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Introduction
The coronavirus disease 2019 (COVID-19) pan-
demic, caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), has had 
substantial unique implications for patients with 
chronic liver disease (CLD), cirrhosis, and liver 
transplant (LT). Patients with CLD and cirrhosis 
may have more severe disease and higher COVID-
19-associated mortality than patients without 
CLD.1–5 Especially with the development of novel 
SARS-CoV-2 vaccines and antiviral medications 
over the past years since the onset of the pan-
demic, there has been substantial progress in pre-
vention and management of COVID-19 in 
patients with CLD and LT. However, several 
limitations or special considerations exist. As 
detailed below, vaccine efficacy varies in this pop-
ulation,6–9 and several therapeutics developed for 
COVID-19 may affect liver function tests (LFTs), 
interact with immunosuppressants taken after 
LT, or be contraindicated in patients with 
advanced cirrhosis.10–14 Management of immuno-
suppressive medications after LT in the face of 
COVID-19 infection is nuanced and necessitates 
a patient-centered approach.15,16

The practice of liver transplantation has been 
heavily impacted by the pandemic. After initial 
substantial reductions in LT volume, rates of 
deceased donor LT recovered over the course of 
2020, nearing pre-pandemic volumes.17,18 LT in 
the pandemic era has required additional meas-
ures to minimize the risks of SARS-CoV-2 in LT 
recipients and live donors. Certain decisions sur-
rounding LT, such as timing after COVID-19 
infection and mandatory recipient vaccination, 
remain controversial. Current society guidelines 
and areas of ongoing consideration will be dis-
cussed here in detail.

Clinical outcomes of COVID-19 in patients 
with CLD and LT

Outcomes in patients with CLDs and cirrhosis
Acute liver injury has been reported in 14–53% of 
patients hospitalized for COVID-19, ranging 
from mild-to-severe transaminase elevations.19–21 
While severe cases account for a small propor-
tion of those affected by acute liver injury in 
COVID-19, they are associated with an increased 
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inflammatory state and a more severe disease 
course, including higher rates of intensive care 
unit (ICU) admission, mechanical ventilation, 
renal replacement therapy, and death.22–24 Other 
less common but more severe forms of liver dis-
ease, including acute liver failure and progressive 
cholangiopathy, have also been reported in the 
context of COVID-19 infection.25,26

Given the prevalence of hepatic involvement in 
COVID-19 and its potential for increased mor-
bidity and mortality, numerous studies have 
sought to characterize the clinical outcomes of 
COVID-19 in patients with preexisting CLD and 
cirrhosis. Compared to those without liver dis-
ease, patients with CLD are at increased risk of 
severe COVID-19 disease and death.1,2 Among 
individuals with CLD, patients with nonalcoholic 
fatty liver disease (NAFLD) are overrepresented 
among those hospitalized for COVID-19, 
accounting for up to 20% of admitted patients.27 
NAFLD has been identified as an independent 
risk factor for ICU admission and mechanical 
ventilation, consistent with other medical comor-
bidities associated with metabolic syndrome such 
as diabetes, hypertension, and cardiovascular dis-
ease.19,28 Specific predictors of mortality associ-
ated with COVID-19 mortality include 
alcohol-related liver disease, decompensated cir-
rhosis, and hepatocellular carcinoma.27 The rea-
son for increased mortality in these specific 
populations remains unclear but is suspected to 
be driven by a constellation of factors including a 
heightened baseline inflammatory state and 
impaired immune function.

Among patients with cirrhosis and COVID-19, 
multicenter studies across the United States, 
Europe, and China have found a mortality rate of 
up to 35%, significantly higher than in patients 
without cirrhosis.2–5 Furthermore, studies have 
consistently shown that increasing severity of 
liver disease is associated with increased mor-
tality in COVID-19. For example, in a multi-
center international cohort study of 745 
patients with CLD and COVID-19, increasing 
Child-Turcotte-Pugh (CTP) Class – indicating 
more severe underlying disease – was indepen-
dently associated with increased mortality.29 
Similarly, a retrospective study in Italy found 
that patients with higher presenting Model for 
End-Stage Liver Disease (MELD) and Chronic 
Liver Failure Consortium-Organ Failure scores 

experienced higher mortality rates.4 These find-
ings underscore the importance of recognizing 
cirrhosis, especially with severe disease, as a high-
risk comorbid condition when caring for patients 
hospitalized with COVID-19.

As in patients without liver disease, morbidity 
and mortality from COVID-19 among those with 
CLD are driven largely by cardiopulmonary com-
plications including respiratory failure, sepsis, 
and shock.29 This was demonstrated in a study 
comparing patients with cirrhosis hospitalized for 
COVID-19 to patients with cirrhosis hospitalized 
for bacterial infection; mortality was significantly 
increased in those hospitalized for COVID-19.4 
In another multicenter age- and gender-matched 
cohort study, patients with cirrhosis and COVID-
19 experienced higher rates of ICU admission, 
mechanical ventilation, and shock compared to 
those with cirrhosis alone, suggesting that patients 
with cirrhosis hospitalized for COVID-19 are 
more likely to develop complications related to 
the viral infection rather than their underlying 
disease.3 However, this study also found that 
patients with cirrhosis and COVID-19 experi-
enced higher mortality rates than those with 
COVID-19 without cirrhosis, but similar mortal-
ity rates compared to those with cirrhosis without 
COVID-19, suggesting that cirrhosis itself con-
tinues to drive high inpatient mortality rates.

Outcomes in LT recipients
LT recipients are faced with unique infectious 
complications compared to the general popula-
tion, particularly due to the use of immunosup-
pressive medications. As the prevalence of 
COVID-19 infection continues to grow world-
wide, there have been an increasing number of 
studies evaluating clinical outcomes of COVID-
19 in LT and other solid organ transplant (SOT) 
recipients. Early reports described an increased 
risk of severe disease and mortality in SOT recipi-
ents hospitalized for COVID-19 compared to 
non-transplant patients, with a mortality rate 
approaching 20%.30 Subsequent reports have 
identified a similar risk of death in SOT trans-
plant patients hospitalized for COVID-19, with a 
trend toward worse outcomes during the pan-
demic’s first wave, potentially skewed by early 
testing limitations leading to underrepresentation 
of mild or asymptomatic cases.31,32 Older age, 
male sex, and increasing BMI in the SOT 
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population are independently associated with 
increased mortality, paralleling what has been 
described in the general population.

Following these initial reports, larger studies have 
further refined our understanding of the relation-
ship between COVID-19 and LT specifically. 
Among LT recipients, several studies in the 
United States and Europe have described a mor-
tality rate nearing 20%, in line with rates seen 
among all SOT recipients (Table 1).33,34 In a 
multicenter cohort study across 18 countries, LT 
recipients with COVID-19 were hospitalized at 
similar rates compared to age- and gender-
matched non-transplant controls but experienced 
higher rates of ICU admission and mechanical 
ventilation.34 In this and other studies, LT did 

not significantly increase the risk of death in 
patients with COVID-19, but older age and med-
ical comorbidities – including renal dysfunction 
and non-liver cancer – did.34–36 In a systematic 
review of 1481 LT recipients from 17 studies, 
there was no difference in mortality among LT 
recipients hospitalized for COVID-19 when com-
pared to non-transplant patients with similar 
comorbidities.37 Another meta-analysis of 12 
studies comprising 517 LT recipients hospital-
ized for COVID-19 found that time since LT did 
not significantly impact the risk of death.38 In all, 
despite initial concerns that immunocompro-
mised transplant recipients would be more 
severely impacted by COVID-19, non-transplant-
associated medical comorbidities seem to drive 
clinical outcomes.

Table 1. Outcomes of COVID-19 among LT recipients.

Study Cohort and comparator group Outcomes in LT group

Becchetti et al.39

June 2020
- 57 LT recipients
- No comparator group
- 12 centers across Europe

- Mortality rate of 12.0%
-  Immunosuppression reduction in 38.6% and discontinuation 

in 7.0% of patients, without impact on clinical outcomes

Colmenero et al.15

August 2020
- 111 LT recipients
-  Comparator group: matched patients 

without LT
- 25 centers in Spain

- Mortality rate of 18.0%
- Severe disease in 31.5% of patients
-  Increased risk of severe disease with mycophenolate but not 

calcineurin inhibitors or everolimus

Webb et al.34

August 2020
- 151 LT recipients
-  Comparator group: 627 patients 

without LT
- International registry

- Mortality rate of 18.5%
- ICU admission in 28% of patients
-  Increased age, serum creatinine, and non-liver cancer were 

associated with death
- LT not associated with death

Mansoor et al.40

September 2020
- 126 LT recipients
-  Comparator group: propensity score-

matched patients without LT
- U.S. health research network

- Risk of hospitalization 40.0%
- No increased risk of mortality, thrombosis, or ICU admission

Rabiee et al.33

September 2020
- 112 LT recipients
-  Comparator group: age- and gender-

matched patients with CLD without LT
- 15 centers in the United States

- Mortality rate of 22.3%
- Acute liver injury in 34.6% of patients
-  Immunosuppression changes not associated with acute liver 

injury or mortality

Belli et al.16

March 2021
- 103 LT recipients
- No comparator group
- 56 centers across Europe

- Mortality rate of 15.0%
- Increased age associated with death
- Tacrolimus use associated with survival

Jayant et al.38

April 2021
-  Meta-analysis of 12 studies 

comprising 517 LT recipients
- Mortality rate of 20.0%
- Immunosuppression change in 38.0% of patients
- Time since transplant not an independent risk factor of death

(Continued)
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COVID-19 prevention in patients with CLD 
and LT
There has been significant interest in under-
standing and optimizing preventive measures, 
particularly vaccination, to reduce the risk of 
SARS-CoV-2 infection and severe COVID-19 
disease in patients with CLD, cirrhosis, and 
LT. Studies of vaccine efficacy include those 
assessing serologic immune response and those 
evaluating real-world outcomes including inci-
dent SARS-CoV-2 infection, hospitalization, or 
mortality.

Immune response to vaccination
Patients with CLD have been found to have 
decreased response to vaccination against other 
infections, such as hepatitis B virus (HBV).43 In 
response to SARS-CoV-2 vaccination, rates of 
initial antibody seroconversion in patients with 
CLD appear to be comparable to those in healthy 
controls; however, patients with CLD have a 
more rapid decline in antibody levels over time.6,44 
A systematic review and meta-analysis of 19 stud-
ies including 1700 LT recipients, 1624 patients 
with CLD, and more than 800 healthy controls 
compared pooled rates of detectable humoral 
immune response to SARS-CoV-2 vaccination 
and found no difference between patients with 
CLD and healthy controls, or between cirrhotic 
and non-cirrhotic patients.45 The study found 
that immune response depended on vaccine type, 
with two doses of mRNA vaccine yielding positive 

humoral immune response in 99% of patients 
with CLD, compared to 91% in those who 
received inactivated vaccines.45 In studies evalu-
ating spike-specific T-cell response to vaccina-
tion, on the other hand, patients with CLD had a 
significantly lower response than healthy controls, 
but a significantly greater response than LT 
recipients.7 Therefore, it has been posited that 
despite comparable antibody seroconversion 
rates, ineffective T-cell response may result in 
decreased protection from SARS-CoV-2 in 
patients with CLD and LT compared to healthy 
controls.

Consistent with prior studies of response to non-
SARS-CoV-2 vaccination in SOT recipients, LT 
recipients are significantly less likely to demon-
strate an immune response to COVID-19 vacci-
nations than healthy controls. Antibody 
seropositivity rates after two vaccine doses range 
from 38.7% to 71% for LT recipients.8,46–51 Risk 
factors for a poor immunologic response in SOT 
recipients overall and in LT recipients specifically 
have included diabetes mellitus and specific 
immunosuppressant exposures including 
mycophenolate, high-dose prednisone, or two or 
more immunosuppressant agents concur-
rently.8,45,49,52 Interestingly, calcineurin inhibitors 
(CNIs), older age, and short time from vaccina-
tion to transplant were also found to be risk fac-
tors for failed response to SARS-CoV-2 
vaccination among SOT recipients in general,9 
but have not consistently been found to be risk 

Study Cohort and comparator group Outcomes in LT group

Dumortier et al.41

July 2021
-  67 inpatient and 37 outpatient LT 

recipients
- No comparator group
- French nationwide registry

- Mortality rate of 20.0% overall (28.1% in hospitalized patients)
- Severe disease in 33.0% of all patients
- Increased age associated with death

Kulkrani et al.37

August 2021
-  Meta-analysis of 18 studies 

comprising 1522 LT recipients
- Mortality rate of 17.4%
- Graft dysfunction in 2.3% of patients
-  No difference in mortality between those infected within 

1 year versus after 1 year following LT

Shafiq and Gibson42

June 2022
- 39 LT recipients
-  Comparator group: 78 patients without 

LT of similar age, demographics, and 
comorbidities

- Single-center study

-  No difference in hospitalization, length of stay, need for 
supplemental oxygen, effect on liver enzymes, or death

CLD, chronic liver disease; ICU, intensive care unit; LT, liver transplant.

Table 1. (Continued)
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factors among LT recipients in particular.45 A 
third dose of mRNA vaccine has been found to 
increase antibody titers as well as T-cell response 
in SOT recipients.53,54

Clinical outcomes after vaccination
Beyond laboratory-based assays of immune 
response, studies of clinical outcomes in patients 
vaccinated against SARS-CoV-2 have largely 
demonstrated that vaccination is effective in pre-
venting severe COVID-19 in patients with CLD. 
In a propensity-matched cohort study of Veterans 
Affairs patients with cirrhosis, those who received 
at least one dose of an mRNA vaccine had a mod-
est reduction in incident COVID-19 infection 
and a 100% reduction in COVID-19-related hos-
pitalization or death. Subgroup analyses also 
demonstrated a greater risk reduction in COVID-
19 infection among patients with compensated 
cirrhosis, compared to those without decompen-
sated cirrhosis.55 A case series drawing from inter-
national reporting registries of patients with CLD 
or LT who had received at least one vaccine dose 
prior to testing positive for SARS-CoV-2 found 
that all severe COVID-19 cases were patients 
who had received a single dose within the preced-
ing 1–2 weeks. Among LT recipients who had 
received two vaccine doses, no breakthrough 
infections resulted in mechanical ventilation, 
ICU admission, or death.56

Protection against SARS-CoV-2 infection in 
SOT recipients may vary according to vaccine 
type, though findings have not been consist-
ent.57,58 Studies have demonstrated that SOT 
recipients have greater protection against severe 
COVID-19 after three doses of mRNA vaccine 
than after two doses, although the efficacy of vac-
cination still does not reach that of immunocom-
petent controls.59 Further data regarding 
long-term protection against SARS-CoV-2 and 
severe COVID-19 afforded by fourth or booster 
doses in patients with CLD and LT are needed.

Vaccination recommendations
Current vaccination recommendations vary 
slightly among countries. The European 
Association for the Study of the Liver (EASL) 
recommends that patients with CLD or LT 
receive three doses of any SARS-CoV-2 vaccine, 
one of which can be replaced by SARS-CoV-2 

infection, with consideration of a fourth dose in 
LT recipients or in patients with CLD who 
received initial doses in short intervals. The 
American Association for the Study of Liver 
Diseases (AASLD) recommends that any vaccine 
with a U.S. Food and Drug Administration 
(FDA) Emergency Use Authorization (EUA) 
may be used, in accordance with Centers for 
Disease Control recommendations,60 but prefer-
entially recommends mRNA vaccines for primary 
vaccination series. The AASLD recommends two 
doses of mRNA vaccines for patients with CLD 
and three doses for LT recipients, as well as 
mRNA boosters 2 months after completion of the 
primary series.61,62

Liver-related vaccination safety and adverse 
effects
Liver-related adverse effects following SARS-
CoV-2 vaccination have been rare. While these 
are important to evaluate in post-vaccination 
monitoring, they should not deter immunization 
efforts. In the largest case series to date, 275 cases 
of liver-related adverse events following SARS-
CoV-2 vaccination were identified. More than 
half of these were cases of autoimmune hepatitis 
(AIH), the majority of which were new onset 
cases with only a few being confirmed relapses or 
occurring in patients with other preexisting liver 
disease. The median time to presentation was 
14 days after vaccination, the majority occurred 
following mRNA vaccinations, and cases were 
highly responsive to standard treatment with ster-
oids and azathioprine.63 The long-term risk of 
further relapse is not yet known.

In addition to AIH, portal vein thrombosis has 
been infrequently observed following SARS-
CoV-2 vaccination. This has been seen predomi-
nantly in middle-aged females without preexisting 
liver disease, with median time to presentation 
10 days after vaccination. Nearly 90% occurred 
with adenovirus vector vaccination.63 Even less 
common liver-related adverse effects reported 
include transaminase elevations without further 
specified explanation and splanchnic vein throm-
bosis. Four cases of post-vaccination acute liver 
failure have been reported, including one case in 
a LT recipient who required re-transplantation.63 
Six cases of post-vaccination acute cellular rejec-
tion in LT recipients have been reported, all of 
whom recovered.64–67
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Passive immunization and pre-exposure 
prophylaxis
The neutralizing monoclonal antibody combina-
tion tixagevimab/cilgavimab was shown to effec-
tively reduce the risk of SARS-CoV-2 infection in 
unvaccinated patients,68 including SOT recipi-
ents.10 As such, the AASLD recommended tixa-
gevimab/cilgavimab treatment in LT recipients 
with contraindications to vaccination (e.g. history 
of severe adverse reaction), and the EASL recom-
mended treatment in immunocompromised 
patients, including those with decompensated cir-
rhosis.61,62 However, emerging variants were 
found not to be neutralized by tixagevimab/cil-
gavimab, prompting the FDA to rescind its EUA, 
suspending its use in the United States.69

Management of COVID-19 in patients with 
CLD and LT
The approach to management of COVID-19 in 
CLD patients and LT recipients largely resem-
bles that in the general population, with special 
attention to medication interactions, adverse 
effects, and hepatic clearance. As in the treat-
ment of all comers with COVID-19, manage-
ment of early or mild illness is aimed at limiting 
viral replication, while interventions for severe or 

prolonged disease target the inflammatory 
response to SARS-CoV-2. Special treatment con-
siderations for patients with CLD and LT are 
summarized in Figure 1.

Antiviral treatment
Considerations regarding specific antiviral thera-
pies in patients with CLD and LT are detailed 
below. Large-scale data in these patients are lim-
ited, as they were excluded from most initial drug 
trials.

Nirmatrelvir/ritonavir is an oral combination pro-
tease inhibitor that can significantly reduce the 
risk of COVID-19-related hospitalization or 
death in patients treated within 5 days of symp-
tom onset, and has been approved for use in 
patients with mild-to-moderate COVID-19 who 
are at risk for disease progression.11 Nirmatrelvir 
300 mg with ritonavir 100 mg twice daily for 
5 days, initiated as soon as possible after COVID-
19 diagnosis, is recommended.11 Ritonavir has 
hepatic clearance and is not recommended in 
patients with CTP Class C cirrhosis. Ritonavir is 
also an inhibitor of cytochrome P450 3A4 
(CYP3A4), limiting its use in patients receiving 
CNI, mammalian target of rapamycin inhibitors 

Figure 1. Available treatments for COVID-19 and special considerations for patients with CLD and LT.
CLD, chronic liver disease; LT, liver transplant; NIV, noninvasive ventilation.
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(mTORi), or direct-acting antiviral agents for 
hepatitis C virus (HCV).12

Molnupiravir is an oral nucleoside analog (NA) 
shown to reduce COVID-19-related hospitaliza-
tion and mortality in patients without a supple-
mental oxygen requirement when given within 
5 days of symptom onset.13 Molnupiravir 800 mg 
twice per day for 5 days, initiated within 5 days of 
symptom onset, is recommended.70 No drug 
interactions relevant to CLD patients or LT 
recipients have been reported, and there are no 
liver disease-specific contraindications.

Remdesivir is an intravenous NA prodrug that 
has been shown to reduce the risk of hospitaliza-
tion and death in patients with mild-to-moderate 
COVID-19 who are at high risk for progression to 
severe disease, including hospitalized patients 
requiring minimal supplemental oxygen.12,71,71 
Remdesivir 200 mg on day 1, followed by 100 mg 
daily for 3 days in non-hospitalized patients and 
for 5 days in hospitalized patients is recom-
mended.73 Patients may develop elevated ami-
notransferases during therapy. LFT monitoring is 
recommended during treatment with remdesivir, 
and the medication should be discontinued if ala-
nine aminotransferase (ALT) rises to more than 
10 times the upper limit of normal.

A variety of monoclonal antibodies have been 
used for both prevention and treatment of mild-
to-moderate COVID-19 in unvaccinated patients 
and those with suboptimal vaccination response. 
The presence of new viral variants with mutations 
in the spike protein has made it difficult to predict 
the efficacy of these therapies for emerging domi-
nant strains. Bebtelovimab was previously recom-
mended for COVID-19 treatment for LT 
recipients by the AASLD and the EASL, but its 
EUA was revoked by the FDA due to limited effi-
cacy with emerging strains.74,75 Monoclonal anti-
bodies do not carry specific safety concerns 
relating to CLD or LT.

Immunomodulatory treatment
With severe COVID-19, treatments targeting 
the inflammatory response are used in place of 
antiviral therapies. Immunomodulatory treat-
ments have been found to improve mortality, 
but come with additional considerations in 
patients with CLD – particularly those with 
HBV infection – as well as LT recipients taking 

immunosuppressants. Corticosteroids, specifi-
cally dexamethasone, have been found to have a 
significant mortality benefit among hospitalized 
patients with COVID-19, particularly those 
requiring mechanical ventilation.76 In addition to 
risks of non-SARS-CoV-2 infection and uncon-
trolled hyperglycemia, patients with HBV infec-
tion bear the additional potential risk of HBV 
reactivation with the use of high-dose steroids.77 
HBV surface antigen (HBsAg) and core antibody 
(anti-HBc) should be checked prior to adminis-
tration, and HBsAg-positive patients should have 
HBV DNA levels monitored and receive NA 
therapy. Anti-HBc-positive patients should also 
have HBV DNA levels monitored and should 
receive NA therapy if detectable.61

More targeted immunomodulatory therapies 
used for critically ill COVID-19 patients who are 
already receiving corticosteroids can be beneficial 
in patients with CLD and LT. Baricitinib, a Janus 
kinase (JAK)-1 and -2 inhibitor, was found to 
reduce mortality in hospitalized patients with 
COVID-19 treated with corticosteroids, without 
a significant increase in adverse events.78,79 A the-
oretical increased risk of bacterial super-infection 
in immunocompromised patients has been pro-
posed.61 JAK inhibitors as a class have been asso-
ciated with mild, transient transaminase elevations 
and LFT monitoring is recommended, but barici-
tinib itself has not been linked to significant liver 
injury.80 HBV reactivation is also a known risk, 
and testing and treatment, if indicated, are 
recommended.61,77,81

Tocilizumab, an interleukin-6 inhibitor, was 
found to reduce all-cause mortality in patients 
with COVID-19 when added to corticosteroids.82 
It is associated with mild, transient ALT eleva-
tions as well as rare, severe liver injury. LFTs 
should be monitored during treatment with toci-
lizumab, and treatment should be stopped if ALT 
elevations greater than five times the upper limit 
of normal are observed.83 There is a risk of HBV 
reactivation, and serologies should be checked 
prior to treatment initiation.61 Data on outcomes 
following tocilizumab use among SOT or LT 
recipients are mixed, with some studies showing 
shortened hospital stay but others showing no 
impact on ICU admission or mortality.14,84–86 
The risk of concomitant non-SARS-CoV-2 infec-
tion in patients treated with tocilizumab has 
ranged widely in studies of non-SOT patients 
with COVID-19, ranging from 5% to 50%,14,87,88 
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and data on bacterial super-infection in patients 
with CLD or LT are lacking.

Antithrombotic treatment
Coagulopathy is recognized as a major contribu-
tor to disease severity in COVID-19. Therapeutic 
anticoagulation or intensified prophylaxis has not 
been demonstrated to impact mortality, major 
venous thromboembolism (VTE) events, or 
major organ failure in the general population of 
patients with COVID-19, but therapeutic dosing 
has been associated with increased risk of bleed-
ing complications.89 Despite historical concerns 
about increased bleeding risk in patients with 
CLD, patients with CLD are known to be at 
increased risk of VTE,90 and anticoagulation in 
CLD patients has not been associated with 
increased bleeding complications.91 In the setting 
of COVID-19, patients with cirrhosis who 
received VTE prophylaxis were not found to have 
an increase in major bleeding events.4

Immunosuppression management after LT
Immunosuppressant management in SOT recipi-
ents with COVID-19 must balance the benefits of 
protective immune activation with the risks of 
excessive inflammation and transplant rejection.61 
In the early phases of the COVID-19 pandemic, 
SARS-CoV-2 infection frequently led to changes 
in immunosuppressive regimens in patients with 
LT. In a European study including 57 LT recipi-
ents, immunosuppression was reduced in 39% of 
patients and discontinued in 7% of patients.39 
Subsequent data from the U.S. multicenter 
COVID-19 in CLD consortium found that 
immunosuppression was modified in 49% of LT 
recipients with COVID-19, particularly in those 
who had severe illness requiring ICU admission, 
mechanical ventilation, or vasopressors.33 In these 
studies, change in immunosuppression – most 
commonly discontinuation of mycophenolate – 
was not associated with adverse outcomes includ-
ing acute liver injury or mortality.33,41 In fact, a 
prospective study of 111 LT recipients with 
COVID-19 found that baseline immunosuppres-
sion containing mycophenolate was an independ-
ent predictor of severe COVID-19 infection, 
especially at doses greater than 1000 mg/day, 
potentially due to a synergistic effect of mycophe-
nolate and COVID-19 on T lymphocytes.15,92 In 
contrast, CNI and mTORi have not been associ-
ated with COVID-19 severity and are thought to 

have a neutral or even beneficial impact on dis-
ease course.16,93–95 CNI use has been associated 
with improved survival among LT recipients with 
COVID-19,16 although these patients were 
younger and had fewer comorbidities. CNIs 
may have direct antiviral properties and mTORi 
are also postulated to suppress COVID-19 rep-
lication directly.95,96 As such, CNI and mTORi 
are not routinely modified in patients with 
COVID-19, as supported by major society 
recommendations.61,62

Overall, current evidence suggests that the man-
agement of immunosuppression in LT recipients 
with COVID-19 should be tailored to the indi-
vidual needs of each patient. For those with severe 
COVID-19 infection or at high risk of disease pro-
gression, reduction in immunosuppression may 
be appropriate; in such cases, it may be reasonable 
to preferentially decrease the dose of mycopheno-
late. This management strategy is supported by 
major society recommendations.61,62 In patients 
receiving tacrolimus, special attention should be 
placed on monitoring medication levels, as 
COVID-19 has been shown to increase serum tac-
rolimus concentrations in SOT recipients.16

Trends in liver transplantation in the 
COVID-19 era
LT activity has been significantly and variably 
impacted since the start of the COVID-19 pan-
demic. Globally, there was an initial decline in LT 
volume, but the degree of this initial reduction as 
well as return to pre-COVID-19 transplant volume 
has varied significantly with subsequent waves of 
COVID-19 and with heterogeneous local 
responses. During the first year of the COVID-19 
pandemic, both the length of waitlists and waitlist 
mortality generally increased compared to 2019, 
albeit with significant geographic variability.97,98 An 
international retrospective study of 22 nationwide 
transplant cohorts comparing the early COVID-19 
era in 2020 to the analogous period in 2019 found 
a reduction in LT volume by 11% (ranging from 
+9% to −57%) in 2020, and an estimated 7370 
waitlisted patient life-years lost. Regions with 
greater proportion of living donation experienced a 
more substantial decrease in LT volume.97

In the United States, there was a 38% initial 
reduction in LT volume in early 2020 compared 
to 2019,17 but only a 1.2% decrease in LT vol-
ume by the end of 2020.18,98 Figure 2 shows 
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weekly LT volume (a) and waitlist additions (b) 
in the United States based on Organ Procurement 
and Transplantation Network (OPTN) data since 
the beginning of 2020, and demonstrate an over-
all stabilization in liver transplantation activity 
since the early pandemic period. There have 
remained slight seasonal reductions in LT vol-
ume corresponding to rises in COVID-19 cases 
during ‘waves’ of the pandemic.99 Rates of living 
donor LT (LDLT) in particular remained persis-
tently decreased and have still not returned to 
pre-pandemic levels in 2022.99,100

The increase in alcohol use and alcohol-related 
liver disease (ALD) associated with the COVID-
19 pandemic have significantly influenced LT in 
the United States. Frequency of alcohol con-
sumption and heavy drinking, particularly for 
women, increased early in the pandemic com-
pared to the year before.101 Similar trends were 
seen in other parts of the world, with increases in 
harmful alcohol consumption in China as well as 
increased high-risk drinking in the setting of fewer 
abstinence resources in England.102,103 This trend 
corresponded with a rise in prevalence and sever-
ity of ALD,104,105 resulting in significant increases 
in LT waitlist additions and transplants for an 
indication of ALD.18,106 By the end of 2020, ALD 
accounted for 40.1% of all LT listings, more than 
HCV and nonalcoholic steatohepatitis combined. 
ALD patients presented with higher acuity of ill-
ness than patients with other LT indications and 
were more likely to be listed and transplanted 
with MELD above 30. The greatest increases in 
ALD-related listing and transplantation were 
seen among young adults.106 Waitlist registrations 
and LT for acute alcohol-related hepatitis (AH) 
also nearly doubled in 2020 compared to 2019, 
surpassing pre-COVID-19 trends and correlating 
with retail alcohol sales.107,108 The rise in listings 
and transplants for AH was most pronounced 
among women.107 Despite potential challenges of 
transplanting more patients with ALD, 3-month 
post-LT patient survival has not changed relative 
to the pre-COVID era and remains above 96%.18

SARS-CoV-2 testing and prevention 
considerations in LT candidates and 
recipients

LT candidate testing
The AASLD and the American Society of 
Transplantation (AST) currently recommend 

testing for SARS-CoV-2 prior to transplantation, 
regardless of vaccination status. If candidates 
have active COVID-19 infection, transplantation 
is usually not recommended, but exactly how 
long after infection is the ideal time to undergo 
transplantation is not yet well defined.109,110 
Concerns about transplanting patients with active 
COVID-19 include increased surgical risk and 
risk of worsening COVID-19 illness with the ini-
tiation of immunosuppression. The COVIDSurg 
and GlobalSurg Collaboratives found that sur-
geries performed at least 7 weeks after COVID 
diagnosis had the same mortality risk as those 
without prior COVID infection.111 The AST rec-
ommends deferring transplantation until the 
candidate has complete symptom resolution and 
ideally a negative respiratory tract PCR test. 
When candidates have persistently positive PCR 
tests following symptom resolution, it can be par-
ticularly difficult to determine when transplanta-
tion is safest; in these cases, the AST and AASLD 
suggest that quantitative cycle threshold testing 
and/or local infectious diseases expertise be 
utilized.109,110

Figure 2. (a) Weekly liver transplant volume and 
(b) weekly liver transplant waitlist additions in 
the United States between 5 January 2020 and 
16 October 2022 based on data from the Organ 
Procurement and Transplantation Network.
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Deceased donor testing
Similar to candidate testing, it is recommended 
that all donors be screened for signs and symp-
toms of COVID-19 and undergo a PCR test no 
more than 72 h prior to organ procurement.110 
The risk of SARS-CoV-2 transmission via LT is 
not known. A review of United Network for 
Organ Sharing data from March 2020 to 
December 2021 identified 106 LTs from SARS-
CoV-2-positive donors. LT recipients from 
SARS-CoV-2-positive donors had shorter length 
of stay after transplant, but higher rate of graft 
rejection before discharge, compared to LT recip-
ients from SARS-CoV-2-negative donors. By 
30 days post-LT, no difference in graft failure or 
mortality was found.112 A study of 147 LTs from 
SARS-CoV-2-positive donors also found no dif-
ference in overall graft survival at 6 months com-
pared to LTs from SARS-CoV-2-negative 
donors.113 Post-transplant liver biopsies from 10 
consecutive recipients from SARS-CoV-2-
positive donors did not demonstrate the presence 
of viral particles in any recipients.114 Altogether, 
there is growing evidence that LT using SARS-
CoV-2-positive donors may be safe. This is 
reflected in current AST and OPTN guidance on 
deceased donor testing. Respiratory tract PCR 
testing within 72 h of procurement is recom-
mended and organs from COVID-19-positive 
organs can be considered after appropriate patient 
counseling.110,115 Further studies of long-term 
outcomes following LT with SARS-CoV-2-
positive donors will be needed to inform stand-
ardized protocols.

Living donor considerations
LDLT volume in the United States was heavily 
impacted by the COVID-19 pandemic. Given the 
additional consideration of donor safety, supple-
mentary protections have been considered. The 
AST currently recommends that living donors 
undergo respiratory tract PCR testing within 72 h 
of donation. Vaccination, including booster 
doses, is strongly encouraged, but not universally 
required. Other recommended preventative strat-
egies including masking, physical distancing, and 
hand hygiene, while self-quarantine for 14 days 
prior to scheduled LDLT should be strongly con-
sidered. At present, the AST recommends against 
performing LDLT using SARS-CoV-2-positive 
donors and instead recommends deferring dona-
tion until 6 weeks after COVID-19 illness, at 
which point excess surgical risk and active viral 

replication are thought to be limited. If interval 
PCR testing remains positive, local infectious dis-
ease expertise consultation is recommended.110

Vaccination mandates
Decisions by some centers to enforce manda-
tory SARS-CoV-2 vaccination for transplant 
candidates and living donors was one of the 
most publicized issues facing the transplant 
community. Transplant center policies regard-
ing vaccination mandates are highly heterogene-
ous across the United States, with 35% of 
centers reporting a SARS-CoV-2 vaccination 
mandate for transplant candidates and only a 
small fraction of those centers mandating vac-
cination for living donors.116 Neither the AST 
nor the AASLD currently recommends univer-
sal vaccination mandates.109,117

Conclusion
COVID-19 has introduced a significant burden 
of morbidity and mortality in patients with CLD, 
cirrhosis, and LT. As the pandemic has evolved 
and especially with the development of novel vac-
cines and medications, COVID-19 can be effec-
tively prevented and treated in patients with CLD 
and LT. Several specific considerations apply in 
these patients, including extended vaccination 
series and attention to treatment regimen drug 
interactions and adverse effects. Trends and poli-
cies in liver transplantation have also been sub-
stantially impacted by the pandemic. As 
understanding of SARS-CoV-2 transmission and 
risk have evolved, academic societies have issued 
specific guidance to standardize SARS-CoV-2 
testing and management leading up to LT, 
although questions regarding SARS-CoV-2-
positive organ donors, transplant timing after 
resolved recipient COVID-19 infection, and uni-
versal vaccination mandates remain. Further 
studies evaluating long-term clinical outcomes in 
patients with CLD and LT will help to guide 
future practice.
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