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Abstract
Various vaccines against severe acute respiratory syndrome coronavirus 2 have 
been developed in response to the coronavirus disease 2019 (COVID-19) global 
pandemic, several of which are highly effective in preventing COVID-19 in the 
general population. Patients with chronic liver diseases (CLDs), particularly those 
with liver cirrhosis, are considered to be at a high risk for severe COVID-19 and 
death. Given the increased rates of disease severity and mortality in patients with 
liver disease, there is an urgent need to understand the efficacy of vaccination in 
this population. However, the data regarding efficacy and safety of COVID-19 
vaccination in patients with CLDs is limited. Indeed, several organ-specific or 
systemic immune-mediated side effects following COVID-19 vaccination, 
including liver injury similar to autoimmune hepatitis, have been recently 
reported. Although the number of cases of vaccine-related liver injury is 
increasing, its frequency, clinical course, and mechanism remain unclear. Here, 
we review the current findings on COVID-19 vaccination and liver disease, 
focusing on: (1) The impact of COVID-19 in patients with CLD; (2) The efficacy, 
safety, and risk-benefit profiles of COVID-19 vaccines in patients with CLD; and 
(3) Liver injury following COVID-19 vaccination.

Key Words: COVID-19 vaccine; Liver disease; Side effect; Liver injury; Immune-related 
hepatitis; Autoimmune hepatitis
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Core Tip: Patients with chronic liver disease (CLD), including cirrhosis, are a high-risk group for severe 
coronavirus disease 2019 (COVID-19). Presently, the results of several clinical trials for measuring the 
efficacy and safety of the available COVID-19 vaccines in patients with CLD have been reported. Given 
the increased rates of severity and mortality of COVID-19 in patients with CLD, the importance of 
aggressive vaccination in the effective management of severe acute respiratory syndrome coronavirus 2 
infection should be emphasized. Although liver injury following COVID-19 vaccination has also been 
reported, it is infrequent and is not a factor in vaccine hesitancy.

Citation: Ozaka S, Kobayashi T, Mizukami K, Murakami K. COVID-19 vaccination and liver disease. World J 
Gastroenterol 2022; 28(48): 6791-6810
URL: https://www.wjgnet.com/1007-9327/full/v28/i48/6791.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i48.6791

INTRODUCTION
The December 2019 outbreak of coronavirus disease 2019 (COVID-19) caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) rapidly spread worldwide and became a global 
health threat[1,2]. COVID-19 is a respiratory disease caused by SARS-CoV-2, which can damage not 
only the lungs, but also other organs, including the cardiovascular system, liver, and gastrointestinal 
tract[3-5]. Vaccines are the most effective prophylaxis against COVID-19, and several vaccines against 
SARS-CoV-2 have been developed in response to the COVID-19 pandemic, among which vaccines 
produced mainly by Pfizer-BioNTech, Moderna, and Oxford-AstraZeneca are now widely used[6]. 
These vaccines are of great importance in controlling severe COVID-19 not only in healthy individuals, 
but also in high-risk populations, including those with chronic diseases. Chronic liver disease (CLD) is 
characterized by the gradual destruction of liver tissue over time, and includes liver diseases that are 
caused by chronic inflammation [chronic viral hepatitis, non-alcoholic fatty liver disease (NAFLD), 
alcoholic liver disease, and autoimmune hepatitis (AIH)] with or without cirrhosis and hepatocellular 
carcinoma (HCC). Patients with CLD, particularly those with cirrhosis, and liver transplantation (LT) 
recipients infected with SARS-CoV-2 have been reported to have a higher risk of adverse outcomes than 
the general population. For example, among 2780 individuals with COVID-19 in the United States, 
comparison between 250 individuals with liver diseases vs the rest of the cases indicated a significantly 
higher mortality rate in those with liver disease [hazard ratio (HR), 2.8; 95% confidence interval (CI): 
1.9-4.0] and a higher mortality risk in those with cirrhosis (HR: 3.0; 95%CI: 1.5-6.0)[7]. In a recent study, 
the mortality rate of cirrhotic patients with COVID-19 was significantly higher than that of non-cirrhotic 
patients (HR: 2.38; 95%CI: 2.18-2.59), and was also increased in cirrhotic patients with underlying CLD 
(HR: 3.31; 95%CI: 2.91-3.77)[8]. Therefore, patients with CLD are considered to be at an increased risk of 
SARS-CoV-2 infection and worse outcomes. Given the increased rates of severity and mortality in 
patients with liver disease, there is an urgent need to understand the efficacy and safety of vaccination, 
as well as the importance of aggressive vaccination in this population. However, since most of the phase 
2/3 trials of COVID-19 vaccines mainly recruited healthy individuals, data regarding the efficacy and 
safety in patients with liver diseases is limited. Presently, the results of several clinical trials for 
measuring the efficacy and safety of the available COVID-19 vaccines in patients with CLD have been 
reported.

The safety profiles of each vaccine have also been extensively studied. Common side effects of 
COVID-19 vaccines include injection site pain, transient fever, headache and fatigue[9,10]. Recently, 
however, several organ specific or systemic immune-mediated side effects following COVID-19 
vaccination have also been reported[11]. These side effects include immune-mediated liver injury 
resembling AIH.

In this review, we summarized the current knowledge, focusing on the impact of COVID-19 in 
patients with liver disease, as well as the efficacy and safety of COVID-19 vaccination in these patients. 
In addition, we analyzed case reports of acute liver injury following COVID-19 vaccination.

OVERVIEW OF COVID-19 VACCINES
Vaccines against SARS-CoV-2 can be categorized based on the platform they are developed on into 
mRNA, viral vector, inactivated virus, attenuated virus, protein subunit, and recombinant DNA 
vaccines. The major COVID-19 vaccines currently used worldwide include the vaccines produced by 
Pfizer-BioNTech, Moderna, and Oxford-AstraZeneca[6]. These, plus the CoronaVac vaccine (Sinovac 
Biotech) and Janssen-Ad26.COV2.S vaccine (Johnson & Johnson), are the five vaccines registered in the 
WHO Emergency Use Listing of Qualified Vaccines (Table 1)[12]. Various COVID-19 vaccines have been 

https://www.wjgnet.com/1007-9327/full/v28/i48/6791.htm
https://dx.doi.org/10.3748/wjg.v28.i48.6791
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Table 1 Summary of coronavirus disease 2019 vaccines

Corporation Vaccine Mechanism Vaccination Group: Number of 
cases/number of vaccinations (%)

Invaccination Group: Number of 
cases/number of vaccinations (%)

Efficacy % 
(95%CI)

Pfizer-BioNTech
[18]

BNT162b2 mRNA 8/21720 (0.037) 162/21728 (0.746) 95.0 (90.3-97.6)

Moderna[20] mRNA-1273 mRNA 11/15210 (0.072) 185/15210 (1.216) 94.1 (89.3-96.8)

Oxford-
AstraZeneca[25]

ChAdOx1 nCoV-19 
(AZD122)

Vector 27/4440 (0.608) 71/4455 (1.594) 62.1 (41.0-75.7)

Johnson & 
Johnson[26]

Ad26.COV2.S Vector 433/19113 (2.265) 883/18924 (4.666) 52.9 (47.1-58.1)

Sinovac Life 
Science[29]

Corona Vac Inacctivated 9/6559 (0.137) 32/3470 (0.922) 83.5 
(65.4–92.1)

proven to be highly effective and have good safety profiles in healthy populations. The efficacy of 
vaccines is evaluated based on their: (1) Immunogenicity; (2) Efficacy rate in clinical trials; and (3) Real-
world efficacy rate.

mRNA vaccines
The BNT162b2 mRNA (Pfizer-BioNTech) and mRNA-1273 mRNA (Moderna) vaccines are based on 
mRNA encoding SARS-CoV-2 spike proteins[13]. The injected mRNA is internalized into local host cells 
and translated, resulting in the production of antigen proteins and antigen-specific immune responses
[14,15]. mRNA based vaccines have been shown to be safe and well tolerated in clinical trials. The 
BNT162b2 mRNA vaccine was administered to healthy adults (18-55 and 65-85 years old) at doses of 10 
μg, 30 μg, or 100 μg in a phase 1/2 trial and showed immunogenicity, tolerability, and safety profiles 
consistent with these doses[16,17]. A phase 3 study of 43548 individuals also showed an efficacy rate of 
95% [95%CI: 90.3-97.6; 8 cases of COVID-19 (0.04%) of 21720 in the BNT162b2 group vs 162 cases of 
COVID-19 (0.75%) of 21,728 in the placebo group][18], and a 6-mo follow-up of 44616 adults aged 16 
years and older and 2264 participants aged 12 to 15 years showed an efficacy rate of 91.3% (95%CI: 89.0-
93.2)[19]. The mRNA-1273 vaccine also showed an efficacy of 94.1% [95%CI: 89.3-96.8; 11 cases of 
COVID-19 (0.07%) of 15210 in the mRNA-1273 group vs 185 cases of COVID-19 (1.22%) of 15210 in the 
placebo group] in a phase 3 study of 30420 healthy individuals aged 18 or above[20]. It should be noted, 
however, that the efficacy against the recent epidemic Omicron strain is reduced for both these mRNA 
vaccines. Neutralizing antibody titers 3 wk after two doses of the BNT162b2 vaccine were significantly 
lower for the Omicron strain compared with the Wuhan strain[21], and even with the mRNA-1273 
vaccine, neutralizing antibody titers against the Omicron strain after two doses of the vaccine were 1/41 
to 1/84 of those against the European strain[22]. On the other hand, it was also shown that the 
neutralizing antibody titer against the Omicron strain increased significantly after the third dose of both 
vaccines and was almost equivalent to that after two doses[21,22], and the booster dose of mRNA 
vaccines was also effective against the Omicron strain, with a good efficacy rate of 60 to 70%[23].

Viral vector vaccines
The ChAdOx1 nCoV-19 vaccine (AZD1222), which was developed by Oxford-AstraZeneca, is a viral 
vector vaccine. Immunity to the spike protein is induced by administration of a chimpanzee adenovirus 
vector containing the SARS-CoV-2 spike protein gene[24]. A clinical trial of ChAdOx1 nCoV-19 reported 
an efficacy of 62.1% [95%CI: 41.0-75.7; 27 cases of COVID-19 (0.6%) of 4440 in the ChAdOx1 nCoV-19 
group vs 71 cases of COVID-19 (1.6%) of 4455 in the control group][25]. The efficacy of Ad26.COV2.S, a 
single-dose viral vector vaccine produced by Johnson & Johnson, has also been reported. In a phase 3 
study, vaccine efficacy after 28 d was 52.9% [95%CI: 47.1-58.1; 433 cases of COVID-19 of 19113 (2.3%) in 
the Ad26.COV2.S group vs 883 cases of COVID-19 of 18924 (4.7%) in the placebo group][26,27].

Inactivated vaccines
Sinovac-CoronaVac is an inactivated vaccine developed by Sinovac Life Sciences and is being used in 
several countries. Its efficacy and safety were demonstrated in a phase 1/2 study by Zhang et al[28] and 
the phase 3 study of Tanriover et al[29]. In a population aged 18-59 years, CoronaVac was shown to be 
highly effective in preventing symptomatic COVID-19 (83.5% vs placebo) and COVID-19-related hospit-
alizations (100%) at least 14 d after the second dose[29].
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IMPORTANCE OF COVID-19 VACCINATION IN PATIENTS WITH LIVER DISEASES
During the COVID-19 pandemic, many cases have been accumulated and the clinical course of COVID-
19 in patients with CLD has been characterized. Patients with CLD, including those with cirrhosis or 
HCC, and LT recipients, are a high-risk group for severe COVID-19[30]. In a large cohort study using 
electronic health record data from more than 17 million patients in the United Kingdom, which included 
more than 0.1 million patients with CLD, CLD was a risk factor for death from COVID-19 (HR: 2.39; 
95%CI: 2.06-2.77)[31]. A particularly high mortality rate due to COVID-19 has been reported in patients 
with cirrhosis[7,8,32], and recent prospective data from a multicenter study reported a high mortality 
rate of 32% among 729 patients with CLD from 29 countries. In particular, patients with decompensated 
cirrhosis were found to be at a higher risk of hospitalization, mechanical ventilation and death (overall 
mortality: Child-Pugh-A: 19%, Child-Pugh-B: 32%, Child-Pugh-C: 51%, non-cirrhosis: 8%)[33]. Similarly, 
in a North American multicenter cohort study, compensated cirrhosis had no effect on mortality in 
COVID-19, while mortality was increased in patients with decompensated cirrhosis[34]. Furthermore, 
cirrhotic patients with COVID-19 had a significantly higher mortality rate than patients with COVID-19 
alone (30% vs 13%, P = 0.03) in a multicenter cohort study in the United States and Canada[35]. Patients 
with CLD, particularly those with cirrhosis, have multiple mechanisms of immune dysfunction that can 
lead to increased susceptibility to SARS-CoV-2 infection and an abnormal inflammatory response 
during infection. Thus, it has become clear that liver cirrhosis patients are at an increased risk of adverse 
COVID-19 outcomes, including death, as has been established by large observational cohorts and 
population-level data and international registry findings.

In addition to cirrhosis, NAFLD, alcoholic liver injury, and HCC are known to be factors affecting 
COVID-19 severity. Several observational cohort studies revealed a significant increase in the risk of 
severe COVID-19 in patients with NAFLD. In a Chinese study analyzing 202 COVID-19 cases, NAFLD 
complications were significantly more frequent in 39 patients whose disease progressed after hospital-
ization than in non-progressors (87.2% vs 25.8%), and the rate of severe disease was significantly higher 
in patients with NAFLD than in those without NAFLD (44.7% vs 6.6%)[36]. A meta-analysis by Pan et al
[37] showed that NAFLD was associated with more severe COVID-19 [odds ratio (OR): 2.93; 95%CI: 
1.87-4.60][37]. Two other meta-analyses have also been reported, both of which showed that NAFLD is a 
severity factor for COVID-19[38,39]. Patients with NAFLD have decreased hepatic innate immunity 
with skewed M1/M2 macrophage polarization, as well as increased levels of inflammatory mediators 
and cytokines. This underlying inflammatory status associated with NAFLD might lead to further 
exacerbation of the SARS-CoV-2 infection and can lead to a cytokine storm, which greatly increases the 
mortality rate[37]. Furthermore, it should be noted that diabetes mellitus, obesity, and cardiovascular 
diseases are also frequently present in the background of NAFLD, and these metabolic disorders might 
also be factors related to the increased mortality of COVID-19. Regarding alcoholic liver disease, Marjot 
et al[33] reported that it is an independent risk factor for COVID-19 related death (OR: 1.79; 95%CI: 1.03-
3.13)[33], and Kim et al[34] also reported a 2.4-fold increase in COVID-19 mortality (HR: 2.42; 95%CI: 
1.29-4.55) in these patients[34]. Their report also showed that HCC is a risk factor for death from 
COVID-19 (HR: 3.96; 95%CI: 1.74-8.98)[34]. Since HCC often occurs secondary to cirrhosis, the greater 
severity of COVID-19 in this patient group is thought to be a result of reduced immunity. Since LT 
recipients are required to use immunosuppressive agents for a long period of time, they are also 
considered to be a high-risk group for severe COVID-19. However, many reports from actual cohort 
studies concluded that LT is not an independent risk factor for COVID-19 related death[40-42]. Webb et 
al[43] compared mortality in 151 COVID-19 patients who underwent LT with 627 healthy subjects 
without LT, and reported no difference in overall mortality between the two groups (absolute risk 
difference 1.4%; 95%CI: 7.7-10.4)[43]. On the other hand, their study also reported that gastrointestinal 
symptoms, such as diarrhea, but not respiratory symptoms, were significantly increased in post-LT 
patients affected by COVID-19 (30% vs 12%, P < 0.0001)[43]. In addition, a report from the European 
Liver Transplant Association of 103 LT recipients affected by COVID-19 showed a significantly higher 
mortality rate in recipients older than 60 years[44].

Thus, since patients with CLD, especially those with cirrhosis, are a high-risk group for severe 
COVID-19, aggressive vaccination of this patient group is most important for the effective management 
of SARS-CoV-2 infection.

EFFICACY AND SAFETY OF COVID-19 VACCINES IN PATIENTS WITH LIVER DISEASES
Given the increased severity and mortality rates of COVID-19 in patients with liver disease, we need to 
understand the efficacy and safety of vaccination in this population. However, data regarding the 
efficacy and safety of COVID-19 vaccination in patients with CLD is limited. Previous studies on 
vaccine efficacy and safety in patients with liver disease that have been reported to date are shown in 
Table 2[45-65]. It should be noted that most of the reports in Table 2 do not take into account the 
influence of the omicron variant, which is a limitation of using previous data in the current clinical 
environment of omicron variant predominance.
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Table 2 Literature review of the efficacy and safety of coronavirus disease 2019 vaccines in patients with liver disease

Ref. Design Vaccine Country/region Number of 
participants Value Major findings (efficacy) Major findings 

(safety)

Cirrhosis

John et al[45], 
2021 

Multicentre 
retrospective 
cohort study

BNT162b2 
and mRNA-
1273

United States Cirrhosis group (n 
= 20037); Control  
(n = 20037)

Efficacy 64.8% decrease in the 
development of COVID-19 
infection after the first dose 
and a 78.6% decrease after 
the second dose

NA

Thuluvath et 
al[46], 2021 

Prospective 
cohort study

BNT162b2, 
mRNA-
1273, and 
AZD1222

United States LT (n = 62); 
Cirrhosis (n = 79); 
CLD (n = 92)

Immunogenicity Antibody was detectable in 
82.2% of LT recipients, 96.2% 
of cirrhosis and 95.7% of 
CLD without cirrhosis. 
61.3% of LT recipients and 
24% CLD with/without 
cirrhosis had poor antibody 
responses

No patient had 
any serious AEs

Ruether et al
[47], 2022

Prospective 
cohort study

BNT162b2, 
mRNA-
1273, and 
AZD1222

Germany LT (n = 138); 
Cirrhosis (n = 48); 
Control (n = 52)

Immunogenicity Immunological response 
rates were 36.6%, 65.4%, and 
100% in LT, cirrhosis, and 
controls, respectively

NA

Willuweit et al
[48], 2022

Prospective 
cohort study

BNT162b2 Germany Cirrhosis (n = 166); 
Control (n = 79)

Immunogenicity Antibody was detectable in 
96% of cirrhosis and 99% of 
controls. The median SARS-
CoV-2 IgG titer was 
significantly lower in 
cirrhosis compared to the 
controls (939 vs 1905 
BAU/mL, P = 0.0001)

NA

Wang et al
[49], 2022

Multicentre 
retrospective 
cohort study

Inactivated 
vaccine

China Compensated-
cirrhosis (n = 388); 
Decompensated 
cirrhosis (n = 165)

Immunogenicity Antibodies were detectable 
in 71.6% and 66.1% in 
compensated-cirrhosis and 
decompensated-cirrhosis

The vaccines 
were well 
tolerated, most 
AEs were mild 
and transient

Ai et al[50], 
2022 

Multicentre 
prospective 
cohort study

Inactivated 
vaccine

China CLD (n = 284); 
Compensated 
cirrhosis (n = 123); 
Decompensated 
cirrhosis (n = 30)

Immunogenicity Antibody detection rates 
were 76.8% in noncirrhotic 
CLD group, 78.9% in 
compensated cirrhotic 
group, 76.7% in 
decompensated cirrhotic 
group, and 90.3% in controls 
(P = 0.008 vs CLD)

There was no 
significant 
difference in AE 
among 
subgroups

Liver 
transplant 
recipients

Rabinowich et 
al[51], 2021 

Multicentre 
retrospective 
cohort study

BNT162b2 
mRNA 
vaccine

Israel LT patients (n = 
80); Control (n = 
25)

Immunogenicity Immunogenicity among LT 
recipients was significantly 
lower [47.5% (LT) vs 100% 
(control), P < 0.001]

No patient had 
any serious AEs

Herrera et al
[52], 2021

Multicentre 
prospective 
cohort study

mRNA-1273 Spain LT recipients (n = 
58)

Immunogenicity 93% of patients developed 
immunologic responses to 
mRNA-1273 vaccine

No serious AEs 
were reported in 
LT recipients

Strauss et al
[53], 2021

Multicentre 
retrospective 
cohort study

BNT162b2 
and mRNA-
1273

United States LT recipients (n = 
161)

Immunogenicity Antibody was detectable in 
34% (95%CI: 27%-42%) of 
participants after first dose, 
and in 81% (95%CI: 74%-
87%) after second dose

NA

Nazaruk et al
[54], 2021

Retrospective 
cohort study

BNT162b2 
mRNA 
vaccine

Poland LT recipients (n = 
65)

Immunogenicity Antibody detection rate was 
88.9% in LT recipients after 
the second dose

NA

Timmermann 
et al[55], 2021

Retrospective 
cohort study

mRNA 
vaccines

Germany LT recipients (n = 
118)

Immunogenicity The seroconversion rate was 
78.0% in LT recipients. MMF 
for immunosuppression was 
risk factors for seroneg-
ativity

NA

BNT162b2 
and mRNA-

LT patients (n = 
61); Control (n = 

Immunological response 
rates 2 wk after 2nd dose 

D'Offizi et al
[56], 2022

Retrospective 
cohort study

Italy Immunogenicity NA
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1273 51) were 47.5% (LT) and 100% 
(control) (P < 0.001)

John et al[57], 
2022

Multicentre 
retrospective 
cohort study

BNT162b2 
and mRNA-
1273

United States LT patients (n = 
1133); Control (n = 
791)

Efficacy Vaccination with 2 doses of 
an mRNA vaccine was 
associated with a 64% 
decrease in COVID-19 
infection and 87% decrease 
in COVID-19–related death 
in LT recipients

NA

Davidov et al
[58], 2022

Retrospective 
cohort study

BNT162b2 
mRNA 
vaccine

Israel LT patients (n = 
76); Control (n = 
174)

Immunogenicity Immunological response 
rates 2 wk after 2nd dose 
were 72.0% (LT) and 94.2% 
(control) (P < 0.001)

AEs were 
reported by 51% 
LT recipients. No 
serious events 
were reported

Sakai et al
[59], 2022

Retrospective 
cohort study

BNT162b2 Japan LT patients (n = 
56); Control (n = 
42)

Immunogenicity LT recipients showed a 
lower seroconversion rate 
(44/56; 78.6%) than healthy 
controls (41/42; 97.6%)

NA

Calleri et al
[60], 2022

Retrospective 
cohort study

BNT162b2 
and mRNA-
1273

Italy Pre-LT patients (n 
= 89)

Immunogenicity In the 89 pre-LT patients, 
seroconversion rate was 
94.4% (23 d after 
vaccination), and 92.0% (68 
d after vaccination) 

No serious AEs 
were reported in 
participants

Viral hepatitis 
and NAFLD

Xiang et al
[61], 2021

Retrospective 
cohort study

Inactivated 
vaccine

China CHB patients (n = 
149)

Immunogenicity The seroconversion rate was 
87.2% in CHB

No serious AEs 
were reported in 
participants

He et al[62], 
2022

Cross-
sectional 
observational 
study

Inactivated 
vaccine

China CHB patients (n = 
362); Control (n = 
87)

Immunogenicity The seroconversion rates of 
SARS-CoV-2 antibodies 
were similar between CHB 
patients and healthy controls

The incidence 
was similar 
between CHB 
patients and 
controls. No 
serious AE

Wang et al
[63], 2021

Multicentre 
retrospective 
cohort study

Inactivated 
vaccine

China NAFLD patients (n 
= 381)

Immunogenicity The inactivated COVID-19 
vaccine was good immuno-
genicity (95.5%) in patients 
with NAFLD

AEs within 7 d 
and within 28 d 
totaled 95 
(24.9%) and 112 
(29.4%), 
respectively. No 
serious AEs were 
recorded

Autoimmune 
liver disease

Duengelhoef 
et al[64], 2022

Prospective 
cohort study

BNT162b2, 
mRNA-
1273, and 
AZD1222

Germany AIH (n = 103); PSC 
(n = 64); PBC (n = 
61); Control (n = 
95)

Immunogenicity Seroconversion was 
measurable in 97% of AIH 
and 99% of PBC/PSC 
patients, respectively. In 14% 
of AIH patients antibody 
levels were lower compared 
to PBC/PSC or controls 

NA

Schneider et al
[65], 2022

Prospective 
cohort study

BNT162b2 
mRNA 
vaccine

Austria AIH (n = 12); 
Control (n = 24)

Immunogenicity Patients of AIH and healty 
controls acquired sufficient 
antibodies after third 
vaccination

NA

AE: Adverse event; AIH: Autoimmune hepatitis; CHB: Chronic hepatitis B; CLD: Chronic liver disease; LT: Liver transplant; MMF: Mycophenolate mofetil; 
NA: Not available; NAFLD: Non-alcoholic fatty liver disease; PBC: Primary biliary cholangitis; PSC: Primary sclerosing cholangitis; CI: Confidence 
interval.

Response to vaccination in liver cirrhosis patients
Given the higher COVID-19 related mortality in individuals with decompensated cirrhosis, it is 
important to prioritize vaccination in this group. Patients with cirrhosis have previously shown hypore-
sponsiveness to hepatitis B virus and pneumococcal vaccines[66,67], and were also considered to be less 
responsive to COVID-19 vaccines[68]. Indeed, cirrhosis has been reported to be a high-risk factor (3.0-
fold) for COVID-19 related deaths after COVID-19 mRNA vaccination in a large United Kingdom cohort 
study. A defect in acquired immunity in patients with cirrhosis probably predicts a low response to 
vaccination in this patient population[69]. However, a recent study in the United States found that 75% 
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of CLD patients without cirrhosis and 77% of those with cirrhosis had adequate antibody responses to 
COVID-19 vaccination[46]. In that study, antibody responses to the BNT162b2 mRNA vaccine and 
mRNA-1273 mRNA vaccine were favorable (64.4% and 76.4%, respectively), whereas those to the 
Ad26.COV2.S vaccine (Johnson & Johnson) were low (15.8%). In a study analyzing the immune 
response of 110 patients with cirrhosis after two doses of the BNT162b2 mRNA vaccine, while the 
antibody initial acquisition rate was 96%, which was not significantly different from that in the control 
group (99%) (P = 0.04), the antibody titer showed a rapid and significant reduction in patients with 
cirrhosis[48]. This suggests that although the initial results after vaccination with the COVID-19 
BNT162b2 vaccine are favorable in patients with cirrhosis, it should be noted that the antibody response 
deteriorates rapidly over time, and, hence, the timing of the booster shot needs to be addressed in the 
near future.

The immunogenicity of COVID-19 vaccines in patients with cirrhosis appears to be inferior to that in 
healthy individuals, although real-world cohort studies showed that BNT162b2 mRNA and mRNA-
1273 vaccines reduce the development of COVID-19 infection by 64.8% after the first dose and 78.6% 
after the second dose[45]. Furthermore, a recent report on BNT162b2 mRNA, mRNA-1273, and 
Ad26.COV2.S vaccines has shown significantly reduced COVID-19-related mortality in vaccinated 
patients with cirrhosis (HR: 0.21; 95%CI: 0.11-0.42)[70]. In the report on the Sinovac-CoronaVac vaccine, 
the immunogenicity in patients with CLD was lower (77.3%) compared to that in healthy controls 
(90.3%), although the presence or absence of cirrhosis in CLD patients did not affect the antibody 
retention rate [non-cirrhotic CLD (76.8%), compensated cirrhosis (78.9%), and decompensated cirrhosis 
(76.7%)]. The safety in each group was as good as in healthy controls in that report [healthy controls 
(16.0%), non-cirrhotic CLD (15.5%), compensated cirrhosis (16.3%), and decompensated cirrhosis 
(20.0%)][50]. In a study examining the efficacy of the Ad26.COV2.S vaccine, the vaccine efficacy in 
patients with cirrhosis was 64% (OR: 0.36; 95%CI: 0.20-0.62, P = 0.005), which was non-inferior to the 
results of a phase 3 trial[71].

Regarding safety, Cao et al[72] reported that of 85 patients with decompensated cirrhosis who 
received at least one dose of a SARS-CoV-2 vaccine, only one patient (1.2%) had an adverse reaction 
requiring hospitalization[72]. Bakasis et al[73] also reported that there was no significant difference in 
the safety of mRNA vaccines given to 87 patients with liver diseases including cirrhosis, and 40 controls
[73]. The limitations of these studies[50,71-73], however, include a relatively small sample size of 
participants who received the vaccines and a short follow-up period. Research with larger sample sizes 
is, thus, required in the future.

Hence, although each vaccine is slightly inferior in immunogenicity in patients with cirrhosis 
compared with healthy individuals, they can be safely used with adequate efficacy in patients with 
cirrhosis. However, there is insufficient data to allow recommendation of one vaccine over another.

LT
COVID-19 outcomes in LT recipients are not necessarily worse than those in the general population, 
although they have a higher rate of admission to the intensive care unit. Thus, COVID-19 vaccination 
should be prioritized for these patients, since the benefits far outweigh the potential risks. Vaccination 
for LT recipients is an interesting area of research, with a series of reports on its efficacy and safety.

Several reports of low humoral and cellular responses after COVID-19 vaccination in LT recipients 
suggest that vaccine-induced immunity in this patient subgroup is lower than in the general population. 
As shown in Table 2, LT recipients exhibit significantly attenuated humoral and cellular immunity 2 wk 
after mRNA vaccination compared to healthy individuals[56,58], lower seroconversion rates[59] and 
significantly lower immunogenicity[51]. Indeed, combination immunosuppressive therapy, including 
mofetil mycophenolate, is reportedly a predictor of reduced responsiveness to vaccination[55,58,59]. The 
results of such vaccine responses in LT recipients were similar to the results of other studies in kidney 
transplant recipients[74], lung transplant recipients[75], and allogeneic hematopoietic stem-cell 
transplant recipients[76]. On the other hand, a recent multicenter cohort study showed that mRNA 
vaccines reduce SARS-CoV-2 infection rate, occurrence of symptomatic COVID-19, and mortality in LT 
recipients as well as in patients with cirrhosis[70]. While the immunogenicity of mRNA vaccines in LT 
recipients appears to be attenuated compared with that in healthy individuals, the disease status of 
COVID-19 is greatly attenuated in vaccinated LT recipients compared to unvaccinated recipients. 
Additionally, the value and safety of routine immunization in liver transplant recipients has been well 
established, and current guidelines recommend pre-transplant vaccination whenever possible[77]. 
However, since LT recipients also show a rapid decrease in antibody titers after mRNA vaccination[59], 
and because booster doses are reportedly extremely safe in post-organ transplant patients [78], it is 
recommended that all LT recipients receive a third or fourth booster dose if they have low or insufficient 
antibody titers[47].

HCC
HCC patients are considered a high risk group for severe COVID-19[34]. Nevertheless, there are no 
cohort studies investigating the immunogenicity and safety of COVID-19 vaccines in patients with 
HCC. According to the American Association for the Study of Liver Diseases, patients with HCC 
receiving locoregional or systemic therapy should also be considered for vaccination without 
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interruption of treatment[79]. Most patients treated for solid tumors, including HCC, show an adequate 
humoral response against SARS-CoV-2 after two vaccine doses. However, vaccination during 
chemotherapy tends to be associated with lower antibody levels, resulting in a suboptimal response in a 
small percentage of patients[80,81]. Furthermore, the concentration of neutralizing antibodies decreases 
over time, further reducing immunity[82]. Based on these reports, many countries are prioritizing a 
third vaccine dose in patients with solid tumors.

Viral hepatitis and NAFLD
With regard to viral hepatitis and NAFLD, several cohort studies evaluating the efficacy of inactivated 
vaccines have been reported from China. Xiang et al[61] analyzed the seroprevalence of anti-spike 
protein antibodies and neutralizing antibodies in chronic hepatitis B (CHB) patients who received two 
doses of inactivated vaccines, and reported high seropositivity rates of 87.2% and 74.5%, respectively
[61]. This report showed that nucleotide analog therapy has no effect on vaccine-induced immune 
responses, suggesting that vaccination should be performed even during treatment of CHB. He et al[62] 
also reported that seroconversion rates of SARS-CoV-2 antibodies after 1, 2, and 3 mo in patients with 
CHB who received an inactivated vaccine were comparable to those in healthy controls[62]. No serious 
adverse reactions were reported in either study.Next, in a multicenter study of the safety and immuno-
genicity of inactivated vaccines in 381 individuals with NAFLD, the incidence of adverse reactions 
within 7 d and 28 d after vaccination was 24.9% and 29.4%, respectively. Neutralizing antibodies were 
detectable in 364 (95.5%) patients, and titers of neutralizing antibodies were shown to persist for a long 
time[63]. Given that NAFLD is a risk factor for severe COVID-19[37-39], active vaccination of this 
patient population would be ideal.

AIH
There have been two reports on the immunogenicity of COVID-19 vaccines in patients with AIH. 
Duengelhoef et al[64] reported that 91 of 94 (97%) AIH patients who received the second dose of a 
vaccine achieved seroconversion, although AIH patients showed impaired spike-specific T-cell 
responses and lower antibody levels at 7 mo compared with healthy individuals or patients with 
primary biliary cholangitis (PBC)/primary sclerosing cholangitis (PSC) (641 vs 1020 vs 1200 BAU/mL, 
respectively). These results were not related to the use of immunosuppressive medications, suggesting 
that the underlying immune abnormality of AIH might be involved in this diminished response[64]. In 
addition, a study that followed the antibody responses after mRNA vaccination in patients with AIH 
and healthy controls showed that anti-SARS-CoV-2 antibodies were sufficiently produced after the 
second and third vaccinations in both groups[65]. Therefore, early booster doses of vaccines should be 
considered in patients with AIH. Although none of the patients in these reports had serious adverse 
reactions, it is noteworthy that several case reports have been published reporting an increased risk of 
developing AIH-like syndromes after SARS-CoV-2 vaccination.

LIVER INJURY AFTER COVID-19 VACCINATION
Adverse effects of COVID-19 vaccines
Vaccination in patients with liver diseases is generally considered safe and effective and should be 
strongly recommended. The common side effects of COVID-19 vaccination include injection site pain, 
fever, headaches, and fatigue. All these side effects are mild and typically resolve 1-3 d after vaccination. 
However, recent worldwide dissemination of COVID-19 vaccines and post-marketing surveillance have 
led to an increasing number of reports of several organ-specific immune-related diseases, including 
myocarditis, immune thrombotic thrombocytopenia, Guillain-Barré syndrome, and pancreatitis, among 
others[11,83-85]. It is speculated that an abnormal immune response following vaccination is involved 
in the development of such diseases. Acute liver injury was not previously reported in clinical trials on 
COVID-19 vaccination because the sample size was insufficient to detect rare adverse events after 
vaccination. Recently, a large-scale population-based study on acute liver injury occurring after COVID-
19 vaccination was reported from Hong Kong. In that study, among 2343288 COVID-19 vaccine 
recipients, acute liver injury within 56 d after the first and second vaccine dose occurred in 307 and 521 
(335 and 334 per 100000 person-years) individuals vaccinated with BNT162b2, and 304 and 474 (358 and 
403 per 100000 person-years) of those who received CoronaVac. The incidence of acute liver injury 
within 56 d of SARS-CoV-2 infection, on the other hand, was 32997 cases per 100000 person-years, 
indicating that the incidence of acute liver injury after COVID-19 vaccination was much lower than that 
after SARS-CoV-2 infection. It was also concluded that compared to the non-exposure period, no 
increased risk of acute liver injury was observed in the 56-d risk period following the first (IRR: 0.800; 
95%CI: 0.680-0.942) and second (IRR: 0.944; 95%CI: 0.816-1.091) BNT162b2 dose, and the first (IRR: 0.689; 
95%CI: 0.588-0.807) and second (IRR: 0.905, 95%CI: 0.781-1.048) CoronaVac dose. Thus, COVID-19 
vaccines do not seem to increase the risk of acute liver injury[86]. However, since there have been case 
reports of acute liver injury requiring hospitalization after COVID-19 vaccination, this is an adverse 
effect that should not be overlooked. The current review aimed to increase awareness of this rare 
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adverse effect to promote its early recognition.Review of case reports on liver injury after COVID-19 
vaccinationSince the summer of 2021, several case reports of liver injury after COVID-19 vaccination 
have been reported. The clinical and histological findings of most patients resembled AIH and the 
reported cases responded well to corticosteroid therapy. Previous cases of AIH-like acute liver injury 
after COVID-19 vaccinations are shown in Table 3[87-109]. Twenty-three reports (28 cases) of acute liver 
injury secondary to COVID-19 vaccines have been published in the PubMed database as of July 2022 
(Table 3). The median age at the time of diagnosis was 61 (range 27-80) years, with a predominance of 
women (79%, females: 22, males: 6). Eight patients (29%) had no underlying disease, whereas nine 
patients (32%) had been diagnosed with other immune disorders (Hashimoto’s disease: 5, PSC: 2, PBC: 
1, sarcoidosis: 1). One patient was three months postpartum, and another patient was taking hormonal 
therapy due to menstrual irregularities. Liver injury occurred after vaccination following the BNT162b2 
vaccine in 11 (39%) of the cases, mRNA-1273 vaccine in nine (32%), ChAdOx1 nCoV-19 vaccine in seven 
(25%), and CoronaVac vaccine in one case (4%). Seventeen patients (61%) developed liver injury after 
the first dose, 10 patients (36%) after the second dose, and two patients (7%) after the booster shot. The 
median time from vaccination to the onset of acute liver injury was 11 (range 3-35) d. The most common 
symptom was jaundice, while other symptoms, such as fatigue and anorexia, were also frequently 
observed. The most common pattern of liver injury was hepatocellular injury, with transaminase levels 
exceeding 1000 U/L in many cases. The mean alanine aminotransferase level was 848.2 (± 465.0) U/L, 
mean aspartate aminotransferase level was 1031.5 (± 578.3) U/L, and mean total bilirubin level was 9.08 
(± 5.76) mg/dL. Serum immunoglobulin G (IgG) levels were measured in 25 patients and were elevated 
in 22 patients (88%). Anti-nuclear antibodies (ANA) were positive in 22 (82%) of 27 patients, while anti-
smooth muscle antibodies and anti-mitochondrial antibodies (AMA) were elevated in some cases. Liver 
biopsy was performed in all cases. According to the simplified international diagnostic criteria 
published by the international AIH-group, seven cases were “typical” of AIH and 20 cases were 
“compatible with” AIH. Only one patient had poor findings of typical AIH and was diagnosed with 
drug-induced liver injury. Steroids as first-line treatment were used in 26 of the patients (93%), of whom 
10 received prednisone, 14 received prednisolone, one received budesonide, and one was given methyl-
prednisolone intravenously. Azathioprine was concomitantly used in five patients. The overall 
outcomes with corticosteroid therapy were favorable, and improvement was seen in 27 patients (96%). 
Only one male patient reported from India progressed to liver failure and died despite five cycles of 
plasma exchange[99].

All of the patients developed acute liver injury soon after COVID-19 vaccination, with findings 
consistent with AIH on liver biopsy, and responded well to corticosteroids. These case reports strongly 
suggest that the association between vaccination and the onset of AIH-like liver injury might be more 
than coincidental. However, it is difficult to establish a causal relationship between vaccination and liver 
injury with certainty. Indeed, post-pregnancy status, use of statins, and concomitant history of 
autoimmune diseases included in the reported cases are likely major confounding factors. It should be 
noted that almost all the reported cases lacked pre-vaccination laboratory data, and hence, the presence 
of pre-existing hepatitis cannot be ruled out. Indeed, Cao et al[110] reported that a patient with vaccine-
induced AIH had advanced fibrosis on liver biopsy, suggesting the presence of CLD prior to vaccination
[110].

Furthermore, a large international case series that provided evidence for the hepatotoxic potential of 
COVID-19 vaccines has recently been reported[111]. In that study, data from 18 countries on 87 patients 
who developed liver injury after COVID-19 vaccination were retrospectively collected. The median age 
at diagnosis was 48 (range 18-79) years and 63% were female. The median time from vaccination to the 
onset of liver injury was 15 (range 3-65) d. Liver injury occurred after vaccination with BNT162b2 in 59% 
of the cases, mRNA-1273 in 18% and ChAdOx1 nCoV-19 in 23%. When elevated IgG and autoantibody 
positivity were used to define immune-mediated hepatitis, 57% of the patients had immune-mediated 
hepatitis. Corticosteroids were mainly used in cases of severe liver injury and immune-mediated 
hepatitis (53%). In this study, there was one case of liver failure requiring LT, while the remaining cases 
had a good prognosis. There were no differences in the severity of liver injury, the rate of immune-
mediated hepatitis, or the rate of steroid usage depending on the type of vaccine. Responses to 
treatment and outcomes were favorable in all groups. These results were generally consistent with the 
characteristics of the previous case reports shown in Table 3.

There is also a concern that hepatitis might be exacerbated by vaccination of patients originally 
diagnosed with AIH. Shroff et al[112] reported that six of 16 patients who developed vaccine-induced 
liver injury previously had AIH. They concluded that hepatotoxicity could be induced after vaccination 
by autoimmune induction[112]. However, the number of patients described in previous reports[87-109] 
(Table 3) is extremely small compared with the overall vaccinated population worldwide. The current 
review, thus, aimed to increase awareness about this rare adverse effect in order to promote its early 
recognition.

Mechanism of liver injury after COVID-19 vaccination
The mechanisms underlying the development of liver injury following COVID-19 vaccination remain 
unclear. As shown in Table 3, liver injury following COVID-19 vaccination is clinically and patholo-
gically similar to AIH, suggesting that immune abnormalities associated with vaccination contribute to 
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Table 3 Reported cases of liver injury following coronavirus disease 2019 vaccination

Ref. Age/sex Past history Vaccine Onset AST/ALT (U/ 
L)

Total 
bilirubin 
(mg/ dL)

IgG Antibody Biopsy Diagnose Treatment Outcome

Bril et al[87] 35/F Third month 
postpartum

BNT162b2 7 d after the1st dose 754/2001 4.8 Normal ANA: 1:1280 Interface hepatitis, rosette 
formation, eosinophil infilt-
ration

Typical for 
AIH

Prednisone (20 mg/d) Improved

Lodato et al
[88]

43/F Dyslipidemia BNT162b2 15 d after the 1st 
dose

52/51 17.54 Normal ANA: negative Moderate portal inflammatory 
infiltrate with interface 
hepatitis, biliary injury

Compatible 
with AIH

Methyl-prednisolone 
(1 mg/kg/d)

Improved

Vuille-Lessard 
et al[89]

76/F Hashimoto's disease, 
urothelial carcinoma

mRNA-
1273

3 d after the 1st 
dose

811/579 3.8 Increased ANA: 1:1280, 
AMA: 1:1280

Interface hepatitis, plasma cells 
infiltration, pseudorosettes

Compatible 
with AIH

Prednisolone (40 
mg/d) + azathioprine

Improved

Londoño et al
[90]

41/F Premature ovarian 
failure

mRNA-
1273

7 d after the 2nd 
dose

993/1312 2.3 Increased ANA: 1:80 Interface hepatitis with a 
lymphoplasmacytic infiltrate

Typical for 
AIH

Prednisone (1 mg/kg) Improved

Rocco et al[91] 80/F Hashimoto's disease BNT162b2 7 d after the 3rd 
dose

1401/1186 10.5 Increased ANA: 1:160 Interface hepatitis with a 
lymphoplasmacytic infiltrate

Typical for 
AIH

Prednisone Improved

McShane et al
[92]

71/F Osteoarthritis mRNA-
1273

4 d after the 1st 
dose

-/1067 15.7 Increased ASMA: 1:2560 Interface hepatitis, eosinophil 
infiltration

Compatible 
with AIH

Prednisolone (40 
mg/d)

Improved

Clayton-
Chubb et al[93]

36/M Hypertension AZD1222 26 d after the 1st 
dose

633/1774 9.9 Normal ANA: 1:160 Interface hepatitis Compatible 
with AIH

Prednisolone (60 
mg/d)

Improved

Tan et al[94] 56/F None mRNA-
1273

35 d after the 1st 
dose

1124/1701 5.9 Increased ANA: positive, 
ASMA: 
Positive

Interface hepatitis, rosette 
formation, eosinophil infilt-
ration

Compatible 
with AIH

Budesonide Improved

Ghielmetti et 
al[95]

63/M Type 2 diabetes, 
ischemic heart disease

mRNA-
1273

7 d after the 1st 
dose

1127/1038 11.9 Increased ANA: 1:640 Inflammatory portal infiltrate 
with interface hepatitis

Typical for 
AIH

Prednisone (40 mg/d) Improved

Zhou et al[96] 36/F Ulcerative colitis, 
primary sclerosing 
cholangitis

mRNA-
1273

11 d after the 1st 
dose

581/588 1.4 Increased ANA: 1:2560 Interface hepatitis with a 
lymphoplasmacytic infiltrate, 
rosette, eosinophil

Compatible 
with AIH

Prednisone (50 mg/d) Improved

Garrido et al
[97]

65/F JAK2 V617F-positive 
polycythemia

mRNA-
1273

14 d after the 1st 

dose
1056/1092 1.1 Increased ANA: 1:100 Interface hepatitis Compatible 

with AIH
Prednisolone (60 
mg/d)

Improved

Goulas et al
[98]

52/F None mRNA-
1273

14 d after the 1st 
dose

350/936 9.06 Increased ANA: 1:320, 
ASMA: 
positive

Portal, periportal inflammation, 
rosette formation

Typical for 
AIH

Prednisolone (50 
mg/d) + azathioprine

Improved

Rela et al[99] 38/F Hypothyroidism AZD1222 20 d after the 1st 
dose

1101/1025 14.9 Increased ANA: positive Multiacnar hepatic necrosis and 
periportal neocholangiolar 
proliferation

Compatible 
with AIH

Prednisolone (30 
mg/d)

Improved

Portal neocholangiolar prolif-
eration and mild to moderate 

Prednisolone (30 
mg/d) + plasma 

Rela et al[99] 62/M None AZD1222 13 d after the 2nd 
dose

1361/1094 19.2 NA ANA: negative Compatible 
with AIH

Death
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inflammation exchange

Palla et al[100] 40/F Sarcoidosis BNT162b2 28 d after the 2nd 
dose

4 times upper 
limit of 
normal

NA Increased ANA: 1:640 Interface hepatitis with plasma 
cells infiltration

Compatible 
with AIH

Prednisolone (40 
mg/d)

Improved

Mann et al
[101]

61/F Irritable bowel disease, 
cholecystectomy

BNT162b2 9 d after the 2nd 
dose

37/37 6.2 NA ANA: negative Scattered inflammatory cells 
consisting of lymphocyte and 
few eosinophils

Drug induced 
liver injury

Conservative 
treatment

Improved

Avci et al[102] 61/F Hashimoto's disease, 
hypertension

BNT162b2 28 d after the 1st 
dose

455/913 11.8 Increased ANA: 1:100, 
ASMA: 1:100

Interface hepatitis Compatible 
with AIH

Prednisolone (40 
mg/d) + azathioprine

Improved

Torrente et al
[103]

46/F Hypothyroidism, 
anemia

AZD1222 21 d after the 1st 
dose

241/353 Normal Increased ANA: 1:160 Lymphoplasmacytic portal 
infiltrate

Compatible 
with AIH

Prednisone (30 mg/d) 
+ azathioprine

Improved

Ghorbani et al
[104]

62/M None Corona 
Vac

3 d after the 2nd 
dose

722/435 8 NA ANA: 
negative, 
ASMA: 
negative

Interface hepatitis, infiltration of 
lymphocytes and eosinophils in 
portal tract

Compatible 
with AIH

Ursodeoxycholic acid Improved

Kang et al[105] 27/F None BNT162b2 7 d after the 2nd 
dose

1004/1478 8.6 Increased ANA: 1:80 Interface hepatitis with a 
lymphoplasmacytic infiltrate, 
rosette, eosinophil

Typical for 
AIH

Prednisolone (40 
mg/d)

Improved

Camacho-
Domínguez et 
al[106]

79/M None AZD1222 15 d after the 1st 
dose

2003/1994 11.9 Increased ANA: 1:80 Interface hepatitis with a 
lymphocytic infiltrate, 
eosinophil

Compatible 
with AIH

Prednisone (30 mg/d) 
+ azathioprine

Improved

Shahrani et al
[107]

59/F Dyslipidemia AZD1222 12 d after the 2nd 
dose

962/1178 7.5 Increased NA Lympho-plasmacellular portal 
infiltrate

Compatible 
with AIH

Prednisolone (40 
mg/d)

Improved

Shahrani et al
[107]

63/F Ulcerative colitis, 
primary sclerosing 
cholangitis

AZD1222 14 d after the 1st 

dose
505/354 18.6 Increased ANA: positive Interface hepatitis Compatible 

with AIH
Prednisolone (40 
mg/d)

Improved

Shahrani et al
[107]

72/F None BNT162b2 10 d after 
boostershot 

1452/2280 1.7 Increased ANA: 
negative, 
AMA: positive

Infiltration of lymphocytes and 
plasma cells in portal tract

Compatible 
with AIH

Prednisolone (40 
mg/d)

Improved

Zin Tun et al
[108]

47/M None mRNA-
1273

3 d after the 1st 
dose; A few days 
after the 2nd dose

NA/1048 11.3 Increased ANA: positive Interface hepatitis with a 
lymphoplasmatic infiltrate, 
rosette, emperipolesis

Typical for 
AIH

Prednisolone (40 
mg/d)

Improved

Suzuki et al
[109]

80/F Gastroesophageal 
reflux esophagitis

BNT162b2 10 d after the 2nd 
dose

995/974 3.5 Increased ANA: 1:40 Lymphoplasmacytic infiltration 
in the portal area, interface 
hepatitis

Compatible 
with AIH

Prednisone (0.8 
mg/kg/d)

Improved

Suzuki et al
[109]

75/F Dyslipidemia BNT162b2 4 d after the 2nd 
dose

1085/820 17.7 Increased ANA: 1:80 Lymphoplasmacytic infiltration 
in the portal area, interface 
hepatitis

Compatible 
with AIH

Prednisone (1.0 
mg/kg/d)

Improved

Lymphoplasmacytic infiltration 
in the portal area, interface 

Suzuki et al
[109]

78/F Primary biliary 
cholangitis

BNT162b2 7 d after the 1st 
dose

401/542 1.3 Increased ANA: 1:80 Compatible 
with AIH

Prednisone (0.6 
mg/kg/d)

Improved
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hepatitis

AIH: Autoimmune hepatitis; AMA: Anti-mitochondrial antibodies; ANA: Anti-nuclear antibodies; ASMA: Anti-smooth muscle antibodies; JAK: Janus kinase; NA: Not available; AST: Aspartate aminotransferase; ALT: Alanine 
aminotransferase; IgG: Immunoglobulin G.

its development. However, the association between vaccines and the development of autoimmune 
diseases is controversial and most studies related to this have been inconclusive[113].

Molecular mimicry and bystander activation have been hypothesized as possible mechanisms by 
which vaccines can trigger autoimmune reactions. In the antigen-specific mechanism of molecular 
mimicry, it is hypothesized that similarities between certain pathogenic elements contained in the 
vaccine and specific human proteins cause cross-reactions. It is believed that the injurious antibodies 
produced by this mechanism destroy human proteins and cause organ damage[114]. In support of this 
hypothesis, it has been reported that antibodies against the spike protein of SARS-CoV-2 have cross-
reactivity against many human tissue antigens[115]. Although the target antigen of the autoimmune 
response in hepatocytes and specific autoantibodies in AIH have not yet been identified, Vojdani et al
[115] reported that anti-SARS-CoV-2 protein antibodies cross-react with liver microsomal antigen, 
pyruvate dehydrogenase peptide E2, and mitochondrial M2 antigen[115]. It has also been shown that 
anti-SARS-CoV-2 spike protein antibodies cross-react with human tissue antigens, resulting in a marked 
increase in autoimmune markers such as ANA and AMA[116]. This suggests that COVID-19 vaccination 
might induce autoimmune reactions based on molecular mimicry in liver tissues, resulting in AIH-like 
liver injury (Figure 1). Bystander activation, on the other hand, is an antigen non-specific mechanism, in 
which self-antigens are released extracellularly by vaccination and are taken up by antigen-presenting 
cells. Then, autoreactive T cells are activated by type I interferon (IFN) and recognize the presented self-
antigen, which is hypothesized to attack normal cells[117]. Bystander activation has also been proposed 
as one of the mechanisms of autoimmune disease development after vaccination. Furthermore, there is a 
rapid increase in type I IFN expression and oxidative stress coupled with effective anti-SARS-CoV-2 
neutralizing antibody production after vaccination in healthy individuals[118]. Therefore, the side 
effects of COVID-19 vaccines are thought to be only a by-product of a transient burst of type I IFN 
generation with induction of an effective immune response[119]. It has also recently been hypothesized 
that the COVID-19 vaccine triggers autoimmune diseases via induction of age-associated B cells (ABCs)
[120]. The number of ABCs, a rare subset of B cells that express CD11c and T-bet, increases with age in 
healthy individuals, and is increased early in patients with infectious diseases and autoimmune 
disorders[121]. In the pathogenesis of autoimmune diseases, ABCs are implicated in generating IgG, in 
increasing antigen presentation to T cells, and in germinal center formation. Moreover, ABCs are hyper-
responsive to Toll-like receptor (TLR) 7 signaling, and are capable of generating autoreactive antibody-
secreting plasmablasts. COVID-19 vaccines use TLR7/8 agonists as adjuvants, which might stimulate 
ABCs, leading to the triggering of post-vaccination autoimmune syndromes[122]. Activation of TLR7 
can lead to the production of type I IFN, which is an important cytokine in the development of 
autoimmune disorders, such as rheumatic diseases and systemic lupus erythematosus[123]. It was 
previously shown in a mouse model that lipid nanoparticles, which are one of the potent adjuvants of 
mRNA vaccines, could trigger inflammatory responses. This is characterized by activation of diverse 
inflammatory pathways, massive neutrophil infiltration, and production of various inflammatory 
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Figure 1 Schema of the process leading to the development of immune cross-reaction after vaccination.

cytokines, including the secretion of interleukin (IL)-1β and IL-6[11,124].
Hence, although several hypotheses have been considered for the mechanism of vaccine-induced 

autoimmune disease, the exact mechanism remains to be elucidated. In any event, only a very small 
percentage of vaccinated subjects subsequently developed autoimmune phenomena, suggesting a 
genetic predisposition to vaccine-induced autoimmune disorders. Further research into the direct 
associations between vaccines and autoimmune diseases, as well as the biological mechanisms behind 
them, is warranted.

RECOMMENDATION
Since COVID-19 is an infectious disease with a high burden of morbidity and mortality, and that has 
resulted in a global pandemic, vaccination against COVID-19 is our best strategy for its control. For this, 
highly effective and safe vaccines are desperately needed. Although various COVID-19 vaccines have 
been proven to be highly effective and have good safety profiles in healthy populations, data regarding 
the efficacy and safety of vaccination in special population groups is limited. Thus, we believe it is 
worthwhile to summarize the efficacy and safety of the COVID-19 vaccines in patients with CLD. Based 
on the evidence from real-world studies, this review shows that vaccination in patients with CLD is 
effective and safe, and should be strongly recommended.

As shown in Table 3, although a number of case reports of acute liver injury after COVID-19 
vaccination have been reported, their frequency is extremely low. Thus, given the serious health 
sequalae from COVID-19 in patients with liver disease, the potential benefits of vaccination appear to 
outweigh the risk of vaccine-related liver injury. However, it is important to remember that most of the 
studies referred to in this review were conducted in the era before the emergence of new viral variants. 
Since new SARS-CoV-2 variants are still emerging all over the world, COVID-19 remains a global public 
health problem. In addition, since vaccines against the mutant viruses are still being developed, it will 
be necessary to continue evaluating the efficacy and safety of these new vaccines.

CONCLUSION
Given the increased rates of severity and mortality of COVID-19 in patients with CLD, especially those 
with cirrhosis, the importance of aggressive vaccination in the effective management of SARS-CoV-2 
infection should be emphasized. However, there is insufficient evidence about the immunogenicity and 
safety of COVID-19 vaccines in patients with CLD. According to the accumulated real-world data on 
each vaccine, the safety of COVID-19 vaccines in patients with CLD appears to be comparable to that in 
healthy individuals. Regarding efficacy, the disease behavior of COVID-19 is known to be attenuated in 
vaccinated compared with unvaccinated patients, including in those with CLD+ADs- however, vaccine-
induced immunity seems lower in CLD patients as compared with the general population. Since a rapid 
decrease in acquired antibodies has also been observed in this patient population, an effective booster 
shot is desirable, particularly in patients with cirrhosis, LT recipients, and those with HCC.

On the other hand, acute liver injury following COVID-19 vaccination has also been frequently 
reported. However, recent large cohort studies found no increased risk of liver injury after COVID-19 
vaccines. Since acute liver injury after SARS-CoV-2 infection is much more common than after COVID-



Ozaka S et al. COVID-19 vaccination and liver disease

WJG https://www.wjgnet.com 6804 December 28, 2022 Volume 28 Issue 48

19 vaccination, the benefits of vaccination might outweigh the risk of liver injury during this pandemic. 
The reported rare immune-mediated liver injury after COVID-19 vaccination is clinically and patholo-
gically similar to AIH. Although the involvement of abnormalities in the immune system, including 
molecular mimicry, bystander activation, and induction of ABCs in the pathogenesis of this condition 
have been pointed out, the relationship between vaccination and acute liver injury is an issue that 
remains to be clarified in the future. Finally, clinicians should consider the possibility of AIH-like liver 
injury in patients who present with elevated liver enzymes following COVID-19 vaccination, and treat it 
with corticosteroids.
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