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Abstract
The COVID-19 pandemic is the largest public health challenge in living memory. Patients with underlying liver disease have 
been disproportionately affected, experiencing high morbidity and mortality. In addition, elevated liver enzymes appear to 
be a risk factor for disease progression, even in the absence of underlying liver disease. Nevertheless, the mechanism of 
liver injury in SARS-CoV-2 infection remains largely unknown. This review aims to provide an overview of the mecha-
nisms by which SARS-CoV-2 induces liver injury, and the impact of COVID-19 on cirrhosis, alcohol-related liver disease, 
autoimmune liver disease, non-alcoholic fatty liver disease, hepatitis B and C virus infection, liver-transplant recipients and 
patients with hepatocellular carcinoma. Finally, emerging data on vaccination in liver diseases is discussed, to help inform 
public health policy.
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Introduction

It is well known that coronavirus disease (COVID-19), 
caused by infection with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), is an ongoing global pan-
demic [1]. The severe form of the illness is characterized 
by respiratory failure and hyperinflammation, with potential 
progression to multiorgan failure [1]. Advanced age, obesity 
and the presence of several comorbidities, such as cardiovas-
cular disease (CVD), hypertension and diabetes have been 

linked with poor clinical outcomes in patients with COVID-
19 infection [1].

Chronic liver disease (CLD), which is recognised as the 
10th cause of death globally, contributes to a large health 
burden particularly among individuals of working age [1]. 
Patients with CLD often have several comorbidities such as 
obesity, type 2 diabetes mellitus (T2DM) and CVD, which 
overlap with COVID-19 risk factors, potentially predispos-
ing to more severe disease through synergistic effects [2]. 
Given the dual burden of CLD and COVID-19 on health 
services, it is a priority for researchers to investigate the 
inter-relationship between SARS-CoV-2 infection and pre-
existing liver disease and to make specific recommendations 
and guidance on therapy.

Hepatotropism of SARS‑CoV‑2 virus

SARS-CoV-2 spike protein binds to Angiotensin-convert-
ing enzyme 2 (ACE2), which is a widely distributed, mem-
brane-bound monocarboxypeptidase involved in processing 
of numerous peptides including angiotensin-II, but in the 
context of SARS-CoV-2 infection acts as a ‘receptor’ for 
SARS-CoV-2 to enter the host cell [2]. In healthy liver, the 
highest expression of ACE2 receptors appears to be in the 
biliary epithelium. Studies from liver-derived and induced 
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pluripotent stem cell (iPSC)-derived organoids suggest that 
cholangiocytes are, in fact, highly susceptible to SARS-
CoV-2 entry and replication [3, 4]. However, the pattern of 
liver abnormality noted with SARS-CoV-2 infection is not 
typical for cholestatic liver injury (see below), and direct 
evidence for cholangiocyte infection in COVID-19 is yet to 
be presented. It may be that low-level cholangiocyte infec-
tion does not lead directly to cholangiocyte cell death but 
is permissive for hepatocyte infection and may also cause 
delayed-onset biliary damage such as cholangiopathy which 
has been observed [5].

By contrast, hepatocytes appear to express low levels of 
ACE2 suggesting a potential low risk of SARS-CoV-2 entry, 
although hepatoma cell lines (e.g. Huh7, HepG2) and liver-
derived organoids have been shown capable of supporting 
the complete life cycle of the virus [4, 6]. In vivo, electron 
microscopy supports the presence of intracellular virus par-
ticles within the hepatocyte, associated with mitochondrial 
swelling and structural damage, strongly suggesting direct 
cytopathy of SARS-CoV-2 in hepatocytes [7, 8]. This is par-
ticularly important since pre-existing liver disease is associ-
ated with increased expression of hepatocyte ACE2, thereby 
increasing the entry potential of SARS-CoV-2 into hepato-
cytes. For example, Meijnikman et al. describe increased 
hepatic ACE2 expression in patients with non-alcoholic fatty 
liver disease (NAFLD) [9], and Paizis et al. similarly find 
markedly increased hepatocyte ACE2 expression in hepatitis 
B virus (HBV)-related cirrhosis [10]. This increased expres-
sion of ACE2 is thought to be an injury response to liver 
fibrosis; indeed, ACE2 has been suggested as a therapeutic 
target for CLD [11]. Therefore, a potential mechanism for 
exaggerated SARS-CoV-2 liver injury in underlying CLD 
is due to greater burden of hepatocyte infection and conse-
quently widespread hepatocyte cell death. An elegant dem-
onstration of this is found in liver-derived organoids from 
cirrhotic NASH patients, which show markedly increased 
permissiveness to SARS-CoV-2 infection and pro-inflam-
matory gene expression compared to liver organoids from 
non-cirrhotic donors [12].

SARS‑Cov‑2 related liver injury 
in the absence of chronic liver disease

The typical liver biochemistry of COVID-19 is of elevated 
transaminases rather than a cholestatic pattern, suggesting 
that cholangiocytes may potentially act as a viral reservoir 
without undergoing cell death. This is supported by post-
mortem analysis of liver tissue from patients with SARS-
CoV-2-related liver injury, which demonstrates predominant 
hepatocyte rather than cholangiocyte cell death [7]. The 
specific mechanisms underlying this difference in suscepti-
bility are currently unexplained, but differential activity of 

inflammasome pathways in hepatocytes and cholangiocytes 
is one possible explanation.

Several studies have reported the prevalence of elevated 
alanine aminotransferase (ALT) in COVID-19 to be 32–40% 
[13]. An association with systemic inflammation has been 
reported; Da et al. reported that the hyperinflammatory 
response in patients with severe COVID-19 was more pro-
nounced among those with associated liver injury, and IL-6 
was significantly elevated in the group with associated liver 
injury [14]. Further, McConnell et al. demonstrated elevated 
IL-6 in COVID-19 may lead to hepatic endotheliopathy due 
to sinusoidal endothelial cell dysfunction, contributing to 
liver injury [15]. However, data in this area are contradic-
tory; the largest systematic review to date (23 studies) did 
not demonstrate a significant difference in liver enzymes 
or coagulation parameters in COVID-19 [16]. Therefore, as 
suggested above, liver injury in SARS-CoV-2 infection may 
be a reflection of a severe form of the disease with systemic 
inflammation or, in some cases, a degree of underlying CLD 
(Figs. 1, 2).

Drug-induced liver injury is a further potential mecha-
nism for transaminase elevation in SARS-CoV-2 infection, 
either as a consequence of drugs used commonly in critical 
care or anti-viral drugs. An example of the latter is adminis-
tration of lopinavir-ritonavir which, even in low-dose boost 

Fig. 1  Covid-19 is associated with increased liver damage. SARS-
CoV-2 infection in the lungs triggers ischemic/hypoxic damage as a 
result of pneumonia. In some patients, the antiviral response is dis-
proportionate and results in over-activation of immune cells and con-
sequent hyper-production of cytokines (cytokine storm). High levels 
of circulating cytokines, in particular IL-6, are associated with devel-
opment of liver injury, which is exacerbated by direct cytotoxic effect 
of SARS-CoV-2 on the liver and by the hepatotoxicity associated 
with approved drugs for therapy against COVID-19
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regimens, has been associated with the development of hepa-
totoxicity and should be used with caution in CLD. Both 
Remdesivir and Tocilizumab have also been reported to con-
tribute to raised liver enzyme levels in 10% of cases. Most 
clinical trials of SARS-CoV-2 directed therapies excluded 
CLD patients, and thus clinical experience in CLD is limited 
to case reports.

To address the question of whether liver injury in 
COVID-19 is directly virus-related or a consequence of 
severe illness/systemic inflammation, a comparison with 
other severe respiratory viruses is useful. The pathobiol-
ogy of influenza is well characterised; the virus is thought 
to only infect respiratory epithelial cells, and seasonal 
influenza does not typically cause liver injury. The more 
severe influenza A/H1N1 virus, which caused the 2009 pan-
demic, was associated with liver injury that correlated with 
degree of hypoxia and systemic inflammation [17]. More 
recently, Shafran et al. performed a retrospective compari-
son of ~ 1700 hospitalised patients with either influenza or 
COVID-19 at a single centre [18]. This group found similar 
predictors of disease severity on multivariate analysis in both 
groups, including liver transaminases, age, sex and degree 
of systemic inflammation. Therefore, these data support 

disease severity, either through hypoxia or inflammation/
immune-mediated mechanisms, as being the major driver 
of liver injury in these respiratory infections. However, as 
discussed below, the same may not be true if underlying 
CLD is present. Indeed, case series’ support influenza A 
as being a cause for acute decompensation in patients with 
underlying cirrhosis [19, 20].

SARS‑CoV‑2 infection on the background 
of chronic liver disease

Cirrhosis and acute‑on‑chronic liver failure

Several studies have examined the clinical outcomes of 
SARS-CoV-2 infection on the background of cirrhosis. The 
characteristics of these studies are illustrated in Table 1.

In a European registry study of 745 patients with COVID-
19, Marjot et al. found that cirrhosis patients had a signifi-
cantly higher mortality rate than patients without cirrhosis 
(32% vs. 8%, p < 0.001) [21]. Similarly, a United States 
(US) multicentre study of 2780 patients with COVID-19 
demonstrated that CLD patients had a relatively higher 

Fig. 2  Patients with cirrhosis 
are at greater risk of developing 
acute hepatic decompensation 
upon SARS-CoV-2 infection, 
since they display weaker 
response to the vaccine result-
ing in lower levels of circulating 
antibodies against SARS-CoV-2 
and also have increased expres-
sion of ACE2 on the hepatocyte 
membrane. ACE2 is not typi-
cally expressed on the surface 
of healthy hepatocytes but has 
elevated expression in cirrhosis 
permitting entry of SARS-
CoV-2 into the cell. Cirrhosis is 
also associated with low-levels 
of circulating gut-derived bacte-
rial products, which predispose 
to systemic inflammation and 
upregulation of inflammasome 
pathways. This results in sensiti-
sation of hepatocytes to SARS-
CoV-2 infection and subsequent 
pro-inflammatory cell death and 
immune responses
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mortality rate than controls [relative risk (RR) 2.8, 95% 
confidence interval (CI) 1.9–4.0, p < 0.001], which was fur-
ther increased in cirrhotic patients (RR 4.6, 95% CI 2.6–8.3; 
p < 0.001) [22]. A further retrospective study in 88,747 vet-
erans, also in the US, demonstrated COVID-19 was associ-
ated with a twofold increased risk of mechanical ventilation, 
hospitalisation and mortality in cirrhotic patients compared 
to non-cirrhotic veterans [23]. In addition, mortality rate 
appears to be positively correlated with Child-Turcotte-Pugh 
(CTP) class [A (19%), B (35%) and C (51%)] [21], which is 
consistent with the 23.9%, 43.3% and 63.0% mortality rate 
reported by Mohammed et al. in CTP-A, CTP-B and CTP-C, 
respectively [24].

The mode of presentation of patients is also different 
in cirrhosis. Unlike the typical respiratory presentation in 
non-cirrhotic individuals, registry data from Asia supports a 
presentation with acute decompensation or acute-on-chronic 

liver failure (ACLF) in 20% of cirrhotic patients [25]. Data 
from Europe also support a presentation with acute decom-
pensation in 46% of cirrhotic patients with COVID-19, with 
around half of these progressing to ACLF [21] (Fig. 2). 
Hepatocyte cell death is a key feature of the progression 
to acute decompensation or ACLF in cirrhosis [26]. From 
a mechanistic perspective, as shown in Fig. 3, the exagger-
ated release of inflammatory cytokines and the activation of 
inflammasome pathways in target cells are the likely trig-
gers for cell death following SARS-CoV-2 infection [27]. 
In cirrhosis, the liver is further predisposed to injury, due 
to prior upregulation and activation of canonical and non-
canonical inflammasome pathways [28, 29]. Specifically, the 
SARS-CoV-2 virus has been shown to interact and activate 
the canonical NLRP3 inflammasome and non-canonical 
pyroptosis inflammasome pathways, which are both drivers 
of cytokine storm [30, 31]. These inflammasome pathways 

Fig. 3  Upregulation of hepatocyte inflammasome signalling in cir-
rhosis predisposes to exacerbated cell death following SARS-CoV-2 
infection. In cirrhosis (right panel) bacterial products (such as 
lipopolysaccharide) bind and activate Caspases-4/5 leading to cleav-
age of the dimeric protein Gasdermin-D (GSDMD). GSDMD N-ter-
minal migrates to the plasma membrane, forming pores that allow the 
unregulated passage of damage-associated molecular patterns and 
electrolytes.  K+ efflux and mitochondrial damage are also triggers of 

NLRP3 assembly, which in turns activates caspase-1 and leads to pro-
cessing of pro-IL1β. Upon SARS-Cov-2 infection, viral proteins react 
with the already assembled NLRP3, leading to activation of down-
stream pathways. By contrast, in healthy liver (left panel), absence 
of ACE2 receptor delays the entry of SARS-CoV-2 into the cells. 
NLRP3 is present, but inactive, thus slowing the progress towards 
activation of pro-inflammatory caspases and processing of GSDMD 
and pro-IL1β
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have been shown to be upregulated in hepatocytes in cirrho-
sis, and hence the liver is ‘pre-sensitised’ to injury and cell 
death during SARS-CoV-2 infection in cirrhosis [29]. This 
subsequently leads to activation of pro-inflammatory cas-
pases and the cell death executioner protein Gasdermin-D, 
which facilitates cytokine release and may also predispose 
to acute decompensation or ACLF (Fig. 3).

Alcohol‑related liver disease

Various studies have investigated the relationship between 
COVID-19 infection and alcohol-related liver disease 
(ARLD)  (Table 2). Pre-existing ARLD has been linked 
to adverse outcomes in patients with COVID-19 infection 
(Table 2). Marjot and colleagues found that patients with 
ARLD had a higher risk of mortality from COVID-19 [odds 
ratio (OR) 3.11, 95% CI 2.12–4.55, P < 0.001] compared to 
other aetiologies [21]. This association remained significant 
after adjusting for several baseline characteristics including 
age, sex, disease severity and comorbidities (OR1.79, 95% 
CI 1.03–3.13, p = 0.040) [21]. Another multicentre obser-
vational cohort study of 867 patients with COVID-19 in the 
U.S. showed that ARLD was an independent predictor of 
overall mortality [hazard ratio (HR) 2.42; 95% CI 1.29–4.55; 
p = 0.006] [32].

Several reasons can contribute to this increased risk of 
mortality from COVID-19 in patients with ARLD. Comor-
bidities such as malnutrition and metabolic syndrome are 
frequently present in patients with ARLD and have been 
linked with poor clinical outcomes in patients with COVID-
19 infection [6]. Importantly, alcohol affects many organs, 
including the immune system, enhancing a proinflammatory 
response and the susceptibility to viral and bacterial infec-
tions [33].

Whether corticosteroid therapy administered for severe 
alcoholic hepatitis may aggravate severity of COVID-19 
is controversial. A systematic review and meta-analysis 
evaluating the influence of corticosteroids on patients with 
coronavirus infection showed that length of hospitaliza-
tion was longer (weighted mean difference = 6.31, 95% CI 
5.26–7.37, p < 0.001) and adverse reactions such as bacte-
rial infection (RR 2.08, 95% CI 1.54–2.81, p < 0.001) and 
hypokalemia (RR 2.21, 95% CI 1.07–4.55, p = 0.032) were 
more likely in the corticosteroid group. Nevertheless, the 
mortality of neither SARS-CoV (RR 2.56, 95% CI 0.99–6.63
, p = 0.053, I2 = 77.4%, p < 0.001) nor MERS-CoV (RR 2.06, 
95% CI 0.66–6.44, p = 0.213, I2 = 89.4%, p = 0.002) was cor-
related with corticosteroid therapy [34]. In addition, patients 
with severe conditions were more likely to require corticos-
teroids (RR 1.56, 95% CI 1.28–1.90, p < 0.001); result that 
was reproduced in the subgroup analysis of patients with 
SARS-CoV-2 infection in the meta-analysis (RR 2.36, 95% 
CI 1.31–4.28, p = 0.004, I2 = 29.1%, p = 0.235) [34] and in 

studies of SARS-CoV-2 infection (9.4% vs 1.2% in severe 
and non-severe COVID-19 p < 0.001) [33]. Therefore, the 
risk–benefit of corticosteroid administration should be 
assessed based on the severity of both alcoholic hepatitis 
and COVID-19 infection.

Autoimmune liver disease

The effects of autoimmune liver disease (AILD) on COVID-
19 remain unclear (Table 2). Corticosteroid therapy alone 
or combined with azathioprine is first-line treatment for 
AILD, both of which may predispose to viral infection. 
However, several studies reported a similar prevalence of 
COVID-19 infection in patients with autoimmune hepatitis 
(AIH) under immunosuppression than in the general popula-
tion [35, 36]. In addition, several studies investigating the 
impact of immunosuppressive therapy on clinical outcomes 
of COVID-19 in patients with pre-existing AILD have not 
shown worse outcomes in severe SARS-CoV-2 infection 
(Table 2). In an American and European study of 34 cen-
tres, maintenance of immunosuppression during COVID-19 
was not associated with poor prognosis [37]. Specifically, 
compared to patients without autoimmune hepatitis (AIH), 
patients with AIH did not show higher hospitalisation rates 
(46.4% vs. 50.0%; p = 0.560), need for supplemental oxygen 
(38.2% vs. 42.2%; p = 0.553) or all-cause mortality (10.0% 
vs. 11.5%; p = 0.852) [37]. Similarly, in a telephone-based 
survey conducted in Italy, Di Giorgio et al. demonstrated 
that the use of immunosuppressive therapy in AILD patients 
was not associated with more severe COVID-19 compared 
to the general population [35].

Non‑alcoholic fatty liver disease

Given the relationship between metabolic syndrome and 
severity of SARS-CoV-2 infection, several studies have 
examined the effect of non-alcoholic fatty liver disease 
(NAFLD) on COVID-19 prognosis (Table 2). In a retro-
spective Chinese study of 202 consecutive patients with 
COVID-19, Ji et al. demonstrated that NAFLD is associ-
ated with higher risk of progression to severe COVID-19 
(OR6.4, 95% CI 1.5–31.2), higher likelihood of abnormal 
liver function from admission to discharge [70% (53/76) 
vs. 11.1% (14/126), p < 0.001] and longer viral shedding 
time (17.5 ± 5.2 days vs. 12.1 ± 4.4 days, p < 0.001) com-
pared to patients without NAFLD [38]. In another Chinese 
study including 66 consecutive patients with NALFD, obese 
patients presented a sixfold higher risk of severe COVID-19 
infection (adjusted OR 6.32; 95% CI 1.16–34.54; p = 0.033) 
after controlling for sex, smoking, age, dyslipidemia, hyper-
tension and diabetes [39]. In addition, Targher et al. demon-
strated that intermediate fibrosis-4 (FIB-4) scores (OR4.32, 
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95% CI 1.94–9.59) or high FIB-4 scores (OR5.73, 95% CI 
1.84–17.9) correlate with higher severity of COVID-19 [40].

Hepatitis B virus infection

Several studies have investigated the impact of chronic 
hepatitis B virus (HBV) infection in COVID-19 patients 
with controversial results (Table 2). In a Chinese retrospec-
tive study of 347 patients, neither the probability of severe 
COVID-19 (30% vs. 31.4%, p = 0.97) nor the time to clear-
ance of SARS-CoV-2 (21 days vs. 14 days, p = 0.1) differed 
between patients with and without HBV [41]. On the con-
trary, a second retrospective study carried out by Chen and 
colleagues found that patients with HBV infection had sig-
nificantly higher mortality compared with patients without 
HBV infection (13.3% vs. 2.8%) [42]. Hence, larger prospec-
tive studies, accounting for severity of underlying liver dis-
ease, are required to determine the impact of HBV infection 
on COVID-19 outcomes.

Specific concerns have been raised regarding HBV reac-
tivation in COVID-19 patients receiving immunosuppres-
sive treatment. Liu et al. demonstrated that, regardless of 
corticosteroid use, patients with COVID-19 and chronic 
HBV coinfection (HBsAg + ve and/or HBV DNA + ve) 
had an elevated risk of HBV reactivation [41]. Regarding 
resolved HBV infection, Rodriguez-Tajes et al. conducted 
a prospective study of 490 patients in Spain, finding that 
the risk of HBV reactivation in patients with resolved HBV 
(majority HBsAg −ve/anti-HBc + ve) was low despite use 
of immunomodulatory therapy for COVID-19 [43]. Not all 
patients received nucleoside analogues for HBV prophylaxis, 
and therefore, specific recommendations on the use of HBV 
prophylaxis cannot be inferred but given the safety of these 
drugs prophylaxis is considered a prudent option.

Various studies have also investigated the relationship 
between anti-viral treatment for HBV and outcomes from 
SARS-CoV-2 infection. In a Korean retrospective study of 
19,160 patients with COVID-19, Choe et al. demonstrated 
that anti-viral treatment among HBV-infected patients was 
not associated with reduced mortality, hospitalisation stay, 
or rate of ICU admission compared to patients without 
antiviral therapy [44]. Of note, the antiviral-treated group 
showed higher proportion with progression to liver failure 
than their counterparts (4.3% vs. 1.3%; p = 0.032). However, 
this group also had a higher proportion of cirrhotic patients 
(46.4% vs. 12.1%, p < 0.001), which is a major confounder. 
Indeed, Kang et al. also found no difference in risk of death 
or adverse outcome between groups with, or without, anti-
viral treatment [45]. Therefore, it remains unclear if there 
is an independent effect of HBV antivirals on SARS-CoV-2 
progression.
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Hepatitis C virus infection

A number of studies have also examined the impact of hepa-
titis C virus (HCV) infection on patients with COVID-19. A 
large, US-based retrospective study of 1193 patients found 
that HCV infection was significantly associated with both 
higher rates of in-hospital mechanical ventilation [58% 
(29/50) vs. 39% (449/1143), p = 0.003] and increased all-
cause mortality [56% (28/50) vs. 34% (386/1143), p = 0.003] 
compared to patients without HCV infection [46]. These 
groups had similar prevalence of cirrhosis (2.5% vs. 5%, 
p = 0.534), hence this relationship was considered inde-
pendent of severity of liver disease. A similar Romanian 
study demonstrated that active HCV patients (HCV RNA 
viral load > 0.015 ×  103U/L) had higher rates of hospitalisa-
tion (61.2% vs. 40.0%, p < 0.0001), length of stay (28 days 
vs. 21 days, p = 0.0142), mechanical ventilation (26.3% 
vs. 13.1%, p = 0.0007) and all-cause mortality (48.3% vs. 
11.5%, p < 0.0001) compared to non-active HCV patients, 
although cirrhosis was not accounted for as a covariate in 
this study [47]. A further US based study demonstrated con-
trary results, using HCV patients and propensity-matched 
HCV negative controls, finding no difference in ICU admis-
sion or mortality although an independent effect of liver 
fibrosis (FIB-4 score) on hospitalisation rate was found [48]. 
Therefore, currently it remains unclear if HCV has a specific 
disease-modifying effect on SARS-CoV-2 infection and fur-
ther large studies are required.

In terms of the effect of HCV antivirals, a Spanish 
study examined the effect of anti-viral treatment for HCV 
on SARS-CoV-2 infection [49]. This group found that the 
SARS-CoV-2 infection rate was 293 cases/100,000 patients 
with HCV infection receiving DAA therapy, which was 
lower than the contemporaneous infection rate in Madrid 
and Catalonia (771 cases-1,045 cases/100,000 habitants), 
hence the researchers concluded that DAA therapy may have 
a partial anti-SARS-CoV-2 effect. However, this study is 
limited by selection bias and retrospective design, and con-
sequently larger studies will be needed to investigate any 
association between DAAs and SARS-CoV-2 infection.

Post‑liver transplantation

The management of liver transplant (LT) patients during the 
COVID-19 pandemic has been particularly challenging due 
to the need for immunosuppressive therapies. Several stud-
ies have addressed the outcomes of COVID-19 in patients 
following liver transplantation (Table 2). In a prospective 
Spanish study including a consecutive cohort of 111 LT 
patients with COVID-19, Colmenero et al. found that the 
epidemiological curve and geographic distribution of infec-
tion overlapped widely between the LT and general popula-
tions [50]. Moreover, the overall mortality rate was 18%, 

which was lower than in the matched general population 
after adjusting for sex and age [50]. Similarly, data from two 
international registries (COVID-Hep and SECURE-Cirrho-
sis), including 151 LT recipients with SARS-CoV-2 infec-
tion, demonstrated that LT did not significantly increase the 
risk of death [absolute risk difference 1·4% (95% CI  − 7.7 
to 10.4)]. In addition, immunosuppressive therapy was not 
a risk factor for mortality unlike age [OR1·06 (95% CI 
1.01–1.11)] per 1 year increase), serum creatinine concen-
tration [OR1·57 (95% CI 1.05–2.36) per 1 mg/dL increase] 
and non-liver cancer [OR18·30 (95% CI 1.96–170.75)], 
which were associated with death [51]. Similarly, an Italian 
study showed that long-term LT recipients were more prone 
to severe disease than short-term LT patients, suggesting 
that immunosuppression per se does not increase the risk of 
severe COVID-19. Instead, the presence of comorbidities 
typically observed in long-term recipients, such as metabolic 
complications, may be responsible for the increased risk of 
severe COVID-19 [52]. A similar study conducted by Webb 
and colleagues confirmed these findings by demonstrating 
that death was significantly associated with both age and 
Charlson Comorbidity Index, whereas no association was 
found with immunosuppressive therapy [53]. However, as 
in the general population, degree of liver injury remains an 
independent predictor of mortality. Rabiee et al. evaluated 
this in 112 LT patients, showing that after adjusting for sex, 
ethnicity, race, age, comorbidities, immunosuppression and 
time since transplantation, presence of liver injury was inde-
pendently associated with both higher risk of ICU admission 
(OR 7.93, 95% CI 1.75–35.69, p = 0.007) and higher overall 
mortality (OR 6.91, 95% CI 1.68–28.48, p = 0.007) [54].

Hepatocellular carcinoma

Several studies have also investigated the impact of hepa-
tocellular carcinoma (HCC) in patients with COVID-
19 (Table 3). In a study of 745 patients with COVID-19, 
Marjot et al. found that presence of HCC was not indepen-
dently associated with mortality compared to patients with-
out HCC (OR 1.46, 95% CI 0.67–3.18, p = 0.346) [21]. By 
contrast, a more recent study from Kim and colleagues dem-
onstrated in a different cohort that HCC is an independent 
predictor of death in patients with COVID-19 (HR 3.31, 95% 
CI 1.53–7.16) [32]. Possible reasons for this difference relate 
to the size of the cohorts; the Kim et al. is larger than that 
from Marjot et al. (867 patients vs. 745 patients), although 
comprises fewer HCC cases than the Marjot study (2.5% 
vs. 6.4%). Additionally, the Kim et al. study was a multi-
centre US-based cohort, whereas the Marjot study was an 
international registry with potentially greater heterogeneity.
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COVID‑19 vaccination in chronic liver disease 
and liver transplant recipients

Important recent data on covid-19 vaccination suggest 
decreased efficacy and durability of protection in patients 
with cirrhosis. Specifically, retrospective observational 
data from the us veteran’s affairs database including 
20,037 patients with cirrhosis who received at least 1 dose 
of covid-19 mrna vaccine (51% mrna-1273, 49% bnt162b2 
mrna) demonstrated delayed and reduced protection from 
covid-19 infection in cirrhosis compared to previously 
reported data in healthy individuals (64.8% reduction after 
1-dose, 78.7% reduction after 2 doses) [55]. Moreover, the 
degree of protection was further reduced in decompensated 
cirrhosis (50.3%) compared with compensated cirrhosis 
(66.8%) [55]. Registry data collected between March and 
august 2021 also demonstrate the potential for severe covid-
19 in cirrhosis despite vaccination. Although only limited 
cases numbers are reported (21 infections in CLD patients 
after ≥ 1 vaccine dose), 33% of reported cases required hos-
pitalisation [56].

Regarding serological responses to vaccination, there 
are relatively few prospectively collected data. In NAFLD, 
data from a Chinese cohort suggest that serological 
responses remain intact. This multicentre 381 NAFLD 
patients, without a history of SARS-CoV-2 infection, dem-
onstrated that neutralizing antibodies against SARS-CoV-2 
were detected in 95.5% of patients after 2 doses of vac-
cination [57]. However, most of the patients in this study 
did not have advanced fibrosis or cirrhosis. By contrast, 
emerging data from CLD patients suggest decreased immu-
nity following vaccination. Data from a US cohort of 79 
patients with cirrhosis (10 decompensated), demonstrated 
that cirrhotic patients have significantly lower anti-Spike 
serological responses (32% lower in all cirrhotic patients, 
and 54% in decompensated patients) compared to controls 
[58]. Similarly, an Italian cohort had significantly lower 
anti-Spike titres in cirrhosis patients than controls after 
both the first [13.9 (0.4–12,500) vs. 43.1 (0.4–345) U/mL, 
p = 0.001] and second doses of vaccine [1034 (0.4–12,500) 
vs 1520 (259–12,500)U/mL, p = 0.05]. Moreover, those 
with decompensated cirrhosis, HCC and undetectable anti-
Spike Ab after first dose had significantly lower anti-Spike 
titres after the second dose of vaccine [637 (0.4–12,500) 
vs. 1377 (0.4–12,500) U/mL, p = 0.01; 1116 (0.4–7,500) 
vs. 1810 (0.4–12,500) U/mL, p = 0.02; 469 (0.4–4,780) vs. 
3,908 (91.7–12,500) U/mL, p < 0.001, respectively]. The 
evaluation of spike-specific T cell responses after the first 

and second dose also indicated that patients with cirrho-
sis mount a weaker IFN-g and IL-2 response compared to 
healthy subjects [59].

For patients with LT, a similar rate of hospitalisation was 
seen in registry data, albeit also with low numbers of cases 
reported. Moon et al., report a series of 19 LT recipients 
(only 6 fully vaccinated) with 6 hospitalizations (32%), 
including 3 severe cases (16%) resulting in mechanical ven-
tilation and 2 (11%) resulting in death [56]. Immunogenicity 
among LT recipients also seems to be reduced compared 
with controls (positive IgG Spike-protein in 47.5% post-LT 
vs. 100% controls, p < 0.001) with significantly lower anti-
body titre (95.41 vs. 200.5AU/ml, p < 0.001) 10–20 days 
after receiving the second BNT162b2 vaccine dose [60]. 
Other studies exploring the safety and immunogenicity of 
COVID-19 vaccination in LT patients are summarized in 
Table 4.

Therefore, well-conducted prospective studies to fully 
establish the efficacy and durability of COVID-19 vac-
cination in CLD and post-LT patients remain a major 
unmet need. As the pandemic continues to spread, une-
venly, across the globe it remains unclear if cirrhosis or 
LT patients will require multiple vaccinations. Moreover, 
as newer variants of SARS-CoV-2 virus appear, particu-
larly delta and omicron variants, further data about strain-
specific effects and immunity are required to inform health 
policy. These questions are of urgent public health impor-
tance and will require addressing by hepatology commu-
nity in the near future.

Conclusions

Liver involvement is a common feature of SARS-CoV-2 
infection that can affect COVID-19 prognosis. Although 
most current data are accrued from retrospective studies, 
it appears that patients with cirrhosis, ARLD or NALFD 
are at significantly increased risk of severe disease while 
the impact on patients with AILD or HBV infections is less 
clear (Fig. 4). Although the COVID-19 vaccination pro-
gramme has re-opened much of society, emerging data sug-
gest decreased efficacy of COVID-19 vaccines in patients 
with cirrhosis and more robust data are needed. Further 
public health recommendations or research strategies 
addressing COVID-19 in liver disease may be formulated 
based on the fundamental epidemiological data provided 
in this review.
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