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Abstract: Background: Vaccination against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is recommended for patients with chronic liver diseases as the vaccine can prevent and/or reduce
the severity of SARS-CoV-2 infection. However, we have little information on the often-reported
liver-related adverse events (LrAEs) caused by the mRNA vaccine. Methods: We retrospectively
investigated the frequency and details of severe LrAEs and changes in liver function tests in patients
with chronic liver diseases. Results: Among 431 patients with chronic liver diseases, 416 (96.5%)
had received the SARS-CoV-2 vaccine ≥ 2 times. Among the 345 patients included in the analysis, 6
(1.7%) had severe LrAEs; 3 ascites, 2 increases in transaminases, and 1 an increase in total bilirubin.
Multivariate analysis demonstrated that cirrhosis and autoimmune disease were risk factors for
severe LrAEs. In contrast, the liver function reserve assessed by the Child–Pugh and ALBI scores
did not markedly change after vaccination in patients with cirrhosis and/or autoimmune diseases
despite a small increase in transaminase levels. Conclusion: SARS-CoV-2 mRNA vaccines, which
were used in most of our patients, are safe in patients with chronic liver diseases, but the frequency
of severe LrAEs is slightly increased in patients with cirrhosis and/or autoimmune diseases.

Keywords: SARS-CoV-2; COVID-19; vaccine; liver dysfunction; liver disease; autoimmune disease

1. Introduction

Vaccines are one form of intervention to prevent or reduce the severity of coronavirus
disease 2019 (COVID-19). Currently, more than 170 vaccines have been examined in clin-
ical trials according to the WHO (https://www.gavi.org/vaccineswork/there-are-four-
types-covid-19-vaccines-heres-how-they-work, accessed on 24 December 2022). Among
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccines, the BNT162b2
mRNA COVID-19 vaccine showed 95% efficacy against the early spread of SARS-CoV-2,
regardless of age or the presence of coexisting conditions [1,2]. Other vaccines, including
non-replicating viral-vector, protein-based, and inactivated-virus vaccines, also showed
high efficacy [3]. Although there were serious adverse events reported after vaccination,
the incidence was extremely low [4]. In Japan, the COVID-19 vaccination program started
in February 2021, and more than 102 million people (81.0%) had received ≥2 doses as
of 9 August 2022 (https://www.kantei.go.jp/jp/headline/kansensho/vaccine.html, ac-
cessed on 10 August 2022). Among COVID-19 vaccines, mRNA vaccines are the most
frequently used in Japan as they are the type provided by the Japanese government. The
Japanese government is actively promoting a vaccination campaign to prevent the spread
of SARS-CoV-2 infection.

While an early international phase 2/3 trial demonstrated that mRNA vaccines for
SARS-CoV-2 were safe and effective in the general population as well as patients, the
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number of patients with chronic liver disease included in that trial was limited. Subsequent
studies demonstrated that an inactivated vaccine for SARS-CoV-2 was safe and effective
in patients with chronic liver disease [5,6]. Most adverse events (AEs) were self-limiting,
including pain at the injection site, muscle pain, a fever, and fatigue. Thus, a number of
liver-related medical associations published position papers recommending patients with
chronic liver diseases receive the vaccine [7,8]. Indeed, vaccination reduced the rate of
death or hospitalization in patients with liver cirrhosis [9]. Thus, patients with chronic liver
diseases should receive the vaccine.

However, a number of these patients have declined to receive the vaccine out of
fear of AEs [10]. Indeed, there have been reports of liver dysfunction being noted after
vaccination (https://covid-vaccine.jp/, accessed on 10 August 2022). In addition, there
were patients who developed autoimmune hepatitis after vaccination [11–13]. Furthermore,
some patients with compensated liver cirrhosis progressed to decompensated cirrhosis
after vaccination [11]. Indeed, we have often encountered patients with chronic liver
diseases who showed further liver dysfunction after receiving the vaccine. At present, little
information is available on liver-related AEs (LrAEs), including decompensated events,
in patients with chronic liver disease after vaccination, particularly with mRNA vaccines.
In addition, little information is available concerning the frequency of vaccination among
these patients.

We, therefore, aimed to investigate the frequency of severe LrAEs and changes in liver
function tests after vaccination in patients with chronic liver diseases because these data
have not yet been published.

2. Results
2.1. High Vaccination Rate in Patients with Chronic Liver Diseases in Our Hospital

Among 431 patients with chronic liver diseases, 416 (96.5%) received the COVID-19
vaccine ≥ 2 times (Table 1). The remaining 15 patients did not receive the vaccine. The fre-
quencies of vaccination in Japan and Tochigi prefecture were 81.0% (102,552,912/126,645,025)
and 82.7% (1,616,720/1,955,401), respectively. The frequency of vaccination in our patient
group was higher than those in a nationwide survey (p < 0.001) and Tochigi Prefecture
(p < 0.001), where our university hospital is located. In addition, the frequency of vacci-
nation in each generation was higher than those in nationwide and prefectural surveys.
Furthermore, the presence of hepatocellular carcinoma (HCC), liver cirrhosis, autoimmune
diseases, or background liver disease did not markedly influence the vaccination rate
(Table S1).

Table 1. The frequency of patients who received vaccine two times or more in each generation.

Total (n) Vaccine, n (%) Japan Tochigi

431 416 (96.5%) 81.0% 82.7%
Age 20–29 9 9 (100%) 80.5% 84.2%
Age 30–39 18 18 (100%) 79.8% 81.8%
Age 40–49 40 38 (95%) 82.5% 85.0%
Age 50–59 89 87 (97.8%) 92.5% 93.9%
Age 60–69 109 100 (91.7%) 89.1% 88.7%
Age 70–79 130 128 (98.4%) 94.5% 97.3%

Age 80- 36 36 (100%) 99.3% 98.6%

https://covid-vaccine.jp/
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2.2. Liver Cirrhosis and Autoimmune Diseases as Risk Factors for Severe LrAEs after Vaccination

Among the 416 patients who received the vaccine, we investigated 345, as 71 had data
loss and/or deterioration of the primary liver disease. The median age was 66 years old.
There were 125, 65, and 92 patients who had cirrhosis, a history of HCC, and autoimmune
diseases, respectively (Table 2). Approximately 80% of vaccines were provided by Pfizer.

Table 2. Background of patients.

Total

n 345
Age 66 (22–90)

Liver cirrhosis 125 (36.2%)
Hepatocellular carcinoma 65 (18.8%)
Autoimmune diseases * 92 (26.7%)

Pfizer/Moderna/unknown 283/34/28
Hepatitis B virus 65 (18.8%)
Hepatitis C virus 69 (20.0%)

Autoimmune hepatitis 38 (11.0%)
Primary biliary cholangitis 31 (9.0%)

Nonalcoholic fatty liver disease 81 (23.5%)
Alcohol 33 (9.6%)
Others 20 (5.8%)

Unknown 8 (2.3%)
* Included autoimmune hepatitis and primary biliary cholangitis.

After vaccination, 226 patients (65.5%) complained of any symptomatic AEs, including
pain at the injection site, fatigue, and a fever. Most of them were grade 1 and self-limited.
However, no patients reported severe extrahepatic manifestations, including thrombotic
thrombocytopenia, immune thrombocytopenic purpura, or Guillain–Barre syndrome. Six
patients (1.7%) had severe LrAEs (≥grade 3) after vaccination (Table 3).

Table 3. Details of patients who had severe LrAEs.

No Age Sex Liver Disease Cirrhosis HCC AID CP Score ALBI Provider sAE LrAE Detail of LrAEs

1 70′ F HBV Yes No 6 2b Pfizer No Grade 3
CP score 9, limiting
self-care ADL due

to ascites

2 40′ M HCV Yes Yes 7 2b Moderna Yes Grade 3 Total bilirubin
1.23→ 8.05

3 70′ F AIH Yes No N/A 1 Pfizer Yes Grade 3 ALT 20→ 164

4 70′ M NAFLD Yes No RA 6 2b Pfizer Yes Grade 3
CP score 8, limiting
self-care ADL due

to ascites

5 50′ M Alcohol Yes No Basedow 7 2b Pfizer Yes Grade 3
CP score 10, limiting

self-care ADL due
to ascites

6 50′ F AIH No No 5 1 Pfizer Yes Grade 4 ALT 33→ 1321

HBV; hepatitis B virus, HCV; hepatitis C virus, AIH; autoimmune hepatitis, NAFLD; nonalcoholic fatty liver
disease, HCC; hepatocellular carcinoma, AID; autoimmune disease, RA; rheumatoid arthritis, N/A; not available,
sAE, symptomatic adverse events, LrAE; liver-related adverse events, CP; Child–Pugh, ADL; activity of daily life,
ALT; alanine aminotransferase.

Among these six patients, five had liver cirrhosis. One patient in the non-cirrhosis
group had autoimmune hepatitis. Multivariable analysis showed that liver cirrhosis and
the presence of autoimmune diseases were independent factors for severe LrAEs (Table 4).



Gastrointest. Disord. 2023, 5 18

Table 4. Univariable and multivariable analyses for severe LrAEs.

Parameters Univariable Analysis Multivariable Analysis

OR (95% CI) p-Value OR (95% CI) p Value

Hepatitis B virus 0.714 (0.084–6.031) 0.757 - -
Hepatitis C virus 0.662 (0.784–5.589) 0.705 - -

Nonalcoholic fatty liver disease 0.538 (0.064–4.531) 0.568 - -
Alcohol 1.593 (0.186–13.66) 0.671 - -

Unknown 7.881 (0.834–74.43) 0.072 - -
Autoimmune disease 7.441 (1.418–39.06) 0.018 21.14 (1.846–242.0) 0.014

Age
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Provider of vaccine 1.321 (0.156–11.18) 0.798 - -
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However, autoimmune hepatitis itself was not a risk factor in a re-analysis of mul-
tivariable analyses (data not shown). In addition, a history of HCC and the presence of
symptomatic AEs were not risk factors for severe LrAEs. Furthermore, the frequency of
severe LrAEs tended to be higher in patients with advanced liver cirrhosis than in those
with less advanced cirrhosis (Table 5).

Table 5. The number of severe LrAEs in patients with cirrhosis.

≥Grade 3 LrAEs p Value

CP Class A (n = 91) 2 (2.2%)
0.09CP Class B/C (n = 20) 2 (10.0%)

ALBI Grade 1/2a (n = 82) 1 (1.2%)
0.026ALBI Grade 2b/3 (n = 42) 4 (9.5%)

One patient who had severe LrAEs failed CP scoring before vaccination.

2.3. Association between Vaccination and the Liver Function Reserve in Patients with
Liver Cirrhosis

Because liver cirrhosis was a risk factor for severe LrAEs, we investigated the effect
of vaccination on the liver function reserve, including the Child–Pugh (CP) and albumin-
bilirubin (ALBI) scores, in the patient with liver cirrhosis. There were no significant
changes in the CP score after vaccination (Figure 1a, left). In addition, the vaccine did not
worsen CP scores when cirrhotic patients were divided into compensated (CP class A) and
decompensated groups (CP classes B/C) (Figure 1a, middle) and less severe (ALBI grade
1/2a) and severe cirrhosis groups (ALBI grade 2b/3) (Figure 1a, right). Furthermore, the
vaccine did not worsen the ALBI score in patients with liver cirrhosis (Figure 1b).



Gastrointest. Disord. 2023, 5 19

Figure 1. Changes in the liver function reserve after vaccination. (a) Child–Pugh (CP) score in all
patients with cirrhosis (left, n = 111), CP class A (n = 91) and B/C (n = 20) (middle), and ALBI grade
1/2a (n = 82) and 2b/3 (n = 42) (right). (b) Liver function reserve as assessed by the ALBI score in
all patients with cirrhosis before and after vaccine (left, n = 124), CP class A and B/C (middle), and
ALBI grade 1/2a and 2b/3 (right). n.s.: not significant.

In analyses of each component of CP and ALBI scores, the serum albumin levels
remained unchanged, regardless of the liver function reserve (Figure 2a). The total bilirubin
levels were elevated after vaccination, with an increase of 0.05 mg/dl in the median value.
This elevation in total bilirubin was noted in the CP class B/C group (Figure 2b, middle).
In contrast, the prothrombin time (PT) was improved in patients with CP class A or ALBI
1/2a groups assessed by the international normalized ratio (INR) (Figure 2c).

Both the aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels
were elevated in patients with cirrhosis after vaccination. However, the increases in AST
and ALT were 2 IU/L and 3 IU/L in the median value, respectively (Figure 3a,b).

2.4. Vaccination Effects on the Liver Function Tests in Patients with Autoimmune Diseases

We then investigated LrAEs in patients with autoimmune diseases. The trends in liver
function tests were similar to those in patients with cirrhosis, with no change in albumin
levels and an improvement in PT. Elevations were noted in the total bilirubin, AST, and ALT
levels, with median values of 0.02 mg/dl, 0 IU/L, and 1.5 IU/L, respectively (Figure 4).

We then focused on these liver function tests in patients with both cirrhosis and
autoimmune diseases. The liver function reserve did not markedly change, regardless
of the presence of autoimmune diseases. Although the transaminase levels were slightly
increased, other test values were not changed (Figure 5).
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Figure 2. Changes in serum albumin ((a), n = 124), total bilirubin ((b), n = 125), and prothrombin-time
INR ((c), n = 110) after vaccination in patients with cirrhosis. All patients are shown in the left panel,
CP class A (n = 91) and B/C (n = 20) are shown in the middle panel, and ALBI grade 1/2a (n = 82)
and 2b/3 (n = 42) are shown in the right panel. *: p < 0.05, n.s.: not significant.
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Figure 3. Changes in serum AST ((a), n = 125) and ALT ((b), n = 125) levels after vaccination in
patients with cirrhosis. All patients are shown in the left panel, CP class A (n = 91) and B/C (n = 20)
are shown in the middle panel, and ALBI grade 1/2a (n = 82) and 2b/3 (n = 42) are shown in the right
panel. *: p < 0.05, n.s.: not significant.

Figure 4. Changes in serum albumin (n = 91), total bilirubin (n = 91), prothrombin-time INR (n = 54),
AST (n = 92), and ALT (n = 92) levels after vaccination in patients with autoimmune diseases.
*: p < 0.05, n.s.: not significant.
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Figure 5. Changes in liver function reserve, serum albumin, total bilirubin, prothrombin-time INR,
AST, and ALT levels after vaccination in patients with both cirrhosis and autoimmune diseases
(n = 28). *: p < 0.05, n.s.: not significant.

2.5. Vaccination Effects on Liver Function Tests in Noncirrhotic Patients

In noncirrhotic patients, the serum albumin and PT levels improved after vaccination.
The transaminase and bilirubin levels did not markedly change (Figure 6).
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Figure 6. Changes in serum albumin (n = 218), total bilirubin (n = 216), prothrombin-time INR
(n = 102), AST (n = 220), and ALT (n = 220) levels after vaccination in non-cirrhotic patients. *: p < 0.05,
n.s.: not significant.

3. Discussion

We showed that the frequency of vaccination among patients with chronic liver disease
in our hospital was high compared to the general population in a nationwide survey. While
the frequency of severe LrAEs was high in patients with liver cirrhosis or autoimmune
diseases, vaccination was shown to have little effect on the liver function in patients with
chronic liver diseases.

In the present study, liver cirrhosis was a risk factor for severe LrAEs. Patients with
liver cirrhosis are vulnerable to insults. Thus, it is not surprising that LrAEs occur in patients
with liver cirrhosis, particular in those with decompensated cirrhosis, after vaccination.
Vaccines can cause a fever and muscle pain, which may decrease the activity of patients
with decompensated cirrhosis. We demonstrated that the frequency of severe LrAEs was
4.0% (5/125) among cirrhotic patients after carefully ruling out other causes of events.
Although few reports have described decompensation events after COVID-19 vaccination,
we speculate that decompensated events have been substantially happening in patients
with liver cirrhosis. However, vaccination did not worsen the liver function reserve. We
further showed that 0.8% (1/125) of patients with liver cirrhosis showed grade 3 ALT
elevation, although ALT levels were only slightly elevated after vaccination in patients
with cirrhosis in our study. Ai et al. reported that the frequency of grade 3 ALT elevation
in cirrhotic patients (1.2%, 1/82) was not higher than that in noncirrhotic patients (2.4%,
2/82). Wong et al. reported that 0.3% (1/363) of patients with cirrhosis showed grade 3
ALT elevation. Although there may be some differences in AEs between mRNA vaccines
(our study) and inactivated vaccines (Ai et al., Wang et al.), the frequency of grade 3 ALT
elevation was not high in patients with cirrhosis.

Autoimmune disease was another risk factor for severe LrAEs in the present study.
Immunological diseases, including autoimmune hepatitis, have been reported to occur after
mRNA vaccines [11–13]. Among six patients with severe LrAEs, four had autoimmune
diseases, including autoimmune hepatitis. There is an association between vaccines and
autoimmune diseases. One possible mechanism by which vaccines induce autoimmune
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diseases is production of type I interferon (IFN) [14]. mRNA can act as a ligand for toll-like
receptor (TLR) 3 and TLR7 [15], which activate the signaling of Type I IFN production.
Type I IFN can regulate the immune system involvement of lymphocytes [15]. There
are several types of vaccines against SARS-CoV2, including inactivated SARS-CoV2 and
mRNA vaccines. These types of vaccine both have the potential to induce type I IFN, as
TLR can recognize the components of the virus. This is not specific for COVID-19 vaccines;
indeed, the HBV vaccine has also been reported to induce the development of autoimmune
diseases [16]. Although the frequency of autoimmune disease induced by vaccine is not
always high, autoimmune diseases may occur under the current vaccination program.

We also examined whether or not patients with two risk factors, cirrhosis and au-
toimmune diseases, are particularly prone to liver dysfunction. However, vaccination did
not worsen the liver function reserve in these patients. Although autoimmune disease
was a risk factor for severe LrAEs, autoimmune hepatitis itself was not a risk factor in
our study. Most patients with autoimmune diseases in our study had been treated with
immunosuppressive drugs, including prednisolone. In contrast, the two patients were
found to have autoimmune hepatitis after vaccination; they had no specific treatment
before vaccination. Thus, it is possible that the vaccine induced autoimmune hepatitis. Of
note, immunosuppressive drugs may prevent further liver dysfunction in patients with
autoimmune hepatitis. Indeed, there were no patients who showed the exacerbation of
autoimmune disease after vaccine. Therefore, it is difficult to determine before vaccination
which patients will likely develop severe LrAEs after vaccination.

A couple of limitations associated with the present study warrant mentioning. The
present study was retrospective, so the date of blood testing following the second vacci-
nation varied among patients. Thus, some patients may have recovered from their liver
dysfunction by the time they underwent a blood test. In addition, the present study was a
single-center study. Thus, there may be some bias with regard to the patient’s background
characteristics. However, 96.5% of the patients in this study received the vaccines, and
these patients all had various disease backgrounds. In addition, all generations showed a
high frequency of vaccination compared to the results of a Japanese Government survey.
Thus, our study was considered to have covered the whole population of patients who
visited our hospital. The main reason for no vaccination in 15 patients was fear of AEs,
which was the same reason in a survey of patients with cancers performed in the USA [17].

We first demonstrated the frequency of severe LrAEs and changes in liver function
tests in patients with chronic liver disease. Vaccination reduced the rate of death or
hospitalization in patients with liver cirrhosis [9]. In addition, a third dose of vaccination
appears to overcome vaccine hyporesponsiveness in patients with cirrhosis [18]. Thus, our
data will promote the vaccination campaign for those who are hesitant to receive vaccines.

4. Materials and Methods
4.1. Design

This was a retrospective single-center study. The primary and secondary endpoints
were to determine the frequency of severe LrAEs and changes in liver function tests,
respectively, in patients with chronic liver disease. A minimum sample size calculated
by 80% power at a significance level of 5% was at least 176 patients. A non-probable
sampling method was used in the present study. We reviewed 345 patients who were
finally analyzed in the present study. These 345 patients had no liver dysfunction≥ grade 3
level for 6 months until the vaccine. Our null hypothesis was “COVID-19 vaccine does not
induce grade 3 liver dysfunction”. We denied our null hypothesis because the Chi-square
was 6.05, which was over 3.84. Thus, there is the possibility that COVID-19 vaccines induce
grade 3 liver dysfunction. We did not set up a prediction model in the present study. Point
estimation was used in the performance evaluation of the estimates and a randomized
search was used to optimize the hyperparameter.
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4.2. Patients

A total of 431 patients with chronic liver disease reported details concerning their
COVID-19 vaccination status when they visited our hospital between 1 April and 31 July,
2022. The information included the date of vaccine, provider, and AEs. None of the
participants had COVID-19 before receiving the second injection of the vaccine. Among
431 patients, 15 had not received the vaccine. An addition 71 patients were excluded
from the final analyses due to following reasons: missing data, interventions for diseases,
deterioration of primary liver disease, and the possibility of drug-induced liver injury.

The diagnosis of liver cirrhosis was made by chief physicians based on imaging stud-
ies and laboratory data. Clinical and laboratory data before and after vaccinations were
obtained from medical records. The pre-and post-vaccine data were within six months
before the first vaccine and three months after the second vaccine, respectively. AEs were
determined according to the CTCAE ver5. LrAEs included changes in levels of transam-
inase, total bilirubin, albumin, PT, ascites, and hepatic encephalopathy. Because it was
difficult to distinguish between grade 1 AEs and the deterioration of primary liver disease,
we noted ≥ grade 3 liver dysfunction according to CTCAE ver5. Autoimmune diseases in
the present study included the following diseases: rheumatoid arthritis, Basedow’s disease,
Hashimoto’s disease, autoimmune hepatitis, primary biliary cholangitis, autoimmune
hemolytic anemia, Sjogren’s syndrome, eosinophilic granulomatosis with polyangiitis, Ery-
thema multiforme, systemic lupus erythematosus, sacroiliac joint disease, mixed connective
tissue disease, psoriasis vulgaris, Behcet’s disease, and autosensitization dermatitis. The
present study was approved by the ethics committee of Jichi Medical University Hospital
(Fiver version 22-023).

5. Statistical Analyses

All statistical analyses were performed using the STATA/Basic Edition version 17.0
software program, licensed to Oyunjargal Bat-Erdene (STATA Corporation, College Station,
TX, USA). Statistical analyses were performed using the t-test or Mann–Whitney U-test,
Chi-square test, or Wilcoxson matched-pairs signed-rank test. A p-value of < 0.05 was
considered statistically significant.

6. Conclusions

COVID-19 mRNA vaccines are safe to administer to patients with chronic liver disease,
although the frequency of severe LrAEs is slightly higher in patients with liver cirrhosis or
autoimmune diseases.
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