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Abstract

We are reporting a case of natural evolution and pathological data from a young person that was diagnosed with coronavirus disease 2019
(COVID-19). All data has been collected from the autopsy of a 30-year-old female, which was performed by the Department of Forensic
Medicine from Emergency County Hospital, Drobeta Turnu Severin, Mehedinti County, Romania. The infection with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was confirmed by reverse transcription polymerase chain reaction (RT-PCR) on the lung tissue which
was obtained during autopsy. This case provides the opportunity to study the natural evolution of COVID-19 pneumonia in a young person
with clinical signs of pneumonia but without associated comorbidities. The patient had not received any treatment. The histopathological
examination of the lung revealed a process of productive proliferation, proteinaceous and fibrin-macrophagic interalveolar spaces exudate,
and lesions consistent with vasculitis. In the heart, we identified a cardiac thrombus. These changes are likely to suggest an advanced natural

evolution of SARS-CoV-2 virus infection.
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=& Introduction

At the end of 2019, in China, Wuhan City, Hubei
Province, a new outbreak of respiratory infection is
supposedly to have started, caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which
was named coronavirus disease 2019 or COVID-19 [1].

At the beginning of April 2020, World Health
Organization (WHO) reported approximately one million
confirmed cases of COVID-19 worldwide, with more than
50 000 deaths [2], and at the end of June, more than
10 million cases were confirmed, with more than half a
million deaths worldwide. The rapid spread of the virus,
its great contagion and the production of a large number
of diseases and deaths, has created a serious situation
worldwide, which has never been encountered before and
which has worried the whole world [3-6].

The Coronaviridae family is a family of viruses with
a linear single-stranded ribonucleic acid (RNA) genome
that causes infections in humans and various domestic
and wild animals. In humans, it can cause serious illness

including Middle East respiratory syndrome (MERS) and
SARS. SARS-CoV-2 has as its main mode of transmission,
the airway, by inhaling respiratory droplets. Another route
of transmission are the hands that come in contact with
contaminated surfaces and transmit infection through
mucosal surface, such as mouth, nose, and eyes [7].

Most of the SARS-CoV-2 infected patients develop a
mild form of disease, while severe forms of disease are
being found in elderly patients with associated comor-
bidities, immunocompromised cases, etc. The group of
patients who develop severe forms of disease have a
high mortality rate, which requires assisted ventilation.
Depending on the degree of testing performed in different
countries, the reported mortality is in the range of 0.3—
10% [8].

Currently, the histopathological (HP) data collected
from autopsies or biopsies is scarce [9]. In Romania, the
first patient confirmed with COVID-19 was on February
26, 2020. At the end of April 2020, Romania registered
13 163 positive cases with 780 deaths, and at the end of
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June, about 27 000 cases and 1600 deaths were registered.

To the best of our knowledge, this is the first report of
complete autopsy with HP data on a Romanian COVID-19
patient and adds to very scant literature on COVID-19
autopsied HP worldwide data in general.

= Case presentation

We present here the case of a 30-year-old woman
(S.V.C.) from the rural area of Mehedinti County, Romania,
who (as it results from the police investigation), at the
beginning of April (around 06.04.2020) showed mild
respiratory symptoms (dry cough, sore throat and retro-
sternal pain, loss of appetite). The patient did not consult
the family doctor nor did she seek hospital admission
as she considered it to be common cold. The symptoms
intensified progressively, and starting with 17.04.2020
the patient presented difficulties in breathing, had high
grade fever, chest pain, loss of appetite, but again, no
medical doctor was consulted. The death occurred at home,
on 18.04.2020. In order to establish the diagnosis of death,
a forensic expertise was requested, the patient not being
known with any previous condition. It is important to
mention that the deceased woman was not in isolation at
home or institutionalized quarantine, had no history of travel
abroad or contact with a confirmed case of SARS-CoV-2.
The forensic autopsy was performed after the end of the
working schedule in an isolated room, both the coroner
and the forensic technician wearing personal protective
equipment consisting of: hazmat protective suits, gloves,
boots, protective eyewear, face shields.

Following the autopsy, blood was collected to
determine blood alcohol levels, biological samples for
the HP examination, but also three lung fragments were
collected preferentially from the basal portions of the
lungs for the diagnosis of SARS-CoV-2. Lung fragments
collected postmortem for the diagnosis of SARS-CoV-2
were sent to the Cantacuzino National Military-Medical
Institute for Research & Development, Bucharest,
Romania. The technique used was reverse transcription
polymerase chain reaction (RT-PCR) method, the result
being positive for SARS-CoV-2.

This autopsy provided the opportunity to study the
natural evolution and histopathology of COVID-19. The
organs were examined macroscopically and then the usual
pathological techniques were performed. Biological samples
were collected from organs for HP examination: lung,
heart, liver, kidneys, pancreas. The biological specimens
were fixed in 10% neutral buffered formalin for 24 hours
at room temperature. After processing and paraffin
embedding, tissue blocks were processed for routine
sectioning and staining for Hematoxylin—Eosin (HE),
Periodic Acid—Schiff (PAS), Masson’s trichrome, Orcein,
and Silver impregnation according to producer’s protocols
(Bio-Optica, Italy). Moreover, serial sections were also
processed for immunohistochemistry. Briefly, deparaffinized
and rehydrated sections were processed first for antigen
retrieval by microwaving in citrate buffer, pH 6, for
20 minutes, incubated in 1% hydrogen peroxide in
distilled water for 30 minutes to block the endogenous
peroxidase activity, kept for another 30 minutes in 3%
skimmed milk in phosphate-buffered saline (PBS), then

incubated with the primary mouse anti-human antibodies,
at 4°C, for 18 hours. Next day, the signal was amplified
for 30 minutes utilizing an anti-mouse peroxidase polymer-
based secondary system (Vector Laboratories, Burlingame,
CA, USA), then detected with 3,3’-Diaminobenzidine (DAB)
(Vector Laboratories), and the slides were coverslipped
in DPX (Sigma-Aldrich, St. Louis, MO, USA) after a HE
staining. Negative controls were obtained by omitting the
primary antibodies. The following primary antibodies have
been utilized (Table 1):

Table 1 — The antibodies utilized in this study

Name Clone Target Dilution
CK AE1/AE3 AE1/AE3 Pan-cytokeratin 1:100
CK7 OV-TL 12/30 CK7 1:50
CD3 F7.2.38 T-lymphocytes 1:25
CD20 L26 B-lymphocytes 1:50
CD68 KP1 Macrophages 1:100
a-SMA 1A4 Smooth muscle actin  1:100
CD31 JC70A Endothelial cells 1:50
CD34 QBENd 10 Endothelial cells 1:50
Collagen IV Clv22 Collagen IV 1:50

CK: Cytokeratin; CD: Cluster of differentiation; a-SMA: Alpha-smooth
muscle actin. *All primary antibodies produced by Dako Cytomation,
Glostrup, Denmark.

Slides were evaluated and imaged utilizing a Nikon
901 microscope equipped with a Nikon DS-Ri2 16 MP
complementary metal oxide semiconductor (CMOS) camera
and the Nikon NIS Elements AR software. In order to
evaluate and quantify the reticulin versus mature collagen
stroma on silver stained slides, we have utilized a Nuance
FX multispectral camera and the Nuance analysis software
(Perkin Elmer, Hopkinton, MA, USA). After building
a spectral library from areas with individual reticulin
or collagen stroma, on a control lung tissue, we were
able to efficiently unmix and characterize the individual
contribution of each stromal component as signal areas.
A total of 10 random images (with 20% objective) were
utilized to this extent from the pathological lung specimen,
and from the control lung slide. An analysis of variance
(ANOVA) test was utilized to compare the mean areas of
collagen and reticulin stained areas between the pathological
specimen and the control case, and p<0.05 was deemed
significant.

At the external examination of the body, no traumatic
skin lesions were found on the head, trunk and limbs. We
noticed a discrete facial cyanosis that extended to the upper
thorax. No other traumatic or medical comorbidity was
identified.

Macroscopically, we noticed a bilateral pneumonia,
more accentuated in the right middle and lower lobe.
On the surface of both lungs, we observed multiple pale
purple areas alternating with whitish areas. On palpation,
crackles were absent in the right lower lobe and diminished
in the right middle lobe and left lower lobe. On the
section surface, the right lower lobe appeared dry, red-
brown, and consolidated (Figure 1). Under mechanical
pressure, the lungs expressed white-yellowish secretions.
Other autopsy findings were cardiomegaly with dilation
of the right ventricle and blood clots in the heart (Figure 2),
moderate hepatomegaly, and small hemorrhagic foci in
the kidneys.
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Figure 2 — Intracardiac recent thrombus.

On histopathology, we identified abnormal characte-
ristics in all organs, but mainly of the lung tissue. On low
power, the histology of the lungs was profoundly affected
by the presence of “mosaic” lesions, i.e., the almost total
disappearance of airspace. There was a massive interstitial
stasis, and the alveolar spaces were replaced by edema and
hemorrhage (Figure 3A), with a glycoproteinaceous exudate
forming isolated PAS-positive globular condensations
(Figure 3B), and a productive-proliferative accumulation
of admixed mononuclear, epithelial and fibroblastic cells
in most of the alveolar spaces (Figure 3, C—F). Overall,
areas with plasma cells, macrophages and fibroblasts
predominated (Figure 3C), and seemed to alternate with
less dense areas filled mostly with denudated and hyper-
trophic epithelial-looking cells (Figure 3D) and foamy
macrophages (Figure 3E). Even more dense regions were
also present with a more homogenous population of whorled
fibroblasts—fibrocytes forming round/ovoid structures
(Masson-like bodies) (Figure 3F). We did note only on
occasion multinucleated syncytial desquamated epithelial-
like cells, and there were no visible intranuclear or intra-
cytoplasmic viral inclusions. Besides stasis, engorged
alveolar septae accumulated lymphocytes, plasma cells and
fibroblastic proliferation, arterioles showed inflammatory
mononuclear cells in their walls, and overall small
diameter vessels presented with fibroblastic proliferation
around them with narrowing of the lamina. Despite this
diffuse alveolar damage in different phases of evolution,

we did not identify hyaline membrane formation; there was
a complete collapse and denudation of the respiratory
epithelium in bronchioles and bronchi. Although there was
abundant stasis and hemorrhage, there were only rare
thromboses, and only in larger caliber vessels (Figure 4A).

We further explored the stromal component of the lung,
considering this massive intra-alveolar cellular proliferation.
While it was not surprising that elastic fibers were almost
completely missing from the remnant interstitial stroma
(Figure 4B), a trichrome staining identified almost no
collagen fibers in the remaining septae or in the prolife-
rative areas (Figure 4C). A dual collagen—reticulin silver
staining was next performed and, surprisingly, revealed
a very dense meshwork of reticulin fibers in these areas.
Slides were subjected to multispectral unmixing in order
to separate and quantify reticulin—collagen ratios, and if
we compared the pattern of this lung with a control
tissue, this revealed that while in control lungs collagen
and reticulin participate almost in the same ratios (non-
significant statistical difference), there was a significant
disproportionate massive increase in reticulin (p<0.0001)
with a small decrease in collagen for the COVID-19 case
(Figure 4, D).

In the heart, there was recent intracardiac thrombosis
(Figure 5A), vascular leukostasis with thrombi formation
mainly in the small sub-epicardium vessels (Figure 5B),
and a massive interstitial edema that obliterated the
intercalated disks in between the myocardial cells
(Figure 5C). On occasion, scant mononuclear inflammatory
cells were present, as well as petechial hemorrhages
(Figure 5D). In the liver, there was a moderate lymph cell
infiltrate in portal spaces (Figure 5E), passive hyperemia
with an unusual enlargement of the sub-endothelial Disse
spaces (Figure 5F). In the pancreas, there was interstitial
fibrosis and lipomatosis separating the acinar lobules.
Kidneys present dystrophic lesions and focal tubular
necrosis at the level of proximal convolute tubules, with
an apparent preservation of the distal tubules (Figure 6A),
few hematic intratubular cylinders, vascular stasis and
widespread focal microthrombosis (Figure 6B). In the
renal medulla, stasis and petechial hemorrhages were
frequent (Figure 6, C and D).

In the lung, we intended to further characterize the
epithelial, stromal and inflammatory changes with the
aid of immunohistochemistry. Despite the dense cellular
proliferations, alpha-smooth muscle actin (a-SMA)-positive
myofibroblasts were present mainly in the thickened alveolar
spaces (Figure 7A), and most of the cells proliferating
in the alveolar spaces were cluster of differentiation 68
(CD68)-positive macrophages (Figure 7B) and T-lympho-
cytes (Figure 7C), with only very rare B-lymphocytes
(Figure 7D). As already suggested by HE-stained slides,
a staining for pan-cytokeratin (CK) AE1/AE3 or the CK7
revealed extensive proliferated, thickened and/or detached
epithelial cells through the alveolar septae, even there
where alveolar spaces were completely filled with the
proliferative cellular areas (Figure 8, A and B). While the
overall architecture of blood vessels seems also intact even
in these proliferative regions, staining for endothelial cells
(CD31, Figure 8C), and basement membranes (collagen IV,
Figure 8D) revealed discontinuous and fragmented vascular
profiles.
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depositions, and (C-F) a productive-proliferative accumulation of mononuclear, epithelial (arrows) and fibroblastic
cells (arrow heads). HE staining: (A and F) x200; (C-E) %400. PAS staining: (B) x400. HE: Hematoxylin—Eosin;
PAS: Periodic Acid—Schiff.
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Figure 4 — Histopathology of the lungs (continued) revealed (A) only rare thromboses, (B) loss of elastic and collagen
fibers (C). PAS staining: (4) %200. Orcein staining: (B) x200. Masson’s trichrome staining: (C) X200. PAS: Periodic
Acid-Schiff.
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Figure 4 — Histopathology of the lungs
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Figure 5 — Histopathology of the heart revealed (A) recent intracardiac th
vessels (C), and (D) a massive interstitial edema that obliterated the intercalated disks between the myocardial cells. The
liver showed (E) moderate lymph cell infiltrate in portal spaces, and (F) enlargement (arrows) of the sub-endothelial

Disse spaces. HE staining: (A, B, D and E) x200; (C and F) x400. HE: Hematoxylin—Eosin.
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Figure 6 — Histopathology of the kidney showed (A) dystrophic epithelial lesions and tubular necrosis in proximal
convolute tubules with remnant distal tubules (arrows), (B) widespread focal microthrombosis, (C and D) stasis and
petechial hemorrhages. HE staining: (A and C) x200; (B and D) x400. HE: Hematoxylin—Eosin.

Figure 7 — Immunohistochemistry in the lungs showed (A) a-SMA-positive myofibroblasts were present mainly in the
thickened alveolar spaces, with most of the cells proliferating in the alveolar spaces being (B) CD68-positive macrophages,
and (C) CD3-positive T-cells, with a only a few (D) CD20-positive B-cells. (A-D) images: x400. a-SMA: Alpha-smooth
muscle actin; CD: Cluster of differentiation.




Histopathological findings in the advanced natural evolution of the SARS-CoV-2 infection

) AE1IAE3

ARG

B

Figure 8 — Immunohistochemistry in the lungs (continuation) also showed (A and B) extensive proliferated and thickened
pneumocytes immunopositive for pan-CK AE1/AE3 and CK7, and apparent intact (C) CD31-positive endothelial cells,
and (D) collagen IV-positive basement membranes. (A, B and D) images: x400; (C) image: x200. CK: Cytokeratin;

CD: Cluster of differentiation.

= Discussions

This study describes the case of a 30-year-old woman
who died under suspicious conditions at home, for which
a forensic autopsy was performed. Correlating the data
presented in the police investigation (young woman, without
comorbidities and who did not take medication for the
symptoms she presented before death), together with the
HP examination, we consider that this case represents
an illustrative example of fatal evolution in COVID-19
without interventions, thus presenting a natural course of
the disease.

The symptomatology was not specific, family interview
revealing both respiratory and non-respiratory features
(cardiac and digestive). Other studies recently published
pointed out to unspecific symptoms, especially in the first
phases of the disease, which can lead to a late correct
diagnosis [10, 11].

The main HP features observed in our COVID-19
patient were of diffuse alveolar lesions in the stage of
proliferative/fibroblastic organization, but without important
stromal proliferation. For instance, we show gross destruction
of the lung parenchyma and disappearance of acrated spaces,
along with fibrinous protein and macrophage exudate,
and fibroblastic proliferation but not in stroma. Similar
HP features consistent of severe pneumonia and acute
respiratory distress syndrome (ARDS) have also been
described in other studies [9, 12]. Notably, in this patient,
formation of hyaline membranes was not observed.

Fibroblast proliferation also plays a role in COVID-19
disease progression as in other pneumonia/ARDS. Hsiao
et al. (2005) conducted a case study and found that lung
samples collected from a patient whose disease began
17 days ago showed reactive fibroblast proliferation [13].
In response to lung injury, epidermal growth factor receptor
(EGFR) activation occurs as a key signal for excessive
proliferation of fibroblasts with a role in wound healing
[14].

While we could not examine blood of this patient,
patients infected with SARS-CoV-2 show suppression
of immunity with a sustained decrease in the number
of peripheral lymphocytes, mainly CD4-positive and
CDS8-positive T-cells [15]. The mechanism is not fully
understood, but it appears that SARS-CoV-2 can directly
infect T-cells [16]. Secondary bacterial infections, charac-
teristic of patients infected with SARS-CoV-2, could
explain lymphopenia. Regardless of the cause, degree of
lymphopenia is correlated with the severity of disease
and is shown to be a critical factor associated with
mortality [17]. Xu et al. (2020), in a case report, pointed
out that the cytotoxicity of T-cells can explain the severe
decrease in immunity [18].

SARS-CoV-2 shares clinical and biological charac-
teristics, but also genome sequences with SARS-CoV
[19-22], and the configuration of the structural protein S
(spike) is shown to be the same in SARS-CoV and SARS-
CoV-2 [23]. Li et al. (2020) suggested that SARS-CoV-2
may lead to abnormal coagulation by directly attacking
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vascular endothelial cells with the expression of high levels
of angiotensin-converting enzyme 2 (ACE2) receptors
[16]. Carsana ef al. (2020) conducted an extensive study
on the lung fragments of 38 deaths with COVID-19 and
observed fibrin thrombi in small arterial vessels in 33
deaths; the conclusion of this finding was that COVID-19
may be directly related to thrombosis or may explain
severe hypoxemia in ARDS [24].

While the precise cause of death in this patient is
unknown, cytokine storm has been linked with mortality
in a subgroup of patients of COVID-19. This phenomenon
describes an uncontrolled cascade activation of pro-
inflammatory cytokines that culminates in multiple organ
dysfunction and ultimately death. Lung epithelial cells,
macrophages, and dendritic cells express cytokines [25].
In response to SARS-CoV-2 infection, alveolar macrophages
and epithelial cells produce proinflammatory cytokines and
chemokines, resulting in uncontrolled inflammation. This
process is also enhanced by the dramatic decrease in
lymphocytes, resulting in a dysfunctional adaptive immune
response, which leads to an uncontrolled viral infection
with a role in the progression of lung damage [16].

One of the important features observed in this patient
was also evidence of failure of coagulation cascade.
Interestingly, coagulation cascade may be activated by the
cytokine storm [26]. SARS-CoV-2 can lead to venous
thromboembolism involving several pathological mecha-
nisms, such as endothelial dysfunction, systemic inflam-
mation and a procoagulant state [27]. A study of 12
confirmed autopsies of SARS-CoV-2 found that seven
of 12 patients had deep vein thrombosis (this was found
after autopsies because patients were not suspected before
death) [28]. In a study of 191 patients, half of those who
died had coagulopathy with very high levels of D-dimers
[16]. Thrombus formation is reported under hypoxic
conditions, and it is known that many patients with SARS-
CoV-2 suffer from severe hypoxemia [29]. Zhang et al.
(2020) suggested that thrombi can also be formed by indirect
causes, respectively by antiphospholipid antibodies which
can modulate the immunity in such a way [30]. On the one
hand, it is suggested that antiphospholipid antibodies act
under several conditions to promote thrombus formation,
such as antibodies having various roles, such as in promo-
ting platelet aggregation, binding to platelet membrane
proteins, inhibiting fibrinolysis and anticoagulant activity,
promoting inflammation; binding to beta 2 glycoprotein I
(B2GPI) expressed on the surface of endothelial cells, and
causing the cells to turn into a procoagulant and pro-
inflammatory phenotype. However, all these conditions are
not sufficient to promote thrombosis, and a second condition
is required, respectively the endothelial lesion that may
be the direct result of the SARS-CoV-2 infection [31].

After analyzing published articles about COVID-19
pneumonia and considering the HP images mentioned
above, we believe that SARS-CoV-2 could act as a possible
trigger to fulminant systemic autoimmune-like disease
with pulmonary predominance. The lesions initiated on
the vascular wall by viral particles makes the individual
person to elicit a hyperergic response with autoantibody
formation (possible antiphospholipidic) and aberrant
fibroblastic proliferation with narrowing vascular lumens,
thrombosis and leading to a fatal outcome.

In the present study, we have also identified microscopic
changes in organs other than lung. Thus, at the level of the
myocardium, we have shown thromboses, microhemorrhages,
interstitial edema, and discontinuities at the level of the
intercalated disks (Eberth’s lines). Lesions of the inter-
cellular junctions appeared areal, of variate intensity, and
might explain the cardiac failure symptoms that can appear
in COVID-19 patients — as it is the case here with the
enhanced symptomatology that occurred before the death.
Other studies have also shown that patients infected with
SARS-CoV-2 develop heart pathology that exteriorizes
as different clinical signs and symptoms [32-36].

Another severely affected organ in the present case
was the kidney, which showed extensive tubular necrosis
mainly in the proximal convoluted tubules, along with
vascular thrombosis, stasis and petechial hemorrhages.
Numerous clinical studies have shown that hospitalized
patients infected with SARS-CoV-2 have elevated plasma
urea, uric acid or creatinine, proteinuria or hematuria,
features of renal impairment [37-39]. About 7-20% of
these patients develop acute renal failure [38, 40]. To date,
the pathogenic mechanism by which kidney damage
occurs in cases of SARS-CoV-2 infection is unknown.
According to some authors, the virus can enter the
bloodstream from the lungs and from there into the
kidneys. In addition, it appears that the virus penetrates
easily into kidney cells due to the presence of large
amounts of ACE2 receptors in these cells that facilitates
SARS-CoV-2 binding to cell surface and is known to be
important in causing infection [41]. Other studies state
that kidney damage is multifactorial, and hypovolemia,
renal hypoperfusion, heart failure, sepsis, massive release
of cytokines, and variate nephrotoxins being the main
factors involved in kidney failure [42, 43].

The liver lesions in our case were less extensive than
those in the lung, heart and kidney. The presence of a
moderate inflammatory infiltrate was predominantly
composed of lymphocytes in the Kiernan spaces, moderate
collagen fibrosis in the porto-biliary spaces, and enlargement
of the sinusoidal capillaries and of Disse spaces. Some
studies have shown that about 2—11% of patients infected
with SARS-CoV-2 have liver damage, but elevated serum
transaminases occur in about 14-53% of cases [44]. With a
more severe SARS-CoV-2 infection, more extensive liver
lesions and higher serum transaminase levels have been
described [45, 46].

We consider that SARS-CoV-2 infection simultaneously
affects many organs, though pathophysiological mechanisms
are not yet specified, and depending on the reactivity of
each organism, age, presence or absence of comorbidities,
lead to milder or more serious forms of disease.

& Conclusions

SARS-CoV-2 infection is a systemic disease with
multiple clinical forms, ranging from an asymptomatic
evolution to sever deadly evolution. We emphasize the
importance of the autopsy, as HP findings could play
an important role in understanding the pathophysiology
of the SARS-CoV-2 infection. So far, by extracting the
knowledge and data from medical reports, articles and
prior research, there has been no pathology data about the
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macroscopic and microscopic reports about the natural
advanced evolution of COVID-19 disease. The HP analysis,
mainly in lung and heart tissues of this patient, may help to
understand pathogenesis of COVID-19 illness and maybe
to direct future research to study. Lastly, based on these
data we support an autoimmune mechanism of the disease
with SARS-CoV-2 as a trigger.

Conflict of interests

The authors declare that there is no conflict of interests
regarding the publication of this paper. All authors read
and approved the final manuscript.

References

[1] Hanley B, Lucas SB, Youd E, Swift B, Osborn M. Autopsy
in suspected COVID-19 cases. J Clin Pathol, 2020, 73(5):
239-242. https://doi.org/10.1136/jclinpath-2020-206522 PMID:
32198191

[2] Barton LM, Duval EJ, Stroberg E, Ghosh S, Mukhopadhyay S.
COVID-19 autopsies, Oklahoma, USA. Am J Clin Pathol,
2020, 153(6):725—733. https://doi.org/10.1093/ajcp/aqaa062
PMID: 32275742 PMCID: PMC7184436

[3] Baloch S, Baloch MA, Zheng T, Pei X. The coronavirus disease
2019 (COVID-19) pandemic. Tohoku J Exp Med, 2020, 250(4):
271-278. https://doi.org/10.1620/tiem.250.271 PMID: 32321874

[4] Morens DM, Daszak P, Markel H, Taubenberger JK. Pandemic
COVID-19 joins history’s pandemic legion. mBio, 2020, 11(3):
€00812-20. https://doi.org/10.1128/mBio.00812-20 PMID: 32471830
PMCID: PMC7267883

[5] Lyon D.Pandemic paradox. Oncol Nurs Forum, 2020, 47(4):371—
372. https://doi.org/10.1188/20.0NF.371-372 PMID: 32555550

[6] Dariya B, Nagaraju GP. Understanding novel COVID-19: its
impact on organ failure and risk assessment for diabetic and
cancer patients. Cytokine Growth Factor Rev, 2020, 53:43-52.
https://doi.org/10.1016/j.cytogfr.2020.05.001 PMID: 32409230
PMCID: PMC7202812

[7] Osborn M, Lucas S, Stewart R, Swift B, Youd E. Briefing on
COVID-19: Autopsy practice relating to possible cases of
COVID-19 (2019-nCov, novel coronavirus from China 2019/
2020). The Royal College of Pathologists, London, UK, 2020,
1-14.

[8] SuH, Yang M, Wan C, Yi LX, Tang F, Zhu HY, YiF, Yang HC,
Fogo AB, Nie X, Zhang C. Renal histopathological analysis of
26 postmortem findings of patients with COVID-19 in China.
Kidney Int, 2020, 98(1):219-227. https://doi.org/10.1016/j.kint.
2020.04.003 PMID: 32327202 PMCID: PMC7194105

[9] Tian S, Hu W, Niu L, Liu H, Xu H, Xiao SY. Pulmonary
pathology of early-phase 2019 novel coronavirus (COVID-19)
pneumonia in two patients with lung cancer. J Thorac Oncol,
2020, 15(5):700-704. https://doi.org/10.1016/j.jtho.2020.02.010
PMID: 32114094 PMCID: PMC7128866

[10] Xu XW, Wu XX, Jiang XG, Xu KJ, Ying LJ, Ma CL, Li SB,
Wang HY, Zhang S, Gao HN, Sheng JF, Cai HL, Qiu YQ, Li LJ.
Clinical findings in a group of patients infected with the 2019
novel coronavirus (SARS-Cov-2) outside of Wuhan, China:
retrospective case series. BMJ, 2020, 368:m606. https://doi.
org/10.1136/bmj.m792 PMID: 32107200

[11] Zhou M, Zhang X, Qu J. Coronavirus disease 2019 (COVID-19):
a clinical update. Front Med, 2020, 14(2):126-135. https://doi.
org/10.1007/s11684-020-0767-8 PMID: 32240462 PMCID:
PMC7115348

[12] Jain A. COVID-19 and lung pathology. Indian J Pathol Microbiol,
2020, 63(2):171-172. https://doi.org/10.4103/IJPM.IJPM_280
_20 PMID: 32317509

[13] Hsiao CH, Wu MZ, Chen CL, Hsueh PR, Hsieh SW, Yang PC,
Su |J. Evolution of pulmonary pathology in severe acute
respiratory syndrome. J Formos Med Assoc, 2005, 104(2):
75-81. PMID: 15765160

[14] Venkataraman T, Coleman CM, Frieman MB. Overactive
epidermal growth factor receptor signaling leads to increased
fibrosis after severe acute respiratory syndrome coronavirus
infection. J Virol, 2017, 91(12):e00182-17. https://doi.org/10.
1128/JVI1.00182-17 PMID: 28404843 PMCID: PMC5446658

[15] Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y,
Song B, Gu X, Guan L, Wei Y, Li H, Wu X, Xu J, Tu S,

Zhang Y, Chen H, Cao B. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China:
a retrospective cohort study. Lancet, 2020, 395(10229):1054—
1062. https://doi.org/10.1016/S0140-6736(20)30566-3 PMID:
32171076 PMCID: PMC7270627

[16] Li H, Liu L, Zhang D, Xu J, Dai H, Tang N, Su X, Cao B.
SARS-CoV-2 and viral sepsis: observations and hypotheses.
Lancet, 2020, 395(10235):1517-1520. https://doi.org/10.1016/
S0140-6736(20)30920-X PMID: 32311318 PMCID: PMC
7164875

[17] Chan JFW, Yuan S, Kok KH, To KKW, Chu H, Yang J, Xing F,
Liu J, Yip CCY, Poon RWS, Tsoi HW, Lo SKF, Chan KH,
Poon VKM, Chan WM, Daniel J, Cai JP, Cheng VCC, Chen H,
Hui CKM, Yuen KY. A familial cluster of pneumonia associated
with the 2019 novel coronavirus indicating person-to-person
transmission: a study of a family cluster. Lancet, 2020,
395(10223):514-523. https://doi.org/10.1016/S0140-6736(20)
30154-9 PMID: 31986261 PMCID: PMC7159286

[18] Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S,
Zhao P, Liu H, Zhu L, Tai Y, Bai C, Gao T, Song J, Xia P,
Dong J, Zhao J, Wang FS. Pathological findings of COVID-19
associated with acute respiratory distress syndrome. Lancet
Respir Med, 2020, 8(4):420—422. https://doi.org/10.1016/S22
13-2600(20)30076-X PMID: 32085846 PMCID: PMC7164771

[19] Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X,
Huang B, Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D, Xu W,
Wu G, Gao GF, Tan W; China Novel Coronavirus Investigating
and Research Team. A novel coronavirus from patients with
pneumonia in China, 2019. N Engl J Med, 2020, 382(8):727—
733. https://doi.org/10.1056/NEJM0a2001017 PMID: 31978945
PMCID: PMC7092803

[20] Wu A, Peng Y, Huang B, Ding X, Wang X, Niu P, Meng J,
Zhu Z, Zhang Z, Wang J, Sheng J, Quan L, Xia Z, Tan W,
Cheng G, Jiang T. Genome composition and divergence
of the novel coronavirus (2019-nCoV) originating in China.
Cell Host Microbe, 2020, 27(3):325-328. https://doi.org/10.
1016/j.chom.2020.02.001 PMID: 32035028 PMCID: PMC
7154514

[21] Li F. Structure, function, and evolution of coronavirus spike
proteins. Annu Rev Virol, 2016, 3(1):237-261. https://doi.org/10.
1146/annurev-virology-110615-042301 PMID: 27578435 PMCID:
PMC5457962

[22] Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y,
Wang J, Liu Y, Wei Y, Xia J, Yu T, Zhang X, Zhang L.
Epidemiological and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a descriptive
study. Lancet, 2020, 395(10223):507-513. https://doi.org/10.
1016/S0140-6736(20)30211-7 PMID: 32007143 PMCID:
PMC7135076

[23] Guo J, Huang Z, Lin L, Lv J. Coronavirus disease 2019
(COVID-19) and cardiovascular disease: a viewpoint on the
potential influence of angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers on onset and severity of severe
acute respiratory syndrome coronavirus 2 infection. J Am
Heart Assoc, 2020, 9(7):e016219. https://doi.org/10.1161/JAHA.
120.016219 PMID: 32233755

[24] Carsana L, Sonzogni A, Nasr A, Rossi R, Pellegrinelli A,
Zerbi P, Rech R, Colombo R, Antinori S, Corbellino M, Galli M,
Catena E, Tosoni A, Gianatti A, Nebuloni M. Pulmonary post-
mortem findings in a large series of COVID-19 cases from
Northern Italy: a two-centre descriptive study. Lancet, 2020
June 8. https://doi.org/10.1016/S1473-3099(20)30434-5 PMID:
32526193 PMCID: PMC7279758

[25] lwasaki A, Pillai PS. Innate immunity to influenza virus infection.
Nat Rev Immunol, 2014, 14(5):315-328. https://doi.org/10.1038/
nri3665 PMID: 24762827 PMCID: PMC4104278

[26] Kluge S, Janssens U, Welte T, Weber-Carstens S, Marx G,
Karagiannidis C. German recommendations for critically ill
patients with COVID-19 [Empfehlungen zur intensivmedi-
zinischen Therapie von Patienten mit COVID-19]. Med Klin
Intensivmed Notfmed, 2020, 115(3):175-177. https://doi.org/10.
1007/s00063-020-00689-w PMID: 32291505 PMCID: PMC
7155395

[27] Giannis D, Ziogas IA, Gianni P. Coagulation disorders in
coronavirus infected patients: COVID-19, SARS-CoV-1, MERS-
CoV and lessons from the past. J Clin Virol, 2020, 127:104362.
https://doi.org/10.1016/j.jcv.2020.104362 PMID: 32305883
PMCID: PMC7195278




218 Andreea-Elena Cirstea et al.

[28] Wichmann D, Sperhake JP, Litgehetmann M, Steurer S,
Edler C, Heinemann A, Heinrich F, Mushumba H, Kniep |,
Schroder AS, Burdelski C, de Heer G, Nierhaus A, Frings D,
Pfefferle S, Becker H, Bredereke-Wiedling H, de Weerth A,
Paschen HR, Sheikhzadeh-Eggers S, Stang A, Schmiedel S,
Bokemeyer C, Addo MM, Aepfelbacher M, Pischel K, Kluge S.
Autopsy findings and venous thromboembolism in patients
with COVID-19: a prospective cohort study. Ann Intern Med,
2020 May 6, M20-2003. https://doi.org/10.7326/M20-2003
PMID: 32374815 PMCID: PMC7240772

[29] Gupta N, Zhao YY, Evans CE. The stimulation of thrombosis
by hypoxia. Thromb Res, 2019, 181:77-83. https://doi.org/10.
1016/j.thromres.2019.07.013 PMID: 31376606

[30] Zzhang H, Zhou P, Wei Y, Yue H, Wang Y, Hu M, Zhang S,
Cao T, Yang C, Li M, Guo G, Chen X, Chen Y, Lei M, Liu H,
Zhao J, Peng P, Wang CY, Du R. Histopathologic changes
and SARS-CoV-2 immunostaining in the lung of a patient with
COVID-19. Ann Intern Med, 2020, 172(9):629-632. https://doi.
org/10.7326/M20-0533 PMID: 32163542 PMCID: PMC7081173

[31] Waisayarat J, Plumworasawat S, Vilaiyuk S, Sirachainan N.
Intracardiac thrombus in a patient with catastrophic anti-
phospholipid syndrome: an autopsy case report and review
of the literature. Vasc Health Risk Manag, 2019, 15:253-258.
https://doi.org/10.2147VHRM.S197638 PMID: 31496715 PMCID:
PMC6690037

[32] Guzik TJ, Mohiddin SA, Dimarco A, Patel V, Savvatis K,
Marelli-Berg FM, Madhur MS, Tomaszewski M, Maffia P,
D’Acquisto F, Nicklin SA, Marian AJ, Nosalski R, Murray EC,
Guzik B, Berry C, Touyz RM, Kreutz R, Wang DW, Bhella D,
Sagliocco O, Crea F, Thomson EC, Mclnnes IB. COVID-19 and
the cardiovascular system: implications for risk assessment,
diagnosis, and treatment options. Cardiovasc Res, 2020
Apr 30, cvaa106. https://doi.org/10.1093/cvr/cvaa106 PMID:
32352535 PMCID: PMC7197627

[33] Bansal M. Cardiovascular disease and COVID-19. Diabetes
Metab Syndr, 2020, 14(3):247-250. https://doi.org/10.1016/j.
dsx.2020.03.013 PMID: 32247212 PMCID: PMC7102662

[34] Zheng YY, Ma YT, Zhang JY, Xie X. COVID-19 and the
cardiovascular system. Nat Rev Cardiol, 2020, 17(5):259-260.
https://doi.org/10.1038/s41569-020-0360-5 PMID: 32139904
PMCID: PMC7095524

[35] South AM, Diz DI, Chappell MC. COVID-19, ACE2, and the
cardiovascular consequences. Am J Physiol Heart Circ Physiol,
2020, 318(5):H1084—H1090. https://doi.org/10.1152/ajpheart.
00217.2020 PMID: 32228252 PMCID: PMC7191628

[36] Gori T, Lelieveld J, Miinzel T. Perspective: cardiovascular disease
and the Covid-19 pandemic. Basic Res Cardiol, 2020, 115(3):32.
https://doi.org/10.1007/s00395-020-0792-4 PMID: 32277299
PMCID: PMC7146013

Corresponding authors

[37] Sardu C, Gambardella J, Morelli MB, Wang X, Marfella R,
Santulli G. Hypertension, thrombosis, kidney failure, and diabetes:
is COVID-19 an endothelial disease? A comprehensive evaluation
of clinical and basic evidence. J Clin Med, 2020, 9(5):1417.
https://doi.org/10.3390/jcm9051417 PMID: 32403217 PMCID:
PMC7290769

[38] Hirsch JS, Ng JH, Ross DW, Sharma P, Shah HH, Barnett RL,
Hazzan AD, Fishbane S, Jhaveri KD; Northwell COVID-19
Research Consortium; Northwell Nephrology COVID-19 Research
Consortium. Acute kidney injury in patients hospitalized with
COVID-19. Kidney Int, 2020, 98(1):209-218. https://doi.org/
10.1016/j.kint.2020.05.006 PMID: 32416116 PMCID: PMC
7229463

[39] Ronco C, Reis T. Kidney involvement in COVID-19 and
rationale for extracorporeal therapies. Nat Rev Nephrol, 2020,
16(6):308-310. https://doi.org/10.1038/s41581-020-0284-7 PMID:
32273593 PMCID: PMC7144544

[40] Shahid Z, Kalayanamitra R, McClafferty B, Kepko D,
Ramgobin D, Patel R, Aggarwal CS, Vunnam R, Sahu N,
Bhatt D, Jones K, Golamari R, Jain R. COVID-19 and older
adults: what we know. J Am Geriatr Soc. 2020, 68(5):926—929.
https://doi.org/10.1111/jgs. 16472 PMID: 32255507 PMCID:
PMC7262251

[41] Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, Li J,
Yao Y, Ge S, Xu G. Kidney disease is associated with in-
hospital death of patients with COVID-19. Kidney Int, 2020,
97(5):829-838. https://doi.org/10.1016/j.kint.2020.03.005 PMID:
32247631 PMCID: PMC7110296

[42] Ronco C, Reis T, Husain-Syed F. Management of acute
kidney injury in patients with COVID-19. Lancet Respir Med,
2020, 8(7):738-742. https://doi.org/10.1016/S2213-2600(20)
30229-0 PMID: 32416769 PMCID: PMC7255232

[43] Perico L, Benigni A, Remuzzi G. Should COVID-19 concern
nephrologists? Why and to what extent? The emerging impasse
of angiotensin blockade. Nephron, 2020, 144(5):213-221.
https://doi.org/10.1159/000507305 PMID: 32203970 PMCID:
PMC7179544

[44] Zhang C, Shi L, Wang FS. Liver injury in COVID-19: mana-
gement and challenges. Lancet Gastroenterol Hepatol, 2020,
5(5):428-430. https://doi.org/10.1016/S2468-1253(20)30057-1
PMID: 32145190 PMCID: PMC7129165

[45] Xu L, Liu J, Lu M, Yang D, Zheng X. Liver injury during highly
pathogenic human coronavirus infections. Liver Int, 2020, 40(5):
998-1004. https://doi.org/10.1111/liv.14435 PMID: 32170806
PMCID: PMC7228361

[46] Garrido |, Liberal R, Macedo G. Review article: COVID-19
and liver disease — what we know on 1st May 2020. Aliment
Pharmacol Ther, 2020, 52(2):267-275. https://doi.org/10.11
11/apt.15813 PMID: 32402090 PMCID: PMC7272838

Radu Lucian Buzulica, MD, PhD, Department of Pathology, Emergency County Hospital, 6D Mihai Viteazul Avenue,
220068 Drobeta Turnu Severin, Mehedinti County, Romania; Phone +40743-149 200, e-mail: lucianbuzulica@yahoo.com

Laurentiu Mogoanta, Professor, MD, PhD, Research Center for Microscopic Morphology and Immunology, University
of Medicine and Pharmacy of Craiova, 2 Petru Rares Street, 200349 Craiova, Dolj County, Romania; Phone
+40722-955 820, e-mail: laurentiu_mogoanta@yahoo.com

Received: June 10, 2020

Accepted: July 21, 2020




