrombosis in glomeru-
lar capillaries in 9% (n = 9), fibrin thrombosis in the arcu-
ate branch of the renal artery in 1% (n = 1) of the cases.
Autolytic changes were present in 61% (n = 61) of the cases
(Fig. 3). Changes related to pathological findings in the kid-
ney are given in detail in Table 6.

Pathological changes in the central nervous system

Perivascular petechial hemorrhage, acute hypoxic-
ischemic changes, and capillary endothelitiis were the
most common findings in the evaluation of 100 brains,
cerebellum, and brainstem samples. Most of the cases
with subarachnoid and intracranial hemorrhage were due
to trauma. Subarachnoid hemorrhage and intracranial
hemorrhage due to pathological brain hemorrhage was
observed in 1% (n = 1) of the cases. Fibrin thrombosis
was also observed in the anterior communicate artery
of this case. Pituitary necrosis was seen after cesarean

Table 3 Cardiac pathological

. Histopathology n/N Histopathology n/N
findings
Ischemic findings 47/100 Lymphohistiocytic Myocarditis 2/100
Scar 28/100 Lymphocytic pericarditis 8/100
Acute myocardial infarction 14/100 Interstitial mononuclear cells 4/100
Scar + Acute myocardial infarction 6/100 Amyloidosis 1/100
Perivascular and interstitial fibrosis 62/100 Subendocardial hemorrhage 2/100
Mural thrombosis 1/100 Autolysis 9/100
Coronary artery findings
Atheroma plaque 65/100 Atheroma plaque + Fibrin thrombosis 5/100
Normal 29/100 Isolated fibrin thombosis 1/100
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Fig.2 A Portal inflammation, macrovesicular ve microvesicular
steatosis, X 400; B Centrilobular necrosis, X 100; C Lobular inflam-
mation, X 400; D Capillary endoteliitis,x 400; E Cirrhosis, x 40; F
Centrilobular congestion, cholestasis; X 100; G Microvascular throm-
bosis, X 200, H&E

in a pregnant woman who was positive for SARS-CoV-2
(Fig. 4). Changes related to pathological findings in the
central nervous system are given in detail in Table 7.

Pathological changes in the other organs

Spleen was sampled in 17 cases in 100 autopsies. In 16 of
these cases, atrophic changes and PMN leukocyte discharge
in the red pulp were observed (Fig. 5).

The pancreas was sampled in 21 cases. About 14% (n = 3)
of them had chronic pancreatitis, and 5% (n = 1) had focal
acute pancreatitis. About 33% (n = 7) of the cases could not
be evaluated due to autolysis.

In one case, the stomach, small intestine, and large intes-
tine were sampled because of the hemorrhagic appearance.
Necrotic changes in the epithelium of the small intestine and
stomach, active chronic inflammation with membrane-like
fibrinous exudate in the mucosa were observed. Intense lym-
phocytic infiltration was noted around the capillary vessels

Table 4 Hepatic pathological findings

Histopathology n/N  Histopathology n/IN
Inflammation 84/98 Binucleation 8/98
Steatosis 54/98 Glycogenisation 19/98
Centilobulary necrosis 9/98  Autolysis 18/98
Centrilobulary congestion 45/98 Entotheliitis 7/98
Chirosis 1/98  Fibrin thrombosis 2/98
Bridging necrosis 2/98  Granulomatous inflam- 1/98
mation
Cholestasis 23/98

Table 5 Features of hepatic inflammation and steatosis

Mild (n/N) Moderate (n/N) Severe (n/N)

Inflammation
Portal 48/98 9/98 3/98
Lobular 2/98 0/98 0/98
Portal +lobular 17/98 5/98 0/98
Macrovesicular steatosis
Centrilobular 28/98 9/98 0/98
Panaciner 8/98 2/98 2/98
Microvesicular steatosis  3/98 0/98 0/98

in the stomach, small intestine, and large intestine. Bleeding
was observed in the gastric and small intestinal mucosae
(Fig. 6).

The prostate was sampled with suspicion of hyperplasia
during an autopsy in one case. Benign prostatic hyperplasia
and acute prostatitis were observed in microscopic examina-
tion (Fig. 7).

Discussion

Our study offers a systematic overview of 100 cases infected
with SARS-CoV-2 in Turkey. To the best of our knowledge,
this is the largest review series performed in a single-center
where by three body cavities were opened under a systematic
approach in which organs and tissues are examined in detail.
Autopsy findings are crucial to understand how this infection

Fig.3 A Acute tubular damage,x 200; B Glomerular capillary
microvascular thrombosis, X 400; C Glomeruler and peritubular cap-
illary congestion, X 400; D Fibrin trombosis in arcuate branch of the
renal artery, X 200; E Chronic pyelonephritis, X 200; F Acute tubular
damage, capillary endoteliitis,X 200; G Subcapsular microhemor-
rhage, autolytic changes, X 100, H&E
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Table 6 Renal pathological findings

Histopathology n/N Histopathology n/N

Chronic pyelonephritis 37/100 Peritubular and glomerular 81/100
Capillary congestion

Tubular damage 36/100 Subcapsular microhemor-  16/100
rhage
Interstitial lympho- 15/100 Endotheliitis 11/100
cytic inflammation
Tubulary damage 36/100 Microvascular fibrin 9/100
thrombosis
Acute tubular necrosis  3/100  Arcuate artery thrombosis ~ 1/100

affects the human body, as with other infectious diseases.
Postmortem studies play a role not only in recognizing and
understanding the disease, but also in determining the treat-
ment methods to be applied for the disease.

After COVID-19 started to spread all over the world,
nasopharyngeal, tracheal, and lung swab samples were taken
in autopsy cases with suspect of COVID-19 in our depart-
ment and PCR test for SARS-CoV-2 was started. Autopsies
of the decedents with positive PCR test results were per-
formed in the negative pressure autopsy room mostly on
the same day. As far as we know, the largest single center
published, with 80 cases, belongs to Edler et al. In this study,
autopsies were performed within an average of 4 days after
death. Histopathological data are limited in their studies
[12]. In our autopsy cases, we tried to prevent autolysis by
minimizing the time between PCR sampling and autopsy.
In this way, it is aimed to examine pathological changes in
organs with a better quality.

COVID-19 primarily affects the respiratory system, but
it has been reported that the cardiovascular system, urinary,
gastrointestinal system, reproductive, and nervous systems
are also involved. Data on pathological changes in extrapul-
monary organs are limited [13]. SARS-CoV-2 has been detected
mostly in extrapulmonary organs which include the heart,
kidney, brain, gastrointestinal system, liver, spleen, bone
marrow, lymph nodes, and blood vessels. The possibility of
direct viral infection in the tissues increases when the viral
load is high [14]. The lesions that may develop in the organs
and the pathology of COVID-19 can also be explained by
autopsy studies.

Fig.4 A Pituitary necrosis,X 100; B Perivascular petechial hem-
orrhage, X 400; C Capillary endoteliitis,x 400; D Acute hypoxic
ischemic changes in the brain,x 200; E Acute hypoxic ischemic
changes in the cerebellum,x 200; F Subacute infarction,x 40; G
Intraparenchymal and petechial hemorrhage, x 40; H Microhemor-
rhages in infarct area, subarachnoid, X 40, I Menengitis, X 100, H&E

It has been shown that there are similar numbers of cases
in women and men but the mortality rate is higher in men
[15]. Similarly, in our study, the male gender is dominant.
The reasons for the high mortality in men may be higher lev-
els of ACE-2 receptors in men, higher incidence of comorbid
diseases in men, lower CD3+, CD4+ cell counts, CD4+/
CD8+ratio, and T helper cell numbers in immune response
compared to women [16]. The average age was found to
be 79 in the study of Edler et al., 76 in the study of Menter
et al., and 70 in the study of Satturwar et al. [12, 14, 17].
In our study, the average age is 54, but the number of cases
in the seventh decade is the highest. The fact that deaths
accompanied by SARS-CoV-2 positivity such as drowning
in water and traumatic deaths were included in the study, and
the demographic and sociocultural structure of our country
may be the reasons for the lower average age compared to
other studies.

Regarding the places of death, in the Edler et al. study,
64% of the cases were reported as death in the hospital, 15%
at home, and 16% in the nursing home [12]. In our study,
35% (n = 35) of them were found dead at home. About 25%

Table 7 Central nervous system

. . Histopathology n/N Histopathology n/N
pathological findings
Perivascular petechial hemorrhage 56/100 Meningoencephalitis 3/100
Acute hypoxic/ischemic changes 54/100 Subarachnoid hemorrhage 11/100
Endotheliitis 52/100 Intracranial hemorrhage 9/100
Infarction 8/100 Parenchymal microhemorrhage 3/100
Microvascular fibrin thrombosis 3/100 Intra-infarct hemorrhage 2/100
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Fig.5 Lymphocytic depletion and PMN leukocyte discharge in red
pulp of the spleen, x 200, H&E

(n = 25) was death in hospital; 20% (n = 20) was sudden
death after illness. The presence of accompanying ischemic
heart disease in most of the cases, the curfew restrictions of
people over the age of 65 in our country, the patients hav-
ing concerns about the risk of SARS-CoV-2 transmission,
and therefore hesitating to go to the hospital even if they
have a complaint, or being in quarantine at home may have
increased the rate of being found dead at home and sudden
deaths.

Fig.6 A Necrotic changes in the epithelium of the small intestine,
membrane-like fibrinous exudate on the mucosa, X 200; B Perivascu-
lar lymphocytic mononuclear inflammatory cells, x 200; C Necrotic
changes in the epithelium of the stomach, membrane-like fibrinous
exudate on the mucosa, mucosal hemorrhage, X 200, H&E

Fig. 7 Acut prostatitis, X 200, H&E

The heart is one of the important organs affected by
SARS-CoV-2. Studies have shown myocyte necrosis,
lymphocytic and eosinophilic myocarditis, and interstitial
and epicardial mononuclear inflammatory cell infiltrates
[18-20]. The mechanism of myocardial injury that develops
in COVID-19 patients has not yet been clarified. It is thought
that alveolar macrophages carrying SARS-CoV-2 particles
migrate to the heart and cause direct injury, and the immune
mechanisms of cardiac macrophages increase the possibility
of rupture of the atheroma plaque and accelerate thrombus
formation. Cardiac stress develops as a result of increased
oxygen demand of the myocardium with fever and tachycar-
dia and decreased oxygenation in the lung. Prolonged bed
rest, increased fibrinogen production as a result of hepatic
dysfunction, and inflammation contribute to myocyte injury
by causing impairment in hemostasis. Systemic inflamma-
tion that develops as a result of cytokine storm indirectly
causes injury to the myocardium [21-23].

In our study, ischemic lesions in the heart (scar, acute
myocardial infarction, perivascular, and interstitial fibrosis),
lymphohistiocytic myocarditis, interstitial lymphocytes,
lymphocytic pericarditis, subendocardial hemorrhage, and
amyloidosis were observed. Widespread areas of scar tis-
sue due to previous myocardial infarction were observed in
the vast majority of cases. The presence of ischemic lesions
can be explained by the presence of the stenotic coronary
arteries with atheroma plaque and the complication of these
plaques. The presence of atheroma plaques and endothe-
lial damage and the thrombogenic character of the disease
may have accelerated the formation of thrombosis in the
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coronary arteries. Acute myocardial infarction was observed
in patients with fibrin thrombosis in their coronary arteries.
Among the risk factors in terms of hypercoagulability, as
stated in other studies, the predominant number of males
in the cases we included in the study; the high average BMI
and the high number of elderly patients are among the risk
factors [24]. This increases the risk of thrombosis. However,
there are also cases in which thrombosis is not accompa-
nied. These lesions may have developed due to the direct
effect or complication of the disease. Senile amyloidosis was
observed in one case. Menter et al. found that amyloidosis
was more common in COVID-19 autopsies in their study
[17]. We currently do not have data on the incidence of post-
mortem senile amyloidosis in non-COVID-19 autopsies at
our department. However, the low mean age of the cases in
our study may be one of the reasons for the lower rate (1%)
of senile amyloidosis. With new studies to be conducted,
data to support the literature on the frequency of amyloidosis
in COVID-19 cases may be revealed.

Studies on lesions that develop in the liver due to SARS-
CoV-2 are limited. The mechanisms underlying liver damage
are unclear. The direct effects of the virus on hepatocytes,
cholangiocytes, and endothelial cells; the indirect effect
of systemic immune response on liver cells; changes due
to perfusion damage; drug-related liver damage; and pre-
existing liver pathologies are thought to be the mechanisms
that cause injury [25, 26]. ACE 2 receptor is expressed more
in bile duct cells than endothelial cells and hepatocytes. It
is also thought that liver damage that occurs in COVID-19
patients may be due to damage to bile duct cells [27]. In
autopsy studies, steatosis, portal and periportal inflamma-
tion, lobular inflammation, cholestasis, endothelitis, hepato-
cyte degeneration, and necrosis are among the main lesions
[14, 28]. In an autopsy study, macrovesicular steatosis was
observed in the panacinar pattern in most of the cases and
the periportal pattern in some of the cases. They thought
that macrovesicular steatosis may develop during the disease
process due to the lack of relationship between the degree of
steatosis and body mass index, diabetes, drug use, and the
distribution pattern of steatosis [29]. In postmortem biop-
sies, mild portal, and lobular inflammation, moderate stea-
tosis were observed, and it was thought that the damage to
the liver could be caused by drug-induced or SARS-CoV-2
infection [30].

Centrilobular mild macrovesicular steatosis and mild
portal inflammation were the most common findings in
our study. Steatosis is also one of the common findings in
other studies in the literature [29, 31]. Centrilobular mac-
rovesicular steatosis may also be associated with increased
BMLI, diabetes, and drug use in cases. It can be thought that
macrovesicular steatosis in the panacinar pattern in 14%
(n = 14) of the cases may have developed during the course
of COVID-19 disease, based on the findings described in the
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literature. In our study, no statistically significant difference
was found in cases with steatosis according to hospitaliza-
tion. Therefore, no comment could be made on the possible
relationship between steatosis and drug use. The precise
pathophysiology of steatosis in the liver can be revealed by
studies including clinical and laboratory findings. When the
inflammation in the liver was evaluated in our cases, a lym-
phocytic inflammation rich in CD3 (+) lymphocytes was
observed. Mild portal inflammation is the most common
change. Less frequently, mild to moderate lobular inflam-
mation accompanying portal inflammation was observed in
some cases. Cholestasis is another noticeable finding. This
may have arisen due to cholangiocytes being affected by
SARS-CoV-2. It has been shown that SARS-CoV-2 affects
the connections between cells and disrupts the structure of
genes that regulate bile transport between cells [28]. Cen-
trilobular necrosis seen in 9% (n = 9) of the cases can be
considered as an expected condition due to existing cardio-
vascular diseases.

The expression of ACE-2 receptors in tubular epithelial
cells, endothelial cells, and podocytes has made the kidney a
target for SARS-CoV-2 infection [19]. Acute tubular injury,
which is an important condition that causes rapid clinical
deterioration in COVID-19 cases and contributes to mortal-
ity, is the main pathological lesion [14]. Tubular damage
is one of the striking lesions in our study, similar to the
literature. Chronic pyelonephritis can also be considered as
an expected condition due to comorbid diseases present in
the cases. Microvascular thrombosis in glomerular capillary
vessels has been associated with disseminated intravascu-
lar coagulation and generalized shock [17]. Microvascular
thrombus in glomerular capillaries was seen in 9% (n = 9)
of the cases included in the study. Two of these cases were
hospitalized, and the use of anticoagulants is unknown. In
one case, fibrin thrombosis was observed in the renal artery
branch. The thrombi in these cases may be thought to be
caused by hypercoagulation as a result of the complication
of the virus. Subcapsular microhemorrhage was a new and
unexpected finding that attracted attention in 16% (n = 16)
of the cases. To the best of our knowledge, no information on
subcapsular hemorrhage could be found in other studies. We
think that this hemorrhage may have developed as a result
of vascular damage due to the effect of the disease. With
new studies, the relationship of this situation with COVID-
19 can be revealed. Similar to the findings in the literature,
interstitial lymphocytic inflammation was observed in the
subcapsular areas in our cases. Erythrocyte aggregates in
capillary vessels, which we define as peritubular and glo-
merular capillary congestion, was observed in 80% (n = 80)
of the cases. It was found that this aggregate does not con-
tain thrombocyte, fibrin, and fibrinoid necrosis, and it was
thought to be associated with long-term hypotension [32].
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Studies on pathological findings of central nervous sys-
tem involvement in patients infected with SARS-CoV-2 are
limited. Studies have shown that SARS-CoV-2 causes tis-
sue damage in the olfactory nerve, gyrus rectus, and brain
stem [33]. Changes related to thrombosis, acute infarction,
petechial hemorrhage, and hypoxia/ischemia are among the
pathologies seen in COVID-19 cases. This demonstrates
the role of endothelial dysfunction and thrombosis in the
neurological manifestations of COVID-19. The most com-
mon finding in autopsy studies is hypoxic changes. Solo-
mon et al. found acute hypoxic damage in the brain and
cerebellum in all cases in a series of 18 cases [14, 34]. In
our study, 54% (n = 54) of the cases had acute hypoxic/
ischemic changes. However, these findings are nonspecific
findings that cannot be associated with COVID-19. In our
study, perivascular petechial hemorrhage in the white
matter, brainstem, and cerebellum was another remark-
able finding in 56% (n = 56) of the cases. In addition,
intraparenchymal microhemorrhage was observed in 3%
(n = 3) of the cases. In 2% (n = 2) of the cases, intra-infarct
hemorrhage was observed. These hemorrhages are thought
to be caused by reperfusion injury and vascular damage
[35]. Subarachnoid and intraparenchymal hemorrhage
were present in cases with SARS-CoV-2 positivity, who
had a history of trauma such as falling from a height. In 1%
(n = 1) of the cases, non-traumatic pathological cerebral
hemorrhage developed. The vascular damage caused by the
virus, history of trauma, and use of anticoagulant agents
in the treatment of COVID-19 patients may have contrib-
uted to the more frequent occurrence of these hemorrhages
and increased mortality. Until now, no direct virus-related
meningoencephalitis cases have been reported in postmor-
tem examinations. In the study of Rechard et al., parain-
fectious complications that may develop due to immune
dysregulation were emphasized [36]. We think that menin-
goencephalitis, which we detected in 3% (n = 3) of the
cases, was a complication that developed during hospi-
talization as a result of traumatic hemorrhage and was not
related to the direct effect of the virus.

Spleen is one of the hematopoietic organs affected by
SARS-CoV-2. In many studies, findings such as the deple-
tion of lymphocytes in the white pulp in the spleen, an
increase in the ratio of red/white pulp, an increase in neutro-
phils in the red pulp, septic splenitis, and splenic infarction
were found [14, 17, 19]. The depletion of lymphocytes in
white pulp explains the clinically common lymphopenia in
COVID-19 cases [14]. In our study, the spleen was sampled
in 17 cases. In 16 of these cases, a decrease in CD3 (+) T
lymphocytes was observed in the white pulp. A decrease
in CD20 (+) B lymphocytes was observed in both red and
white pulps. Also, in accordance with other studies in the
literature, an increase in neutrophils was observed in the
red pulp.

The expression of ACE-2 receptors in islet cells and
exocrine pancreas makes the pancreas one of the tar-
get organs for SARS-CoV-2. However, pancreatitis may
develop with secondary immune-mediated damage during
SARS-CoV-2 infection [37]. In our study, the pancreas
was sampled in 21 cases, and focal acute pancreatitis was
observed in 5% (n = 1) of these cases. Since the clinical
history of the case is unknown, a definite interpretation
could not be made that it developed directly due to the
virus.

When the gastrointestinal system was evaluated, mesen-
teric ischemia, regeneration of the epithelium, necrosis, and
lymphoplasmacytic infiltrations in the stomach and intes-
tines were observed in COVID-19 cases [38, 39]. Necrotic
mucosa associated with pseudomembrane has been reported
in one case [40]. In our study, samples were taken from the
gastric and small intestine mucosa because of hemorrhagic
appearances. In this case, dense lymphoplasmacytic infiltra-
tion around the capillary vessels, membrane-like fibrinous
exudate on the epithelial surface, necrotic changes in the
epithelium, and acute inflammation findings were noted.
In addition, hemorrhagic areas were seen in the mucosa.
The presence of SARS-CoV-2 was confirmed by PCR in
the small intestine, and it was thought that this change was
caused by the virus.

ACE-2 receptors are expressed in many organs, espe-
cially in the lung, as well as in endothelial cells. Vascu-
lar endothelium plays a role in regulating vascular tone
and maintaining vascular homeostasis. Dysfunction in the
endothelium results in microvascular dysfunction. This may
result in vasoconstriction-related ischemia, inflammation,
and coagulation activation. Varga et al. found inflamma-
tion of endothelial cells in their study. They have shown
that SARS-CoV-2 infection facilitates the development of
endotheliitis in many organs [39, 41, 42]. In our study, find-
ings of endotheliitis were observed in many organs. Capil-
lary endothelitiis was seen in the liver and kidney, espe-
cially in the central nervous system. It was observed that
this inflammation in the endothelium was rich in CD3 (+) T
lymphocytes. In addition, microvascular fibrin thrombi were
noted in these organs. We think that these thrombi developed
as a result of endothelial dysfunction.

Our study has some limitations. PCR could not be performed
in all tissues, and immunohistochemical staining for CD3 and
CD20 was studied in a limited number of cases. Electron
microscopic evaluation could not be done. The high number of
death in home and sudden death cases, postmortem incidental
detection of SARS-CoV-2 positivity in some cases, insufficient
information from relatives of the deceased, unknown duration
of antemortem SARS-CoV-2 positivity, unknown history of
drug use, and insufficient information about existing comor-
bid diseases are also among the limitations of our study. In our
institution, PCR results are obtained within the same day after

@ Springer



90

Irish Journal of Medical Science (1971 -) (2022) 191:81-91

sampling, and for this reason, autopsies were mostly performed
on the same day in our cases to prevent autolysis.

In some of the cases, the swab result was either negative
or no samples were taken for PCR prior to autopsy. During
the histopathological examination, we detected positivity by
performing a PCR test from paraffin blocks from the cases we
found suspicious for COVID-19 in the organs.

Conclusion

Our study has evaluated the changes of SARS-CoV-2 in
extrapulmonary organs unlike many studies which have mostly
focused on pulmonary changes. We believe that our study results
will contribute to understand the pathophysiology of SARS-
CoV-2 in extrapulmonary organs. We have shown how autopsies
plays an important role in systematically examining the damage
caused by the virus in all organs in order to elucidate the patho-
genesis of SARS-CoV-2 infection and contribute to the clinical
management of infected patients. We hope that these findings
will contribute to a better understanding of SARS-CoV-2 and
development of new treatment strategies.

Key points

1. SARS-CoV-2is a new enveloped RNA virus that causes
COVID-19 disease that causes pandemic in all over the
world.

2. Although SARS-CoV-2 infection primarily affects the
lung, it turns into viral sepsis and causes hypercoagula-
tion and multiorgan failure.

3. Autopsies of people who died from the SARS-CoV-2
infection can provide important information about the
new disease and its course.

4. COVID-19 primarily affects the respiratory system, but
cardiovascular system, urinary, gastrointestinal system,
reproductive, and nervous systems are also involved.
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