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Molecular mechanisms implicated in SARS-CoV-2 liver tropism

Quarleri ] et al. SARS-CoV-2 liver tropism

ﬁ-stract

The coronavirus disease-2019 (COVID-19) pandemic is produced by the severe acuﬁ
respiratory syndrome coronavirus 2 (SARS-CoV-2). Hepatic involvent is common in
SARS-CoV-2 infected individuals. It is currently accepted that the direct and indirect
hepatic effects of SARS-CoV-2 infection play a signiﬁcaﬁt role in COVID-19. In
individuals with pre-existing infectious and non-infectious liver disease, who are at a
remarkably higher risk of developing severe COVID-19 and death, this pathology is
most medically relevant. This review emphasizes the current pathways reg angiotensin-
converting enzyme 2ed as contributing to the gastrointestinal and hepatic ailments
linked to COVID-19 infected patients due to an imbalanced interaction among the liver,

systemic inflammation, disrupted coagulation, and the lung.

Key Words: SARS-CoV-2; Viral hepatitis; Non-infectious liver disease;
Hyperinflammation

Quarleri J, Delpino MV. Molecular mechanisms implicated in SARS-CoV-2 liver
tropism. World | Gastroenterol 2022; In press

Core Tip: Clinical manifestations of coronavirus disease-2019 (COVID-19) may be
triggered by the presence of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infections in the liver. SARS-CoV-2 genomic RNA and its replicative
intermediates were found in liver tissues. SARS-CoV-2 causes direct cholangiocyte
damage. Systemic inflammation due to COVID-19 correlated with the deEe of acute

liver injury as revealed by the rise in aspartate aminotransferase levels. 83RS-CoV-2
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infection increased the risk of morbidity and mortality in patients with a history of

advanced liver disease.

INTRODUCTION

The coronavirus disease-2019 (COVID-19) pandgmic is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Globally, as of 5 August 2022, there

ve been 579119505 confirmed cases of COVID-19, including 6457101 deaths, reported
by the World Health Organization!l.

Coronaviruses are enveloped with crown-shaped spike glycoprotein, positive-sense
single-stranded RNA viruses that include three genera: Alphacoronavirus,
betacoronavirus, and gammacoronavirus, mainly related with respiﬁtory infections.
SARS-CoV-2 employs receptor recognition mechanisms comparable to those used by
preceding virulent coronaviruses such as SARS-CoV, responsible for the SARS epidemic
of 20031251,

In addition to common respiratory symptoms, COVID-19 patients also presented
with gastroiﬁtestinal symptoms comprising diarrhea, nausea, and vomitingl®l. Anal
swabs from COVID-19 patients tested positive for genomic@RS—CoV—Z RNA, and the
virus could be isolated from stool samplesl78l. However, the possibility of fecal-oral
transrr'Esion could not be completely ruled out(®10l.

The e of the virus into target cells is mediated by the coronavirﬁspike protein
(S) that engages angiotensin-converting enzyme 2 (ACE2) expressed in multiple cell
types allowing SARS-CoV-2 to infect different organs such as nasopharynx, lungs,
lymph nodes, kidney, stomach, small intestine, spleen, brain, and liver leading to
multiple organ damage!'l. Cell entry also requi)as the transmembrane serine protease 2
or other proteases(!2l. The binding efficiency of the virus to ACE? is a key determinant
of transmissibilityl!3l. Different reports have revealed that SARS-CoV-2 has a_higher
binding affinity to ACE2 than the previous SARS-CoV. This finding may in part explain
the increased transmissibility of SARS-CoV-2, organ tropism, and ultimately multi-

organ damage and mortality!!1¢]. The mechanisms that could be involved in the multi-
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ﬁgan injury due to infection with SARS-CoV-2 comprise the damage of endothelial cell,
dysregulation of the immune response, and an imbalance in the renin-angiotensin-
aldosterone system (RAAS). The relative significance of these mechanisms in the
pathophysiology of COVID-19 is at present not completely known. Although some of
these mechanisms comprising ACE2-mediated viral entry and tissue injury with
misbalance of the RAAS may be distinctive to COVID-19, immune pathogenesis
produced by systemic deliver of cytokines and impaired microcirculatory function can
also take place due to viral sepsisl'7l. :

Hepatic involvement is common in SARS-CoV-2 infected patients. In cases with
severe COVID-19 and to a lesser extent in mild/moderate COVID-19, some authors
reported a significant increase in alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) indicating abnormal liver functionl'8l. Ljkewise, albumin
decreased while alkaline phosphatase, g-glutamyl transferase (GGT), C-reactiva;-rotei.n
(CRP), procalcitonin (PCT), ferritin, lactate dehydrogenase (LDH) as well as bilirubin
levels were also significantly higher in severe than in other casesl!921l. Patients without
a history of liver illness were found to have abnormal liver test results?’l. This data
suggests a direct connection between SARS-CoV-2 infection and digestive tract
impairments. This review emphasizes the pathways currently regarded as contributing
to the gastrointestinal and hepatic ailments linked to COVID-19.

To recognize the relevant literature, we employed a search and screening strategy.
This process consisted of an extensive search of the online scientific database on the
PubMed webpage using the most frequent synonyms to detect all possibly pertinent
studies. In following steps, references were analyzed to eliminate papers that were not
relevant, and the remaining references were organized into categories for additional
evaluation.

MOLECULAR MECHANISMS IMPLICATED IN SARS-COV-2 LIVER TROPISM
DETECTION OF SARS-COV-2 IN LIVER TISSUE
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The liver is known to coordinate an essential role in host-microbe defense by

assembling the portal and systemic circulation. Changes in the liver such as ductular
fibrosis, hepatic steatosis, cholestasis, acute liver necrosis, central vein thrombosis with
concomitant lymphocytic infiltrates were detected in autopsies from COVID-19
deceased patients!2223l.

In line with the previous reports, ACE2 was mostly expressed in cholangiocytes and
to a lesser extent in hepatocytes. Accordingly, formalin-embedded liver tissues
contained SARS-CoV-2 RNA genomel?!l. Other studies stated that two out of three
autopsy li&rs carried the infectious virus, and 31 out of 45 postmortem liver tissues
contained the SARS-CoV-2 RNA genomel?’l. Such studies that demonstrate the presence
of SARS-CoV-2 RNA and proteins in liver cells are significant as these may be found in
the vascular lumen of blood vessels feeding the liver, but also in portal vein endothelial
cells, suggesting that the virus could also invade the liver through the circulationl2¢l.
Postmortem liver biopsies have shown the presence of typical coronavirus particles in
the cytoplasm of hepatgcytes by electron microscopyl?], while hepatic parenchﬁal
cells have also shown the presence of SARS-CoV-2 RNA®I. Furthermore, the viral
nucleocapsid protein has been detected in hepatic stem cells, hepatocytes and
cholangiocytes(?®l. The presence of the SARS-CoV-2 RNA genome and its replicative
Etermediates in liver tissues has been reported in other study!?’l. Most importantly, the
nucleocapsid and the spike protein were present in the liver six months after recovering
from COVID-19[%],

There is some proof that COVID-19 may be triggered by the presence of SARS-CoV-2
infection in the liver. However, other histological examinations revealed non-detectable
viral particles in the liver and signs of significant hepatic damagel?33°l, Thiﬁ;upports the
notion that both direct and indirect pathways contribute to liver damage in the context
of SARS-CoV-2 infection, and that more investigation is required to assess the

importance of each of them.

VIRAL EFFECT ON THE LIVER
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The concept at SARS-CoV-2 can reach thaliver cells through ACE2 receptor is
supported by the fact that ACE2 is_present in liver and bile duct cells['!l. Furthermore,
recent research found that 59.7% of cholangiocytes and 2.6% of hepatocytes express
ACE2. Likely, SARS-CoV-2 might infect cholangiocytes and cause liver damage since
the amount of ACE2 found in cholangiocytes was similar to that reported in type 2
alveolar cells of the lungP!l. SARS-CoV-2 associated liver damage may be related to the
presence of ACE2 receptors in cholangiocytes rather than hepatocytes32. Moreover,
given the rich supply of blood to the liver from the small bowel, the SARS-CoV-2 virus
could use the gut-liver way across the liver reticular system to reach the liver[3334].
Taking into account that ACE2 was regarded as an interferon-inducible gene in human
epithelial cells from respiratory tissues, the hepatocyte permissiveness for SARS-CoV-2
might be also modified when the viral receptor expression is increased after liver injury
135, but it would be because of the shortened isoform of ACE?2, identified as deltaACE2,
instead of the functiongl viral receptor(3l.

In homeostasisathe bile acid released by hepatocytes into bile ducts is transported by
cholangiocytes. The tight junction between cholangiocytes conserves the barrier
function of the bile ductal epithelial cells, allowing bilé acid collection and excretion.
Besides, cholangiocytes play an important function in liver renewal and immune
responsel®l. Thus, the disruption of the cholangiocyte, function could induce
hepatobiliary injury. Previous reports have demonstrated that SARS-CoV-2 infection
impairs the barrier through the modulation of tight junctionsP8l. This ef could be
attributed to the direct viral cytopathic effect on cholangiocytesgLikewise, SARS-CoV-2
infection induces the expression of apoptotic factors, including CD40 molecule, caspase
recruitment domain family member 8, and serine/threonine kinase 4 in
cholangiocytesl®]. Thus, SARS-CoV-2 causes direct cholangiocyte damage with the
subsequent liver homeostasis disruption in COVID-19 patients.

Liver biopsies from SARS-CoV-2 infected patients revealed fatty degeneration,
cellular infiltration, hepatocellular necrosis, increased ballooned hepatocytes, and

mitotic cells. These findings are in line with the idea that liver damage in COVID-19
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patients is caused by an indirect effect as a result of direct viral cholangiocyte damage
and subsequent bile acid accumulation. However, 'ﬁremains uncertain whether hepatic
involvement during SARS-CoV-2 infection reveals direct cytopathic effects of the virus,
ischemia and hypoxic reperfusion-related injury, exacerbated immune response
responsible for the systemic inflammatory response syndrome, or combination of

mechanisms that have not been completely elucidated until now!*l.

FECT OF SYSTEMIC HYPERINFLAMMATION IN THE LIVER

SARS-CoV-2 infection is related with an acute phase response characterized by the
secretion of very high levels of proinflammatory cytokines in conjunction with CRP and
ferritin®’l, The mechanisms involved in this ‘cytokine storm” are not completely
elugidated. The proinflammatory response appears to be associated with the ability of
the SARS-CoV-2 spike protein to activate C-type lectins and Tweety family member 2
on innate immune cellsi#!l. A transcriptome analysis of 284 samples from 196 SARS-
CoV-2 infected patients revealed that diverse peripheral immune alterations are
associated with clinical characteristics comprising severity and disease phase of
COVID-19. The increased expression and release of SI00A8/A9 during inflammation
exerts a critical role in controlling the inflammatory reaction by inducing leukocyte
recruitment and stimulating cytokine release. These are calcium-binding proteins
@stitutively expressed as a heterodimer in neutrophils and monocytes, and t are
the most important platelet-derived activators of endothelial cells. Additionally, SARS-
CoV-2 RNA was detected in different epithelial and immune cells, followed by
transcription alterations within virus-positive cellsl42l,

One of the mechanisms that encourages platelet adhesion to inflamed wvascular
endothelium is the early adhaive events that stimulate platelets to “roll” along
endothelium. Among them is the interaction between the main platelet membrane
receptor, GP1b (CD42)-1X-V, and von Willebrand factor secreted by endothelial cells.
This phenomenon is strengtheped by interactions between upregulated CD62P

expression, which is present in both cell types and its counter receptor, P selectin
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glycoprotein ligand-1, which is _also present in both cell types, although weakly in
platelets. In a similar manner, the SARS-CoV-2 spike protein bound to the CD42b
receptor to activate platelets via two different signaling pathways and stimulated
platelet-monocyte interaction by engaging P selectin/PGSL-1 and CD40L/CD40, which
caused monocytes to prﬁduce proinflammatory cytokines. These findings demonstrate
the correlation between hypercoagulation, monocyte activation, and a cytokine storm in
patients severely affected.

The contact between the spike protein of SARS-CoV- d CD42 activates platelets
and stimulates platelet-monocyte interactions through CD40L-CD40 and P-selectin-
PGSL-1, contributing to hyper-cytokine secretion by monocytes/4l. Additionally,
systemic inflammation is evidenced by a complement activation induced by IFN- Janus
Kinase 1 / 2 (JAK1/2)- STATI signaling pathway[#l.

The significance of the _JFNs pathways was revealed in postmortem analyses of
deceased patients due to severe COVID-19, where the livers displayed a significant
induction of type I and II IFN responses and their related-JAK-STAT signaling
pathways/23].

Moreover, the inflammation and cytokine stimulation observed in SARS-CoV-2

jsease can contribute to endothelial injury and vascular damage, revegled by
hypercoagulation, and arterial and venous embolism with the activation of immune
cells and platelets, leading to clot formationl454¢l. High levels of C reactive proteins,
which are indicative of acute liver injury, are correlated with the degree of systemic
inflammationl4748]. Increased levels of high-sensitive CRP, IL-6, and ferritin in COVID-
19 patients are indicative of systemic inflammation, which correlates with the degree of
acute liver injury as determined by the rise in AST levelsi®l. Through the
downregulation of hepatobiliary uptake and deficiencies in the excretory systems, the
massive systemic inﬂammatiorﬁntributes to hepatocellular cholestasis in the late
stages of the diseasel5%l. Thus, it can be firmly stated that SARS-CoV-2 infection is
accompanied by a “cytokine storm” with a high proinflammatory cytokine profile that

causes hepatic injury. It is obvious that the systemic inflammation may contribute to
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acute liver damage, but SARS-CoV-2 infection cannot be ruled (ﬁt directly. This theory
is supported by the observation that liver damage appears early in the course of
infection, as indicated by an increase in AST levels.

SARS-COV-2 INFECTION IN PATIENTS WITH PREVIOUS LIVER DISEASE

Since the onset of the COVID-19 pandemic, an increased risk of morbidity and mortality
was observed among SARS-CoV-2 infected patients with a history of advanced liver
diseasel’ll. Data obtained from multicenter studies revealed higher possibility of
hospitalization and risk of death compared to patients without chronic liver diseasel>2.
Until now, the mechanisms that link both pathologies are unknown. However, it has
been proposed that the prothrombotic alteration caused by COVID-19 upsets the
delicate homeostatic balance of cirrhotic patients, leading to venous microthrombosis

and parenchymal dysfunction along with subsequent respiratory failures!®! (Figure 1).

VIRAL HEPATITIS

Patients with viral hepatitis are more likely to experience liver damage, according to
data from previous SARS-CoV infections. The severity of liger disease and a worse
prognosis were associated with SARS-CoV-2 superinfection_in patients with chronic
hepatitis B virus (HBV) infection. According to a study of 105 patients with both chronic
HBV infection and SARS-CoV-2, the risk of complications like acute chronic liver
failure, acute cardiac injury, and shock was higher in co-infected patients than in
patients who had only the SARS-CoV-2 V'Lrus[E"L Consequently, patients with liver
damage had a higher mortality rate (28.6%) than patients without liver damage (3.3%),
and the treatment of COVID-19 in co-infected individuals had a significant negative
impact on liver function/>l. A higher risk of abnormal liver function was found in
inactive HBV carriers in a retrospective study that include 3 hospitalized patients
with confirmed COVID-19, 116 of whom tested negative for serum hepatitis B antigen,

and 17 were HBV inactive carriers. Hepatocytes and the immune response, as shown by

the production of interleukin-6, D-dimer, and LDH are involved in the liver damage

8/15




observed in SARS-CoV-2/HBVE®, Moreover, chronic HBV infection-induced immune
dysfunction may be a key factor in the development of COVID-19. Due to persistent
virglantigens, studies have shown that chrgnic HBV infection is linked to the depletion
of virus-specific CD4* and CD8* T cells[*!. Interleukin (IL)-2 and tumor necrosis factor-
alpha-a (TNF-a) release are particularly hampered by HBV-specific exhausted T
lymphocytes, and these results in progressively diminished antiviral fungtion(57l. TL-2,
IL-6, and TNF-a are among the proinflammatory cytokines overproduced as a result of
the excessive immunological response to SARS-CoV-2 infection (cytokine storm), which
is to our knowledge a significant factor associated with disease severity and
mortalityl>]. In this situation, it is conceivable that immunosuppression anﬁdepletion
of HBV-specific T lymphocytes might prevent an excessive immunological response to
SARS-CoV-2_lessen the cytokine storm, and result in a milder illness. Although HBV
reactivation is a potential side result of SARS-CoV-2 infection, the overall risk is
minimal. Reactivation is primarily described as an abrupt and quick rise in HBV DNA
levels in individuals with a history of detectable HBV DNA or recurrence of HBV DNA
viremia in those with previous undetectable viral DN A, Immunosuppressive therapy
such as IL-6 receptor antagonists, IL-1 receptor antagonist, and high-dose
corticostercﬁs are frequently used to treat HBV reactivationl®®l. These treatments may
be utilized in severe COVID-19 patients to manage the cytokine storm and to lessen the
immune-mediated multiorgan damage. The impaired balance between the host’s
immune system and viral replication is the main cause of the progression to HBV
reactivation after infection WithnSARS-COV-Z. The dosage of glucocorticoids or
immunosuppressive medications is a major risk factor for the reactivation of HBV
during the treatment of COVID-19, together with the host baseline virological
markersl6ll,

The COVID-19 pandemic may delay the global commitment to eradicate HBV
infection for several years because of the decreage in chronic hepatitis B prevention,
diagnosis, and treatment. According to estimates, during the COVID-19 pandemic, half

of low- and middle-income families were unable to access healthcare facilities for the
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diagnosis, clinical evaluation, and treatment of HBV. This was primarily due to travel
restrictions, job and income losses, and patients” fear of contracting SARS-CoV-2062l.
Only 18% of the patients with hepatocellular carcinoma (HCC) and 32% of those with
decompensated cirrhosis had continuity of care, while 23% of the health centers
postponed HBV infection therapy initiationl®3].

Regarding hepatitis C virus (HCV), some studies have revealed that corticosteroid-
treated individuals might experience significant viral reactivation, which is mostly
caused by immunosuppressionl®l Steroid therapy can lead to HCV reactivation
through two different mecéanisms: first, they increase the capacity of the virus to
replicate by upregulating two essential HCV entry factors-occludin and scavenger
receptor class B type I, and second, they do so by inhibiting the immune response
against the virus, including T lymphocytes and plasmacytoid dendritic cellslé7-6%l. In
individuals with persistent HCV infection, corticosteroid therapy can aggravate the
course. Evidence suggests that HCV viremia rises in response to corticosteroids and
falls back to normal levels in response to their cessationl’0l. Therefore, it is best to avoid
using corticosteroids in individuals with HCV infection!!l.

However, the synergism between SARS-CoV-2 and chronicdiral hepatitis, B and C
has not been clearly elucidated. Hence, more widespread studies are required to

evaluate the use of this therapy.

COVID-19 IN NON-INFECTIOUS CHRONIC LIVER DISEASE PATIENTS

Currently, decompensated liver disease and HCC cause 2 million deaths annually as a
result of liver cirrhosis, which affects 112 million people globallyl”2l. High COVID-19
death rates in cirrhotic patients have been found in numerous recent reports7374. The
baseline Child-Pygh score also showed to be substantially correlated with death. The
most frequent cause of mortality in COVID-19 patients is lung damage. Liver
dysfunction is a possible cause of persistent lung damage. Indeed, liver failure plays a
significant role in individuals with bacterial chest sepsisl”5l. Cirrhosis and SARS-CoV-2

may have a fatal synergy because of alterations in the immune system caused by viral
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infection and coagulation. Dysregulation of pulmonary dynamics has been attributed to
a number of factors, including ascites or deEiorating encephalopathy, immunological
dysfunction in viral infection, a rise in the burden of venous thromboembglic illness,
and concurrent lung disease. According to Marjot et all®2l, mortality rates in patients
with cirrhosis was 32% compared to 8% in those without it, while the mortality rate rose
in connection with the Child-Pugh class [A (19%), B (35%), and C [51%)] in patients

with cirrhosis. The principal cause of decease was respiratory failure (71%).

Alcohol-associated liver disease and COVID-19

There is very little effect of COVID-19 on patients with alcoholic hepatitis or alcoholic
liver diseasel”#76l, Howeyer, research on cirrhotic patients revealed that, like other
cirrhotic patients, those with alcohol-related cirrhosis had higher mortality rates[7476l.
Chronic kidney disease, obesity, and diabetes are common comorbjdities among
patients with alcohol-related cirrhosis, leading to higher risks of COVID-19
complications/77l. In a study involving 867 patients with COVID-19 and chronic liver
disease, Kim et all” found that alcohol-associated liver disease (ALD) was
independently associated with a higher risk_of poor survival and a higher COVID-19
mortality rate. ALD is connected to the inflammatory state prompted by danger-
associated molecular patterns whigh trigger the secretion of pro-inflammatory cytokines
by particular immune cells7479]. It was hypothesized that the superimposed cytokine
storm produced by SARS-CoV-2 E patients with ALD could exacerbate the heightened

inflammatory process, leading to worse outcomes(®l.

Non-alcoholic fatty liver disease
Diabetes, hypertension, cardiovascular disease, and obesity are yell-known risk factors
for severe COVID-1981. These metabolic comorbidities are closely related to non-
alcoholic fatty liver disease (NAFLD).

Wide-ranging effects of the course of COVID-19 make distinguishing the

independent effect on NAFLD a challenge. The difficulty is raised by a number of
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confounding cofactors, reverse causality from steatosis caused by SARS-CoV-2, as well
as population heterogeneity and the diagnostic conditions studied. Consequently,
results from clinical studies have been ambiguous. In a retrospective study of 202 SARS-
CoV-2 infected patients, 35% were individuals with NAFLD. When compaged to SARS-
CoV-2 infected patients without NAFLD, patients with NAFLD displayed a higher risk
of severe COVID-19, as evidenced by a higher probability of liver abnormalities in the
hospitalized patient and long-term viral shedding/33l.

Seventy-one consecutive COVID-19 patients from a different case-control study were
divided into groups based on whether or not they had NAFLD. After reviewing all
medical records, including demographic, clinical, and laboratory data, this study
concluded that NAFLD, poses a significant risk for developing severe COVID-19/82,
Patients with NAFLD were more probable to be admitted to the intensive care unit,
according to a retrospective multicenter study with a cohort of hospitalized adults with
COVID-198l. These results were supported by two thorough systematic reviews, as
well as a meta-analysis(8851.

On the other hand, NAFLD was not linked to severe COVID-19, as shown by tudy
conducted by Mushtaq et all3¢ in a Middle Eastern cohort. The authors revealed that
gene variants associated with NAFLD [transmembrane 6 superfamily 2 (TM6SF2),
PNPLA3, GCKR, and MBOAT7] and the severity of COVID-19 disease (TM6SF2,
PNPLA3, and MBOAT7) were associated with genetic variation as a mechanism to
establish a genetic risk scorel®l. Additionally, other studies concluded that some
PNPLA3 allelic variants may act protectively by lowering the risk of COVID-19
mortality!®]. Finally, a research that used a Mendelian randomization approach to
investigate the correlations between COVID-19 severity and NAFLD found scant
evidence supporting such a relationshipl®I.

COVID-19 AND HCC

At the beﬁming of the SARS-CoV-2 pandemic, serious measures were taken in order to

preserve cancer patients from morbidity and mortality by restraining hospital presence
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and submitting anti-cancer therapy. The European Association for the Study of the liver

recommended postponing treatments and evaluating the possibility of gradually
reving anti-cancer immunological therapy!l.

In the context of rapidly escalating viral transmission, a series of prﬁutionary
principles were dictated. These measures rested on the hypothesis that cagcer and
active anti-cancer therapy have an unfavorable effect on the consequences of SARS-
CoV-2 infection. It is widely known that cancer patients are commonly
immunosEpressed as a consequence of chemotherapy. Therefore, different studies
indicated that patients with subjacent cancer were at major risk of acquiring SARS-CoV-
2 infection and severe outcomes could eventually evolvel.72,

Recently, a multicenter retrospective revision including 250 non-vaccinated patients
with liver cancer and COVID-19 infection showed that the mortality rate was 12.96% in
patients with a diagnosis of HCC simultaneously with ARS—COV-Z infection, and
20.25% in individuals with HCC historyl74l.

However, the prevalence of SARS-CoV-2 infection did not display a real rise in
patients with chronic liver disease or in HCC patients. Nevertheless, HCC cirrhotic
patients with COVID 19 may have a worse prognosis than the general population
regarding severe disease, complications of SARS-CoV-2 infection, and mortality.
Hereafter, the significance of applying actions to decrease the possibility of infection in

these patientsl%1.

COVID-19 AMONG LIVER TI%NSPLANT RECIPIENTS

Managing liver transplantation in the curse of SARS-CoV-2 pandemic was difficult as
numerous hospitals had to essentially stop or drastically scale back their transplantation
operations owing to a sudden drop in donor numbers and were forced to convert
several care facilities into COVID-19 units. Due to the limited information available and
the necessity of continuing immunosuppressive medication in these patientg, the
medical staff faced difficult challenges to manage post-liver transplant receiﬁrs in the

course of COVID-19 pandemic while patients were at risk for a more severe COVID-19
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infection and possible continued viral shedding. Qin ef all*! described the first instance
of SARS-CoV-2 infection in a patient with hepatocellular cancer who had undergone
liver transplantation, and discovered a higher wviral load with an increasing
immunosuppressive dosage. Immunosuppressive medications had no effect on the
frequency of COVID-19 severity, according to Bhoori et all®5l. Early studies from Italy
claimed that transplant patients experienced low death rates of less than 5%I%l.
However, later assessments revealed that liver recipients and other solid organ
transplants experienced mortality rateg_of over 25%[%%8]. Recently, findings from a
prospective European trial comprising 57 liver transplant patients with proven SARS-
CoV-2 infection and 19 transplant facilities were released. These gesults are consistent
with is consistent with projected mortality rate because patients with severe
COVID-19 infection had overall and in-hospital case fatality rates of 12% and 17%,
respectively. Five of the seven patients who passed awgy had a cancer history at the
time of their deaths!®l. The evidence currently available does not support the idea that
transplantation or certain immunosuppressive therapies have a significant impact on
the likelihood of disease sgyerity. Nevertheless, patients with underlying malignancies
may need special carel?’l. A number of COVID-19 vaccines have lately approved and
have demonstrated effectiveness in healthy individuals. However, careful assessment
and immunization of immunocompetent individuals are still required due to the
potential immunological imbalance brought on by their illness or immunosuppressive
medication. According to Boyarsky et alll®l, solid organ transplant recipients who were
fully vaccinated with the mRNA vaccine showed an appropriate humoral response,

while the subpar response was linked to the use of antimetabolite immunosuppression.

CONCLUSION

It is widely acknowledged that the effects of SARS-CoV-2 infection on the liver have
played a significant role duritﬁ the COVID-19 pandemic. In patients with pre-existing
infectious and non-infectious liver disease, who are at an extra high risk of developing

severe COVID-19 and death, this feature is most medically relevant. This review aims to
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provide an ovegiew of the current research on the molecular mediators responsible for
inflammatory liver injury during SARS-CoV-2 infection. To fully comprehend the
pathogenic pathways that cause clinical deterioration of patients with COVID-19 due to
an imbalanced interaction between the liver, systemic inflammation, disrupted
coagulation, and the lung, further research should be conducted.

igure 1 Mechanisms of pathological injury upon SARS-CoV-2 infection. The major
cause of mortality in coronavirus disease 2019 (COVID-19) is largely caused by lung
damage with the increase of acute respiratory distress syndrome (ARDS). Liver damage
or liver dysfunction has been linked with the general severity of COVID-19 infection
and serves as a prognostic factor for ARDS progress. The scale of liver injury may range
from direct severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) viral
antigens, inflammatory progressions, hypoxemia, the antiviral treatments that induced
hepatic damage and the existence of previous liver diseases. Angiotensin-converting
enzyme 2 was mostly expressed in cholangiocytes and to a lesser extent in hepatocytes.
These findings arg_in line with the viral presence reported in cholangiocytes and
hepatocytes and the direct cytopathic effects observed. S CoV-2 infection of
hepatocytes and the indirect effects of “cytokine storm” induces a significant increase in
alanine aminotransferase and aspartate aminotransferase aspartate aminotransferase
indicating abnormal liver function. This leads to endoplasmic reticulum stress, steatosis
and finally to hepatocyte cell death. Consequently, Kupffer cell activation appears e
commonly funded in livers. The synergism between SARS-CoV-2 and chronic viral
hepatitis, B and s also been suggested. Additionally, the superimposed cytokine
storm caused by SARS-CoV-2 in patients_with alcohol-associated liver disease, and
NALDF displayed a higher risk evere COVID-19. ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; ALD: Alcohol-associated liver disease; NAFLD: Non-

alcoholic fatty liver disease.




79636_Auto Edited-check.docx

ORIGINALITY REPORT

30

SIMILARITY INDEX

PRIMARY SOURCES

0
v3r.esp.org 306 words 6 )0

Internet

i 0
Dr. Reham I\/I D:awood, Ghada Maher Salum, Mal 252 words — 5 /0
Abd ElI-Meguid. "The Impact of COVID-19 on Liver
Injury"”, The American Journal of the Medical Sciences, 2021

Crossref

] . - - 0
Jean-Francois Dufour, Thomas Marjot, Chiara 105 words — 2 0

Becchetti, Herbert Tilg. "COVID-19 and liver
disease", Gut, 2022

Crossref

Aakrlt.l (‘SupFa, I\/Iahlclesh V. Madhavan, Kart.lk Seh-gal, 37 words — 2 /0
Nandini Nair et al. "Extrapulmonary manifestations
of COVID-19", Nature Medicine, 2020

Crossref

. : 0
www.ncbi.nlm.nih.gov 55 words — 1 /0

Internet

Mahdie Rahban, Agata Stanek, Amlrrezz'a' | =3 words — 1 0%
Hooshmand, Yasaman Khamineh et al. "Infection of

Human Cells by SARS-CoV-2 and Molecular Overview of
Gastrointestinal, Neurological, and Hepatic Problems in COVID-

19 Patients", Journal of Clinical Medicine, 2021

Crossref



—_
(@)

Tla'r'1yang Li, Yang.Yang, Yongqi Li, Zhengmin Wang et45 words — 1 /0
al. "Platelets mediate inflammatory monocyte

activation by SARS-CoV-2 spike protein", Journal of Clinical

Investigation, 2022

Crossref

E%lng Zhao, Chao Ni, Ran Gao, Yuyan Wang et al 39 words — 1 )0
Recapitulation of SARS-CoV-2 infection and

cholangiocyte damage with human liver ductal organoids"”,

Protein & Cell, 2020

Crossref

0
www.hature.com 34 words — ] %

Internet

Praveen Sharma, Ashish Kumar, ShriHari Anikhindi, ’I %
: : . ) 32 words —

Naresh Bansal, Vikas Singla, Khare Shivam, Anil

Arora. "Effect of COVID-19 on Pre-existing Liver disease: What

Hepatologist Should Know?", Journal of Clinical and

Experimental Hepatology, 2021

Crossref

Tobias Boettler, Thomas Marjot, Philip N. Newsome, 1 0%
. ) . 32 words —

Mario U. Mondelli et al. "Impact of COVID-19 on the

care of patients with liver disease: EASL-ESCMID position paper

after 6 months of the pandemic", JHEP Reports, 2020

Crossref

Thomas Marjot, Christiane S. Eberhardt, Tobias 1 %
. . 29 words —

Boettler, Luca S. Belli et al. "Impact of COVID-19 on

the liver and on the care of patients with chronic liver disease,

hepatobiliary cancer, and liver transplantation: an updated

EASL position paper", Journal of Hepatology, 2022

Crossref

Dongtlee Kl.m, Nia Adeniji, Nyann Latt, Sona.l Kumar 25 words — 'I /0
et al. "Predictors of Outcomes of COVID-19 in



Patients with Chronic Liver Disease: US Multi-center Study",
Clinical Gastroenterology and Hepatology, 2020

Crossref

Rohini Sh David . Pinato. "M f 0
ohini Sharma, aV|dJ' matq anagement o 25 words — 1 /0
Hepatocellular Cancer in the time of SARS - CoV - 2",

Liver International, 2020

Crossref

. . . . " ] ) 0
Jorge Quarleri, M. Victoria Delpino. "SARS-CoV-2 < 1 )0

— —
~ (@)

interacts with renin-angiotensin system: impact
on the central nervous system in elderly patients", GeroScience,
2022

Crossref

pesquisa.bvsalud.org 20 words — < 1 %

Internet

Agsa Ahmad, Syeda Momna I;htlaq,Junald Al 19 words — < 1 /0
Khan, Rizwan Aslam, Sultan Ali, Muhammad

Imran Arshad. "COVID-19 and comorbidities of hepatic diseases

in a global perspective", World Journal of Gastroenterology,

2021

Crossref

.. . - 0
Slrlna.E.kpanyapon.g, K. quendgr Reddy. Liver 19 words — < 1 /0
and Biliary Tract Disease in Patients with COVID-

19 Infection", Gastroenterology Clinics of North America, 2022

Crossref

0
ﬁm'(:dc'gov 19words — < ] Y0

0
m/vm\gxt/.researchgate.net 18 words — < 1 A)
Penghui Li, Ying Liu, Zigi Cheng, Xiaorui Yu, 16 words — < ’] /0

Yinxiong Li. "COVID-19-associated liver injury:



22

N
w

4

B B

25

26

N N N
O (0/0] ~

Clinical characteristics, pathophysiological mechanisms and
treatment management", Biomedicine & Pharmacotherapy,
2022

Crossref

: 0
medicalxpress.com 13 words — < 1 /0

Internet

Advances in Experimental Medicine and Biology, < %
2006. 12 words 1

Crossref

C|OYiS. S..Palrner. "'Inna'\'te metabolic responses o ords — < 1 %
against viral infections", Nature Metabolism, 2022

Crossref

Radha!(rlsk:nan Vilshnub.alajl, Hibah Shaath, I\I.ehad12 words — < 1 %
M. Alajez. "Protein Coding and Long Noncoding

RNA (IncRNA) Transcriptional Landscape in SARS-CoV-2 Infected
Bronchial Epithelial Cells Highlight a Role for Interferon and
Inflammatory Response", Genes, 2020

Crossref

. . 0

ﬁﬂg.lma.org.|l 12 words — < 1 Y0
' 0

l\g\:m.mdp|.com 11 words — < ] %0
' 0

www.scienceopen.com 1 words — < 1 A

Sergio Mufioz - Martinez, Victor Sapena <1 06

' ’ 10 words —

Alejandro Forner, Jordi Bruix et al. "Outcome of
liver cancer patients with SARS - CoV - 2 infection", Liver
International, 2022

Crossref



IItgtrerr:itim‘ectdis.biomedcentraI.com 10 words — < 1 %
ﬂlﬂ?{org 10 words — < 1 %
I\gtieeri(e)t.medwave.cl 10words — < 1 0%
I\r/W\g/r\r/W\‘:\t/.jenner.ac.uk 10words — < 1 %
x\i;/vm\é\t/.xiahepublishing.com 10words — < 1 06
Jl'getlnz?als.lww.com o words — < 1 06
IIni[;kn:?tspringer.com o words — < 1 06
www. pubfacts.com o words — < 1 0/0

Internet

W
(00]

Resham Ramkissoon, Xiao Jing Wang. "The Impact 3 words — < 1 %
of COVID-19 in Gastroenterology and Hepatology",
Journal of Clinical Gastroenterology, 2021

Crossref

Internet

PRl Www.cambridge.org 8 words — < 1 %

Internet



www.frontiersin.org 3 words — < 1 %

Internet

. . P ()
Nicola Wannert Geoffroy An(jrleux, Pau Badia-i 7 words — < 1 /0
Mompel, Carolin Edler et al. "Molecular
consequences of SARS-CoV-2 liver tropism", Nature
Metabolism, 2022

Crossref

Xin Yil;l, Laura Riva, Yuan Pu, Laura Martin-Sancho _ < 1 0%
et al. "MDAS Governs the Innate Immune

Response to SARS-CoV-2 in Lung Epithelial Cells", Cell Reports,

2021

Crossref

. . ()
Marta Sant,os Bravo, Rod.rlgo Alonfo, Dafr]e Soria, 6 words — < 1 /0
Sonsoles Sanchez Palomino et al. "Genetic Study
of SARS-CoV-2 Non Structural Protein 12 in COVID-19 Patients
Non Responders to Remdesivir", Microbiology Spectrum, 2022

Crossref

. . ope . ()
Michail Galanppqulos, F?Ilppo.s erro".::, Aris 6 words — < 1 /O
Doukatas, Grigorios Karianakis et al. "COVID-19
pandemic: Pathophysiology and manifestations from the
gastrointestinal tract", World Journal of Gastroenterology, 2020

Crossref

PRESCOTT, L. F., and N. WRIGHT. "The effects of < ’I %
: 6 words —

hepatic and renal damage on paracetamol

metabolism and excretion following overdosage.: A

pharmacokinetic study", British Journal of Pharmacology, 1973.

Crossref

. . . ()
Plotr Eder, Michat Lodyga, Agnles'zka D'obrowolska,6 words — < 1 /0
Grazyna Rydzewska, Julian Kamhieh-Milz.

"Addressing multiple gastroenterological aspects of COVID-19",
Polish Archives of Internal Medicine, 2020



Crossref

Theresa M. Rossouw, Ronild Andgrson, Pravin 6 words — < 1 %
Manga, Charles Feldman. "Emerging Role of
Platelet-Endothelium Interactions in the Pathogenesis of Severe
SARS-CoV-2 Infection-Associated Myocardial Injury”, Frontiers in
Immunology, 2022

Crossref

OFF OFF
OFF OFF



