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Abstract

- Maria Cristina Morelli’

In 2020, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) also known as coronavirus disease 2019
(COVID-19) disrupted global health, causing hundreds of thousands of deaths worldwide. The liver injury appears to be one
of the possible systemic manifestations of COVID-19 disease although the mechanisms causing such injury are not entirely
clear. At the beginning of the pandemic, patients with chronic diseases, such as liver cirrhosis, or special populations, such
as liver transplant recipients, were considered at higher risk of complications and poor clinical outcomes. Thus, the national
transplant programmes have been severely hampered by the COVID-19 pandemic. Furthermore, liver transplant patients are
potentially more vulnerable to SARS-CoV-2 infection due to immune suppression, ageing, and metabolic or cardiovascular
comorbidities. This review analyses the increasing amounts of data collected in recent months concerning liver cirrhosis and
liver transplants to understand if this finding is still relevant with respect to COVID-19 manifestations.
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MELD Mayo clinic end-stage liver disease
MMF Mofetil mycophenolate

mTOR Mammalian target of rapamycin
NPS Naso-pharyngeal swab

SARS-CoV-2 Severe acute respiratory syndrome
Coronavirus-2
Tacrolimus TAC

Introduction

In December 2019, a new Coronavirus causing severe
acute respiratory syndrome (SARS-CoV-2) was identified
in China. The disorder is called coronavirus disease 2019
(COVID-19) [1]. Notably, this viral infection was declared
a pandemic by the World Health Organization (WHO)
on March 11, 2020. The clinical spectrum of COVID-19
ranges from an asymptomatic state to fatal pneumonia with
potential involvement of lungs, heart, and liver [1]. Interest-
ingly, although COVID-19-associated liver injury has been
described, the liver generally develops few clinical con-
sequences [1]. However, elevated liver serum blood tests
were present in up to 53% of COVID-19 patients admitted
to the hospital [2]. Hypothetical central mechanisms of liver
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injury include immune-mediated damage due to the severe
inflammatory response following COVID-19 infection,
direct cytotoxicity due to active viral replication in hepatic
cells through the angiotensin-converting enzyme 2 (ACE2)
ligand expressed in the liver, anoxia in respiratory failure,
and finally, drug-induced liver injury. These drugs include
antibiotics, nonsteroidal anti-inflammatory drugs, herbs,
and some antivirals, such as ribavirin and interferons, and
an association with lopinavir—ritonavir modality [2]. The
ACE?2 receptor is not expressed in Kupffer cells or intrahe-
patic immune cells [3], which explains that SARS-CoV-2
is generally associated with mild to moderate elevations of
liver aminotransaminases in subjects without liver disease.
In this setting, abnormality in liver tests upon hospitalization
is a negative prognostic factor since these patients present a
significantly higher risk of developing severe pneumonia [4].
The critical point for the community of hepatologists and
transplantologists is represented by the course of COVID-
19 in subjects affected by advanced chronic liver disease
(ACLD) or liver transplant (LT) recipients.

This group of patients could be considered at risk because
they have a chronic disease or because they are taking immu-
nosuppressive drugs, resulting in a more serious virus-
related disease or a worsening of pre-existing liver cirrhosis
or reduction in graft survival.

SARS-CoV-2 can indirectly worsen the prognosis of
patients with ACLD because of lockdowns and suspension
of the usual clinical follow-ups thus resulting in delayed
management of liver cirrhosis complications, first of all,
hepatocellular carcinoma [5].

Nevertheless, the emergence of COVID-19 has impacted
transplantion communities worldwide. Local and interna-
tional societies for the study of the liver have published
several surveys and international position papers on liver
cirrhosis and transplant management during the pandemic.

This review analyses the increasing amounts of data that
have been collected in recent months concerning the direct
and indirect impact of the COVID-19 on patients affected
by liver cirrhosis and LT carriers.

Cirrhosis and COVID-19
Role of the immune system

Under physiological conditions, the liver plays a key role in
the regulation of immune system homeostasis. First, the liver
is one of the central protagonists of immune surveillance
through the defence against bloodborne pathogens [6]. Sec-
ond, the liver influences the synthesis of soluble molecules
crucial for an active immune response [7].

However, the immune system also has a key role
in the pathogenesis of cirrhosis. On the one hand,
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immune-mediated inflammatory mechanisms concur in the
fibrosis progression [8]. On the other, cirrhosis causes an
overall weakening of the immune system and an impairment
of immune cell activation [8].

For this reason, patients with cirrhosis might be more vul-
nerable to SARS-CoV-2, and its clinical severity in cirrhotic
patients might be higher than in the general population. In
general, it is well known that bacterial infections represent
one of the main triggers of decompensation in the context
of cirrhosis. Nonetheless, data about the potential impact of
viral infections concerning the natural history of ACLD are
not so extensive and conclusive [9].

Analysing the impact of the influenza virus on cirrhosis
could provide some very useful information. In this mat-
ter, the HIN1 influenza virus also causes decompensation
in cirrhotic patients with stable liver disease [5]. In detail,
according to the authors, 82% of subjects with cirrhosis and
A/HIN1/09 die of pneumonia and acute respiratory distress
syndrome despite appropriate antiviral therapy [10].

Size of the problem

Available data from Chinese studies indicate that chronic
liver diseases can be diagnosed in 2-11% of subjects with
COVID-19 [11-17]. In Italy, Grasselli et al. [18] reported
that among 1591 patients in intensive care units in the Lom-
bardy region, 3% had a history of liver disease. In patients
with COVID-19 who died, liver injury incidence might
reach 58-78% [19, 20].

The effects of COVID-19 on the liver can be very dif-
ferent. Remarkably, Cai et al. [21] showed that liver injury
occurred more frequently in patients with severe COVID-19
disease than in patients with a mild viral infection.

Patients can frequently develop asymptomatic ami-
notransferase elevations (14-76% of cases). This clinical
negligible event could result from a primary liver injury or
to many indirect effects, such as myositis, toxic liver injury,
and/or hypoxia, all of which represent collateral effects of
the viral infection. The upsurge of y-glutamyl transferase
levels and a minimal increase in bilirubin levels are other
frequent alterations [22].

Interestingly, the severity of liver damage seems to be
proportional to the COVID-19 infection. Indeed, higher ami-
notransferase levels and lower albumin levels and platelet
counts have been described in severe COVID-19 disease
compared to mild form. Notably, in the context of pre-exist-
ing liver disorder, patients with cirrhosis are at relevant risk
of acute-on-chronic liver disease or acute hepatic decom-
pensation [23].

The type of underlying liver disease represents another
important prognostic determinant. Patients with non-alco-
holic fatty liver disease and subjects with alcohol use disor-
der present major risks for respiratory disease progression
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than found in other forms of liver disease. This finding can
be explained by the high prevalence of respiratory risk fac-
tors, such as obesity and smoking habit, found in those
patients, respectively [23]. Also, patients with autoimmune
liver disease should receive clinical attention for their immu-
nosuppressive regimens. The European Association for the
Study of Liver (EASL) [24] recently suggested that decreases
in immunosuppressive therapy should be taken into account
under special circumstances (such as medication-induced
lymphopenia or bacterial/fungal superinfection in cases of
severe COVID-19).

Clinical outcome

Chronic hepatitis does not appear to increase the risk of
severe COVID-19 infection [25], whereas, cirrhosis seems to
affect patient outcome. Recently, Moon et al. [26] analysed
the clinical outcomes of 152 patients with COVID-19 and
underlying chronic liver disease (103 and 49 patients with
cirrhosis and pre-cirrhotic chronic hepatitis, respectively).
Concerning the subgroup with cirrhosis, almost all (95.2%)
were hospitalized with the following outcomes: (1) 23.3%
admitted to intensive care unit (ICU), (2) 17.5% needed inva-
sive ventilation, (3) 4.9% require renal replacement therapy,
and (4) 39.8% died. Notably, their mortality rate was higher
than non-COVID hospitalized cirrhotic patients [27] and cir-
rhotic patients with “normal” influenza virus [28].

Considering patients with cirrhosis and COVID-19, the
cause of death was lung disease in 78.7%, cardiac-related
in 4.3%, and liver-related in 12.2%. In this special context,
advanced age, obesity, renal and/or heart disorders, and dia-
betes were the main death-associated risk factors [29].

Regarding liver-related risk factors, mortality strongly
correlated with baseline liver function; specially, deaths
occurred in 12.2% of pre-cirrhotic subjects, 23.9% with
Child-Pugh class A cirrhosis, 43.3% with class B cirrhosis,
and 63% with class C. Liver function also represented the
main predictor of hepatic decompensation (mainly ascites)
during COVID infection. Globally, baseline liver disease
closely correlated with COVID-19-related morbidity and
mortality, although this observation was not confirmed in
all the available series. Lopez-Mendez et al. [30] recently
reported that the prevalence of steatosis and severe liver
fibrosis was higher in COVID-19 patients than in the gen-
eral population but at the same time, these authors suggested
that liver disease did not correlate with the overall clinical
outcomes.

It is possible that while pre-cirrhotic chronic hepatitis does
not impact overall COVID-related prognosis, cirrhosis in the
context of COVID-19 represents a decisive factor of frailty. It
is well known that patients with cirrhosis present a consider-
ably higher risk of secondary bacterial infection and a more
severe course of influenza comprising multi-organ failure,

secondary infections, and death than the general population
[28]. Consequently, COVID-19 can barely affect a patient with
cirrhosis. In particular, cirrhotic patients might easily develop
acute-on-chronic liver failure due to the massive inflammatory
responses during the COVID-19 infection [31].

Cirrhosis and COVID-19 can have detrimental effects
on each other. For this reason, actions directed to effective
prevention should be developed to protect cirrhotic patients.
Xiao et al. [32] showed that among 111 patients with decom-
pensated cirrhotic, none developed symptoms suggestive of
a SARS-CoV-2 infection when a cautionary attitude was
taken. In particular, the authors described protective actions
for outpatients, hospital staff training, and new processes for
diagnosis, treatment, and emergency strategies.

As recently reported by EASL [24], patients with decom-
pensated cirrhosis should have minimal exposure to medi-
cal staff, with the preferential use of telemedicine/visits by
phone. If absolutely necessary, in-hospital stays should be
as short as possible. The number of consultations, especially
external ones, should be reduced. Vaccinations for Strepto-
coccus pneumoniae and influenza represent another impor-
tant key point for minimizing decompensation in cirrhotic
patients.

Awaiting liver transplant

In this complex and very unusual period, it can be difficult
for a transplant centre to manage organ allocation. Centres
should constantly evaluate and analyse their local situations
and its influence on candidates waiting for transplant [33].

Mortality is likely to increase due to a reduction in suit-
able donations and drop-outs in patients with a history of
decompensated liver disease and hepatocellular carcinoma
(HCC) history. Transplant centres might postpone the call
for patients with low Mayo Clinic End-stage Liver Disease
(MELD) scores, while increasing attention must be directed
towards patients who cannot wait, such as those with high
MELD and/or HCC. Listing might be limited to patients
with a poor short-term prognosis, including those with acute
or acute-on-chronic liver failure, high MELD and HCC at
the upper limits of the Milan criteria [24].

Particular attention to the mortality risk stratification and
organ allocation should also be developed for the potential
drop in organ recovery due to institutional resources restric-
tions [33].

Liver transplantation and COVID-19
The burden of the question

Recommendations concerning COVID-19 screening of
donors and recipients and transplant policies differ from
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country to country based on population infection rates and
available diagnostic resources [34].

The policies of location, procurement, and transport of a
deceased person’s organs during the COVID-19 pandemic
should preserve equity among subjects waiting on the trans-
plant list and reduce the risk of virus spread in healthcare
workers and potential recipients.

In this context, the leading transplant societies have
released guidelines on donor and LT management [33, 35]

Mortality rates could increase during and immediately
after an LT due to lack of availability of intensive care
units’ beds because of an unpreventable new wave of the
pandemic; this issues should be addressed for real-time
accessible sources, including ventilators and supply of blood
products before to perform an LT [33].

Regarding available data related to COVID-19 in LT
patients, only a small number of reports and few interna-
tional multicentre cohorts have been published [36-38].

The impact of comorbidities for mortality has been
clearly demonstrated in the general population affected by
COVID-19 [39].

Many physicians are confident that patients with chronic
liver disease or LT carriers have higher mortality rates after
infection with COVID-19. Therefore, they postpone diag-
nostic tests and procedures.

To the best of our knowledge about SARS-CoV-2 disease
evolution, however, risk factors and therapeutic management
for specific classes of patients in addition to LT recipients
are missing.

Despite their high prevalence of comorbidities among LT
carriers, no comorbidities have been independently associ-
ated with poor outcome as demonstrated by Belli et al. [37].
Advanced age has been reported to increase mortality risk
in COVID-19 patients in preliminary international reports
while LT status does not affect mortality [38].

Here, we summarize available data on LT management
during the pandemic and the course of SARS-CoV-2 in LT
recipients.

Liver transplant protocol

Most programmes recommend screening deceased donors
to prevent the inadvertent transplantation of organs from a
SARS-CoV-2-infected donor [40]. A hypothetical risk of
transmission of COVID-19 through transplant exists, but
to our knowledge, donor-borne transmission has not been
described [12].

However, regarding the use of COVID-19-positive liv-
ing and deceased donors, it is interesting and notable that
no recognized SARS-CoV-2 transfusion transmissions have
been reported in addition to the absence of SARS-CoV-2 in
the liver in a few autopsy studies [41].
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Only one case of COVID-19-associated hepatitis in the
recipient of an allograft from a living donor positive for
COVID-19 has been described [42].

Given the higher sensitivity of alveolar bronchial lavage
(BAL) compared to the nasopharyngeal swab (NPS), in the
case of a deceased donor, the major international transplant
authorities suggest carrying out the specific test for the pres-
ence of SARS-CoV-2 on respiratory secretions from BAL
or possibly from deep broncho-aspirates, which is offered
within 2448 h before organ retrieval occurs [43].

Since a risk of false negatives exists, especially in asymp-
tomatic COVID-19 carriers, physicians are encouraged to
accurately review as much donor history as possible, espe-
cially for fever, respiratory symptoms and radiographic find-
ings [33]. In addition to carrying out NPS in living donor
LTs, some countries, including Japan, recommend a 14-day
isolation period before surgery [34]. Guidelines from the
American Association for the Study of Liver Diseases
(AASLD) propose accepting only those grafts with a low
risk of delayed graft function to reduce complications and
post-operative hospitalizations. Donors who tested positive
for COVID-19 should be ineligible for organ donation [33].

The organs obtained from COVID-19-positive deceased
donors 21-28 days after symptom resolution and two nega-
tive NPS 24 h apart can be used for LT. High-risk donors
with suspicious COVID-19 symptoms within 28 days before
death should not be used even if the NPS is actually nega-
tive [34].

All recipients should then undergo NPS before entering
transplant units.

As far as backup transplant recipients, they should stay in
a location away from the transplant centre to reduce the risk
of a COVID-19 outbreak.

For the same reason, potential recipients must enter the
hospital at the latest possible time to minimize potential
exposure to COVID-19. Family members should be for-
bidden to enter the ward during the entire hospitalization
period [33]. When the donor’s results for the COVID-19
tests are known, recipients admitted for LT should complete
a screening for symptoms of SARS-CoV-2 or recent expo-
sure, including the presence of a fever, cough, shortness of
breath, sore throat, diarrhoea, recent loss of sense of taste or
smell, contact with known COVID-19 carriers, and recent
travel history.

Since recipients have an immunocompromised status,
they are at higher risk of contracting COVID-19 infection,
and the reduction of dissemination of infection to other
spreaders, especially healthcare workers, plays a key role in
the recipient’s status. Up to 20% of healthcare workers tak-
ing care of patients with COVID-19 can becomes infected
[44].

So, protocols to contain SARS-CoV-2 infection and
strategies of vaccination against SARS-CoV-2 in healthcare
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personnel are needed to guarantee the healthcare systems
function efficiently, including sufficient intensive care unit
beds and healthcare workers [33, 45].

The application of rigid protocols to prevent the spread of
COVID-19 has allowed some centres to conduct transplant
activity without decreasing the number of LTs performed
or increasing the mortality in the patients who underwent
transplants [43].

Immunosoppressants and SARS-CoV-2

Considering data collected from experiences with other viral
infections, immunosuppressed patients are generally deemed
at increased risk of severe clinical manifestations and worse
outcomes than the general population [34].

However, univocal data on the course of COVID-19 in LT
patients are lacking; if recently transplanted patients do not
seem to present greater COVID-19 mortality-related risks
than the general population, long-term transplant recipients
have a worse course, probably due to the more frequent pres-
ence of metabolic disorders such as obesity, diabetes, kidney
diseases, and arterial hypertension [46].

On the other hand, immunosuppressive drugs may delay
viral clearance in post-transplant patients who have con-
tracted COVID-19 [47].

The AASLD and EASL suggest minimising high doses
of prednisone, azathioprine, or mycophenolate, especially in
the setting of lymphopenia and reducing, but not stopping,
daily calcineurin inhibitor (CNI) dosages, except in severe
cases of bacterial or fungal infections superimposed on
COVID-19 due to the risk of acute rejection in patients with
COVID-19. Immunosuppression seems to play a protective
role against SARS-CoV-2 infection [24] EASL underlies the
importance of vaccination for S. pneumoniae and influenza
[24]. Drug levels of CNI and mammalian target of rapa-
mycin (mTOR) inhibitors should be routinely tested since
the risk of drug-to-drug interactions, such as antivirals and
antibiotics, exists [48]

In an international cohort of 243 symptomatic adult cases
collected in Europe, use of tacrolimus (TAC) was associated
with a reduced mortality risk [37], and no beneficial effect
of the cyclosporin A (CsA), another CNI, was found. The
two drugs have similar functions but different mechanisms
of action.

LT patients receiving TAC are generally younger and
have fewer comorbidities; thus, this condition could repre-
sent a confounding factor. In this study, however, the authors
considered the comparison between patients receiving TAC
and no TAC with respect to some relevant clinical variables,
such as age, time from transplant, chronic renal failure, con-
current exposure to angiotensin-converting enzyme inhibi-
tors, or angiotensin II receptor blockers, and the presence
of HCC.

TAC was shown to play an independent protective role,
considering the variables cited above [37].

The potential protective effects of TAC are not clear. The
most credible hypotheses for its actions are inhibition of
viral replication and/or interactions with immune responses.
TAC can inhibit the replication of some of the human coro-
naviruses, notably SARS-CoV-1, probably by binding some
immunophyllin pathways. TAC has not been shown to spe-
cifically inhibit replication of SARS-CoV-2 [49, 50]. Fur-
thermore, CNI, including TAC, can play a key role through
their immunosuppressive properties in suppressing the early
phase of T-cell activation and causing secondary production
of many cytokines, notably pro-inflammatory cytokines, in
addition to tumour necrosis factor and interferon gamma
(TNF and IFNy, respectively) increases in severe COVID-
19 forms [51].

Although TAC and CsA both have potential benefits in
treating certain viral diseases, Ruiiz [52] tried to explain
the loss of a protective role of CsA compared with TAC the
study by Belli [37] after considering some parameters in
a group of patients receiving CSA. These factors included
the major predominance of older, males subjects and higher
median time between LT and COVID-19 infection, which
implies a lower residual concentration of immunosuppres-
sor directly related to the effect in the infection and lower
percentage (but not significant) of patient receiving steroids
who demonstrated anti-inflammatory properties, and finally
a higher percentage of patients co-treated with mycopheno-
late mofetil (MMF) [52].

Therefore, pending confirmative data about the protective
role of TAC compared to the recommendations in the main
international guidelines on the reduction of immunosuppres-
sive therapy during SARS-CoV-2 infection, modifications of
the TAC dose should be discouraged in LT.

Based on the intracellular mechanisms of CNIs, a similar
beneficial effect could be expected for CsA, so a reduction in
therapy during SARS-CoV-2 infection is not recommended.

Few studies are available concerning the use of MMF
in Middle East respiratory syndrome coronavirus (MERS-
CoV), but high viral loads with more severe or even fatal
disease were reported [53].

Instead, MMF use can explains that abdominal symp-
toms, especially diarrhoea, are at least twice more frequent
than in the general population with COVID-19 [36].

These data were confirmed by Belli et al. [37] in which
almost 50% of the 26 patients who received MMF as the
main immunosuppressant had diarrhoea as the first symp-
tom [37].

Thus, physicians should suspect SARS-CoV2-disease
performing NPS in LT carriers immunosuppressed by MMF
with new-onset diarrhoea.

For these reasons, MMF was often the most discontinued
immunosuppressant therapy [36].
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Experiences with other viral infections (hepatitis C,
cytomegalovirus) suggest a potential benefit in that man-
agement of immunosuppression without MMF or inhibi-
tors of mTOR since these drugs are also associated with
leukopenia and lymphopenia [54].

Concerning the use of mTOR inhibitors, no robust data
on their protective role against COVID-19 in clinical prac-
tice are available to date [54].

However, the antiviral properties of mTOR inhibitors
have been described against the most prevalent viruses
in addition to cytomegalovirus infection and human her-
pesvirus eight-related Kaposi sarcoma. Various mecha-
nisms for this agent’s activity have been proposed: (1)
mTOR inhibitors increase the efficacy of memory T-cells
in response to vaccines and viral antigens, (2) they inhibit
viral cell growth through an antiapoptotic protein kinase
B pathway (Akt pathway) via inhibition of viral protein
synthesis (pUL44 and pp65 for CMV replication in mac-
rophages), and (3) interfering with virus-mediated tran-
scriptional events [55]. In a small, randomised controlled
trial, treatment with sirolimus compared to no sirolimus
in 28 critical patients with influenza A(HIN1) pneumonia
undergoing invasive mechanical ventilation (in addition to
oseltamivir and corticosteroids) led to an improvement in
hypoxia, multiple organ dysfunction, and virus clearance
in addition to a reduction in the duration of mechanical
ventilation [56].

Interestingly, an antiviral drug repurposing approach
capable of identifying the existing drugs and potentially
effective against COVID-19 has been proposed. Further-
more, using an analytic system to quantify the interplay
between the human coronaviruses—host interactome and
drug targets in the human protein—protein interaction net-
work, some potentially effective drugs have been identi-
fied. Sirolimus in combination with dactinomycin is one of
three potential drug combinations that has been found [57].
Therefore, there seems to be a rationale for proposing stud-
ies concerning the use of sirolimus in infected-COVID-19
transplant patients.

Continuation of pre-existing maintenance everolimus
immunosuppression should therefore be considered in trans-
plant recipients who have contracted SARS-CoV-2.

Finally, corticosteroids are considered a cornerstone in
the therapy of severe forms of COVID-19 disease since
their anti-inflammatory effects should mitigate the cytokine
storm reducing the lung injury and the multisystem organ
dysfunction. Dexamethasone, administered up to ten days
after infection diagnosis caused a reduction in mortality
from COVID-19 in the randomized multicentre open label
RECOVERY trial when compared with the standard of care
[58].

In the COVID-19 LT population, use of corticosteroids
is complex with respect to the difficult balance between the
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downregulation of inflammatory immune system response
and the risk of fatal opportunistic infections.

Since no advantages of dexamethasone were observed
in patients who did not require supplemental oxygen [58],
chronic low doses of long-term steroid-based therapies
should not be increased in LT patients.

Although significant reports have been published about
the LT population, many limitations are still present: (1)
retrospective studies, (2) lack of information on immunosup-
pressant levels upon hospitalization and their management,
(3) lack of information about cortisone-based therapies used
and rates of bacterial and fungal infections that occurred, (4)
lack of information about home-based therapies, and (5) lack
of information about concomitant diseases and risk factors,
including smoking and lung illnesses.

Generally, remodulation of immunosuppressive treat-
ment should only be considered case by case under special
circumstances, such us medication-induced lymphopenia or
bacterial/fungal superinfection in case of severe COVID-19
in addition to graft rejection risk according to the referring
LT centre [24].

Liver transplant outcomes and SARS-CoV-2

Despite concerns that LT status may present an increased
risk of unfavourable outcomes from SARS-CoV-2 due the
high prevalence of old age, co-diseases, acquired immuno-
suppressive state, no clear information about this risk has
been found.

Data collected from two international registries (COVID-
Hep and SECURE-Cirrhosis) concerning 151 adult LT
recipients from 18 countries compared with 627 patients
who had not undergone LT showed that the two groups did
not differ with regard to the proportion of patients hospi-
talized (82% in LT cohort versus 76% in the comparison
cohort), while 19% LT recipients died compared with 27% in
the other cohort (p=0-046). In the propensity score-matched
analysis (adjusted for age, sex, creatinine concentration, obe-
sity, hypertension, diabetes, and ethnicity), LT did not cause
a significant increase in the risk of death in patients with
SARS-CoV-2 infection. Unfavourable outcomes among LT
patients were associated with age, kidney diseases, and non-
liver cancer [38].

Belli et al. [37] reported similar fatality rates in an inter-
national study on 243 adult LT symptomatic cases collected
in Europe in which 204 LT patients (84%) required hospitali-
zation, 39 were admitted to the intensive care unit (19.1%),
and 14 (20.2%) patients died as a result of respiratory fail-
ure as the major cause. Factors significantly associated with
death by univariable analysis were increased recipient age,
time from LT, diabetes, chronic kidney disease, number of
comorbidities. Advanced age (> 70 years versus < 60 years)
remained independently associated with an increased
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fourfold mortality risk while use of TAC was associated with
a reduced mortality risk (hazard ratio [HR] 0.55; 95% con-
fidence interval [CI] 0.31-0.99) in a multivariable analysis.

A history of cancer was confirmed be a risk factor for
death as shown in another European multicentre prospective
study among 57 LT recipients. In that study, COVID-19 was
found to be associated with an overall and in-hospital fatal-
ity rate of 12% (95% CI 5-24%) and 17% (95% CI1 7-32%),
respectively. Interestingly, in this study the reduction or
withdrawal of immunosuppressant had no impact on poorer
outcome [36].

In summary, LT status and secondary acquired immuno-
suppression do not appear to be risk factors for poor prog-
nosis in this population in which older age, comorbidities
such as diabetes, renal failure, and history of cancer appear
to occur [36-38].

Conclusions

The evolution of COVID-19 disease in subjects affected by
ACLD or LT transplant carriers remains the main question
for the community of hepatologists and transplant physi-
cians. ACLD and LT recipients should be considered at risk
because they have a chronic disease or because they are tak-
ing immunosuppressive drugs, resulting in a more serious
virus-related disease or a worsening of preexistent liver cir-
rhosis and a reduction in graft survival. Initial beliefs regard-
ing LT status as a risk factor have been partially disproven,
while they have been confirmed for patients with ACLD.
COVID-19 is associated with worsening liver function and
elevated mortality in patients with cirrhosis; mortality rates
resulted significantly higher than those hospitalized for bac-
terial infections.

This finding is explained by the fact that stress and sepsis
are particularly prominent in patients with ACLD as either
one can trigger acute-on-chronic liver failure; a significant
inflammatory status activated by COVID-19 induces hepato-
cyte necrosis in the context of an already reduced functional
reserve.

SARS-CoV-2 can indirectly cause a worsening of the
prognosis of ACLD patients because of lockdowns and
suspension of usual clinical follow-ups resulting in delayed
management of liver cirrhosis complications, such as HCC.

Furthermore, in the next years and decades, liver-related
mortality and morbidity is likely to increase because of
the global economic crisis and social isolation for which
an increase in alcohol and drug use with bloodborne virus
transmissions are predictable, and access to care will be lim-
ited due to the collapse in healthcare and support structures.

Concerning LT management, liver society position
papers that are based on the general approach to transplant

recipients with an active infection, and expert opinions that
minimise immunosuppression are routinely suggested.

In contrast to what was believed at the beginning of the
pandemic, LT recipients should not be considered among the
categories at greatest risk of death.

Systematic reduction or withdrawal of immunosup-
pressive therapy is not justified although in some cases, it
appears to have a protective action against the inflamma-
tory cascade induced by SARS-CoV-2. CNI, especially
TAC, show more evidence of a beneficial role in treating
SARS-CoV-2. However, a change in immunosuppressive
therapy at the time of COVID-19 infection is not justified,
and the start or choice dosage of corticosteroids to be used
requires a careful balance of the risks of bacterial and fungal
superinfections.

Finally, the use of not well evidenced-based drugs against
COVID-19 should be carefully considered in LT since their
potential interactions with immunosuppressive treatment
and the resulting risk of graft rejection or toxicity exists.
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