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ABSTRACT

Coronavirus disease 2019 (COVID-19), an infection caused by severe acute respiratory syndrome coronavi-
rus-type 2 (SARS-CoV-2), has emerged as a serious threat to public health. Liver transplant (LT) recipients
may be at increased risk of acquisition of SARS-CoV-2 infection and higher morbidity and mortality due to
constant contact with health-care services, the use of immunosuppressants and frequent comorbidities. In
the first part of this review we discuss (1) the epidemiology and risk factors for SARS-CoV-2 infection in LT
recipients; (2) the clinical and laboratory features of COVID-19 in this specific population, highlighting differ-
ences in presenting signs and symptoms with respect to general populations and (3) the natural history and
prognostic factors in LT recipients hospitalized with COVID-19, with particular focus on the possible role of
immunosuppression. Thereafter, we review the potential therapeutic options for COVID-19 treatment and
prevention. Specifically, we give an overview of current practice in immunosuppressant regimen changes,
showing the potential benefits of this strategy, and explore safety and efficacy issues of currently approved
drugs in LT recipients. The last topic is dedicated to the potential benefits and pitfalls of vaccination.

© 2021 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

In December 2019 a novel Coronavirus designated severe acute
respiratory syndrome coronavirus 2 (SARS CoV-2), responsible for a
clinical condition named COVID-19, was first identified in Wuhan,
China. Within a few months, the World Health Organization (WHO)
declared a state of pandemic for COVID-19 [1]. About 20% of patients
develop moderate to severe conditions and 5% progress to critical ill-
ness, the latter with a mortality rate reaching up to 49% [2]. Risk fac-
tors for worse prognosis including older age and the presence of
comorbidities such as diabetes, hypertension, chronic kidney disease,
morbid obesity, cardiovascular and chronic lung diseases were subse-
quently identified [3].

Abbreviations: ACE2, angiotensin-converting; CI, calcineurin inhibitors; CI, confi-
dence interval; DILI, drug-induced liver injury; ECMO, extracorporeal membrane oxy-
genation; GI, gastrointestinal; HR, hazard ratio; ICU, intensive care unit; IL-6,
interleukin-6; IS, immunosuppression; LT, liver transplant; MELD, Model for End-Stage
Liver Disease; MMF, mycophenolate mofetil; OR, odds ratio; RCT, randomized con-
trolled trial; SARS-CoV2, severe acute respiratory syndrome coronavirus 2; SOT, solid
organ transplant; ULN, upper limits of normal; WHO, World Health Organization
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Initially, most studies did not include transplant recipients as a
distinct population. However, this population has plenty of the high-
risk comorbidities and is frequently hospitalized, in contact with
health care assistance and under immunosuppression. Similar to
other RNA respiratory viruses in immunosuppressed patients, SARS-
CoV2 may present atypical and attenuated symptoms of infection,
often leading to late presentations and missed diagnoses [4]. In short,
COVID-19 infection could be a potential threat to transplant recipi-
ents and its clinical picture, immunosuppression management, prog-
nosis and prophylaxis must be well understood. The aim of this study
was to characterize COVID-19 evolution in patients who had previ-
ously received a liver transplant (LT).

Risk-factors associated with SARS-CoV2 infection in LT recipients

According to the literature, solid organ transplant (SOT) recipients
have an increased risk of acquiring COVID-19 due to chronic immu-
nosuppression [5]. More specifically, recent transplantation and kid-
ney transplantation patients are more susceptible to SARS-CoV2
infection [6]. Considering that early post-transplant patients require
higher doses of immunosuppressants and that liver transplant recipi-
ents usually require less immunosuppression than other forms of
SOT, one can conclude that the risk of acquiring COVID-19 is immu-
nosuppression dose dependent.
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Male patients are more prone to develop acute respiratory dis-
tress syndrome and to progress to more severe outcomes [7]. Addi-
tionally, according to Colmenero et al. [5], the incidence rate of SARS-
CoV2 infection increases in older people, particularly beyond 60 years
of age. In this robust Spanish cohort, none of the patients had been
infected by the liver donor. Lastly, a history of previous or active can-
cer, such as being transplanted for hepatocellular carcinoma, or hav-
ing any cancer at the moment of COVID-19 diagnosis, was associated
with a poor outcome [7].

Clinical picture

The vast majority of LT recipients are symptomatic and demon-
strate radiologic evidence of COVID-19 on either chest x-ray or chest
computed tomography [8]. Similar to the general population, the
most common self-reported symptoms at the time of diagnosis were
fever, cough, dyspnea, fatigue and myalgia. Anosmia and dysgeusia in
turn were not frequently reported. In contrast, the proportion of
patients with gastrointestinal (GI) symptoms, which include abdomi-
nal pain, diarrhea, nausea and/or vomiting, was higher among LT
recipients than among the entire population [5,7,9,10]. Table 1
describes in detail the proportion of symptoms related to COVID-19
in LT recipients according to the literature.

Belli et al. confirmed that GI symptoms, especially diarrhea, were
at least twice as common in LT recipients than in the general popula-
tion and proposed an association with the use of mycophenolate
mofetil (MMF) [9]. Consequently COVID-19 should be one differential
diagnosis in immunosuppressed patients with GI symptoms only,
and SARS CoV-2 testing should be promptly considered. When con-
sidering time from liver transplantation, the terms long and short are
adopted to distinguish patients who have been transplanted for more
or less than five years, respectively. Becchetti et al. [7] compared
both groups and concluded that of those symptoms at presentation,
fever and dyspnea were more frequent among long-term recipients
(91% vs. 63% and 59% vs. 29%, both p < 0.05, respectively). It might be

Table 1
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possible that greater immunosuppression attenuates typical COVID-
19 symptoms.

Among laboratory data, blood count, coagulation profile, serum
biochemical tests including renal and liver function, creatine kinase
and lactate dehydrogenase, myocardial enzymes, interleukin-6 (IL-6),
serum ferritin, d-dimer and procalcitonin were analyzed in most
COVID-19-related studies. Lymphocytopenia has been reported to be
predictive of poor outcomes not only in LT recipients but also in non-
transplanted COVID-19 patients [3,7,10]. Inflammatory biomarkers
have been associated with severe disease. Higher values of procalci-
tonin and C-reactive protein levels have been described in patients
requiring mechanical ventilation [10]. Alteration in liver enzymes
can occur but are mostly found in hospitalized patients whose immu-
nosuppression was decreased, exerting no impact on outcome [7].

Management of COVID-19

Management of LT recipients with COVID-19 has focused on 2
strategies: (1) reduction or withdrawal of immunosuppressive drugs
used for the prevention of allograft rejection and (2) the use of drugs
aimed at interfering with viral replication (e.g. Remdesivir) and
inflammatory responses (e.g. high-dose corticosteroids) as well as
immunomodulatory agents (e.g. Tocilizumab) as has been proposed
in general populations. Table 2 summarizes the data in the largest
cohorts of LT recipients with COVID-19 [5,7,9,11—13]. Overall, data
on more than 800 LT recipients with COVID-19 were reported. The
majority of data derives from centers from the USA and Europe.
Median time from LT to diagnosis of SARS-CoV-2 infection ranged
from 3.8 to 8.75 years and only a small proportion of patients (less
than 20%) received a liver graft in the previous 12 months.

Changes in immunosuppression

Immunosuppression and SARS-CoV-2 infection may have com-
plex interactions. During the initial phase of infection, characterized

The proportion of symptoms related to COVID-19 in LT recipients according to the literature.

Study, year Origin Patients (n) Fever Cough Dyspnea  Fatigue or Myalgia  Anosmia or Dysgeusia  Gastrointestinal symptoms
Becchetti et al., 2020 Europe 57 44 (79%) 31(55%) 26(46%)  32(56%) 4(7%) 18 (33%)
Belli et al., 2021 Europe 243 190(78%) 143 (59%) 82(34%) 90(37%) 21(9%) 55 (23%)
Colmenero et al., 2021 Spain 111 83 (75%) 78(70%) 46 (41%) NA NA 38 (34%)
Dumortier et al., 2021 France 91 55 (60%) 51(56%)  45(50%) 28 (31%) 9(10%) 25(27%)
Data expressed as n (%). NA: not available.
Table 2
Treatment of COVID-19 in LT recipients among different series.
Patients  Time from LT (years) Immunosuppression modification Specific treatment
(n) (median) (Reduction or withdrawal)
Calcineurin inhibitors Antimetabolites Corticosteroids ~ Remdesivir Tocilizumab
Lee et al., 2020 38 3.8(0.02-28.2) Reduction: 15/24 (63%) Reduction:13/13 (100%) 5/24 (21%) NA NA
Beccheti et al., 2020 57 6(2-13) Reduction: 24% (12/50) Reduction: 4% (1/26) With- 19 (35%) 0 1(2%)
Withdrawal: 14% (7/50) drawal: 31% (8/26)
Webb et al., 2020 151 NR NR NR 0(0%) 6 (4%) 2(1%)
Rabiee, Sadowski et al 117 4(11) Reduction: 21/73 (29%) 4 (4%) 3(3%) NA
2020
Colmenero et al., 2021 111 8.75(3-14) NR NR 12 (13%) 1(1%) 15(16%)
Mostly in
severe
cases
Belli et al., 2021 243 8(3-15) Reduction: 38/162 (23%); Withdrawal: 35/119 (29%) 34(13%) 1(0.5%) 15 (6%)
Withdrawal: 16/162
(10%)
Dumortier et al., 2021 91 7,1(2,8-14) Withdrawal: 7 (13%) 6 (9%) 2(3%) 1(2%)

Data expressed as n (%). NA: not available.
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Table 3
Predictors of mortality in LT recipients with COVID-19.
Study, year Origin Patients (n) Risk-factors of mortality Comments
Becchetti et al., 2020  Europe 57 History of previous or active cancer, such as being trans-  Patients infected early after liver transplantation did not

planted for HCC.

Having cancer at COVID-19 diagnosis

Webb et al., 2020 18 countries 151 Advanced age

Increased baseline creatinine concentration
Presence of non-liver cancer

Presence of comorbidities

have a worse
outcome

The type of immunosuppressants used and the time from
transplantation were not independently associated
with mortality.

Neither a specific comorbidity nor a combination of
comorbidities emerged as independently associated
with death.

Use of TAC was confirmed as independently associated
with a reduced mortality risk

Adjusted mortality rates in patients older than 60 were
similar in LT recipients and in the general population

Belli et al., 2021 Europe 243 Advanced age
Serum creatinine >2 mg/dL, (trend)

Colmenero et al., 2021 Spain 111 Older age, male gender, increased comorbidities, raised
D-dimer, serum ferritin and lymphocytopenia were
associated with severe COVID-19

Dumortier et al., 2021  France 91 Age

Serum baseline creatinine (trend)

Independent risk factors for severe disease: dyspnea and
fever

HCC: hepatocellular carcinoma; LT: liver transplantation; TAC: Tacrolimus

by viral replication, immunosuppression may lead to higher viral
loads and consequently, potentially more severe disease. This has
particularly been demonstrated in infections with other respiratory
viruses [4]. However, in a later phase of infection, in which an intense
inflammatory response ensues, a reduction in immune response
could in theory be beneficial. Additionally, the type of immunosup-
pressant may be of concern, as Cl and MMF, the most commonly used
class of drugs, have distinct mechanisms of action. Among LT recipi-
ents, calcineurin inhibitors were the most common type of immuno-
suppressant drug, used by 60 to 100% of patients, followed by
antimetabolites (46—60%; MMEF in the vast majority of cases). Corti-
costeroids were used by 17 to 44% of patients, according to previously
published series.

The baseline immunosuppression (IS) regimen may be of impor-
tance in prognosis. MMF use prior to diagnosis was associated with a
higher probability of severe COVID-19 development. Patients using
MMF at the time of diagnosis had an almost 4-fold higher probability
of severe COVID-19 (defined as admission to the intensive care unit,
mechanical ventilation, and/or death) than those who did not (HR
3.94, 95% CI 1.59—9.74), even after adjustment for other demographic
and clinical variables, and for the Charlson comorbidity index [5].
This deleterious effect was particularly notable among those taking a
daily dose higher than 1000 mg of MMF. A potential reversal of this
deleterious effect through changes in the immunosuppression regi-
men is noted, as withdrawal of MMF in those taking full doses (i.e.
2000 mg/day) was associated with a trend toward less frequent
development of severe COVID-19. On the other hand, the use of
Tacrolimus may exert a beneficial effect. In a multicentric prospective
European study, among hospitalized patients, the use of Tacrolimus
was independently associated with lower mortality (HR 0.55; 95% (I,
0.31 — 0.99) [9]. This protective effect was particularly notable in
older patients and in those with chronic kidney disease, two condi-
tions associated with lower survival during the course of COVID-19.
In these subgroups, mortality was dramatically lower among patients
taking Tacrolimus, and comparable to patients without these comor-
bidities. The potential relation between Tacrolimus serum levels and
mortality was not reported.

Due to a potentially detrimental effect upon the clinical course of
disease, immunosupression regimens were commonly altered to
maintain immune system defence against SARS-CoV-2 and avoid
graft rejection. Modifications after COVID-19 diagnosis were reported
in 5 studies (Table 3). Reduction and withdrawal of Cls were reported
in approximately 25 and 12% of patients respectively. MMF was with-
drawn in approximately 35% of patients. Interestingly, reduction or
withdrawal of current IS regimen was not associated with acute liver

injury [13], severity of infection or mortality [7]. Additionally, acute
rejection was uncommon among LT recipients with COVID-19, being
reported in 7 patients (out of 457, incidence of 1.5%). Taken together,
these data strongly suggest that changes in IS regimen are feasible
and may be of benefit in hospitalized patients. Preference should be
given to the reduction or suspension of MMF, and the maintenance of
Tacrolimus. This may be associated with less severe forms of infection
and lower mortality, without putting these patients at risk of allograft
rejection. Finally, modifications in immunosuppression regimens
should not be performed in outpatients once the clinical course in
these individuals is benign and marked by low probability of compli-
cations and need for hospitalization.

Some notes of cautions are warranted when analyzing these infor-
mations. In the majority of studies, median time from LT to diagnosis
of SARS-CoV-2 was greater than 5 years and only a small proportion
of patients (less than 20%) was composed of very short-term LT recip-
ients (patients who received a liver graft in the previous 12 months).
Consequently, it is very likely that the majority of them were under a
low level of immunosuppression, as evidenced by a higher propor-
tion of individuals taking only one drug for IS and a small proportion
of patients without any IS at all. It is debatable whether the same con-
clusions are valid for individuals in the very early post-LT period, who
receive more vigorous immunosuppression regimens. Furthermore,
none of the studies evaluated the risk of opportunistic infections in
individuals with COVID-19, a complication that frequently occurs in
the first year after transplantation that may be triggered by viral
infections like cytomegalovirus [14].

More information in these very short-term LT populations is war-
ranted. If results in terms of frequency and severity of COVID-19 as
well as recipient morbidity and graft function are comparable to
those reported so far, transplant centers may feel confident in keep-
ing LT programs fully active. Conversely, if very short-term recipients
turn out to have increased morbidity and/or mortality, one may
decide to transplant only patients with an urgent need for LT (such as
those with fulminant hepatic failure) or those with advanced disease
(such as decompensated cirrhotic patients), who otherwise have
either very low short-term survival in the absence of LT and/or a high
mortality rate in case of acquiring SARS-CoV-2 infection.

Drugs against COVID-19

Many drugs with potential efficacy against COVID-19 were used in
LT recipients. This may reflect uncertainty in the first months of man-
agement of COVID-19 and an attempt to act at different stages of dis-
ease, with antivirals used in earlier infection and for milder disease,
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and immunomodulatory agents being used in later infection and for
more severe cases. However, the majority of them were proved to be
ineffective or even detrimental in the management of the disease.
Currently, the most recommended drugs for COVID-19 are Remdesi-
vir, high-dose Dexamethasone and Tocilizumab [15]. There are prom-
ising data with respect to Anti-SARS-CoV-2 monoclonal antibody
combinations [bamlanivimab plus etesevimab [16]; casirivimab plus
imdevimab [17] for outpatients at risk of disease progression, as well
as Janus kinase inhibitors Baracitinib [ 18] and Tofacitinib [19] in hos-
pitalized patients requiring oxygen supplementation, but there are
no studies including LT recipients using these drugs so far.

Remdesivir is an antiviral agent capable of inhibiting RNA-depen-
dent RNA polymerase with in vitro activity against SARS-CoV-2. In a
randomized, placebo-controlled trial, use of Remdesivir has been
associated with a reduction in the length of hospital stay and a lower
probability of new oxygen supplementation, non-invasive or invasive
ventilation or extracorporeal membrane oxygenation (ECMO) use,
but not of mortality [20]. Adverse events were common, but not dif-
ferent from placebo groups (25 vs. 32%). Specifically, alterations in
liver function parameters were uncommon, being reported in 6 and
11% of patients receiving Remdesivir and a placebo respectively. Of
note, patients with increases in aminotransferases greater than
5 times the upper limit of normal (ULN) at baseline were excluded
from the study. This may not be an entirely uncommon situation in
an LT setting, as demonstrated in 2 studies in which the frequency of
so-called severe acute liver injury (defined as AST and/or ALT > 5X
ULN) was 4 and 8% [9,12]. Elevations in aminotransferases may be
due to multiple causes. Cholangiocytes and, to a lesser extent, hepa-
tocytes express angiotensin-converting enzyme 2 (ACE2) receptor, to
which SARS-CoV-2 spike protein binds in an initial step during cell
entry [21]. Other potential contributing factors directly related to
infection include systemic inflammatory response, hepatic conges-
tion and release from extrahepatic tissues, like muscle. [22]. Lastly,
patients treated for COVID-19 may develop drug-induced liver injury
(DILI).

Antimicrobials/anti-infectives are the most common class of drugs
associated with DILI in general populations [23], and antivirals may
be an important cause of DILI among some populations, like individu-
als with HIV infection [24]. Incidence of DILI in LT patients has been
reported to be as high as 2%, a frequency much higher than reported
in general populations [25]. Patients with chronic liver disease and LT
may be at increased risk of developing DILI (mainly due to alterations
in drug pharmacokinetics, metabolism pathways, and drug-drug
interactions) [26], and have lower survival when compared to
patients without pre-existing liver disease who develop DILI [27].
Taken together, these data point to potential limitations for Remdesi-
vir usage in LT recipients and have accounted, together with regula-
tory issues, for a very low percentage of COVID-19 patients using this
drug in published series.

Dexamethasone has been recommended for hospitalized patients
receiving oxygen supplementation or mechanical ventilation, as a
large RCT has shown a reduction in 30-day mortality (29 and 23% in
patients receiving mechanical and oxygen ventilation vs. 41 and 26%
in patients in control groups) and in the need for mechanical ventila-
tion among those receiving supplemental oxygen (RR 0.88, 95% CI
0.80 — 0.97) [28]. Previous diagnosis of diabetes mellitus was com-
mon, being reported in 24% of patients, and despite this significant
proportion of individuals and a high-dose dexamethasone regimen
for a median of 7 days, development of hyperglycaemia and other
common complications of corticosteroids, like gastrointestinal bleed-
ing, were infrequent. These results may be of interest in LT recipients,
as they may encourage the use of high-dose steroids in patients with
respiratory insufficiency as a preferred or solely immunosuppressive
regimen. Corticosteroids were used at therapeutic dosages in a
minority of LT patients (4 to 35%), which may either suggest a mea-
sure of caution to avoid stimulating viral replication, or that patients
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were not ill enough to merit intensive therapeutic measures. This
however, is unlikely, as a substantial number of patients needed
respiratory support in LT published series. Of note, very few patients
with previous liver disease were included in the trial (approximately
2%), and frequency and severity of subsequent infections were not
reported. In general populations with COVID-19, development of a
subsequent infection was common, being observed in 24% of patients.
The majority of infectious episodes were due to bacteria (83%, most
commonly Acinetobacter spp.), but fungal (mainly Candida sp.) and
viral superinfections were also reported. Of concern, patients who
developed superinfection were at increased risk of death (OR = 3.54,
95% Cl 1.46 — 8.58) [29]. This may be of particular concern as SOT
patients are at increased risk of bacterial and fungal infections, and
the potential effect of this high-dose corticosteroid in terms of fre-
quency and severity of infections is unknown. SOT recipients have
been shown to be at high risk of invasive fungal infections, especially
Aspergillus fumigatus, in a recently published observational study
[30].

Tocilizumab, an IL-6 inhibitor, was evaluated in hospitalized
patients with COVID-19 and was associated with a reduction in the
need for mechanical ventilation in patients not requiring non-inva-
sive or invasive ventilation and SpO2 > 94% at baseline, without
effects on mortality [31]. Of note, the majority (80%) of patients in
both arms of this RCT received corticosteroids and approximately
50% also received remdesivir. No data with respect to the proportion
of patients with pre-existing liver disease was provided. Frequency
of bacterial infections and septic shock were comparable between
Tocilizumab and control groups (10 vs. 13% and 2 vs. 2.4% respec-
tively). A second study, including patients with a SpO2 < 93% or PO2 /
FiO2 ratio < 300 mm Hg, did not show benefits in terms of mortality
in the entire group [32]. Nevertheless, among patients not receiving
mechanical ventilation, occurrence of a composite endpoint including
death, initiation of mechanical ventilation or ICU transfer was less
frequent in the tocilizumab group. The proportion of patients receiv-
ing concomitant treatment with corticosteroids and antivirals was
lower in the tocilizumab group (19 vs. 28% and 24 vs. 29%), which
may have contributed to the negative results of the trial. Infections
and liver events (defined according to aminotransferase and bilirubin
levels) were reported in 38 and 2% of patients receiving Tocilizumab,
a frequency comparable to that described in the placebo group. Nev-
ertheless, similar to Remdesivir, Tocilizumab usage is contraindicated
in patients with aminotransferase levels > 5X ULN. Five studies
reported the frequency of Tocilizumab use in LT recipients, with great
variability among them. Overall, 5% of LT patients received treatment
with Tocilizumab. No specific information is available in this popula-
tion with respect to safety. The role of tocilizumab in management of
COVID-19 remains debatable in general as well as in liver transplant
populations.

Clinical outcomes in LT recipients with COVID-19

Most of the largest studies [7,9,12] describe hospitalization rates
in LT recipients around 80% with mortality rate ranging between 12
and 23%. These values are in agreement with the general population
(mortality rate 15—22%) [33,34].

Webb et al. included 151 LT recipients and 627 non-LT recipients
from 18 different countries, all with laboratory-confirmed SARS CoV-
2 infection. The proportion of hospitalized patients was similar
between the LT cohort and the comparison group (82% vs. 76%,
p = 0.10). In contrast, the proportion of patients admitted to the
intensive care unit (ICU) and given invasive ventilation were higher
in LT patients than in those who had not received a LT, 28% vs. 8%,
p < 0.001 and 20% vs. 5 %, p< 0.0001, respectively. Lastly, liver trans-
plantation was not associated with an increased risk of mortality,
19% vs. 27 %, p = 0.046, which is concordant with the literature [12].
The dominant cause of death in both groups was lung-related and no
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Table 4
Vaccination against COVID-19 in SOT.
Vaccine Efficacy Adverse effects
SOT Patients (n) Doses Type Overall LT Local Systemic
Boyarsky et al, 2021 658 [LT: 129 (20%)] 2 BNT162b2: 51%; D1: 15%; D2: 54% D1:32%; D2: 80% NA 10(17%)
mRNA-1273: 40%
Marion et al, 2021 950 [367 received 2 1 dose: 376; 2 BNT162b2 (Pfizer-  D1: 6%; D2: 34% (out D2:50% NA 1 LT with
doses and tested doses: 576 BioNTech): 942 of 367) paresthesia
(LT: 58 -16%)]
Ou et al, 2021 741 [LT:140(19%)] BNT162b2: 54% NR D1: 78% D2: 85% D1 49% D2 69% Most
mRNA-1273: 46% Most common: common: fatigue
pain at the injec- and headache
tion site
Kamar et al, 2021 101 LT:12(12%) BNT162b2:100% D1: 4%; D2: 40% D3: NA NA
68%
LT recipients
Rabinowich et al, 117 2 doses BNT162b2 D2:48% (vs.100%in D1:60% D2:53% 20%
2021 control group)

Data expressed as n (%). D1: after first dose; D2: after second dose; D3: after third dose; LT: liver transplant; NA: not available; SOT: Solid-organ transplant.

liver-related deaths occurred in the LT group. Liver transplantation
was not independently associated with death, while increased age
and comorbidities were.

Interestingly, the mortality rate was lower in LT recipients than
reported among cirrhotic patients with COVID-19 [35]. Patients with
cirrhosis, especially those with higher Child Pugh and MELD scores,
presented particularly high rates of hepatic decompensation and
death due to COVID-19. One of the hypotheses to explain these find-
ings includes the association of cirrhosis to immune dysfunction.
Liver transplantation and immunosuppression itself do not seem to
confer an increased risk of mortality in COVID-19 [36].

Age, dyspnea, fever, C-reactive protein level, lymphocyte count, a
partial pressure of oxygen < 95% on admission, acute kidney injury
and moderate/severe lung involvement were significantly associated
with severe COVID-19 according to Dumortier et al. [10]. Moreover,
Fraser et al. highlighted age and diabetes as potential risk-factors to
poorer outcomes [8]. LT recipients who are 60 years of age or older
presented 3-fold greater risk for COVID-19 related mortality when
compared to LT recipients < 60 years of age. Older-age was a well-
described risk-factor not only for in-hospital mortality but also to
severe infection. Diabetes in turn has been associated with more than
2-fold risk for ICU admission and 3-fold risk for in-hospital death.
Details are shown in Table 3.

Immunization

Since the emergence of the COVID-19 pandemic, there has been
an outstanding program of development, testing, approval and large-
scale distribution of vaccines based on diverse platforms, like mRNA
(Pfizer/BioNTech BNT162B1/2 and Moderna mRNA-1273), replication
deficient adenovirus (Oxford Astra-Zeneca ChAdOx1-S-nCoV and
Janssen, Ad26.COV2.S), recombinant adenovirus (Gamaleya, Gam-
COVIDVac) and inactivated virus (Sinovac, CoronaVac/PiCoVac) [37].

Vaccination against SARS-CoV-2 offers a real possibility of reduc-
ing SARS-CoV-2 circulation and transmission and, most importantly,
development of severe infection and death. In general populations,
vaccination against COVID-19 is associated with an overall efficacy
between 66 and 95%, defined as avoidance of development of COVID-
19 confirmed by molecular testing. Also, vaccines were safe, with a
low incidence of serious adverse events, comparable to that observed
in control groups in RCT. That said, one should keep in mind that SOT
patients in general have a lower probability of response for other
commonly used vaccines against respiratory viruses, like Influenza
[38], probably due to concomitant comorbidities and immunosup-
pression.

Few studies have evaluated the results of vaccination against
COVID-19 in SOT recipients [39—42] (Table 4). Overall, only mRNA-
based vaccines were evaluated. Seroconversion is considerably lower
than non-SOT recipients, even though, among them, LT recipients are
the group with the highest probability of response. Vaccines are asso-
ciated with local and systemic reactions, in the vast majority of cases
mild and transient. Of interest, in this population, local reactions
were associated with a higher probability of antibody response. Only
a small study exclusively evaluated LT recipients. Seroconversion
after 2 doses of Pfizer/BioNTech BNT162B1/2 was lower than for a
control group of healthcare workers (48 vs. 100%), and median anti-
body titer was lower among LT recipients, indicating a less frequent
and strong vaccinal response. Older age, MMF use and triple immu-
nosuppression therapy were predictors of non-response. Frequency
and severity of adverse events were similar between groups [43].
Despite the relative paucity of data, both AASLD and EASL recom-
mend vaccination of LT recipients, preferably 3 months after trans-
plantation [44,45]. Also, changes in immunosuppression in order to
achieve higher rates of seroconversion are not recommended.

Some important questions are still pending with respect to vacci-
nation in LT recipients. All of the studies conducted in SOT used
mRNA-based vaccines, which were associated with highest efficacy
in general populations. It remains to be determined if other com-
monly used, non-mRNA vaccines, are capable of achieving advised
rates of seroconversion in a population with considerably lower vac-
cinal efficacy. Additionally, studies in SOT only described efficacy in
terms of serological response, contrary to RCT in which efficacy was
defined on a clinical basis. Also, cellular response, which may be as
important as a humoral response for adequate protection against
SARS-CoV-2 infection and may be particularly compromised in LT
recipients, was not specifically evaluated. Finally, with increasing
vaccinal coverage in this population, some rare but potentially seri-
ous effects concerning allograft function may become more frequent,
as evidenced by a recent report of acute cellular rejection within 2
weeks of the first dose of vaccination [46].

Conclusions

Emergence of the COVID-19 pandemic has profoundly changed LT
centers and raises important questions for the management of LT
recipients. Population-based studies have demonstrated the
increased susceptibility of LT recipients for SARS-CoV-2 acquisition,
possibly reflecting constant contact with healthcare resources and
immunosuppression. Clinical, laboratory and radiological features are
very similar to that of immunocompetent patients, except for a
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higher frequency of digestive symptoms, the presence of which, even
in the absence of respiratory symptoms, should demand evaluation
for SARS-CoV-2 infection. Management is based on the appropriate
use of drugs approved for general populations and changes in immu-
nosuppression. Caution is warranted especially due to potential limi-
tations of using antivirals in patients with elevations in liver enzymes
and potential risk of infections, opportunistic or not, in more ill
patients receiving dexamethasone or anti IL-6. Changes in immuno-
suppressive regimens may be of benefit, particularly the reduction in
MMF dosage and maintenance of Tacrolimus as the preferred or sole
drug. Prognosis is similar to non-LT patients, and is related not to
immunosuppression but to the burden of comorbidities. Vaccination
should be offered to all LT recipients, preferably after the first months
post-LT and achievement of stable IS dosage. Nevertheless, lower effi-
cacy in comparison to immunocompetent patients should be
expected.
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