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Abstract. – OBJECTIVE: Liver injury has 
been reported in patients with COVID-19. This 
condition is characterized by severe outcome 
and could be related with the ability of SARS-
CoV-2 to activate cytotoxic T cells. The purpose 
of this study is to show the histological and 
scanning electron microscopy features of liv-
er involvement in COVID-19 to characterize the 
liver changes caused by the activation of multi-
ple molecular pathways following this infection.

PATIENTS AND METHODS: Liver biopsies 
from 4 patients (3 post-mortems and 1 in vivo) 
with COVID-19 were analyzed with histology and 
by scanning electron microscopy.

RESULTS: The liver changes showed sig-
nificant heterogeneity. The first case showed 
ground glass hepatocytes and scattered fibrin 
aggregates in the sinusoidal lumen. The second 

evidenced intra-sinusoidal thrombi. The third 
was characterized by sinusoidal dilatation, at-
rophy of hepatocytes, Disse’s spaces dilatation 
and intra-sinusoidal aggregates of fibrin and red 
blood cells. The fourth case exhibited diffuse fi-
brin aggregates in the dilated Disse spaces and 
microthrombi in the sinusoidal lumen. 

CONCLUSIONS: In COVID-19-related liver in-
jury, a large spectrum of pathological changes 
was observed. The most peculiar features were 
very mild inflammation, intra-sinusoidal chang-
es, including sinusoidal dilatation, thrombot-
ic sinusoiditis and diffuse intra-sinusoidal fi-
brin deposition. These findings suggested that 
a thrombotic sinusoiditis followed by a local dif-
fuse intra-vascular (intra-sinusoidal) coagula-
tion could be the typical features of the SARS-
CoV-2-related liver injury.
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Introduction

Coronavirus Disease 2019 (COVID-19) has 
caused one of the most important global pan-
demics of the last century. On March 28th, 2021, 
127,233,141 confirmed cases of COVID-19 with 
2,789,941 deaths have been reported in the world. 
Most studies on COVID-19 have been focused 
on lungs as the main organ involved in the dis-
ease. Recently cardiovascular1 and liver pathol-
ogy have been introduced in the spectrum of 
SARS-CoV-2-related pathological changes2. In 
previous years, liver involvement has been de-
scribed in patients infected by two coronaviruses. 
One is responsible for the severe acute respiratory 
syndrome (SARS)3, the other one for the Middle 
East respiratory syndrome (MERS)4. Recent data 
on liver involvement in patients with COVID-19 
evidenced abnormal liver tests in 75% of affected 
subjects. Liver injury has been reported in more 
than 20% of hospitalized patients. This observa-
tion was particularly associated with the progres-
sion toward severe pneumonia5. A more recent 
review6 reported that the incidence of liver injury 
ranges from 15% up to 53% in survivors, and up 
to 78% in death patients.  

Increased serum levels of liver enzymes have 
been more frequently reported in males7, elderly 
patients and subjects with higher body mass in-
dex8. Patients presenting with severe COVID-19, 
admitted to intensive care units, were reported 
to show higher rates of liver dysfunction than 
subjects with less severe disease9. As a result, 
liver injury might be more prevalent in severe 
than in mild cases of COVID-1910. Patients with 
liver involvement displayed abnormal serum lev-
els of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and gamma-glutam-
yl-transferase (GGT)5,10. Moreover, elevated bil-
irubin levels11 and decreased albumin serum lev-
els have been reported in COVID-19 patients12. 
Regarding prognostic value of liver involvement 
in COVID-19 patients, no difference has been 
reported between survivors and non-survivors13. 
Recently, an electron microscopy study showed 
the presence of SARS-CoV-2 in liver cells14. 
Liver injury has been characterized by severe 
outcome15. Clinically significant acute liver16 in-
jury appears uncommon in COVID-19 patients. 

SARS-CoV-2 activated cytotoxic T cells might 
be the cause of liver derangement in some pa-
tients.

The purpose of this study is to present the 
histological features of liver involvement in 4 pa-
tients with COVID-19, associated with scanning 
electron microscopy findings, in order to better 
characterize the liver changes caused by the acti-
vation of multiple molecular pathways following 
this infection17. 

Patients and Methods

Liver biopsies of four COVID-19 patients were 
collected during the COVID-19 pandemic at the 
Pathology Unit of the University Hospital of Ca-
gliari. After being formalin-fixed and paraffin 
embedded, biopsies were cut to four-micron-thick 
sections. The sections were stained with hema-
toxylin & eosin, silver stain and immune-stained 
for keratin 7. Then, a detailed histological report 
was described, including the most important ele-
mentary lesions of each case.

Some 6-7 µm thick slices were dedicated to 
scanning electron microscopy (SEM) observa-
tion. The freshly cut slices were mounted on the 
microscope slide. These slices were deparaffin-
ized by immersion in xylene for 48 hours. Sub-
sequently, they were re-hydrated in descending 
ethanol scales. They were treated with a solution 
of 1% osmium and 1.25% ferrocyanide for 1 hour 
in a humid chamber. After numerous washes 
in PBS (Phosphate Buffered Saline), the slides 
were dehydrated in ascending ethanol scales. The 
slides were dried at critical point in CO2. Then, 
they were mounted on aluminum support (stub) 
with double-sided tape. Finally, the samples were 
covered with a gold conductive film and observed 
at SEM (ZEISS SIGMA 300, https://www.zeiss.
com/microscopy/int/about-us.html).

Results

Case 1
A 68-year-old man was admitted to a COVID 

hospital with a respiratory insufficiency. The 
molecular nasopharyngeal swab for SARS-CoV-2 
infection tested positive. Transaminase serum 
levels were 2-3 times than normal values. Thus, 
a liver biopsy was performed. At histology, the 
liver architecture was preserved since no fibrous 
septa were evidenced. Most of the hepatocytes 
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showed a granular cytoplasm, with increased 
mitochondria. Several hepatocytes also showed a 
typical ground-glass appearance. Then, occasion-
ally dilated sinusoids with fibrillar material inside 
the sinusoidal lumen were observed (Figure 1A). 
By scanning electron microscopy (SEM), fibrin 
aggregates were frequently observed in the sinu-
soidal lumen (Figure 1B). 

Case 2
A 63-year-old man, after some days of dry 

cough and fever, developed a progressive respi-
ratory failure. The patient died at home before 

hospitalization. Post-mortem molecular nasopha-
ryngeal swab tested positive for SARS-CoV-2. 
At autopsy, lungs were heavy (right lung 1,100 
g; left lung 920 g), reddish in color, diffusely 
edematous and exhibited a firm consistency. 
At histology, liver architecture was preserved. 
Likewise, no significant inflammatory changes 
were detected in portal tracts. Foci of macro- 
and micro-vesicular steatosis was observed in 
the hepatocytes. The most relevant changes were 
detected inside the sinusoids. These appeared 
dilated, with the lumen occupied by a fibrillar 
material, red blood cells, and scattered lympho-

Figure 1. Liver biopsy of patient 1. A, At histology, hepatocytes are enlarged, with abundant granular cytoplasm, focally 
showing ground-glass appearance (arrows). Focally, in the lumen of dilated sinusoids, a fibrillary network is detected 
(arrowheads). H&E, original magnification: ×400. B, At SEM, fibrillary aggregates of fibrin are found inside the sinusoidal 
lumen (Arrow); hepatocyte nucleus (N). Original magnification: ×3.500.

Figure 2. Liver of patient 2. A, At histology, hepatocytes show macro-micro-vesicular steatosis. Sinusoids are markedly en-
larged, containing abundant fibrillary aggregates (Arrows), red blood cells and lymphocytes (Arrowheads). Some intrasinusoidal 
thrombi are also found (Open Arrows). B, At SEM, markedly enlarged sinusoids were occupied by a fibrin network, trapping red 
blood cells and lymphocytes (Arrows). 
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cytes. Microthrombi were focally found inside 
the sinusoidal lumen (Figure 2A). At SEM, 
sinusoids were confirmed as the main target 
of SARS-CoV-2 liver involvement. Sinusoids 
appeared larger and occupied by red blood cells 
and lymphocytes, surrounded by a fibrillary net-
work, suggestive for fibrin (Figure 2B).

Case 3
A 56-year-old male died because of an acute 

respiratory failure. In order to better explain and 
detail the cause of the death the post-mortem au-
topsy was performed.

At autopsy, a liver specimen was obtained. The 
histological picture was characterized by marked 
and diffuse sinusoidal dilatation, associated with 
atrophy of the hepatocytic trabeculae. The sinusoi-
dal lumen was occupied by eosinophilic fibrillar 
material of probable fibrin origin. Microthrombi 
were easily detected inside the sinusoidal lumen, 
in all the acinar zones (Figure 3A). Scanning elec-
tron microscopy confirmed the marked sinusoidal 
dilatation, occasionally evolving towards pelio-
sis-like pattern (Figure 3B). Dilated sinusoids were 
occupied by a fibrin network, inside which red 
blood cells were frequently found. Intra-sinusoidal 
microthrombi were also observed. These findings 
were suggestive for a thrombotic sinusoiditis com-
plicated by a local disseminated intravascular co-
agulation (CID) (Figure 3b). At higher power view, 
by Scanning electron microscopy it was possible to 
better evidence the fibrin network inside the lumen 
of dilated sinusoids (Figure 3C). 

Case 4
A young woman with comorbidities was ad-

mitted to the hospital with respiratory insuffi-
ciency. Molecular nasopharyngeal swab con-
firmed the infection by SARS-CoV-2. At autop-
sy, a liver specimen was obtained. The histolog-
ical picture showed a preserved architecture. A 
focal inflammatory lymphocytic infiltrate was 
found inside the acinus, associated with mild 
steatosis (Figure 4A). The most relevant changes 
were observed in the sinusoidal lumen, in which 
fibrin and red blood cells were found (Figure 
4A). Disse’s spaces appeared dilated, often oc-
cupied by fibrillar material. At scanning electron 
microscopy, the dilated sinusoidal lumen was 
occupied by a fibrin network, with trapped red 
blood cells. This feature gave rise to a throm-
botic sinusoiditis pattern (Figure 4B). Fibrin 
aggregates frequently were found to extend into 
dilated Disse’s spaces (Figure 4B). Microthrom-

Figure 3. Liver of patient 3. A, The histological picture 
is characterized by a marked sinusoidal dilatation. 
Sinusoids contain abundant fibrillary material, highly 
suggestive for fibrin deposition, with the tendency to 
give rise to microthrombi (Arrows). B, SEM confirms 
the relevance of sinusoidal dilatation, focally originating 
a peliosis-like pattern (Arrows). Dilated sinusois contain 
a fibrin network (Arrowheads). Scattered intrasinusoidal 
microthrombi are also observed (Open Arrows). Original 
magnification: ×214. C, At high power, the fibrin network 
inside the sinusoidal lumen is more evident. Original 
magnificagtion: ×738. 
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bi, mainly formed by fibrin and red blood cells, 
were regularly detected inside the sinusoidal 
lumen (Figure 4C). At higher power, it was pos-
sible to better characterize microthrombi inside 
the dilated sinusoids. Microthrombi were asso-
ciated with the fibrin deposition inside delated 
Disse’s spaces (Figure 4D). 

Discussion

Intensive care teams, radiologists and pulmon-
ologists have been the point of the medical spear 
in battling the COVID-19 pandemic in the world 
over the past year. This fact was due to the ability 
of SARS-CoV-2 to cause the acute respiratory 

distress syndrome, often fatal in older patients18. 
However, another group of specialists is becom-
ing more engaged in the battle against SARS-
CoV-2 infection: hepatologists.

The lifestyle changes were forced upon the 
world by the COVID-19 pandemic and by the 
multiple restrictions. As demonstrated by the 
literature19, a surge in liver disease has been 
predicted in the months and years to come. 
Excessive caloric intake coupled with reduced 
physical activity and exercise are the well-known 
triggers of the development of non-alcoholic fatty 
liver disease (NAFLD). This is the most common 
chronic liver disease in Europe and USA20. 

In addition, SARS-CoV-2 can infect and dam-
age liver tissue directly14. In this scenario, con-

Figure 4. Liver of patient 4. A, At histology, sinusoidal dilatation, associated with scattered lymphocytes (Arrow) and red 
blood cells (Arrowhead) characterize the biopsy. Scattered microthrombi (Open Arrow) are also found. B, At SEM, Sinusoidal 
dilatation was associated with atrophy of hepatocytes (H). Red blood cells, enveloped by a fibrin network (Arrows) are observed 
in the sinusoidal lumen. Small globular fibrin aggregates (Arrowheads) are frequently observed in dilated Disse spaces (DS). 
Original magnification: ×778. C, Dilated sinusoids with microthrombi (Arrows) and dilated Disse spaces with globular 
aggregates of fibrin (Arrowheads) characterize the SEM pattern at higher power. H=hepatocytes. Original magnification: 
×967. D, Atrophic hepatocytes (H), enlarged Disse spaces (DS) containing fibrin deposits (Arrowheads) and microthrombi 
(Arrows) inside the lumen of dilated sinusoids (S).
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flicting results have been reported regarding liver 
histology in patients with COVID-19. In the report 
of two COVID-19 autopsies, a 77-year-old man 
showed centrilobular steatosis, whereas a 42-year-
old man showed liver cirrhosis, probably related 
to concurrent previous pathologies21. Steatosis has 
also been reported by Xu et al22 as the main liver 
change associated with COVID-1915. Nevertheless, 
it should be taken into consideration that micro 
vesicular steatosis is a common finding in patients 
dying from sepsis of other origins.

The first open question on the relationship 
between liver injury and SARS-CoV-2 infection 
regards the clinical significance of the detection 
of high serum levels of transaminases in patients 
with severe COVID-19. Is it a real sign of liver 
involvement? Or instead, a “bystander hepatitis”? 
The latter has been occasionally observed to be 
responsible for the rise of transaminase serum 
level in other systemic viral infections23. 

Another open question regards the doubt that 
liver impairment might be mainly due to non-vi-
ral factors. Liver damage might also be second-
ary to the administration of several drugs used 
to treat subjects with severe disease. These drugs 
may include antibiotics, antivirals and steroids24.

In particular, treatment with lopinavir/ritona-
vir has been associated with abnormal liver func-
tion tests24. A SARS-CoV-2 related reactivation 
of a pre-existing liver disorder, including auto-
immune liver disease, should be also considered 
when dealing with an increase in transaminase 
serum levels in patients with COVID-1925. Fur-
thermore, it is unknown the possible chronic 
consequences that SARS-CoV-2 infection might 
trigger in the liver17. The dysregulation of the 
renin-angiotensin system might activate stellate 
liver cells into myofibroblasts, favoring the devel-
opment of liver fibrosis26.

Liver changes of the four cases here described 
show a previously unreported marked variability 
of the elementary lesions detectable in the liver 
of patients affected by SARS-CoV-2 infection. 
Previous reports were mainly focused on micro 
vesicular steatosis as the main hepatocellular 
change21. Contrasting with that, liver injury in 
our patients changed significantly from one case 
to the next, often in the absence of a significant 
degree of steatosis. Ground glass hepatocytes 
characterized the first case, associated with the 
presence of scattered fibrin aggregates in the 
sinusoidal lumen. Intra-sinusoidal thrombi were 
the main feature of the second case. Sinusoidal 
dilatation with atrophy of hepatocytes, Disse’s 

spaces dilatation and intra-sinusoidal aggregates 
of fibrin and red blood cells were the main 
changes found in the third case. The fourth case 
was characterized by the finding of focal fibrin 
aggregates and microthrombi in the sinusoidal 
lumen. 

Our findings suggest the existence of a large 
spectrum of pathological changes in COVID-19-re-
lated liver injury. Alike of what has been seen 
in lung injury, COVID-19-related liver disease 
carries out the peculiar and specific features of 
SARS-CoV-2 infection. First, the inflammatory 
component elicited by this coronavirus infection 
is very mild in the liver, as previously reported 
by Sonzogni et al27 in a large series of COVID-19 
patients. Second, in our patients, sinusoids appear 
to be the site of the major changes in this infec-
tion. Intra-sinusoidal changes, including thrombi 
formed by a fibrin network with trapped red blood 
cells, represented the most peculiar feature ob-
served in our cases. Other features were sinusoidal 
dilatation and activation of Kupffer cells. These 
findings taken together, indicated a thrombotic 
sinusoiditis followed by a local diffuse intravas-
cular (intra-sinusoidal) coagulation as the typical 
features of the SARS-CoV-2-related liver injury. 
Our results confirm the hypothesis of a derange-
ment of the intrahepatic blood vessel network as a 
marker of liver disease due to SARS-CoV-227. The 
relevant sinusoidal damage, observed in 3 out of 4 
cases in our study, are not in agreement with other 
reports. However, the 3 cases characterized by 
sinusoidal damage were the ones who died for the 
COVID-19. For this reason, we may suggest that 
the sinusoidal damage could be a marker of severe 
disease. Vascular pathology, including sinusoidal 
microthrombi, was infrequent, being seen in 15% 
of liver from patients with COVID-1928. We should 
also underline how in our study, the occurrence 
of severe sinusoidal changes was restricted to the 
more severe cases, in which SARS-CoV-2 infec-
tion led to death. On the contrary, in the liver bi-
opsy of the patient who survived, sinusoidal fibrin 
deposition was mild and focal. These data taken 
together could induce to consider severe thrombot-
ic sinusoiditis as an important negative prognostic 
factor in COVID-19 patients.

As for the mechanisms underlying the in-
surgence in the liver of these vascular changes, 
multiple hypotheses have been proposed accord-
ing to the multiple molecular pathways triggered 
by SARS-CoV-217. A virus-induced cytopathic 
effect might be responsible for the endothelial 
damage in the hepatic sinusoids. As a result, the 
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local thrombotic process is triggered, ending with 
a local disseminated intravascular coagulation 
(DIC). This is alike of what has been proposed 
for pulmonary thrombosis both in the course of 
COVID-19 infection29 and other clinical con-
ditions30. DIC is induced by monocytes which 
expose the tissue factor, the trigger of blood coag-
ulation, on their membrane. Thus, monocytes re-
lease cytokines such as Interleukin 6 and Tumor 
Necrosing Factor. All these factors can provoke 
endothelial damage, which is able to expose the 
tissue factor. Tissue factor induces further ac-
tivation of blood coagulation and thrombosis31. 
Blood coagulation is an ancestral system which 
works along with the immune system for trapping 
both bacteria and viruses. These mechanisms can 
explain why thrombosis appears to be a defensive 
response against foreign infective attacks32.

Liver damage might be also related to the 
interaction between intrahepatic cytotoxic T 
cells and Kupffer cells10. Hypoxia and shock 
are related to the insurgence of acute respi-
ratory distress syndrome (ARDS) induced by 
SARS-CoV-2. Hypoxia and shock might also 
cause hepatic ischemia and hypoxia-reperfusion 
dysfunction33. Indirect involvement of the sinu-
soidal endothelium by systemic inflammation, 
iatrogenic causes and ventilation might be added 
to the list34. The findings of this study seem to be 
similar to those of the Veno-Occlusion Disease 
(VOD). Though, the setting of VOD is quite 
different since in general it occurs after bone 
marrow transplantation35. 

Sinusoidal thrombosis is thought to be the 
outcome of an endothelial damage due to cytore-
ductive drugs on one hand, but also to a direct 
damage induced by cytokines on the other36. All 
these features can explain why liver may be the 
target of several and different injuries. These in-
juries also include SARS-CoV-2 infection.

Conclusions

In conclusion, in 3 out of 4 cases in the liver 
we found the morphological changes suggestive 
of a prothrombotic phenotype induced by SARS-
CoV-2 infection, as described by Marongiu et 
al37. Interestingly, in our study, the higher blood 
coagulation activation was in the sinusoids of 
the 3 patients who died for the disease. The less 
blood coagulation activation was observed in the 
survivor patient (Case 1). These findings confirm 
previous reports indicating that a severe liver 

disease is associated with a severe outcome and 
with a poor prognosis. The local hepatic diffuse 
intravascular coagulation (DIC) mainly occurred 
in the sinusoidal lumen and in the Disse’s spaces, 
giving rise to a liver injury with a peculiar pat-
tern, that appears characteristic of COVID-19-re-
lated liver injury.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Suri JS, Puvvula A, Majhail M, Biswas M, 
Jamthikar AD, Saba L, Faa G, Singh IM, Ober-
leitner R, Turk M, Srivastava S, Chadha PS, Su-
ri HS, Johri AM, Nambi V, Sanches JM, Khanna 
NN, Viskovic K, Mavrogeni S, Laird JR, Bit A, Pa-
reek G, Miner M, Balestrieri A, Sfikakis PP, Tsoul-
fas G, Protogerou A, Misra DP, Agarwal V, Kitas 
GD, Kolluri R, Teji J, Porcu M, Al-Maini M, Agba-
koba A, Sockalingam M, Sexena A, Nicolaides A, 
Sharma A, Rathore V, Viswanathan V, Naidu S, 
Bhatt DL. Integration of cardiovascular risk as-
sessment with COVID-19 using artificial intelli-
gence. Rev Cardiovasc Med 2020; 21: 541-560. 

 2) Rismanbaf A, Zarei S. Liver and Kidney Injuries in 
COVID-19 and Their Effects on Drug Therapy; a 
Letter to Editor. Arch Acad Emerg Med 2020; 8: e17.

 3) Chau T-N, Lee K-C, Yao H, Tsang T-Y, Chow T-C, 
Yeung Y-C, Choi K-W, Tso Y-K, Lau T, Lai S-T, Lai 
C-L. SARS-associated viral hepatitis caused by a 
novel coronavirus: report of three cases. Hepatol 
Baltim Md 2004; 39: 302-310. 

 4) Alsaad KO, Hajeer AH, Al Balwi M, Al Moaiqel M, 
Al Oudah N, Al Ajlan A, AlJohani S, Alsolamy S, 
Gmati GE, Balkhy H, Al-Jahdali HH, Baharoon 
SA, Arabi YM. Histopathology of Middle East re-
spiratory syndrome coronovirus (MERS-CoV) in-
fection - clinicopathological and ultrastructural 
study. Histopathology 2018; 72: 516-524. 

 5) Cai Q, Huang D, Yu H, Zhu Z, Xia Z, Su Y, Li Z, 
Zhou G, Gou J, Qu J, Sun Y, Liu Y, He Q, Chen 
J, Liu L, Xu L. COVID-19: Abnormal liver function 
tests. J Hepatol 2020; S016882782030218X. 

 6) Amin M. COVID-19 and the liver: overview. Eur J 
Gastroenterol Hepatol 2021; 33: 309-311. 

 7) Sun J, Aghemo A, Forner A, Valenti L. COVID-19 
and liver disease. Liver Int Off J Int Assoc Study 
Liver 2020; 40: 1278-1281. 

 8) Cichoż-Lach H, Michalak A. Liver injury in the 
era of COVID-19. World J Gastroenterol 2021; 27: 
377-390. 

 9) Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, 
Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia 
J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao 
Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z, 



Thrombotic sinusoiditis and local diffuse intrasinusoidal coagulation in COVID-19

5911

Jin Q, Wang J, Cao B. Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, 
China. Lancet Lond Engl 2020; 395: 497-506. 

10) Zhang C, Shi L, Wang F-S. Liver injury in COVID-19: 
management and challenges. Lancet Gastroenter-
ol Hepatol 2020; 5: 428-430

11) Guan W, Ni Z, Hu Y, Liang W, Ou C, He J, Liu L, 
Shan H, Lei C, Hui DSC, Du B, Li L, Zeng G, Yuen 
K-Y, Chen R, Tang C, Wang T, Chen P, Xiang J, Li 
S, Wang J, Liang Z, Peng Y, Wei L, Liu Y, Hu Y, 
Peng P, Wang J, Liu J, Chen Z, Li G, Zheng Z, Qiu 
S, Luo J, Ye C, Zhu S, Zhong N. Clinical Charac-
teristics of Coronavirus Disease 2019 in China. N 
Engl J Med 2020; 382: 1708-1720. 

12) 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 character-
istics of 99 cases of 2019 novel coronavirus pneu-
monia in Wuhan, China: a descriptive study. Lan-
cet Lond Engl 2020; 395: 507-513. 

13) Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, Wu Y, 
Zhang L, Yu Z, Fang M, Yu T, Wang Y, Pan S, 
Zou X, Yuan S, Shang Y. Clinical course and out-
comes of critically ill patients with SARS-CoV-2 
pneumonia in Wuhan, China: a single-centered, 
retrospective, observational study. Lancet Respir 
Med 2020; 8: 475-481. 

14) Pirisi M, Rigamonti C, D’Alfonso S, Nebuloni M, 
Fanni D, Gerosa C, Orrù G, Venanzi Rullo E, 
Pavone P, Faa G, Saba L, Boldorini R. Liver infec-
tion and COVID-19: the electron microscopy proof 
and revision of the literature. Eur Rev Med Phar-
macol Sci 2021; 25: 2146-2151. 

15) Xu L, Liu J, Lu M, Yang D, Zheng X. Liver inju-
ry during highly pathogenic human coronavirus 
infections. Liver Int Off J Int Assoc Study Liver 
2020; 40: 998-1004. 

16) Bangash MN, Patel J, Parekh D. COVID-19 and 
the liver: little cause for concern. Lancet Gastro-
enterol Hepatol 2020; 5: 529-530.

17) Saba L, Gerosa C, Fanni D, Marongiu F, La Nasa 
G, Caocci G, Barcellona D, Balestrieri A, Coghe 
F, Orru G, Coni P, Piras M, Ledda F, Suri JS, Ron-
chi A, D’Andrea F, Cau R, Castagnola M, Faa G. 
Molecular pathways triggered by COVID-19 in dif-
ferent organs: ACE2 receptor-expressing cells 
under attack? A review. Eur Rev Med Pharmacol 
Sci 2020; 24: 12609-12622. 

18) Suri JS, Agarwal S, Gupta SK, Puvvula A, Biswas 
M, Saba L, Bit A, Tandel GS, Agarwal M, Patrick A, 
Faa G, Singh IM, Oberleitner R, Turk M, Chadha 
PS, Johri AM, Miguel Sanches J, Khanna NN, Vis-
kovic K, Mavrogeni S, Laird JR, Pareek G, Miner M, 
Sobel DW, Balestrieri A, Sfikakis PP, Tsoulfas G, 
Protogerou A, Misra DP, Agarwal V, Kitas GD, Ahlu-
walia P, Teji J, Al-Maini M, Dhanjil SK, Sockalingam 
M, Saxena A, Nicolaides A, Sharma A, Rathore V, 
Ajuluchukwu JNA, Fatemi M, Alizad A, Viswana-
than V, Krishnan PK, Naidu S. A narrative review on 
characterization of acute respiratory distress syn-
drome in COVID-19-infected lungs using artificial in-
telligence. Comput Biol Med 2021; 130: 104210. 

19) Narici M, De Vito G, Franchi M, Paoli A, Moro T, 
Marcolin G, Grassi B, Baldassarre G, Zuccarelli L, 
Biolo G, di Girolamo FG, Fiotti N, Dela F, Green-
haff P, Maganaris C. Impact of sedentarism due to 
the COVID-19 home confinement on neuromuscu-
lar, cardiovascular and metabolic health: Physiolog-
ical and pathophysiological implications and rec-
ommendations for physical and nutritional counter-
measures. Eur J Sport Sci 2020; 21: 614-635. 

20) Hallsworth K, Adams LA. Lifestyle modification in 
NAFLD/NASH: Facts and figures. JHEP Rep Inn-
ov Hepatol 2019; 1: 468-479. 

21) Barton LM, Duval EJ, Stroberg E, Ghosh S, 
Mukhopadhyay S. COVID-19 Autopsies, Okla-
homa, USA. Am J Clin Pathol 2020; 153: 725-
733. 

22) Koskinas J, Gomatos IP, Tiniakos DG, Memos N, 
Boutsikou M, Garatzioti A, Archimandritis A, Be-
trosian A. Liver histology in ICU patients dying 
from sepsis: a clinico-pathological study. World 
J Gastroenterol 2008; 14: 1389-1393. 

23) Boettler T, Newsome PN, Mondelli MU, Maticic M, 
Cordero E, Cornberg M, Berg T. Care of patients 
with liver disease during the COVID-19 pandem-
ic: EASL-ESCMID position paper. JHEP Rep Inn-
ov Hepatol 2020; 2: 100113. 

24) Fan Z, Chen L, Li J, Cheng X, Yang J, Tian C, 
Zhang Y, Huang S, Liu Z, Cheng J. Clinical Fea-
tures of COVID-19-Related Liver Functional Abnor-
mality. Clin Gastroenterol Hepatol Off Clin Pract J 
Am Gastroenterol Assoc 2020; 18: 1561-1566. 

25) Alqahtani SA, Schattenberg JM. Liver injury in 
COVID-19: The current evidence. United Eur 
Gastroenterol J 2020; 8: 509-519. 

26) Bataller R, Schwabe RF, Choi YH, Yang L, Paik 
YH, Lindquist J, Qian T, Schoonhoven R, Hage-
dorn CH, Lemasters JJ, Brenner DA. NADPH ox-
idase signal transduces angiotensin II in hepat-
ic stellate cells and is critical in hepatic fibrosis. 
J Clin Invest 2003; 112: 1383-1394. 

27) Sonzogni A, Previtali G, Seghezzi M, Grazia 
Alessio M, Gianatti A, Licini L, Morotti D, Zerbi P, 
Carsana L, Rossi R, Lauri E, Pellegrinelli A, Neb-
uloni M. Liver histopathology in severe COVID 19 
respiratory failure is suggestive of vascular alter-
ations. Liver Int Off J Int Assoc Study Liver 2020; 
40: 2110-2116. 

28) Lagana SM, Kudose S, Iuga AC, Lee MJ, Fazlol-
lahi L, Remotti HE, Del Portillo A, De Michele S, 
de Gonzalez AK, Saqi A, Khairallah P, Chong AM, 
Park H, Uhlemann A-C, Lefkowitch JH, Verna EC. 
Hepatic pathology in patients dying of COVID-19: 
a series of 40 cases including clinical, histolog-
ic, and virologic data. Mod Pathol Off J U S Can 
Acad Pathol Inc 2020; 33: 2147-2155. 

29) Marongiu F, Grandone E, Barcellona D. Pulmo-
nary thrombosis in 2019-nCoV pneumonia? J 
Thromb Haemost 2020; 18:1511-1513.

30) Marongiu F, Mameli A, Grandone E, Barcel-
lona D. Pulmonary Thrombosis: A Clinical 
Pathological Entity Distinct from Pulmonary 



D. Fanni, G. Cerrone, L. Saba, R. Demontis, T. Congiu, et al.

5912

Embolism? Semin Thromb Hemost 2019; 45: 
778-783. 

31) Levi M. Pathogenesis and diagnosis of dissemi-
nated intravascular coagulation. Int J Lab Hema-
tol 2018; 40 Suppl 1: 15-20. 

32) Antoniak S. The coagulation system in host defense. 
Res Pract Thromb Haemost 2018; 2: 549-557. 

33) Yang L, Wang W, Wang X, Zhao J, Xiao L, Gui 
W, Fan H, Xia J, Li Z, Yan J, Alasbahi A, Zhu Q, 
Hou X. Creg in Hepatocytes Ameliorates Liver 
Ischemia/Reperfusion Injury in a TAK1-Depen-
dent Manner in Mice. Hepatol Baltim Md 2019; 
69: 294-313. 

34) Nardo AD, Schneeweiss‐Gleixner M, Bakail M, 
Dixon ED, Lax SF, Trauner M. Pathophysiological 

mechanisms of liver injury in COVID‐19. Liver Int 
2021; 41: 20-32. 

35) McDonald GB, Sharma P, Matthews DE, Shul-
man HM, Thomas ED. Venocclusive disease of 
the liver after bone marrow transplantation: diag-
nosis, incidence, and predisposing factors. Hepa-
tol Baltim Md 1984; 4: 116-122. 

36) Senzolo M, Germani G, Cholongitas E, Burra P, 
Burroughs A-K. Veno occlusive disease: update 
on clinical management. World J Gastroenterol 
2007; 13: 3918-3924. 

37 Barcellona D, Grandone E, Marongiu S, Maron-
giu F. Infectious agents, including SARS-CoV-2, 
and the involvement of hemostasis and thrombo-
sis. A narrative review. Eur Rev Med Pharmacol 
Sci 2021 (in press).


