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ABSTRACT
Knowledge on SARS- CoV- 2 infection and its resultant 
COVID- 19 in liver diseases has rapidly increased during 
the pandemic. Hereby, we review COVID- 19 liver 
manifestations and pathophysiological aspects related 
to SARS- CoV- 2 infection in patients without liver disease 
as well as the impact of COVID- 19 in patients with 
chronic liver disease (CLD), particularly cirrhosis and liver 
transplantation (LT). SARS- CoV- 2 infection has been 
associated with overt proinflammatory cytokine profile, 
which probably contributes substantially to the observed 
early and late liver abnormalities. CLD, particularly 
decompensated cirrhosis, should be regarded as a risk 
factor for severe COVID- 19 and death. LT was impacted 
during the pandemic, mainly due to concerns regarding 
donation and infection in recipients. However, LT did 
not represent a risk factor per se of worse outcome. 
Even though scarce, data regarding COVID- 19 specific 
therapy in special populations such as LT recipients 
seem promising. COVID- 19 vaccine- induced immunity 
seems impaired in CLD and LT recipients, advocating 
for a revised schedule of vaccine administration in this 
population.

COVID-19: LIVER MANIFESTATIONS AND 
PATHOPHYSIOLOGICAL ASPECTS
Hepatic manifestation of COVID-19 infection in 
patients without liver disease
It has been recognised in the very first clinical 
reports on COVID- 19 that the liver is affected by 
SARS- CoV- 2 infection. Early clinical studies have 
claimed that SARS- CoV- 2 infection was accom-
panied by acute liver injury (ALI) as reflected by 
an increase especially in aspartate aminotrans-
ferase (AST) and less in alanine aminotransferase 
(ALT).1–4 Elevated transaminases affected up to 
50% of infected subjects and clearly correlated with 
severity of disease.5 Transaminase elevation during 
COVID- 19 is mostly mild and reversible and eleva-
tions are usually <5 times the upper limit of normal 
in up to 80% of infected patients.6 Severe ALI 
(>20 upper limit of normal transaminase levels) 
is uncommon occurring in <0.1% of infected 
patients.7 ALI reflected by increased transami-
nases and bilirubin was related to disease severity 
and poor outcome of COVID- 19.8 Increases in 
gamma glutamyl transferase (γGT) and alkaline 
phosphatase (AP) are less frequently observed and 
found more in the later course of disease, whereas 
moderate increases in AST, ALT and bilirubin are a 
very common feature in COVID- 19 disease.9 Rare 
cases of acute liver failure caused by SARS- CoV- 2 
have been reported.10 Other rare clinical case 
presentations with liver involvement include febrile 

hepatitis,11 acute cholecystitis with detection of 
viral RNA in the gallbladder wall,12 hepatic artery 
thrombosis13 or an entity called post- COVID- 19 
cholangiopathy, which is characterised by severe 
cholestasis and structural bile duct alterations 
after recovering from life threatening disease.14–16 
Interestingly, there have been a very few reports 
suggesting that COVID- 19 infection might reflect 
‘a final hit’ leading to de novo manifestation of 
immune- mediated liver disease such as primary 
biliary cholangitis (PBC) (one case)17 or autoim-
mune liver disease (two cases).18

Detection of SARS-CoV-2 in the liver: is it really 
there?
As one of the key host receptors for this virus, 
that is, ACE2 is expressed in the liver, especially 
in cholangiocytes, it has been assumed in the early 
phase of the pandemic that SARS- CoV- 2 might be 
detectable in the liver.19 Liver progenitor cells also 
express the SARS- CoV- 2 priming molecule trans-
membrane serine protease 2 (TMPRSS2).20 Wang 
and colleagues detected in postmortem liver biop-
sies from two subjects by performing ultrastruc-
tural examination via electron microscopy typical 
coronavirus particles in the cytoplasm of hepato-
cytes.21 Another early study described hepatic 
steatosis, ductular fibrosis, acute liver cell necrosis, 
lobular cholestasis, central vein thrombosis and 
lymphocytic infiltrates as key features in an autopsy 
study of COVID- 19.22 Chornenkyy and colleagues 
reported detection of SARS- CoV- 2 by RT- PCR 
using formalin- embedded liver tissue and mild 
focal portal tract inflammation.23 A larger study 
investigated liver tissues from 60 patients.24 SARS- 
CoV- 2 was detected at RNA and/or protein levels 
(nucleocapsid–protein) in 22% of patients and 2/5 
bile samples were positive for SARS- CoV- 2 RNA. 
Besides macrovesicular and microvesicular steatosis, 
microthrombotic pathology dominated in the liver 
accompanied by activation of intrahepatic stem 
cell compartment and features of aberrant regen-
eration.24 Not all liver histopathological studies 
showed detectable virus particles in the liver.25 In 
this autopsy study, 42% of patients (n=24) exhib-
ited evidence of severe hepatic necrosis, obviously 
a key histological feature besides macrovesic-
ular/microvesicular steatosis, data which are also 
supported by a recent systematic review.26 Inter-
estingly, certain viral antigens (nucleocapsid and 
spike protein) were detectable in the liver up to 6 
months after recovering from COVID- 19 disease.27 
A single- cell atlas study investigating autopsy tissue 
samples observed that viral RNAs are enriched in 
mononuclear phagocytes and endothelial lung cells 
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but viral RNA was not detectable in the heart, liver or kidneys.28 
Wanner and colleagues detected SARS- CoV- 2 viral RNA in 69% 
of 45 autopsy cases and, furthermore, were able to isolate infec-
tious SARS- CoV- 2 from 2 out of 3 autopsy livers and lungs, 
proposing potential infectivity of postmortem liver tissue.29 
Therefore, there exists some evidence that SARS- CoV- 2 might 
infect the liver at least in severe COVID- 19 disease.

Pathophysiological concepts: a ‘cytokine storm’ is attacking 
the liver
It remains unclear whether hepatic involvement during 
COVID- 19 reflects a direct cytopathic effect of the virus, an 
exaggerated systemic immune response or a combination of 
insults, including drug- induced liver injury (figure 1). COVID- 19 
disease is associated with a ‘cytokine storm’ and a massive acute- 
phase reaction defined by the release of very high levels of the 
proinflammatory cytokines, tumour necrosis factor (TNF), inter-
leukin 1 (IL- 1) and IL- 6 paralleled by very high levels of C reac-
tive protein (CRP) and ferritin.30 The nature of this ‘cytokine 
storm’ is still poorly understood. SARS- CoV- 2 is able to activate 
C- type lectins and Tweety family member 2 by the spike protein 
on myeloid cells resulting in a strong proinflammatory cytokine 
response.31 A large- scale single- cell transcriptome atlas revealed 
that SARS- CoV- 2 was found in both epithelial and immune cells, 
and megakaryocytes and certain monocytic cells in the periph-
eral blood were identified as major cytokine producers.32 SARS- 
CoV- 2 spike protein interacts with the CD42 receptor to activate 
platelets and thereby promotes platelet–monocyte interactions 

via P- selectin/PGSL- 1 and CD40L/CD40 to result in a hyper-
cytokine secretion by monocytes.33 Another involved pathway 
as key driver of systemic inflammation by this virus could 
reflect complement hyperactivation controlled by the interferon 
(IFN)–Janus kinase 1/2 (JAK1/2)–STAT1 signalling system and 
NF- kB.34 Hyperinflammatory severe lung disease in COVID- 19 
can be due to mutations that affect type I IFN immunity35 or 
autoantibodies against type I IFNs36 proposing that this disease 
has features of an autoimmune disease caused by deficient type 
I IFN immunity.37 The importance of the IFN pathway has also 
been shown in severe COVID- 19 (autopsy cases), where livers 
exhibited a significant upregulation of type I and II IFN response 
and IFN- related JAK–STAT signalling.29 Overt inflammation and 
cytokine activation in this disease may also contribute to vascular 
damage accompanied by endothelial injury, hypercoagulation 
and arterial/venous embolism paralleled by activation of various 
immune cells and platelets finally causing clot formation.38 39

Several studies have now reported that ALI correlates with 
degree of systemic inflammation as for example reflected by 
high- sensitivity CRP (hsCRP) values.40 41 In a large cohort of 
patients with COVID- 19, systemic inflammation as detected by 
increased levels of IL- 6, hsCRP or ferritin was highly correlated 
with degree of ALI as assessed by AST levels.42 This does, 
however, not rule out a direct cytopathic effect of SARS- CoV- 2 
onto the liver but proposes that systemic inflammation might 
contribute to ALI. Such a concept is also supported by the fact 
that AST elevations take place very early in the course of infec-
tion. Increased cholestatic enzymes (γGT and AP) in the later 

Figure 1 Pathophysiological concepts of SARS- CoV- 2 liver infection. SARS- CoV- 2 infection is frequently associated with ALI evidenced by increased 
transaminases in patients without and with prior liver disease. Key host receptors for this virus such as ACE2 receptor and the SARS- CoV- 2 co- receptor 
transmembrane serine protease 2 (TMPRSS2) are expressed on various liver cells such as hepatocytes, cholangiocytes, immune cells or liver progenitor 
cells. ALI is associated with increased hepatic and systemic cytokine production such as IL- 1, TNF or IL- 6. Furthermore, severe SARS- CoV- 2 infection 
is characterised by an upregulation of hepatic type I and II IFN response and associated JAK–STAT signalling. Monocytes and macrophages are 
considered the major cytokine producers in the so called ‘cytokine storm’ frequently observed in SARS- CoV- 2 infection. Massive cytokine production 
contributes to liver cell death. ALI, acute liver injury; ALT, alanine aminotransferase; AST, aspartate aminotransferase; JAK, Janus kinase; IFN, interferon; 
IL- 1, interleukin 1; IL- 6, interleukin 6; TNF, tumour necrosis factor.
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course of disease might also be mediated by massive systemic 
inflammation as proinflammatory cytokines cause hepatocellular 
cholestasis by downregulation of hepatobiliary uptake and excre-
tory systems.43 To summarise, SARS- CoV- 2 infection has been 
associated with a highly unusual and overt proinflammatory 
cytokine profile, that is, ‘cytokine storm’, suggesting that this 
tremendous proinflammatory attack contributes substantially to 
observed early and late hepatologic abnormalities, although it 
can currently not be ruled out that a direct cytopathic effect of 
this virus also contributes to early pathologies (figure 1).

Key messages box
COVID-19: liver manifestations and pathophysiological aspects

 ► Elevated transaminase affects up to 50% of infected subjects 
and correlates with severity of disease.

 ► Severe ALI is rare and correlates to disease severity and poor 
outcome of COVID- 19.

 ► Cholestatic pattern is less frequent in COVID- 19 and found 
more in the later course of disease.

 ► Liver injury during SARS- CoV- 2 infection is probably multi-
factorial, including mechanisms as direct cytopathic effect of 
the virus, exaggerated systemic immune response, vascular 
damage and coagulopathy and drug- induced liver injury.

COVID-19 IN PATIENTS WITH CHRONIC LIVER DISEASE
Cirrhosis
Outcomes
With the onset of the pandemic, the hepatology community 
worked quickly to define the risk of SARS- CoV- 2 acquisition 
and adverse COVID- 19 outcome conferred by pre- existing 
chronic liver disease (CLD). Data from large case series and 
population- level electronic healthcare records during the first 
global surge suggested that patients with CLD and cirrhosis were 
not over- represented, implying that these conditions did not 
increase susceptibility to infection.44 45 Indeed, one large North 
American study found that patients with cirrhosis had lower risk 
of SARS- CoV- 2 positivity, which likely reflected heightened vigi-
lance, increased testing and greater patient adherence to public 
health advice.46 However, once infected, it has become clear 
that patients with cirrhosis are at an increased risk of adverse 
COVID- 19 outcomes, including death. This has been established 
through multiple strands of evidence, including international 
registry findings, large observational cohorts and population- 
level data.

Overall, mortality in patients with cirrhosis following SARS- 
CoV- 2 infection was found to be 32% in a large registry cohort 
of 729 patients across 29 countries with case fatality incremen-
tally increasing with each Child- Pugh (CP) class (CLD without 
cirrhosis: 8%, CP- A: 19%, CP- B: 35%, CP- C: 51%).47 Similar 
stepwise trends were observed in the rates of intensive care 
unit (ICU) admission, renal replacement therapy and inva-
sive mechanical ventilation. Furthermore, the risk of mortality 
in those with decompensated cirrhosis (CP- B and CP- C) was 
significantly elevated compared with contemporaneous patients 
without cirrhosis testing positive for SARS- CoV- 2 after matching 
for age and comorbidity. Reports of high COVID- 19 mortality 
in cirrhosis have also been replicated both in an exclusively 
Asian registry48 and in several multicentre cohort studies across 
different geographical regions.49–51 In a retrospective study in 
Northern Italy during the early phase of the pandemic, Iavarone 
et al reported a 30- day mortality of 30%, which was signifi-
cantly higher than a historical cohort of patients with cirrhosis 
hospitalised with bacterial infection.49 Outcome data in patients 

with CLD across 21 North American institutions also found that 
decompensated (but not compensated) cirrhosis was an indepen-
dent risk factor for death.50 This study also found a sevenfold 
increased risk of death from COVID- 19 in patients with hepa-
tocellular carcinoma (HCC) compared with the rest of the CLD 
cohort suggesting that this population may be uniquely suscep-
tible to complications of SARS- CoV- 2 infection. Subsequently, a 
large retrospective French cohort of >259 000 inpatients with 
COVID- 19, including >15 000 with pre- existing CLD, demon-
strated that patients with decompensated cirrhosis were at an 
increased adjusted risk for COVID- 19 mortality.52 These find-
ings contrast with one nationwide Swedish CLD cohort which 
failed to demonstrate significant associations between cirrhosis 
and COVID- 19- related mortality.53 However, this study only 
included patients with a histologically proven CLD diagnosis 
prior to 2017, and, therefore, advanced liver disease may be 
under- represented owing to this group not being subjected 
to biopsy or dying before the start of the pandemic. Lastly, 
population data derived from the electronic health records 
of >6 million UK adults have indicated an elevated adjusted HR 
for both hospitalisation and death from COVID- 19 in patients 
coded as having cirrhosis.54 Taken together, cirrhosis, and partic-
ularly decompensated cirrhosis, should be regarded as a risk 
factor for severe COVID- 19 and death.

Clinical course and longer-term prognosis
The clinical course of COVID- 19 in patients with cirrhosis has 
several hallmarks (figure 2). First, acute hepatic decompensa-
tion is a common presenting feature occurring in up to 46% of 
patients, typically with new or worsening ascites and/or hepatic 
encephalopathy (HE).47 In 20%–58% of cases, this can occur in 
the absence of typical respiratory symptoms of COVID- 19.47 49 
Presentation with GI symptoms is more frequent in patients with 
CLD than matched controls47 and is associated with a more 
severe disease trajectory in those with cirrhosis,50 a phenomena 
which is replicated in the general population55 and thought to 
be related to greater gut permeability, electrolyte disturbance 
and systemic inflammatory burden. Acute- on- chronic liver 
failure (ACLF) is also well recognised, being reported in up to 
12%–50%47–49 51 of patients with decompensated cirrhosis and 
COVID- 19. Several well- established prognostic scoring models 
have been applied to cirrhosis in the context of COVID- 19 
with CLIF- C ACLF score and CLIF organ failure scores outper-
forming MELD, NACSELD and Child- Pugh score in Interna-
tional and Latin American cohorts, respectively.47 56 Indeed, 
the chances of recovery diminish rapidly in parallel with organ 
support requirements. For example, patients with Child- Pugh C 
cirrhosis have only a 21% chance of survival if admitted to ICU, 
dropping to 10% in the event of mechanical ventilation.47

Despite SARS- CoV- 2 infection triggering acute hepatic 
decompensation, the ultimate cause of death in patients with 
cirrhosis is predominantly respiratory failure (71%) followed 
by liver- related complications (19%).47 There are likely to be 
multiple overlapping mechanisms linking hepatic dysfunction 
and lung injury, including cirrhosis- associated immune dysfunc-
tion, coagulopathy and altered pulmonary dynamics secondary 
to ascites and HE.57 Given that gut microbiota composition has 
been shown to modulate the host immune response to COVID- 
19,58 it is plausible that dysbiosis and intestinal permeability 
associated with cirrhosis may also have a deleterious impact, 
although this remains to be specifically defined. Interestingly, the 
hallmarks of decompensated cirrhosis, including renin–angio-
tensin–aldosterone system activation, endothelial dysfunction 
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and systemic inflammation, are all mirrored in the pathophys-
iology of COVID- 19.59 These changes also drive disordered 
coagulation and in a large nationwide cohort study in France, 
Mallet et al reported a modest but significant increase in rates of 
pulmonary emboli in CLD versus patients with non- CLD with 
COVID- 19, which was associated with mortality.52 In addition, 
this study introduced the concept of limited ‘therapeutic effort’ 
for patients with cirrhosis and alcohol- related liver disease 
(ArLD), whereby a these patients had a lower chance of mechan-
ical ventilation and a higher risk of death. This is echoed in inter-
national registry data reporting large geographical variability 
in rates of ICU admission for patients with CLD and cirrhosis 
despite similar country- by- country rates of mortality (available as 
conference abstract only).60 Therefore, the elevated COVID- 19 
mortality in cirrhosis may be accounted for both by biological 
factors and the nuances of healthcare delivery. Alongside the 
direct effects of SARS- CoV- 2 infection on patients with cirrhosis, 
the pandemic has had a widespread collateral impact on patients 
due to disruptions in healthcare provision. This has resulted in 
delayed presentation and hospitalisation of sicker patients with 
advanced cirrhosis, increased liver- related mortality and a reduc-
tion in overall patient satisfaction.59 61 The strain on healthcare 
resources and prioritisation of social distancing has also led to 
interrupted HCC surveillance programmes leading to delayed 
presentation and increased tumour size at diagnosis compared 
with the pre- pandemic era.62 63

Despite COVID- 19 in patients with cirrhosis being associ-
ated with a high immediate risk of death, in those who survive 
the initial insult, rates of mortality and re- admission at 90 days 
appear comparable to those with cirrhosis alone.64 Therefore, 
following the acute infective period, SARS- CoV- 2 infection 
does not seem to precipitate liver disease progression beyond 
the natural history of cirrhosis. Nonetheless, hepatic MRI 
changes, including increased T1 signalling, elevated fat frac-
tion and hepatomegaly, have been detected in 10%–28% of 
otherwise healthy patients up to 4 months after recovery from 
acute COVID- 19.65 66 The longer- term clinical implications of 
these radiological features following COVID- 19 remains to 
be determined in patients with and without underlying CLD. 

Furthermore, these hepatic changes may not be specific to 
COVID- 19 and may also be present in patients recovering from 
other severe systemic insults, although this remains underex-
plored and is not accounted for in current studies.

It is important to stress that much of our understanding of 
the disease course in patients with COVID- 19 and CLD or 
cirrhosis is derived from studies conducted in the era preceding 
COVID- 19 vaccination and the emergence of viral variants, 
including Delta and Omicron. Notably, the effect of the highly 
prevalent Omicron variant in patients with CLD and cirrhosis, 
and the modifying impact of vaccination in these individuals, 
remains to be elucidated.

Non-alcoholic fatty liver disease
The impact of non- alcoholic fatty liver disease (NAFLD) on 
COVID- 19 outcomes has been heavily scrutinised due to its high 
global prevalence and associations with well- established risk 
factors for severe COVID- 19, including obesity, type 2 diabetes 
(T2D), cardiovascular disease and hypertension.44 However, 
deciphering an independent effect of NAFLD on COVID- 19 
disease course has been challenging due to multiple confounding 
cofactors, reverse causality from SARS- CoV- 2- induced steatosis 
and heterogeneity in diagnostic criteria and populations inves-
tigated. As a result, findings from clinical studies have been 
inconsistent. Several observational cohorts have demonstrated 
a significant increase in the risk of severe COVID- 19 in patients 
with NAFLD,67–69 which is corroborated by two meta- analyses 
of epidemiological studies.70 71 In contrast, NAFLD was found 
not being significantly associated with severe COVID- 19 or 
death after controlling for comorbidities in a Middle Eastern 
cohort.72 Several groups have also demonstrated a lack of 
association between gene variants associated with NAFLD 
(PNPLA3, TM6SF2, MBOAT7 and GCKR) and severe COVID- 
19.73 74 Indeed, one study using UK biobank data observed a 
possible protective immunomodulatory effect of PNPLA3, with 
the rs738409 G allele being associated with a reduced risk of 
COVID- 19 mortality and hospitalisation.74 Two- step Mendelian 
randomisation techniques have also proven useful in examining 

Figure 2 COVID- 19 in patients with cirrhosis. This figure summarises the clinical presentation and disease trajectory in patients with COVID- 19 
and cirrhosis and outlines possible underlying pathogenic mechanisms and available treatment options. ACLF, acute- on- chronic liver failure; HCC, 
hepatocellular carcinoma; HE, hepatic encephalopathy; mAb; monoclonal antibodies; RAS, rening–angiotensin–aldosterone. Figure made using 
biorender.com.
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the causal relationships between NAFLD and COVID- 19 
susceptibility and severity. This approach uses genetic variants 
as instrument variables to draw causal inferences between risk 
factors and health outcomes thereby overcoming challenges with 
confounding. Using large genome wide association datasets of 
European ancestry, Mendelian randomisation has revealed no 
evidence to support a causal relationship between NAFLD and 
development and severity of COVID- 19.75 It, therefore, appears 
unlikely that the presence of NAFLD alone significantly impacts 
the disease course and outcome from COVID- 19, although these 
patients are likely to be more vulnerable overall due to the pres-
ence of comorbidity and the risk of underlying cirrhosis.

Alcohol-related liver disease
Both international registry data and multicentre studies have 
identified ArLD as having independent associations with 
COVID- 19 mortality after controlling for important cofactors, 
including liver disease severity.47 50 52 The precise mechanisms 
through which alcohol consumption and ArLD impact on the 
pathogenesis of COVID- 19 remain unclear, although may 
be underpinned by functional immunosuppression and poor 
nutritional status. In addition, as with cirrhosis, patients with 
ArLD and COVID- 19 in a large retrospective French cohort 
were found to be significantly less likely to receive mechanical 
ventilation.52 This negative association was far greater than that 
observed with any other comorbidity or category of Charlson 
Comorbidity Index suggesting that mortality in hospitalised 
patients with ArLD and COVID- 19 may partly be explained by 
differential allocation of healthcare resources. These findings are 
alarming particularly since the incidence of harmful drinking, 
ArLD and alcohol- related hospital admissions has dramatically 
increased since the onset of the pandemic.76

Autoimmune liver disease
Understanding the clinical impact of pre- existing immunosup-
pression in COVID- 19 remains complex. Various concerns have 
been raised in specific disease groups; for example, the use of 
maintenance corticosteroids and thiopurines has been associated 
with more severe disease in patients with rheumatoid conditions 
and inflammatory bowel disease, respectively.77 78 In contrast, 
the disease course in patients on immunosuppression following 
solid organ transplantation (SOT), including liver transplanta-
tion (LT), appears similar to non- immunosuppressed individuals 
(discussed below).79 80 Interval meta- analyses also suggested 
immunosuppressed patients are not at significantly increased 
risk of SARS- CoV- 2 infection or severe COVID- 19.81 82

In an international cohort of 70 patients with autoimmune 
hepatitis (AIH) and COVID- 19 (86% immunosuppressed), there 
were no differences in rates of major adverse outcomes, including 
hospitalisation, ICU admission and death compared with those 
with other aetiologies of liver disease.83 When compared with 
patients without liver disease in propensity score matched anal-
ysis, patients with AIH had higher rates of hospitalisation but no 
increased risk of ICU admission or death. Importantly, indepen-
dent risk factors for death in patients with AIH with COVID- 19 
were age and baseline liver disease severity but not the use of 
immunosuppression. Similar findings were reported in a multi-
centre cohort of 110 patients with AIH who also had comparable 
outcomes to other liver disease types despite high rates of immu-
nosuppression.84 However, a larger retrospective study from the 
same group, including 254 patients with AIH with COVID- 19, 
did show that baseline treatment with systemic glucocorticoids 
(median dose: 5 mg/day) or azathioprine (median dose: 75 mg/

day) was associated with COVID- 19 severity compared with no 
treatment.85 Data for patients with PBC and primary sclerosing 
cholangitis (PSC) are limited, although one nationwide study 
in Spain did observe a higher cumulative incidence of hospital-
isation and mortality in patients with PBC compared with the 
general population although interpretations are limited by the 
lack of adjustment for comorbidities.86

Key messages box
COVID-19 in patients with CLD

 ► Cirrhosis, and particularly decompensated cirrhosis, should 
be regarded as a risk factor for severe COVID- 19 and death.

 ► Clinical features of COVID- 19 in patients with cirrhosis 
include acute hepatic decompensation mostly with new or 
worsening ascites and HE, ACLF and GI symptoms.

 ► The cause of death in patients with cirrhosis is predominantly 
respiratory failure followed by liver- related complications.

 ► Regarding specific aetiologies of liver disease, NAFLD alone 
probably does not significantly impact COVID- 19 course 
and outcome, although these patients are likely to be more 
vulnerable due to presence of at- risk comorbidity.

 ► ArLD has been associated with COVID- 19 mortality after 
controlling for relevant cofactors, including baseline liver 
disease severity.

 ► Immunosuppressed patients with autoimmune liver disease 
do not seem having a worse prognosis compare to other liver 
disease aetiologies.

COVID-19 AND LIVER TRANSPLANT
The COVID- 19 pandemic deeply affected SOT and among 
others, LT. On the one hand, clinicians had to manage SARS- 
CoV- 2 infections in both patients on the LT waiting list and 
recipients, while on the other hand they had to deal with poten-
tial SARS- CoV- 2 positive donor offers. Both of these issues 
represented unprecedented challenges for all healthcare practi-
tioners working in this field (table 1).

Worldwide, there was an initial decline in LT activity across all 
transplant centres. In the USA, suspension of live donor trans-
plantation were 68% in March 2020, while restrictions/suspen-
sion of deceased donor transplantation reached 73%.87 Despite 
a low response rate (about 23%), data from a web- based survey, 
including three global areas (North, Central and South America, 
Europe and the rest of the world), showed significant differ-
ences in the number of candidates on the waiting list between 
the early pandemic and the pre- pandemic periods, as well as the 
number of LTs performed.88 These trends from the early phase 
likely reflected caution about the safety of LT recipients and a 
reallocation of human and instrumental resources dedicated to 
COVID- 19 healthcare. Later, as the activity of LT centres grad-
ually turned to normality, increasing waitlist registration rates 
were reported in the USA, where LT rates from deceased donors 
even exceeded those in 2019.89 These data could be related to 
the relevant increase in the listing rate for LTs with alcoholic 
aetiology as an indirect effect of the COVID- 19 pandemic itself 
due to widespread increase in harmful alcohol consumption.90 91 
For example, combined public health data from 18 population 
surveys in the UK demonstrated a 25% increase in alcohol sales 
and 59% increase in high- risk drinking habits in 2021 compared 
with 2020.92 Compared with the pre- pandemic period, Cholan-
keril et al reported a significant increase in both ArLD listing 
(+7.26%; p<0.001) and LT performed (+10.67%; p<0.001) 
during the pandemic. Interestingly, the greatest increase 
occurred in young adults (+33%) and in patients with severe 
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alcohol- associated hepatitis (+50%).91 Expanding the LT indica-
tion for acute alcoholic hepatitis in recent years93 94 has certainly 
contributed to this shift in the epidemiology of LT waiting lists. 
In the COVID- 19 era, aggravating factors such as the psycho-
logical burden and delays in healthcare have contributed to an 
increase in alcohol use disorder, as suggested by some reports.95

Recently, there has been a shift from an initial rejection of 
offers of SARS- CoV- 2 infected organs to a current use of such 
organs in the clinical practice of most centres, according to 
local protocols. This was supported by encouraging information 
on the safety profile and acquisition of SARS- CoV- 2.96 97 In a 
worldwide survey conducted at the end of 2020, only 12%–17% 
of the centres transplanted organs from previously SARS- CoV- 
2- infected donors.88 However, more recent data suggest that 
SOT from such donors may be feasible and safe, at least in the 
short- term follow- up.98 While active COVID- 19 still remains a 
clinical contraindication to both donation and allocation in stan-
dard activity, large- scale vaccination campaigns, more efficient 

therapies for COVID- 19, as well as the different penetrance of 
SARS- CoV- 2 variants are leading to the adoption of standardised 
protocols, tailored to available resources, for this particular 
allocation.99

SOT and, more specifically, LT recipients infected with SARS- 
CoV- 2 have drawn the attention of the scientific community since 
the beginning of the pandemic (figure 3). Although a relatively 
small population, these patients are in fact frequently exposed 
to healthcare facilities, burdened by several comorbidities, and 
exposed to immunosuppression therapy (IS). IS has proven to be 
a controversial topic from the outset as a possible worsening or 
conversely therapeutic approach for SARS- CoV- 2.100 Therefore, 
several studies aimed to investigate the clinical outcome and 
susceptibility to SARS- CoV- 2 infection of LT recipients to date. 
Susceptibility of LT recipients was reported higher in European 
cohorts from Spain.101 However, this apparent, increased suscep-
tibility could be a consequence of a low viral screening threshold 
for LT recipients. The clinical presentation of COVID- 19 in LT 

Figure 3 COVID- 19 in LT recipients. This figure summarises the clinical presentation and disease trajectory in patients with COVID- 19 and LT 
recipients. LT, liver transplantation.

Table 1 Unmet needs and possible action in the setting of LT

Unmet needs Possible actions

Allocation  ► SARS- CoV- 2 infected organs can be safely allocated in patients 
with former disease/vaccine induced immunity

 ► Implementation of specific protocols of allocation.
 ► Risk stratification.
 ► Evaluate the role of preemptive and post- exposure prophylaxis.
 ► Long- term surveillance and critical revision of the protocols

Clinical features  ► Has the new epidemiologic scenario (global vaccination, 
new variants with different penetrance and hybrid immunity) 
changed the clinical presentation of LT recipients with SARS- 
CoV- 2 infection?

 ► Are LT recipients at risk for post- acute COVID- 19 syndrome?

 ► Contemporary studies of the course of disease in different 
epidemiological eras.

 ► Post- acute COVID- 19 syndrome assessment

Therapeutic and clinical management  ► Is there any specific treatment tailored on LT recipients with 
both mild and severe COVID- 19?

 ► Is there any IS adjustment mandatory in LT recipient with 
SARS- CoV- 2 infection?

 ► Data on specific treatment/therapy for COVID- 19 in LT 
population.

 ► Special attention to drug–drug interaction.
 ► Evaluate the role of preemptive and post- exposure prophylaxis.
 ► Contemporary studies on IS adjustment in different 

epidemiological eras

Immunisation  ► What are the rates of severe reinfection in previously infected 
and then vaccinated LT recipients?

 ► Is the antibody assay an appropriate marker for assessing the 
immune response (both natural and induced) in LT recipients?

 ► Data on hybrid immunity.
 ► New markers/end points for evaluating immune response and 

its protective effect in LT recipients.

IS, immunosuppression; LT, liver transplantation.
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recipients does not seem dissimilar to that of patients with non- 
LT, with respiratory symptoms being the pivotal ones. However, 
several studies highlighted a higher rate of GI manifestations 
in this population than in patients with non- LT (30% vs 12%, 
respectively; p<0.0001),102 with rates of diarrhoea ranging from 
22% to 30% among the former.103

Outcomes after COVID- 19 in patients with SOT have often 
been reported and described as worse when compared with the 
general population.104 105 In a matched cohort of 2307 SOT recip-
ients (of whom 240 LT recipients) compared with 231 047 non- 
transplant patients with COVID- 19, the authors reported higher 
COVID- 19- related mortality for the SOT group. However, 
propensity- matched analyses revealed that this increased risk is 
secondary to the higher burden of comorbidities, whereas no 
difference was found in terms of intubation or mechanical venti-
lation at 30 days (relative risk (RR): 1.04; 95% CI 0.86–1.26) or 
60 days (RR: 1.03; 95% CI 0.86–1.24) between the 2 groups after 
adjustment for such confounders.105 Other reports confirmed 
that age and other comorbidities had a much greater impact 
on the outcomes than that conveyed by LT itself.101 102 106 107 

The ongoing knowledge on the interplay between LT and IS 
was further clarified by other reports. Indeed, a deleterious role 
of mycophenolate mofetil (MMF) was suggested by an initial 
experience in Spain, where IS containing MMF was found to be 
an independent predictor of severe COVID- 19 (RR: 3.94; 95% 
CI 1.59–9.74; p=0.003).101 On the other hand, a protective 
role of tacrolimus (TAC) was advocated in the European expe-
rience of Belli et al,108 where the use of TAC in the IS regimen 
had a positive independent effect on survival (HR 0.55; CI 
95% CI 0.31 to 0.99). A meta- analysis on the available literature 
concluded discouraging a complete withdrawal of IS in LT recip-
ients with COVID- 19, and suggested instead to consider MMF 
discontinuation and replacement with other IS regimens in 
selected cases, based on the severity of the disease.109 However, 
data regarding immunosuppression should be confirmed by 
independent and contemporary cohorts. Limiting aspects are in 
fact dosage, plasma levels and duration of intake that may have 
influenced these results.

Subsequently, the scientific community’s attention shifted to 
the immunological response, both humoral and T cell mediated, 
of LT recipients to SARS- CoV- 2. Early reports had particularly 
focused on the humoral response mediated by anti- nucleocapsid 
antibodies, detecting lower levels in LT recipients than in non- LT 
controls.110 However, this type of antibodies was later shown to 
be poorly involved in the actual response to infection.111 A more 
comprehensive report analysing antibodies against the nucleo-
capsid protein, spike protein of SARS- CoV- 2 and their neutral-
ising activity in LT recipients with confirmed SARS- CoV- 2 
infection (COVID- 19 LT) compared with immunocompetent 
patients (COVID- 19 immunocompetent) demonstrated that LT 
recipients, despite immunosuppression and less symptoms, were 
able to mount a detectable anti- nucleocapsid antibody titre in 
80% of the cases. When the anti- spike antibody response was 
considered, no difference in positivity rate was found between 
the COVID- 19- LT and COVID- 19- immunocompetent cohorts 
(97.1% vs 100%, p=0.314). Functional antibody testing showed 
neutralising activity in 82.9% of LT recipients versus 100% in 
COVID- 19- immunocompetent cohort (p=0.024).112 Anti- spike 
antibodies were also longitudinally monitored in the work of 
Caballero- Marcos et al. The authors showed no differences 
between COVID- 19- LT recipients and controls regarding the 
prevalence of anti- spike immunoglobulin (IgG) antibodies at 3 
(94.8% vs 96.8%; p=0.12) and 6 months after the infection 

(90.1% vs 94.4%; p=0.10), while a difference was observed at 
1 year (88.2% vs 100%; p=0.02), although the anti- spike titre 
was similar between the 2 groups at each interval time consid-
ered.113 On the other hand, the small reports available on the 
analysis of the T cell- mediated response in LT recipients showed 
detectable, although rapidly declining,114 SARS- CoV- 2 T cell- 
mediated immunity after a median of 3 months from COVID- 
19, with no meaningful differences with immunocompetent 
patients.115

Key messages box (figure 3)
COVID-19 and liver transplant

 ► Following an initial decline in transplant activity, there was 
then an increase during the pandemic. These trends could be 
related to the relevant increase in the listing rate for LTs with 
alcoholic aetiology as an indirect effect of the COVID- 19 
pandemic.

 ► Donors infected with SARS- CoV- 2 could represent a life-
saving opportunity to implement the donor pool. However, 
studies that include long- term follow- up are needed.

 ► In the early pandemic, LT recipient outcome was not neces-
sarily worse than that of the general population. In addi-
tion to the purely respiratory manifestations, GI symptoms 
should be investigated in patients with LT.

 ► The natural immunologic response to SARS- CoV- 2, both 
serologic and T cell mediated, in LT recipients appears to 
be only modestly reduced compared with that of healthy 
controls. However, some delay in mounting this response 
and a more rapid decline over time were observed.

TREATMENT OF COVID-19 IN LT RECIPIENTS AND PATIENTS 
WITH CLD
Considerable progress has also been made in the field of 
COVID- 19 treatment and the first experiences in SOTs appear 
promising. Nevertheless, there is minimal data on clinical 
outcomes among SOT recipients treated with differing therapies 
for COVID- 19. As a consequence, consensus guidelines recom-
mend that clinicians should treat SOT recipients with COVID- 19 
using a similar approach to non- transplant patients, considering 
steroids as valuable alternative to manage both COVID- 19 and 
IS adjustment, bearing in mind the importance of drug–drug 
interaction (table 2).116 Although very small, a positive appraisal 
was observed with tocilizumab,117 while experience with conva-
lescent plasma appeared less effective.118 In the field of antivi-
rals, small positive experiences with remdesivir119 are reported. 
However, the quality of these studies is burden by several limita-
tions (eg, small sample size and retrospective studies). Although 
very few data are available in the context of SOTs, the use of newly 
approved oral antivirals such as molnupiravir120 appears partic-
ularly promising. Paxlovid (co- packaged combination of nirma-
trelvir, a second- generation protease inhibitor, and ritonavir) 
is expected to strong interact with calcineurin and mammalian 
target of rapamicyn inhibitor. Therefore, there are recommen-
dations against co- administration.121–123 In a retrospective study, 
liver and kidney transplant recipients with COVID- 19 treated 
with monoclonal antibody (bamlanivimab or casirivimab- 
imdevimab) experienced lower hospitalisation rate from 32% 
to 15% (p=0.045) and no mortality (13% vs 0%, p=0.04).124 
Another report from the Mayo Clinic group confirmed compa-
rable favourable effect in SOT, additionally reporting 10 adverse 
events potentially attributable to monoclonal antibody therapy, 
none rated as severe.125 The Food and Drug Administration has 
recently issued an Emergency Use Authorization (EUA) for the 
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Table 2 Drugs fully authorised or authorised for emergency use in COVID- 19 (table updated in mid- February 2022)121 160 161

Drugs Clinical indication and approval Special consideration for LT

Antiviral   

Remdesivir
(nucleotide analogue)

EMA Hospitalised adults and adolescents* with pneumonia requiring supplemental 
oxygen (between 5 days and maximum 10 days) and in adults who do not require 
supplemental oxygen, treatment should be initiated as soon as possible after 
COVID- 19 is diagnosed and within 7 days after symptoms appear (3 days).
Approved the treatment also in paediatric population

 ► Not recommended if eGFR <30 mL/min due to concern 
for accumulation.

 ► Discontinue if ALT levels increase to >10 times the upper 
limit of normal, or if ALT elevation with signs/symptoms 
of liver injury.

 ► No interaction with IS expectedFDA Adults and adolescents* and who are hospitalised, or are not hospitalised and 
have mild- to- moderate COVID- 19, and are at high risk for progression to severe 
COVID- 19, including hospitalisation or death and authorised for emergency use 
for the treatment of COVID- 19 in paediatric patients weighing 3.5 kg to less 
than 40 kg or paediatric patients less than 12 years of age and weighing at least 
3.5 kg with positive results of direct SARS- CoV- 2 viral testing and who (1) are 
hospitalised or (2) are not hospitalised and have mild- to- moderate COVID- 19, and 
are at a high risk for progression to severe COVID- 19, including hospitalisation or 
death

Nirmatrelvir/ritonavir
(protease inhibitors)

EMA Treatment of mild- to- moderate COVID- 19 in adults and adolescents* with 
positive results of direct SARS- CoV- 2 viral testing, and who are at a high risk for 
progression to severe COVID- 19, including hospitalisation or death

 ► Strong interaction with CNIs and mTOR inhibitor. 
Therefore, recommendation against co- administration

FDA Treatment of mild- to- moderate COVID- 19 in adults and adolescents* with 
positive results of direct SARS- CoV- 2 viral testing, and who are at a high risk for 
progression to severe COVID- 19, including hospitalisation or death (authorised for 
emergency use)

Molnupiravir
(oral prodrug of beta- D- N4- 
hydroxycytidin)

EMA Application for marketing authorisation  ► No interactions with IS expected

FDA Adults with mild- to- moderate COVID- 19 tested positive to direct SARS- CoV- 2 
viral testing who are at a high risk for progressing to severe COVID- 19, including 
hospitalisation or death, and for whom alternative COVID- 19 treatment options 
approved or authorised by FDA are not accessible or clinically appropriate 
(authorised for emergency use)

Monoclonal antibody   

Tocilizumab
(anti- IL- 6 receptor)

EMA Adults who are receiving treatment with oral/intravenous corticosteroid and 
require extra oxygen or mechanical ventilation (breathing assisted by a machine)

 ► Potential weak interaction with CNIs.
 ► Consider over- IS in these patients when co- administered 

with IS drugsFDA Hospitalised adults and paediatric patients (2 years of age and older) who are 
receiving systemic corticosteroids and require supplemental oxygen, non- invasive 
or invasive mechanical ventilation, or ECMO (authorised for emergency use)

Regdanvimab
(anti- spike protein)

EMA Adults who do not require supplemental oxygen and who are at increased risk of 
their disease becoming severe

 ► No data available

FDA Not approved

Bamlanivimab/etesevimab
(anti- spike protein)

EMA Withdrawal from the rolling review process  ► No interactions with IS expected.
 ► High costs and administration in healthcare settings 

by qualified healthcare professional with access to 
medications to treat infusion reactions.

 ► Concerns are due to the decreased susceptibility of 
SARS- CoV- 2 variants (ie, Omicron)

FDA Adults and adolescents* with mild- to- moderate COVID- 19 tested positive to 
direct SARS- CoV- 2 viral testing, and who are at high risk for progression to severe 
COVID- 19, including hospitalisation or death.
Due to the high frequency of the Omicron variant, bamlanivimab and etesevimab 
are not currently authorised in any US region. Therefore, these drugs may not be 
administered for treatment or post- exposure prevention of COVID- 19 under the 
EUA

Casirivimab/imdevimab
(anti- spike protein)

EMA Adults and adolescents* who do not require supplemental oxygen and who are at 
increased risk of their disease becoming severe. The medicine can also be used to 
prevent COVID- 19.

 ► No interactions with IS expected.
 ► High costs and administration in healthcare settings 

by qualified healthcare professional with access to 
medications to treat infusion reactions.

 ► Concerns are due to the decreased susceptibility of 
SARS- CoV- 2 variants (ie, Omicron)

FDA Adults and adolescents* with mild to moderate COVID- 19 tested positive to direct 
SARS- CoV- 2 viral testing, and who are at a high risk for progression to severe 
COVID- 19, including hospitalisation or death. Due to the high frequency of the 
Omicron variant, casirivimab/imdevimab is not currently authorised in any US 
region. Therefore, casirivimab/imdevimab may not be administered for treatment 
or post- exposure prevention of COVID- 19 under the EUA

Sotrovimab
(anti- spike protein)

EMA Adults and adolescents* who do not require supplemental oxygen and who are at 
an increased risk of the disease becoming severe

 ► No interactions with IS expected.
 ► High costs and administration in healthcare settings 

by qualified healthcare professional with access to 
medications to treat infusion reactions

FDA Adults and adolescents* with mild- to- moderate COVID- 19 tested positive to direct 
SARS- CoV- 2 viral testing, and who are at a high risk for progression to severe 
COVID- 19, including hospitalisation or death (authorised for emergency use)

Tixagevimab/cilgavimab
(anti RBD- domain)

EMA Currently under rolling review.  ► No interactions with IS expected

FDA Pre- exposure prophylaxis for prevention of COVID- 19 in adults and adolescents:
Who are not currently infected with SARS- CoV- 2 and who have not had a known 
recent exposure to an individual infected with SARS- CoV- 2 and

 ► Who have moderate to severe immune compromise due to a medical 
condition or receipt of immunosuppressive medications or treatments and 
may not mount an adequate immune response to COVID- 19 vaccination or

 ► For whom vaccination with any available COVID- 19 vaccine, according to the 
approved or authorised schedule, is not recommended due to a history of 
severe adverse reaction (eg, severe allergic reaction) to a COVID- 19 vaccine(s) 
and/or COVID- 19 vaccine component(s)

Kinase inhibitors   

Continued
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investigational long- acting monoclonal antibodies, tixagevimab 
and cilgavimab, for pre- exposure prophylaxis of COVID- 19 in 
subjects that have either a history of severe allergy to tolerate the 
vaccine or moderate/severe immune compromission, comprising 
SOT.126 Although there is a lack of data on this specific topic, 
pre- exposure prophylaxis seems particularly appealing in a 
context of preventive strategies.

Safety and efficacy data relating to novel and emerging 
COVID- 19 therapies in patients with CLD and cirrhosis are 
limited. However, there are some specific considerations, which 
may influence choice of treatment agent in these patient groups. 
Despite Paxlovid trials demonstrating no increased risk of liver 
biochemistry abnormalities compared with placebo,127 both the 
nirmatrelvir and ritonavir component of this drug undergo exten-
sive metabolism by hepatic cytochrome P450 enzymes leading to 
concerns about drug accumulation and toxicity in patients with 
decompensated cirrhosis. This is consistent with well- established 
concerns regarding the use of similar protease inhibitors in 
patients with decompensated HCV cirrhosis.128 Conversely, there 
is currently no reason to suspect that molnupiravir or remdesivir 
are particularly unsafe in patients with cirrhosis and clinical trials 
to date have not demonstrated any significant increased risk of 
hepatic adverse events with these medications compared with 
placebo.129–131 Passive immunisation using monoclonal anti-
bodies may also be an attractive treatment option for patients 
with cirrhosis early in the disease course owing the increased 
likelihood of suboptimal humoral responses to COVID- 19 
vaccination (discussed below). If available, early testing of SARS- 
CoV- 2 spike IgG antibody titres following a positive COVID- 19 
diagnosis may help clinical decision- making, with the greatest 
therapeutic benefit likely to be observed in seronegative indi-
viduals. Promising immunomodulatory therapies in the setting 
of established COVID- 19 include JAK1/2 inhibitors (JAKI) (eg, 
baricitinib) and IL- 6 receptor antagonists (eg, tocilizumab). Use 
of these agents in clinical trials for rheumatoid conditions have 
revealed an association with liver biochemistry abnormalities 
and should, therefore, be used with caution in patients with 
CLD and COVID- 19 alongside close monitoring of liver param-
eters.132 133 Importantly, HBV reactivation has been documented 
with the use of JAKI and tocilizumab and, therefore, patients 
should be screened for HBsAg and anti- HBc prior to treatment 
initiation in order to guide decisions around prophylactic nucle-
oside analogue therapy.134 135

Key messages box
Treatment of COVID-19 in LT recipients and patients with CLD

 ► Safety and efficacy data relating to novel and emerging 
COVID- 19 therapies in patients with CLD, cirrhosis and LT 
are limited. For LT, concerns are also related to drug interac-
tions with immunosuppressive therapy.

 ► Considering antivirals drugs particular attention should 
be paid to co- packaged combination of nirmatrelvir and 

ritonavir. In patients with cirrhosis caution should be used, 
whereas in LT recipients should not co- administer with 
immunosuppressants due to their strong interactions.

 ► Monoclonal antibodies have seemed very promising; 
however, the spread of newer variants (eg, Omicron) has 
made them less effective. Pre- exposure prophylaxis seems 
particularly promising in a context of preventive strategies 
in LT recipients and patients with cirrhosis, although there 
is a lack of data.

 ► HBV reactivation has been documented with the use of 
baricitinib and tocilizumab and therefore patients should 
be screened for HBsAg and anti- HBc prior to treatment 
initiation.

VACCINATION AGAINST SARS-COV-2 IN PATIENTS WITH 
LIVER DISEASE
The rapid and large- scaled introduction of mRNA vaccines 
changed the pandemic trajectory protecting the population 
against severe COVID- 19. When it comes to discuss vaccination 
against COVID- 19 in patients with CLD and LT, two aspects 
have to be considered, namely, safety and efficacy. Regarding 
safety, vaccines against COVID- 19 are not live vaccines and, 
therefore, can be used in immunosuppressed patients and 
patients with CLD and LT are not at higher risk of vaccination- 
related complications. Several case reports documented an eleva-
tion of the liver tests after vaccination,136 rarely some of these 
patients developed a clinically apparent hepatitis with features 
of AIH and in one case with antimitochondria antibodies.137 138 
It is yet unclear whether this side effect is associated with an 
underlying immune- mediated disease and predictive parameters 
remain to be identified.

Regarding efficacy, the disease behaviour of COVID- 19 is 
known to be substantially attenuated in vaccinated compared 
with unvaccinated individuals including those with CLD and LT. 
In a retrospective analysis of US veterans with cirrhosis, recep-
tiont of even a single mRNA vaccine dose not only reduced rates 
of SARS- CoV- 2 infection and but markedly improved rates of 
hospitalisation and death in those developing breakthrough 
COVID- 19.139 These benefits should help cirrhotic patients to 
accept the vaccination. The same authors found that two doses 
of COVID- 19 mRNA vaccine were associated with a lower inci-
dence of COVID- 19 infection, symptomatic COVID- 19 and 
COVID- 19- related death in LT recipients.140 In patients with 
CLD and LT recipients, vaccination against SARS- CoV- 2 appears 
to result in favourable outcomes as attested by the absence of 
mechanical ventilation, ICU or death among fully vaccinated 
patients.141 Therefore, AASLD and EASL recommend prioritisa-
tion for vaccination of patients with CLD, including those with 
immune- mediated liver diseases, HCC and LT recipients.142 143 
Treatment of underlying liver disease does not have to be with-
held while receiving COVID- 19 vaccination. LT candidates 
should receive the mRNA COVID- 19 prior transplantation, if 

Drugs Clinical indication and approval Special consideration for LT

Baricitinib
(JAK1/2 inhibitor)

EMA Application for marketing authorisation (authorised in Europe for other indication)  ► Potential interaction expected with CNIs.
 ► Not recommended in patients with severe hepatic 

impairment.
 ► Renal dosing required

FDA Hospitalised adults and paediatric patients who are 2 years of age or older 
requiring supplemental oxygen, non- invasive or invasive mechanical ventilation, 
or ECMO
(authorised for emergency use)

*12 years of age and older and weighing at least 40 kg.
CNIs, calcineurin inhibitors; ECMO, extracorporeal membrane oxygenation; eGFR, estimated glomerular filtration rate; EMA, European Medicines Agency; EUA, Emergency Use Authorization; FDA, 
Food and Drug Administration; IL- 6, interleukin 6; IS, immunosuppression; JAK, Janus kinase; LT, liver transplantation; mTOR, mammalian target of rapamycin.

Table 2 Continued
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possible, to improve their immune response. COVID- 19 vacci-
nation is recommended in stable LT recipients as early as 6 weeks 
post- LT and immunosuppression should bot be reduced because 
of the vaccination.

In CLD and LT recipients, vaccine- induced immunity seems 
different compared with the general population as several 
reports confirmed a low humoral144 145 and T cell- mediated146 
response. In the general population, the antibody response 
after two doses of the anti- SARS- CoV- 2 mRNA Pfizer- 
BioNTech BNT162b2 and Moderna−1273 vaccines is excel-
lent147 148; however, it is unsatisfactory in patients with LT and 
with CLD,146 149 150 with the exception of NAFLD.151 In case 
of AIH, the response to SARS- CoV- 2 vaccine appears to be 
impaired in comparison to PBC and PSC even in the absence of 
immunosuppression.152

Immunogenicity after receiving the second Pfizer- BioNTech 
BNT162b2 SARS- CoV- 2 vaccine dose among LT recipients 
was significantly lower with positive serology in only 47.5% 
(p<0.001). Antibody titre was also significantly lower in 
this group (mean: 95.41 AU/mL vs 200.5 AU/mL in controls, 
p<0.001).144 Thuluvath et al found that 61.3% of LT recipients 
and 24% of those with CLD (with or without cirrhosis) had poor 
antibody responses (undetectable or suboptimal).153 Guarino et 
al reported that 3 months after 2 doses of BNT162b2 mRNA 
vaccine 75% of 492 LT recipients had detectable antibodies 
(anti- spike protein); however, the titre was significantly lower 
than in the control group. Multivariate analysis revealed that 
factors associated with non- response were older age, shorter 
time from LT and IS with antimetabolites.154 A booster dose of 
an mRNA vaccine may increase significantly the neutralisation 
antibody titres against the new SARSCoV- 2 B.1.1.159 Omicron 
variant as it does in the general population.155 A booster dose 
of mRNA anti- SARS- CoV- 2 vaccines in LT recipients appears to 
be immunogenic and safe.156 157 The results of these studies on 
immunological response appear promising when contextualised 
in the current pandemic setting where hybrid immunity (medi-
ated by infection and vaccine) becomes increasingly frequent. 
Encouraging data are available on the attenuation of severe 
forms in vaccine- LT- treated patients.158 However, considering 
that several reports have confirmed a low humoral- mediated 
and T cell- mediated response in patients with CLD and LT, a 
revised schedule of vaccine administration was advocated in 
these populations.159

Key messages box
Vaccination against SARS-CoV-2 in patients with liver disease

 ► Vaccination in patients with liver disease is generally consid-
ered safe and effective and should, therefore, be strongly 
recommended.

 ► Vaccination- related complications include elevation of the 
liver tests. Cases of hepatitis with features of AIH have been 
reported; however, the causative relationship needs to be 
elucidated.

 ► Regarding efficacy, the disease behaviour of COVID- 19 is 
known to be substantially attenuated in vaccinated compared 
with unvaccinated individuals including those with CLD 
and LT, however vaccine- induced immunity seems lower 
compared with the general population as several reports 
confirmed a low humoral- mediated and T cell- mediated 
response.

 ► Revised vaccine schedules, including boosting with addi-
tional doses, seem promising in increasing humoral response 
in these populations.

CONCLUSION
In a matter of few months, the amount of knowledge collected 
on COVID- 19 in the field of hepatology is impressive. It is 
important to remind that the majority of knowledge available 
referred to studies conducted in the era preceding COVID- 19 
vaccination and the emergence of viral variants, including Delta 
and Omicron. Bearing in mind this limitation, we can conclude 
that SARS- CoV- 2 infection has been associated with an inflam-
matory state, which probably contributes to the observed liver 
abnormalities. Liver abnormalities have adverse prognostic 
implications. Risk factors for severe COVID- 19 and death 
include CLD, especially decompensated cirrhosis. While LT does 
not represent a risk factor per se of worse outcome, LT patients 
still remain a delicate population, particularly considering the 
setting of vaccination. COVID- 19 vaccine- induced immunity 
seems be impaired in CLD and LT recipients, advocating for a 
revised schedule of vaccine administration in this population and 
particular caution in both populations. As this infection remains 
a matter of concern, we need to continue the effort to better 
inform and take care of our patients with liver disease.

Twitter Jean- François Dufour @dufour_jf, Thomas Marjot @tom_marjot and Chiara 
Becchetti @BecchettiChiara

Contributors Each author wrote a part of the manuscript. All authors reviewed/
edited the whole paper several times.

Funding TM receives funding via a Wellcome Trust Clinical Research Training 
Fellowship (reference number: 102176/B/13/Z) and has received registry grant 
funding from the European Association for the Study of the Liver (EASL) (reference 
number: 2020RG03). HT is supported by the excellence initiative VASCage (Centre 
for Promoting Vascular Health in the Ageing Community), an R&D K- Centre 
(COMET programme (Competence Centers for Excellent Technologies)) funded 
by the Austrian Ministry for Transport, Innovation and Technology, the Austrian 
Ministry for Digital and Economic Affairs and the federal states Tyrol, Salzburg and 
Vienna.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Commissioned; externally peer reviewed.

ORCID iDs
Jean- François Dufour http://orcid.org/0000-0002-8062-1346
Thomas Marjot http://orcid.org/0000-0002-6542-6323
Chiara Becchetti http://orcid.org/0000-0002-8262-0304
Herbert Tilg http://orcid.org/0000-0002-4235-2579

REFERENCES
 1 Guan W- jie, Ni Z- yi, Hu Y, et al. Clinical characteristics of coronavirus disease 2019 in 

China. N Engl J Med Overseas Ed 2020;382:1708–20.
 2 Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel 

coronavirus in Wuhan, China. Lancet 2020;395:497–506.
 3 Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients 

with 2019 novel Coronavirus–Infected pneumonia in Wuhan, China. JAMA 
2020;323:1061–9.

 4 Wu Z, McGoogan JM. Characteristics of and Important Lessons From the 
Coronavirus Disease 2019 (COVID- 19) Outbreak in China: Summary of a Report of 
72 314 Cases From the Chinese Center for Disease Control and Prevention. JAMA 
2020;323:1239–42.

 5 Chen T, Wu D, Chen H, et al. Clinical characteristics of 113 deceased patients with 
coronavirus disease 2019: retrospective study. BMJ 2020;368:m1091.

 6 Elmunzer BJ, Spitzer RL, Foster LD, et al. Digestive manifestations in patients 
hospitalized with coronavirus disease 2019. Clin Gastroenterol Hepatol 
2021;19:1355–65.

 7 Sobotka LA, Esteban J, Volk ML. North American alliance for the study of digestive 
manifestation of C-. acute liver injury in patients hospitalized with COVID- 19. Dig 
Dis Sci 2021.

 8 Zhang S- S, Dong L, Wang G- M, et al. Progressive liver injury and increased 
mortality risk in COVID- 19 patients: a retrospective cohort study in China. World J 
Gastroenterol 2021;27:835–53.

 9 Bernal- Monterde V, Casas- Deza D, Letona- Giménez L, et al. SARS- CoV- 2 infection 
induces a dual response in liver function tests: association with mortality during 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2021-326792 on 14 June 2022. D

ow
nloaded from

 

https://twitter.com/dufour_jf
https://twitter.com/tom_marjot
https://twitter.com/BecchettiChiara
http://orcid.org/0000-0002-8062-1346
http://orcid.org/0000-0002-6542-6323
http://orcid.org/0000-0002-8262-0304
http://orcid.org/0000-0002-4235-2579
http://dx.doi.org/10.1056/NEJMoa2002032
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://dx.doi.org/10.1001/jama.2020.1585
http://dx.doi.org/10.1001/jama.2020.2648
http://dx.doi.org/10.1136/bmj.m1091
http://dx.doi.org/10.1016/j.cgh.2020.09.041
http://dx.doi.org/10.3748/wjg.v27.i9.835
http://dx.doi.org/10.3748/wjg.v27.i9.835
http://gut.bmj.com/


11Dufour J- F, et al. Gut 2022;0:1–13. doi:10.1136/gutjnl-2021-326792

Recent advances in clinical practice

hospitalization. Biomedicines 2020;8. doi:10.3390/biomedicines8090328. [Epub 
ahead of print: 04 09 2020].

 10 Haji Esmaeil Memar E, Mamishi S, Sharifzadeh Ekbatani M, et al. Fulminant hepatic 
failure: a rare and devastating manifestation of coronavirus disease 2019 in an 
11- year- old boy. Arch Pediatr 2020;27:502–5.

 11 Filippidis P, van Ouwenaller F, Cerutti A, et al. Case report: SARS- CoV- 2 as an 
unexpected causal agent of predominant febrile hepatitis. F1000Res 2021;10:400.

 12 Balaphas A, Gkoufa K, Meyer J, et al. COVID- 19 can mimic acute cholecystitis and 
is associated with the presence of viral RNA in the gallbladder wall. J Hepatol 
2020;73:1566–8.

 13 Antunes de Brito CA, de Oliveira Filho JRB, Marques DT, et al. COVID- 19 and hepatic 
artery thrombosis: a case report. Am J Case Rep 2021;22:e932531.

 14 Roth NC, Kim A, Vitkovski T, et al. Post- COVID- 19 cholangiopathy: a novel entity. Am 
J Gastroenterol 2021;116:1077–82.

 15 Rojas M, Rodríguez Y, Zapata E, et al. Cholangiopathy as part of post- COVID 
syndrome. J Transl Autoimmun 2021;4:100116.

 16 Nardo AD, Schneeweiss-Gleixner M, Bakail M, et al. Pathophysiological mechanisms 
of liver injury in COVID-19. Liver Int 2021;41:20–32.

 17 Bartoli A, Gitto S, Sighinolfi P, et al. Primary biliary cholangitis associated with SARS- 
CoV- 2 infection. J Hepatol 2021;74:1245–6.

 18 Kabaçam G, Wahlin S, Efe C. Autoimmune hepatitis triggered by COVID-19: a report 
of two cases. Liver Int 2021;41:2527–8.

 19 Zhao B, Ni C, Gao R, et al. Recapitulation of SARS- CoV- 2 infection and cholangiocyte 
damage with human liver ductal organoids. Protein Cell 2020;11:771–5.

 20 Seow JJW, Pai R, Mishra A, et al. Single- Cell RNA- seq reveals angiotensin- 
converting enzyme 2 and transmembrane serine protease 2 expression in TROP2+ 
liver progenitor cells: implications in coronavirus disease 2019- Associated liver 
dysfunction. Front Med 2021;8:603374.

 21 Wang Y, Liu S, Liu H, et al. SARS- CoV- 2 infection of the liver directly contributes to 
hepatic impairment in patients with COVID- 19. J Hepatol 2020;73:807–16.

 22 Lax SF, Skok K, Zechner P. Pulmonary Arterial Thrombosis in COVID- 19 With Fatal 
Outcome : Results From a Prospective, Single- Center, Clinicopathologic Case Series. 
Ann Intern Med 2020;173:350–61.

 23 Chornenkyy Y, Mejia- Bautista M, Brucal M, et al. Liver pathology and SARS- CoV- 2 
detection in formalin- fixed tissue of patients with COVID- 19. Am J Clin Pathol 
2021;155:802–14.

 24 Kaltschmidt B, Fitzek ADE, Schaedler J, et al. Hepatic vasculopathy and regenerative 
responses of the liver in fatal cases of COVID- 19. Clin Gastroenterol Hepatol 
2021;19:1726–9.

 25 Chu H, Peng L, Hu L, et al. Liver histopathological analysis of 24 postmortem 
findings of patients with COVID- 19 in China. Front Med 2021;8:749318.

 26 Peiris S, Mesa H, Aysola A, et al. Pathological findings in organs and tissues of 
patients with COVID- 19: a systematic review. PLoS One 2021;16:e0250708.

 27 Cheung CCL, Goh D, Lim X, et al. Residual SARS- CoV- 2 viral antigens detected 
in Gi and hepatic tissues from five recovered patients with COVID- 19. Gut 
2022;71:226–9.

 28 Delorey TM, Ziegler CGK, Heimberg G, et al. COVID- 19 tissue atlases reveal SARS- 
CoV- 2 pathology and cellular targets. Nature 2021;595:107–13.

 29 Wanner N, Andrieux G, Badia- I- Mompel P, et al. Molecular consequences of SARS- 
CoV- 2 liver tropism. Nat Metab 2022;4:310–9.

 30 Pedersen SF, Ho Y- C. SARS- CoV- 2: a storm is raging. J Clin Invest 2020;130:2202–5.
 31 Lu Q, Liu J, Zhao S, et al. SARS- CoV- 2 exacerbates proinflammatory responses in 

myeloid cells through C- type lectin receptors and Tweety family member 2. Immunity 
2021;54:1304–19.

 32 Ren X, Wen W, Fan X, et al. COVID- 19 immune features revealed by a large- scale 
single- cell transcriptome atlas. Cell 2021;184:1895–913.

 33 Li T, Yang Y, Li Y, et al. Platelets mediate inflammatory monocyte activation by SARS- 
CoV- 2 spike protein. J Clin Invest 2022;132:e150101.

 34 Yan B, Freiwald T, Chauss D, et al. SARS- CoV- 2 drives JAK1/2- dependent local 
complement hyperactivation. Sci Immunol 2021;6. doi:10.1126/sciimmunol.
abg0833. [Epub ahead of print: 07 04 2021].

 35 Zhang Q, Bastard P, Liu Z, et al. Inborn errors of type I IFN immunity in patients with 
life- threatening COVID- 19. Science 2020;370.

 36 Bastard P, Rosen LB, Zhang Q, et al. Autoantibodies against type I IFNs in patients 
with life- threatening COVID- 19. Science 2020;370.

 37 Casanova J- L, Abel L. Mechanisms of viral inflammation and disease in humans. 
Science 2021;374:1080–6.

 38 Merad M, Blish CA, Sallusto F, et al. The immunology and immunopathology of 
COVID- 19. Science 2022;375:1122–7.

 39 Buso G, Becchetti C, Berzigotti A. Acute splanchnic vein thrombosis in patients with 
COVID- 19: a systematic review. Dig Liver Dis 2021;53:937–49.

 40 Wang M, Yan W, Qi W, et al. Clinical characteristics and risk factors of liver injury 
in COVID- 19: a retrospective cohort study from Wuhan, China. Hepatol Int 
2020;14:723–32.

 41 Da BL, Kushner T, El Halabi M, et al. Liver injury in hospitalized patients with 
COVID- 19 correlates with HyPer inflammatory response and elevated IL- 6. 
Hepatol Commun 2020. doi:10.1002/hep4.1631. [Epub ahead of print: 16 Oct 
2020].

 42 Effenberger M, Grander C, Grabherr F, et al. Systemic inflammation as fuel for acute 
liver injury in COVID- 19. Dig Liver Dis 2021;53:158–65.

 43 Shafran N, Issachar A, Shochat T, et al. Abnormal liver tests in patients with SARS- 
CoV- 2 or influenza – prognostic similarities and temporal disparities. JHEP Rep 
2021;3:100258.

 44 Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associated with COVID- 19- 
related death using OpenSAFELY. Nature 2020;584:430–6.

 45 Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics, 
comorbidities, and outcomes among 5700 patients hospitalized with COVID- 19 in 
the new York City area. JAMA 2020;323:2052–9.

 46 Ioannou GN, Liang PS, Locke E. Cirrhosis and SARS-CoV-2 infection in US veterans: 
risk of infection, hospitalization, ventilation and mortality. Hepatology2020.

 47 Marjot T, Moon AM, Cook JA, et al. Outcomes following SARS- CoV- 2 infection 
in patients with chronic liver disease: an international registry study. J Hepatol 
2021;74:567–77.

 48 Sarin SK, Choudhury A, Lau GK, et al. Pre- Existing liver disease is associated with 
poor outcome in patients with SARS CoV2 infection; the APCOLIS study (APASL 
COVID- 19 liver injury spectrum study). Hepatol Int 2020;14:690–700.

 49 Iavarone M, D’Ambrosio R, Soria A, et al. High rates of 30- day mortality in patients 
with cirrhosis and COVID- 19. J Hepatol 2020;73:1063–71.

 50 Kim D, Adeniji N, Latt N. Predictors of outcomes of COVID- 19 in patients with 
chronic liver disease: US multi- center study. Clinical Gastroenterology and 
Hepatology 2020.

 51 Bajaj JS, Garcia- Tsao G, Biggins SW, et al. Comparison of mortality risk in patients 
with cirrhosis and COVID- 19 compared with patients with cirrhosis alone and 
COVID- 19 alone: multicentre matched cohort. Gut 2021;70:531–6.

 52 Mallet V, Beeker N, Bouam S, et al. Prognosis of French COVID- 19 patients with 
chronic liver disease: a national retrospective cohort study for 2020. J Hepatol 
2021;75:848–55.

 53 Simon TG, Hagström H, Sharma R, et al. Risk of severe COVID- 19 and mortality in 
patients with established chronic liver disease: a nationwide matched cohort study. 
BMC Gastroenterol 2021;21:1–11.

 54 Clift AK, Coupland CAC, Keogh RH, et al. Living risk prediction algorithm (QCOVID) 
for risk of hospital admission and mortality from coronavirus 19 in adults: national 
derivation and validation cohort study. BMJ 2020;371:m3731.

 55 Mao R, Qiu Y, He J- S, et al. Manifestations and prognosis of gastrointestinal and 
liver involvement in patients with COVID- 19: a systematic review and meta- analysis. 
Lancet Gastroenterol Hepatol 2020;5:667–78.

 56 Mendizabal M, Ridruejo E, Piñero F, et al. Comparison of different prognostic scores 
for patients with cirrhosis hospitalized with SARS- CoV- 2 infection. Ann Hepatol 
2021;25:100350.

 57 Marjot T, Webb GJ, Barritt AS, et al. COVID- 19 and liver disease: mechanistic and 
clinical perspectives. Nat Rev Gastroenterol Hepatol 2021;18:348–64.

 58 Yeoh YK, Zuo T, Lui GC- Y, et al. Gut microbiota composition reflects disease 
severity and dysfunctional immune responses in patients with COVID- 19. Gut 
2021;70:698–706.

 59 Hartl L, Jachs M, Simbrunner B, et al. Cirrhosis- Associated RAS- Inflammation- 
Coagulation axis anomalies: parallels to severe COVID- 19. J Pers Med 2021;11. 
doi:10.3390/jpm11121264. [Epub ahead of print: 01 12 2021].

 60 Marjot T, Moon AM, Armstrong MJ. EASL ILC 2021: geographic variability in rates 
of intensive care unit admission in patients with chronic liver disease and critical 
COVID- 19: international registry data 2021.

 61 Mahmud N, Hubbard RA, Kaplan DE, et al. Declining cirrhosis hospitalizations in 
the wake of the COVID- 19 pandemic: a national cohort study. Gastroenterology 
2020;159:1134–6.

 62 Pomej K, Scheiner B, Hartl L, et al. COVID- 19 pandemic: impact on the management 
of patients with hepatocellular carcinoma at a tertiary care hospital. PLoS One 
2021;16:e0256544.

 63 Geh D, Watson R, Sen G, et al. COVID- 19 and liver cancer: lost patients and larger 
tumours. BMJ Open Gastroenterol 2022;9:e000794.

 64 Bajaj JS, Garcia-Tsao G, Wong F, et al. Cirrhosis is associated with high mortality 
and readmissions over 90 days regardless of COVID-19: a multicenter cohort. Liver 
Transplantation 2021;27:1343–7.

 65 Raman B, Cassar MP, Tunnicliffe EM, et al. Medium- Term effects of SARS- CoV- 2 
infection on multiple vital organs, exercise capacity, cognition, quality of life and 
mental health, post- hospital discharge. EClinicalMedicine 2021;31:100683.

 66 Dennis A, Wamil M, Alberts J. Multiorgan impairment in low- risk individuals with 
post- COVID- 19 syndrome: a prospective, community- based study. BMJ Open 
2021;11:e048391.

 67 Ji D, Qin E, Xu J, et al. Non- alcoholic fatty liver diseases in patients with COVID- 19: a 
retrospective study. J Hepatol 2020;73:451–3.

 68 Mahamid M, Nseir W, Khoury T, et al. Nonalcoholic fatty liver disease is associated 
with COVID- 19 severity independently of metabolic syndrome: a retrospective case- 
control study. Eur J Gastroenterol Hepatol 2021;33:1578–81.

 69 Hashemi N, Viveiros K, Redd WD, et al. Impact of chronic liver disease on outcomes 
of hospitalized patients with COVID- 19: a multicentre United States experience. Liver 
Int 2020;40:2515–21.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2021-326792 on 14 June 2022. D

ow
nloaded from

 

http://dx.doi.org/10.3390/biomedicines8090328
http://dx.doi.org/10.1016/j.arcped.2020.09.009
http://dx.doi.org/10.12688/f1000research.52929.2
http://dx.doi.org/10.1016/j.jhep.2020.08.020
http://dx.doi.org/10.12659/AJCR.932531
http://dx.doi.org/10.14309/ajg.0000000000001154
http://dx.doi.org/10.14309/ajg.0000000000001154
http://dx.doi.org/10.1016/j.jtauto.2021.100116
http://dx.doi.org/10.1111/liv.14730
http://dx.doi.org/10.1016/j.jhep.2021.02.006
http://dx.doi.org/10.1111/liv.15044
http://dx.doi.org/10.1007/s13238-020-00718-6
http://dx.doi.org/10.3389/fmed.2021.603374
http://dx.doi.org/10.1016/j.jhep.2020.05.002
http://dx.doi.org/10.1093/ajcp/aqab009
http://dx.doi.org/10.1016/j.cgh.2021.01.044
http://dx.doi.org/10.3389/fmed.2021.749318
http://dx.doi.org/10.1371/journal.pone.0250708
http://dx.doi.org/10.1136/gutjnl-2021-324280
http://dx.doi.org/10.1038/s41586-021-03570-8
http://dx.doi.org/10.1038/s42255-022-00552-6
http://dx.doi.org/10.1172/JCI137647
http://dx.doi.org/10.1016/j.immuni.2021.05.006
http://dx.doi.org/10.1016/j.cell.2021.01.053
http://dx.doi.org/10.1172/JCI150101
http://dx.doi.org/10.1126/sciimmunol.abg0833
http://dx.doi.org/10.1126/science.abd4570
http://dx.doi.org/10.1126/science.abd4585
http://dx.doi.org/10.1126/science.abj7965
http://dx.doi.org/10.1126/science.abm8108
http://dx.doi.org/10.1016/j.dld.2021.05.021
http://dx.doi.org/10.1007/s12072-020-10075-5
http://dx.doi.org/10.1002/hep4.1631
http://dx.doi.org/10.1016/j.dld.2020.08.004
http://dx.doi.org/10.1016/j.jhepr.2021.100258
http://dx.doi.org/10.1038/s41586-020-2521-4
http://dx.doi.org/10.1002/hep.31649
http://dx.doi.org/10.1016/j.jhep.2020.09.024
http://dx.doi.org/10.1007/s12072-020-10072-8
http://dx.doi.org/10.1016/j.jhep.2020.06.001
http://dx.doi.org/10.1136/gutjnl-2020-322118
http://dx.doi.org/10.1016/j.jhep.2021.04.052
http://dx.doi.org/10.1186/s12876-021-02017-8
http://dx.doi.org/10.1136/bmj.m3731
http://dx.doi.org/10.1016/S2468-1253(20)30126-6
http://dx.doi.org/10.1016/j.aohep.2021.100350
http://dx.doi.org/10.1038/s41575-021-00426-4
http://dx.doi.org/10.1136/gutjnl-2020-323020
http://dx.doi.org/10.3390/jpm11121264
http://dx.doi.org/10.1053/j.gastro.2020.05.005
http://dx.doi.org/10.1371/journal.pone.0256544
http://dx.doi.org/10.1136/bmjgast-2021-000794
http://dx.doi.org/10.1002/lt.25981
http://dx.doi.org/10.1002/lt.25981
http://dx.doi.org/10.1016/j.eclinm.2020.100683
http://dx.doi.org/10.1016/j.jhep.2020.03.044
http://dx.doi.org/10.1097/MEG.0000000000001902
http://dx.doi.org/10.1111/liv.14583
http://dx.doi.org/10.1111/liv.14583
http://gut.bmj.com/


12 Dufour J- F, et al. Gut 2022;0:1–13. doi:10.1136/gutjnl-2021-326792

Recent advances in clinical practice

 70 Singh A, Hussain S, Antony B. Non- Alcoholic fatty liver disease and clinical outcomes 
in patients with COVID- 19: a comprehensive systematic review and meta- analysis. 
Diabetes Metab Syndr 2021;15:813–22.

 71 Hegyi PJ, Váncsa S, Ocskay K, et al. Metabolic associated fatty liver disease is 
associated with an increased risk of severe COVID- 19: a systematic review with 
meta- analysis. Front Med 2021;8:277.

 72 Mushtaq K, Khan MU, Iqbal F, et al. Nafld is a predictor of liver injury in COVID- 19 
hospitalized patients but not of mortality, disease severity on the presentation or 
progression – the debate continues. J Hepatol 2021;74:482–4.

 73 Valenti L, Jamialahmadi O, Romeo S. Lack of genetic evidence that fatty liver disease 
predisposes to COVID- 19. J Hepatol 2020;73:709–11.

 74 Innes H, Buch S, Barnes E, et al. The rs738409 G allele in PNPLA3 is associated 
with a reduced risk of COVID- 19 mortality and hospitalization. Gastroenterology 
2021;160:e2:2599–601.

 75 Liu D, Zhang Q, Bai P, et al. Assessing causal relationships between COVID- 19 and 
non- alcoholic fatty liver disease. J Hepatol 2022;76:740–2.

 76 Tesser JRP, Pisko EJ, Hartz JW, et al. Chronic liver disease and Still’s disease. Arthritis 
Rheum 1982;25:579–82.

 77 Gianfrancesco M, Hyrich KL, Al- Adely S, et al. Characteristics associated with 
hospitalisation for COVID- 19 in people with rheumatic disease: data from the 
COVID- 19 global rheumatology alliance physician- reported registry. Ann Rheum Dis 
2020;79:859–66.

 78 Ungaro RC, Brenner EJ, Gearry RB, et al. Effect of IBD medications on COVID- 19 
outcomes: results from an international registry. Gut 2021;70:725–32.

 79 Webb GJ, Marjot T, Cook JA, et al. Outcomes following SARS- CoV- 2 infection in liver 
transplant recipients: an international registry study. Lancet Gastroenterol Hepatol 
2020;5:1008–16.

 80 Kulkarni AV, Tevethia HV, Premkumar M, et al. Impact of COVID- 19 on liver 
transplant recipients–A systematic review and meta- analysis. EClinicalMedicine 
2021;38:101025.

 81 Gao Y, Chen Y, Liu M, et al. Impacts of immunosuppression and immunodeficiency on 
COVID- 19: a systematic review and meta- analysis. J Infect 2020;81:e93–5.

 82 Tassone D, Thompson A, Connell W, et al. Immunosuppression as a risk factor for 
COVID- 19: a meta- analysis. Intern Med J 2021;51:199–205.

 83 Marjot T, Buescher G, Sebode M, et al. SARS- CoV- 2 infection in patients with 
autoimmune hepatitis. J Hepatol 2021;74:1335–43.

 84 Efe C, Dhanasekaran R, Lammert C, et al. Outcome of COVID- 19 in patients 
with autoimmune hepatitis: an international multicenter study. Hepatology 
2021;73:2099–109.

 85 Efe C, Lammert C, Taşçılar K, et al. Effects of immunosuppressive drugs on 
COVID- 19 severity in patients with autoimmune hepatitis. Liver Int 2022;42:607- 
614.

 86 Ampuero J, Lucena A, Hernández- Guerra M, et al. Primary biliary cholangitis and 
SARS- CoV- 2 infection: incidence, susceptibility and outcomes. Gut 2021;73:gutjnl- 
2021- 325700.

 87 Boyarsky BJ, Ruck JM, Chiang TP- Y, et al. Evolving impact of COVID- 19 on transplant 
center practices and policies in the United States. Clin Transplant 2020;34:e14086.

 88 Russo FP, Izzy M, Rammohan A, et al. Global impact of the first wave of COVID- 19 
on liver transplant centers: a multi- society survey (EASL- ESOT/ELITA- ILTS). J Hepatol 
2022;76:364–70.

 89 Nobel YR, Phipps M, Verna EC. COVID- 19 and effect on liver transplant. Curr Treat 
Options Gastroenterol 2021;19:483–99.

 90 Bittermann T, Mahmud N, Abt P. Trends in liver transplantation for acute Alcohol- 
Associated hepatitis during the COVID- 19 pandemic in the US. JAMA Netw Open 
2021;4:e2118713.

 91 Cholankeril G, Goli K, Rana A, et al. Impact of COVID-19Pandemic on Liver 
Transplantation and Alcohol-Associated Liver Disease in the USA. Hepatology 
2021;74:3316–29.

 92 Public Health England. Monitoring alcohol consumption and harm during the 
COVID- 19 pandemic. Available: https://assets.publishing.service.gov.uk/government/ 
uploads/system/uploads/attachment_data/file/1002627/Alcohol_and_COVID_ 
report.pdf

 93 Mathurin P, Moreno C, Samuel D, et al. Early liver transplantation for severe alcoholic 
hepatitis. N Engl J Med 2011;365:1790–800.

 94 Germani G, Angrisani D, Addolorato G, et al. Liver transplantation for severe 
alcoholic hepatitis: a multicenter Italian study. Am J Transplant 2022;22:1191–200.

 95 Moon AM, Curtis B, Mandrekar P, et al. Alcohol-Associated Liver Disease Before 
and After COVID-19 —An Overview and Call for Ongoing Investigation. Hepatol 
Commun 2021;5:1616–21.

 96 Cappy P, Candotti D, Sauvage V, et al. No evidence of SARS- CoV- 2 transfusion 
transmission despite RNA detection in blood donors showing symptoms after 
donation. Blood 2020;136:1888–91.

 97 Politis C, Papadaki M, Politi L, et al. Post- donation information and haemovigilance 
reporting for COVID- 19 in Greece: information supporting the absence of 
SARS- CoV- 2 possible transmission through blood components. Transfus Clin Biol 
2021;28:55–9.

 98 Kute VB, Fleetwood VA, Meshram HS, et al. Use of organs from SARS- CoV- 2 infected 
donors: is it safe? A contemporary review. Curr Transpl Rep 2021;8:281–92.

 99 Romagnoli R, Gruttadauria S, Tisone G, et al. Liver transplantation from active 
COVID- 19 donors: a lifesaving opportunity worth grasping? Am J Transplant 
2021;21:3919–25.

 100 Russell B, Moss C, George G, et al. Associations between immune- suppressive and 
stimulating drugs and novel COVID- 19- a systematic review of current evidence. 
Ecancermedicalscience 2020;14:1022.

 101 Colmenero J, Rodríguez- Perálvarez M, Salcedo M, et al. Epidemiological pattern, 
incidence, and outcomes of COVID- 19 in liver transplant patients. J Hepatol 
2021;74:148–55.

 102 Webb GJ, Marjot T, Cook JA, et al. Outcomes following SARS- CoV- 2 infection in liver 
transplant recipients: an international registry study. Lancet Gastroenterol Hepatol 
2020;5:1008–16.

 103 Becchetti C, Gschwend SG, Dufour J- F, et al. COVID- 19 in liver transplant recipients: 
a systematic review. J Clin Med 2021;10:4015.

 104 Dumortier J, Duvoux C, Roux O, et al. Covid- 19 in liver transplant recipients: the 
French SOT COVID registry. Clin Res Hepatol Gastroenterol 2021;45:101639.

 105 Hadi YB, Naqvi SFZ, Kupec JT, et al. Outcomes of COVID- 19 in solid organ 
transplant recipients: a Propensity- matched analysis of a large research network. 
Transplantation 2021;105:1365–71.

 106 Becchetti C, Zambelli MF, Pasulo L, et al. COVID- 19 in an international European liver 
transplant recipient cohort. Gut 2020;69:1832–40.

 107 Webb GJ, Moon AM, Barnes E, et al. Age and comorbidity are central to the risk of 
death from COVID- 19 in liver transplant recipients. J Hepatol 2021;75:226–8.

 108 Belli LS, Fondevila C, Cortesi PA, et al. Protective role of tacrolimus, deleterious role 
of age and comorbidities in liver transplant recipients with Covid- 19: results from 
the ELITA/ELTR multi- center European study. Gastroenterology 2021;160:1151–63.

 109 Yadav DK, Adhikari VP, Ling Q, et al. Immunosuppressants in Liver Transplant 
Recipients With Coronavirus Disease 2019: Capability or Catastrophe?—A 
Systematic Review and Meta- Analysis. Front. Med. 2021;8:756922.

 110 Caballero- Marcos A, Salcedo M, Alonso- Fernández R, et al. Changes in humoral 
immune response after SARS- CoV- 2 infection in liver transplant recipients compared 
to immunocompetent patients. Am J Transplant 2021;21:2876–84.

 111 Galipeau Y, Greig M, Liu G, et al. Humoral responses and serological assays in SARS- 
CoV- 2 infections. Front Immunol 2020;11:610688.

 112 Becchetti C, Broekhoven AGC, Dahlqvist G, et al. Humoral response to SARS- CoV- 2 
infection among liver transplant recipients. Gut 2022;71:746–56.

 113 Caballero- Marcos A, Citores MJ, Alonso- Fernández R, et al. Decreased long- term 
severe acute respiratory syndrome coronavirus 2- specific humoral immunity in liver 
transplantation recipients 12 months after coronavirus disease 2019. Liver Transpl 
2022;28:1039–50.

 114 Favà A, Donadeu L, Sabé N, et al. SARS- CoV- 2- specific serological and functional 
T cell immune responses during acute and early COVID- 19 convalescence in solid 
organ transplant patients. Am J Transplant 2021;21:2749–61.

 115 Fernández-Ruiz M, Olea B, Almendro-Vázquez P, et al. T cell–mediated response to 
SARS-CoV-2 in liver transplant recipients with prior COVID-19. American Journal of 
Transplantation 2021;21:2785–94.

 116 Buehrle DJ, Sutton RR, McCann EL, et al. A review of treatment and prevention 
of coronavirus disease 2019 among solid organ transplant recipients. Viruses 
2021;13:1706.

 117 Pereira MR, Aversa MM, Farr MA, et al. Tocilizumab for severe COVID- 19 in 
solid organ transplant recipients: a matched cohort study. Am J Transplant 
2020;20:3198–205.

 118 Rahman F, Liu STH, Taimur S, et al. Treatment with convalescent plasma in solid 
organ transplant recipients with COVID- 19: experience at large transplant center in 
New York City. Clin Transplant 2020;34:e14089.

 119 Shafiekhani M, Shahabinezhad F, Niknam T, et al. Evaluation of the therapeutic 
regimen in COVID- 19 in transplant patients: where do immunomodulatory and 
antivirals stand? Virol J 2021;18:228.

 120 Fischer W, Eron JJ, Holman W. Molnupiravir, an oral antiviral treatment for COVID- 19. 
medRxiv 2021.

 121 Liverpool Uo. COVID- 19 drug interactions. Available: https://www.covid19- 
druginteractions.org/checker [Accessed 22 Feb 2022].

 122 Wen W, Chen C, Tang J, et al. Efficacy and safety of three new oral antiviral 
treatment (molnupiravir, fluvoxamine and Paxlovid) for COVID- 19：a meta- analysis. 
Ann Med 2022;54:516–23.

 123 Laracy JC, Verna EC, Pereira MR. Antivirals for COVID- 19 in solid organ transplant 
recipients. Curr Transplant Rep 2020;7:355–65.

 124 Ahearn AJ, Thin Maw T, Mehta R, et al. A programmatic response, including 
Bamlanivimab or Casirivimab- imdevimab administration, reduces hospitalization 
and death in COVID- 19 positive abdominal transplant recipients. Transplantation 
2022;106:e153–7.

 125 Yetmar ZA, Beam E, O’Horo JC, et al. Monoclonal antibody therapy for COVID- 19 in 
solid organ transplant recipients. Open Forum Infect Dis 2021;8:ofab255.

 126 Tixagevimab and Cilgavimab (Evusheld) for pre- exposure prophylaxis of COVID- 19. 
JAMA 2022;327:384–5.

 127 Hammond J, Leister- Tebbe H, Gardner A, et al. Oral Nirmatrelvir for high- 
risk, nonhospitalized adults with Covid- 19. N Engl J Med Overseas Ed 
2022;386:1397–408.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2021-326792 on 14 June 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.dsx.2021.03.019
http://dx.doi.org/10.3389/fmed.2021.626425
http://dx.doi.org/10.1016/j.jhep.2020.09.006
http://dx.doi.org/10.1016/j.jhep.2020.05.015
http://dx.doi.org/10.1053/j.gastro.2021.02.059
http://dx.doi.org/10.1016/j.jhep.2021.11.014
http://dx.doi.org/10.1002/art.1780250514
http://dx.doi.org/10.1002/art.1780250514
http://dx.doi.org/10.1136/annrheumdis-2020-217871
http://dx.doi.org/10.1136/gutjnl-2020-322539
http://dx.doi.org/10.1016/S2468-1253(20)30271-5
http://dx.doi.org/10.1016/j.eclinm.2021.101025
http://dx.doi.org/10.1016/j.jinf.2020.05.017
http://dx.doi.org/10.1111/imj.15142
http://dx.doi.org/10.1016/j.jhep.2021.01.021
http://dx.doi.org/10.1002/hep.31797
http://dx.doi.org/10.1111/liv.15121
http://dx.doi.org/10.1136/gutjnl-2021-325700
http://dx.doi.org/10.1111/ctr.14086
http://dx.doi.org/10.1016/j.jhep.2021.09.041
http://dx.doi.org/10.1007/s11938-021-00355-w
http://dx.doi.org/10.1007/s11938-021-00355-w
http://dx.doi.org/10.1001/jamanetworkopen.2021.18713
http://dx.doi.org/10.1002/hep.32067
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1002627/Alcohol_and_COVID_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1002627/Alcohol_and_COVID_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1002627/Alcohol_and_COVID_report.pdf
http://dx.doi.org/10.1056/NEJMoa1105703
http://dx.doi.org/10.1111/ajt.16936
http://dx.doi.org/10.1002/hep4.1747
http://dx.doi.org/10.1002/hep4.1747
http://dx.doi.org/10.1182/blood.2020008230
http://dx.doi.org/10.1016/j.tracli.2020.10.007
http://dx.doi.org/10.1007/s40472-021-00343-0
http://dx.doi.org/10.1111/ajt.16823
http://dx.doi.org/10.3332/ecancer.2020.1022
http://dx.doi.org/10.1016/j.jhep.2020.07.040
http://dx.doi.org/10.1016/S2468-1253(20)30271-5
http://dx.doi.org/10.3390/jcm10174015
http://dx.doi.org/10.1016/j.clinre.2021.101639
http://dx.doi.org/10.1097/TP.0000000000003670
http://dx.doi.org/10.1136/gutjnl-2020-321923
http://dx.doi.org/10.1016/j.jhep.2021.01.036
http://dx.doi.org/10.1053/j.gastro.2020.11.045
http://dx.doi.org/10.3389/fmed.2021.756922
http://dx.doi.org/10.1111/ajt.16599
http://dx.doi.org/10.3389/fimmu.2020.610688
http://dx.doi.org/10.1136/gutjnl-2021-326609
http://dx.doi.org/10.1002/lt.26389
http://dx.doi.org/10.1111/ajt.16570
http://dx.doi.org/10.1111/ajt.16708
http://dx.doi.org/10.1111/ajt.16708
http://dx.doi.org/10.3390/v13091706
http://dx.doi.org/10.1111/ajt.16314
http://dx.doi.org/10.1111/ctr.14089
http://dx.doi.org/10.1186/s12985-021-01700-2
https://www.covid19-druginteractions.org/checker
https://www.covid19-druginteractions.org/checker
http://dx.doi.org/10.1080/07853890.2022.2034936
http://dx.doi.org/10.1007/s40472-020-00304-z
http://dx.doi.org/10.1097/TP.0000000000003953
http://dx.doi.org/10.1093/ofid/ofab255
http://dx.doi.org/10.1001/jama.2021.24931
http://dx.doi.org/10.1056/NEJMoa2118542
http://gut.bmj.com/


13Dufour J- F, et al. Gut 2022;0:1–13. doi:10.1136/gutjnl-2021-326792

Recent advances in clinical practice

 128 Verna EC. Hcv treatment in patients with decompensated liver disease. Clin Liver Dis 
2017;10:83–6.

 129 Jayk Bernal AngÃ©lica, Gomes da Silva MM, Musungaie DB. Molnupiravir for 
oral treatment of Covid- 19 in nonhospitalized patients. N Engl J Med Overseas Ed 
2022;386:509–20.

 130 European Medicines Agency. Assessment report: use of molnupiravir for the 
treatment of COVID- 19.

 131 Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the Treatment of Covid- 19 - 
Final Report. N Engl J Med 2020;383:1813–26.

 132 Schiff MH, Kremer JM, Jahreis A, et al. Integrated safety in tocilizumab clinical trials. 
Arthritis Res Ther 2011;13:R141.

 133 Genovese MC, Kremer J, Zamani O, et al. Baricitinib in patients with refractory 
rheumatoid arthritis. N Engl J Med Overseas Ed 2016;374:1243–52.

 134 Harigai M, Winthrop K, Takeuchi T, et al. Evaluation of hepatitis B virus in clinical 
trials of baricitinib in rheumatoid arthritis. RMD Open 2020;6:e001095.

 135 Chen L- F, Mo Y- Q, Jing J, et al. Short- Course tocilizumab increases risk of hepatitis 
B virus reactivation in patients with rheumatoid arthritis: a prospective clinical 
observation. Int J Rheum Dis 2017;20:859–69.

 136 Guardiola J, Lammert C, Teal E, et al. Unexplained liver test elevations after SARS- 
CoV- 2 vaccination. J Hepatol 2022;383. doi:10.1016/j.jhep.2022.02.014. [Epub 
ahead of print: 05 Mar 2022].

 137 É V- L, Montani M, Bosch J. Autoimmune hepatitis triggered by SARS- CoV- 2 
vaccination. J Autoimmun 2021;123:102710.

 138 Ghielmetti M, Schaufelberger HD, Mieli- Vergani G, et al. Acute autoimmune- 
like hepatitis with atypical anti- mitochondrial antibody after mRNA COVID- 19 
vaccination: a novel clinical entity? J Autoimmun 2021;123:102706.

 139 John BV, Deng Y, Scheinberg A, et al. Association of BNT162b2 mRNA and 
mRNA- 1273 vaccines with COVID- 19 infection and hospitalization among patients 
with cirrhosis. JAMA Intern Med 2021;181:1306–14.

 140 John BV, Deng Y, Schwartz KB, et al. Postvaccination COVID-19 infection is 
associated with reduced mortality in patients with cirrhosis. Hepatology 2022.

 141 Moon AM, Webb GJ, García- Juárez I. SARS- CoV- 2 infections among patients with 
liver disease and liver transplantation who received COVID- 19 vaccination. Hepatol 
Commun 2021.

 142 Fix OK, Blumberg EA, Chang Kyong-Mi, et al. American association for the study of 
liver diseases expert panel consensus statement: vaccines to prevent coronavirus 
disease 2019 infection in patients with liver disease. Hepatology 2021;74:1049–64.

 143 Cornberg M, Buti M, Eberhardt CS, et al. EASL position paper on the use of 
COVID- 19 vaccines in patients with chronic liver diseases, hepatobiliary cancer and 
liver transplant recipients. J Hepatol 2021;74:944–51.

 144 Rabinowich L, Grupper A, Baruch R, et al. Low immunogenicity to SARS- CoV- 2 
vaccination among liver transplant recipients. J Hepatol 2021;75:435–8.

 145 Guarino M, Esposito I, Portella G, et al. Humoral response to 2- dose BNT162b2 
mRNA COVID- 19 vaccination in liver transplant recipients. Clin Gastroenterol 
Hepatol 2022;586. doi:10.1016/j.cgh.2022.01.012. [Epub ahead of print: 20 Jan 
2022].

 146 Herrera S, Colmenero J, Pascal M, et al. Cellular and humoral immune response 
after mRNA- 1273 SARS- CoV- 2 vaccine in liver and heart transplant recipients. Am J 
Transplant 2021;21:3971–9.

 147 Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the BNT162b2 mRNA 
Covid- 19 vaccine. N Engl J Med Overseas Ed 2020;383:2603–15.

 148 Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the mRNA- 1273 SARS- 
CoV- 2 vaccine. N Engl J Med 2021;384:403–16.

 149 Mazzola A, Todesco E, Drouin S, et al. Poor antibody response after two doses of 
severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) vaccine in transplant 
recipients. Clin Infect Dis 2022;74:1093–6.

 150 Strauss AT, Hallett AM, Boyarsky BJ, et al. Antibody response to severe acute 
respiratory Syndrome-Coronavirus-2 messenger RNA vaccines in liver transplant 
recipients. Liver Transplantation 2021;27:1852–6.

 151 Wang J, Hou Z, Liu J, et al. Safety and immunogenicity of COVID- 19 vaccination in 
patients with non- alcoholic fatty liver disease (CHESS2101): a multicenter study. J 
Hepatol 2021;75:439–41.

 152 Duengelhoef P, Hartl J, Rüther D, et al. SARS- CoV- 2 vaccination response in patients 
with autoimmune hepatitis and autoimmune cholestatic liver disease. United 
European Gastroenterol J 2022;10:319–29.

 153 Thuluvath PJ, Robarts P, Chauhan M. Analysis of antibody responses after COVID- 19 
vaccination in liver transplant recipients and those with chronic liver diseases. J 
Hepatol 2021;75:1434–9.

 154 Guarino M, Esposito I, Portella G, et al. Humoral response to 2- dose BNT162b2 
mRNA COVID- 19 vaccination in liver transplant recipients. Clinical Gastroenterology 
and Hepatology 2022;586.

 155 Schmidt F, Muecksch F, Weisblum Y, et al. Plasma neutralization of the SARS- CoV- 2 
omicron variant. N Engl J Med Overseas Ed 2022;386:599–601.

 156 Werbel WA, Boyarsky BJ, Ou MT, et al. Safety and immunogenicity of a third dose of 
SARS- CoV- 2 vaccine in solid organ transplant recipients: a case series. Ann Intern 
Med 2021;174:1330–2.

 157 Kamar N, Abravanel F, Marion O, et al. Three doses of an mRNA Covid- 19 vaccine in 
solid- organ transplant recipients. N Engl J Med 2021;385:661–2.

 158 Moon AM, Webb GJ, García- Juárez I, et al. SARS- CoV- 2 infections among patients 
with liver disease and liver transplantation who received COVID- 19 vaccination. 
Hepatol Commun 2022;6:889- 897.

 159 Hall VG, Ferreira VH, Ku T, et al. Randomized trial of a third dose of mRNA- 1273 
vaccine in transplant recipients. N Engl J Med 2021;385:1244–6.

 160 European Medicines Agency. Human Regulatory - COVID- 19 treatments. Available: 
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/ 
coronavirus-disease-covid-19/treatments-vaccines/covid-19-treatments [Accessed 22 
Feb 2022].

 161 U.S. Food & Drug Administration. Coronavirus treatment acceleration program 
(CTAP). Available: https://www.fda.gov/drugs/coronavirus-covid-19-drugs/ 
coronavirus-treatment-acceleration-program-ctap [Accessed 22 Feb 2022].

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2021-326792 on 14 June 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1002/cld.663
http://dx.doi.org/10.1056/NEJMoa2007764
http://dx.doi.org/10.1186/ar3455
http://dx.doi.org/10.1056/NEJMoa1507247
http://dx.doi.org/10.1136/rmdopen-2019-001095
http://dx.doi.org/10.1111/1756-185X.13010
http://dx.doi.org/10.1016/j.jhep.2022.02.014
http://dx.doi.org/10.1016/j.jaut.2021.102706
http://dx.doi.org/10.1001/jamainternmed.2021.4325
http://dx.doi.org/10.1002/hep.32337
http://dx.doi.org/10.1002/hep.31751
http://dx.doi.org/10.1016/j.jhep.2021.01.032
http://dx.doi.org/10.1016/j.jhep.2021.04.020
http://dx.doi.org/10.1016/j.cgh.2022.01.012
http://dx.doi.org/10.1016/j.cgh.2022.01.012
http://dx.doi.org/10.1111/ajt.16768
http://dx.doi.org/10.1111/ajt.16768
http://dx.doi.org/10.1056/NEJMoa2034577
http://dx.doi.org/10.1056/NEJMoa2035389
http://dx.doi.org/10.1093/cid/ciab580
http://dx.doi.org/10.1002/lt.26273
http://dx.doi.org/10.1016/j.jhep.2021.04.026
http://dx.doi.org/10.1016/j.jhep.2021.04.026
http://dx.doi.org/10.1002/ueg2.12218
http://dx.doi.org/10.1002/ueg2.12218
http://dx.doi.org/10.1016/j.jhep.2021.08.008
http://dx.doi.org/10.1016/j.jhep.2021.08.008
http://dx.doi.org/10.1016/j.cgh.2022.01.012
http://dx.doi.org/10.1016/j.cgh.2022.01.012
http://dx.doi.org/10.1056/NEJMc2119641
http://dx.doi.org/10.7326/L21-0282
http://dx.doi.org/10.7326/L21-0282
http://dx.doi.org/10.1056/NEJMc2108861
http://dx.doi.org/10.1002/hep4.1853
http://dx.doi.org/10.1056/NEJMc2111462
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-treatments
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/covid-19-treatments
https://www.fda.gov/drugs/coronavirus-covid-19-drugs/coronavirus-treatment-acceleration-program-ctap
https://www.fda.gov/drugs/coronavirus-covid-19-drugs/coronavirus-treatment-acceleration-program-ctap
http://gut.bmj.com/

	COVID-19 and liver disease
	Abstract
	COVID-19: liver manifestations and pathophysiological aspects
	Hepatic manifestation of COVID-19 infection in patients without liver disease
	Detection of SARS-CoV-2 in the liver: is it really there?
	Pathophysiological concepts: a ‘cytokine storm’ is attacking the liver
	Key messages box
	COVID-19: liver manifestations and pathophysiological aspects


	COVID-19 in patients with chronic liver disease
	Cirrhosis
	Outcomes

	Clinical course and longer-term prognosis
	Non-alcoholic fatty liver disease
	Alcohol-related liver disease
	Autoimmune liver disease
	Key messages box
	COVID-19 in patients with CLD


	COVID-19 and liver transplant
	Key messages box (figure 3)
	COVID-19 and liver transplant


	Treatment of COVID-19 in LT recipients and patients with CLD
	Key messages box
	Treatment of COVID-19 in LT recipients and patients with CLD


	Vaccination against SARS-CoV-2 in patients with liver disease
	Key messages box
	Vaccination against SARS-CoV-2 in patients with liver disease


	Conclusion
	References


