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pmc-prop-in-epmc yes pmc-license-ref CC BY-NC INTRODUCTION This document has been
accredited by the Korean Association for the Study of the Liver (KASL). This guideline is an update
of the previous KASL guideline published in 2020 [ 1 ]. The update is based on recently
accumulated data with particular focus on the treatment and vaccination section. The purpose of
this guideline is to assist medical practitioners in the treatment of liver disease patients during the
pandemic of coronavirus disease 2019 (COVID-19). The original guideline could be referred for an
overall recommendation. As the knowledge regarding COVID-19 is continuously evolving, this
document has not been thoroughly reviewed for its role as a medical standard of care or practice



guideline. Liver disease management should be customized to accommodate specific medical
situations and regional characteristics.

1) Cellular entry of SARS-CoV-2 is enabled by binding its spike

protein to the angiotensin-converting enzyme 2 (ACE2) receptor and is primed by transmembrane
protease serine subtype 2 (TMPRSS2). As a result, hepatocytes and bile duct epithelial cells with
increased expression of ACE2 and TMPRSS2 become target cells for viral infection [ 2 ].
SARS-CoV-2 has been detected in the hepatocyte cytoplasm with histological characteristic of viral
infections [ 3 ].

2) Abnormalities of liver function test (LFT)

b. Chronic liver disease can be affected by SARS-CoV-2 due to the primary toxicity of the virus to
the liver, reactivation of antecedent chronic hepatitis virus, and damage caused by SARS-CoV-2
treatment.

Remdesivir and tocilizumab, treatments for COVID-19, may lead to liver injury; however, this
potential side effect rarely results in the cessation of the drugs [ 6 ].

c. Antithrombotic treatment in hospitalized COVID-19 patients may result in improved outcomes
due to the increased risk of thromboembolic events in SARS-CoV-2 infection [ 8, 9 ].

d. In a multicenter retrospective cohort study analyzing 874 COVID-19 patients in Korea, 362
patients (41.4%) showed abnormal LFT results. Among 130 patients with severe cases of
COVID-19, 94 (72.3%) had LFT abnormality. Patients with abnormal liver function showed longer
hospitalization period and higher mortality rate [ 10 ].

1. Hospitalized COVID-19 patients should be monitored for liver functions. LFT abnormality does
not contraindicate the use of experimental or off-label treatments for COVID-19. Patients treated
with remdesivir or tocilizumab should be monitored regularly irrespective of baseline LFTSs.

1) A large cohort study conducted in the UK (OpenSAFELY) confirmed increased
COVID-19-related mortality rates in chronic liver disease patients (adjusted hazard ratio [HR], 1.75;
95% confidence interval [CI], 1.51-2.03) [ 11 ].

2) A cohort study including 2,780 COVID-19 patients reported significantly higher mortality rates in
chronic liver disease patients (relative risk [RR], 2.8; 95% CI, 1.9-4.0) and cirrhotic patients (RR,
4.6;95% Cl, 2.6-8.3) [ 12].

3) Studies demonstrating the effectiveness of antiviral agents for hepatitis B or C (e.g., velpatasvir,
ledipasvir, and tenofovir) against SARS-CoV-2 have been reported, but further evidence in clinical
trials is needed [ 13 ].

4) Based on a multicenter cohort observational study, alcoholic liver disease (HR, 2.42; 95% ClI,
1.29-4.55), decompensated liver cirrhosis (HR, 2.91; 95% CI, 1.70-5.00) and hepatocellular
carcinoma (HCC; HR, 3.31; 95% CI, 1.53-7.16) were independent risk factors for greater mortality
in chronic liver disease patients with COVID-19 [ 14 ]. Nonalcoholic fatty liver, as well as chronic
hepatitis B and C were not significant factors associated with the overall mortality rates of
COVID-19 patients [ 14 ].

5) A multinational registry of chronic liver disease patients including 70 autoimmune hepatitis
patients reported that autoimmune hepatitis patients do not show a higher risk of severe
SARS-CoV-2 infections, when compared to other causes of chronic liver disease patients. Also, the



risk of being admitted to the intensive care unit and the average mortality rate of autoimmune
hepatitis patients were not significantly higher compared to the patients without liver disease.
Interestingly, the use of immunosuppressant was not related to mortality in patients with
autoimmune hepatitis [ 15 ].

1. Patients receiving antiviral therapy for hepatitis B and C infection should continue medication.
2. Initiation of treatment for hepatitis B and C in patients without COVID-19 should not be limited.

3. Initiation of hepatitis C treatment for COVID-19 patients is not routinely warranted and can be
deferred to post-COVID-19 recovery.

1) High mortality rates were reported for COVID-19 patients with chronic liver disease [ 11, 16 ].

a. Two international reporting registries (COVID-Hep.net, COVIDCirrhosis.org) analyzed 152
chronic liver disease patients who tested positive for COVID-19 and discovered such patients to
have a high mortality rate of 39.8%. The mortality rate was greater with an increase in Child-Pugh
scores. Progression to hepatic decompensation in COVID-19 patients also resulted in an elevated
mortality rate [ 16 ].

b. A multicenter study of hospitalized cirrhotic patients who tested positive for COVID-19 reported
an increased mortality rate compared to COVID-19 patients without cirrhosis matched for age and
sex. However, the difference in the mortality rate was not significant compared to cirrhotic patients
without COVID-19 [ 17 ].

c. In a retrospective cohort study that analyzed COVID-19 patients in Korea, patients with a higher
Fibrosis 4 (FIB-4) score (FIB-4 >4.95) resulted in a significantly increased mortality rate in patients
who received respiratory support (adjusted HR, 2.784; 95% ClI, 1.691-4.585) [ 18 ].

d. In another Korean study analyzing 1,005 COVID-19 patients, patients with liver cirrhosis had
worse outcomes and higher mortality (HR, 2.86; 95% CI, 1.04-9.30). However, there were no
significant differences in respiratory symptoms and clinical outcomes between COVID-19 patients
who had underlying liver disease and those who did not [ 19 ].

2) A US nationwide study reported that the number of cirrhosis hospitalizations decreased during
the COVID-19 pandemic. Model for end-stage liver disease score at admission was lower during
the early stages of the pandemic than the later period [ 20 ]. The hospital admission of cirrhotic
patients may have been deferred by the pandemic due to the lack of medical resources. The
indirect effects of COVID-19 regarding cirrhotic patients should be considered.

1) According to existing studies, the innate immune response to SARS-CoV-2 exacerbates
pulmonary injury and immunosuppression might have a protective role [ 5, 21, 22].

2) Based on the research to date, although there is a greater risk for COVID-19 infection in liver
transplant patients, this is not associated with an increased risk of mortality.

a. A prospective study of liver transplant patients during the Spain pandemic (from February 28 to
April 7, 2020) reported that 111 patients were diagnosed with COVID-19, which is double the
number of COVID-19 diagnoses in the general population adjusted for age and sex (standardized
incidence ratio, 191.2%; 95% CI, 190.3-192.2%). However, the mortality rate (18%) of the liver
transplant patients was significantly lower than that of the overall population (standardized mortality
ratio, 95.5%; 95% CI, 94.2-96.8%) [ 23 ].



b. One hundred fifty-one liver transplant patients diagnosed with COVID-19 from two international

registries (COVID-Hep registry and SECURE-Liver registry) were compared to COVID-19 patients
without a history of liver transplantation using propensity score matching. Liver transplantation was
not independently associated with an increase in mortality [ 24 ].

1. Irrespective of the COVID-19 pandemic, liver transplantation should be conducted according to
medical guidelines to minimize the risk of COVID-19 infection.

2. Minimizing the dose of immunosuppressants, especially anti-metabolites (azathioprine or
mycophenolate), should be considered in liver transplant patients confirmed with COVID-19
infection. Individualized titration is necessary for immunosuppressants regarding both the severity
of COVID-19 infection and the risk of rejection.

1) Recent studies have reported a decrease in overall mortality when administering steroids on
severe cases of COVID-19[ 25].

2) A case-control study including 10 autoimmune hepatitis patients confirmed for COVID-19 on
immunosuppressants from Italy reported similar clinical outcomes compared to
non-immunosuppressed patients with COVID-19 [ 26 ].

1. Minimizing the dose of immunosuppressants in patients who are taking immunosuppressants
and confirmed for COVID-19 infection, especially anti-metabolites (azathioprine or mycophenolate),
should be considered. Individualized titration is needed for immunosuppressants regarding both the
severity of COVID-19 infection and the risk for aggravation of liver disease.

1) Remdesivir is a US Food and Drug Administration (FDA)-approved drug for treating COVID-19.

a. Remdesivir is a nucleotide analogue with demonstrated activity against SARS-CoV-2 in human
cell lines [ 27 ].

b. Adaptive COVID-19 Treatment Trial (ACTT) reported a significant decrease in the recovery
period of patients treated with remdesivir compared to the placebo group. Although not significant,
the remdesivir group showed a slight improvement in survival rate compared to the placebo group [
28,29].

c. The US FDA approved the use of remdesivir in COVID-19 patients requiring hospitalization on
October 22, 2020. The US National Institutes of Health (NIH) recommends the use of remdesivir in
patients with increased oxygen demand [ 30, 31].

d. Remdesivir is administered intravenously 200 mg on day 1 of treatment, followed by a daily dose
of 100 mg for 5 days [ 30, 31].

e. As the final reports of ACTT said no benefit was observed in patients on mechanical ventilation
or ECMO, these patients are excluded from remdesivir treatment in Korea [ 32 ].

f. Adverse effects of remdesivir include nausea, vomiting, and increase in liver function. Regular
follow-up of LFTs during treatment is recommended [ 30, 33].

g. There are currently no existing research on the pharmacological differences of remdesivir in
patients with chronic liver disease, including cirrhosis. The US FDA recommends discontinuing
remdesivir treatment in case of more than 10-fold increase of ALT or acute hepatitis accompanied
by the elevation of ALT [ 30 ].



2) Monoclonal antibodies targeting the SARS-CoV-2 spike protein, bamlanivimab alone or
casirivimab+imdevimab, have been approved for emergency use authorization by the US FDA in
mild to moderate COVID-19 patients with a high risk for progression to severe COVID-19 [ 34 ].

3) Dexamethasone is recommended in COVID-19 patients with increased oxygen demand, as
decreased mortality rates were reported with its use.

a. The RECOVERY trial reported a significantly increased survival rate in patients receiving 6 mg of
dexamethasone daily by oral or intravenous methods for up to 10 days (RR, 0.83; 95% ClI,
0.74-0.92; P <0.001) [ 25 ].

4) Tocilizumab, an interleukin-6 (IL-6) inhibitor, did not improve the clinical course or survival rate in
a double-blind, randomized controlled trial [ 35 ]. Also, phase 3 COVACTA trial did not show
significant improvement in the clinical course or the survival rates [ 36 ]. However, studies with
positive clinical results using IL-6 inhibitors have recently been reported [ 37 ].

5) The use of lopinavir-ritonavir treatment in COVID-19 patients showed no benefit compared to
standard care, and the treatment was halted prematurely in 13 patients (13.8%) due to adverse
events [ 38 ].

a. The US NIH currently does not recommend lopinavir/ritonavir or human immunodeficiency virus
(HIV) protease inhibitors as COVID-19 treatments [ 38 ].

6) Although SARS-CoV-2 inhibition with hydroxychloroquine has been demonstrated in vitro [ 39 ],
ineffective or harmful results in the clinical studies have led to NIH recommendations against its use
[38].

7) The US FDA has issued an emergency use authorization to allow convalescent plasma
transfusion for severe COVID-19 treatment based on reports of potential benefit with its use [ 40,
41].

8) Angiotensin converting enzyme inhibitors (ACEIs) and angiotensin receptor inhibitors (ARBS)
promote SARS-CoV-2 infection as they increase ACE2 expression, the target for the virus to enter
cells [ 42 ]. Nevertheless, existing studies have reported that ACEI/ARB have cardio-pulmonary
protective effects, and increased ACE2 expression can reduce acute lung injury. Therefore, there is
not enough evidence to limit ACEI/ARB treatment in COVID-19 patients [ 43 , 44 ].

1. Remdesivir is administered intravenously 200 mg on the first day of treatment, followed by a daily
dose of 100 mg for 5 days in patients with increased oxygen demand.

2. Remdesivir treatment should be halted if more than a 10-fold increase of alanine
aminotransferase (ALT) is present or if liver inflammation is present with the elevation of ALT.

3. Dexamethasone 6 mg daily by oral or intravenous methods for up to 10 days is recommended in
severe COVID-19 patients with increased oxygen demand or those on mechanical ventilation.

4. Recommendations against the use of lopinavir/ritonavir or HIV protease inhibitors as COVID-19
treatments are ensued based on current research.

5. Hydroxychloroquine treatment with or without azithromycin may bring about serious side effects;
therefore, its use is not recommended.

6. Treatment with tocilizumab, an IL-6 inhibitor, warrants caution as controversial studies are being
reported.



7. Patients with ACEI/ARB medication are recommended to continue treatment.

1) SARS-CoV-2 enters the host cell by attaching its spike protein to the ACE2 receptor. Hence,
vaccine research and development have been focused on inducing an immune response against
the viral spike protein of SARS-CoV-2.

2) Several vaccines differing in the target and delivery methods have been successfully developed,
of which mRNA vaccine and virus-vector vaccine are the most prominent. Currently, four COVID-19
vaccines have been approved by the Korean Ministry of Food and Drug Safety; AstraZeneca,
Johnson & Johnson/Janssen, Pfizer, and Moderna COVID-19 vaccines [ 45 ]. All of these vaccines
have been approved by both the US FDA and the European Medicines Agency, except for the
AstraZeneca COVID-19 vaccine, which is yet to be approved for use by the US FDA.

3) The AstraZeneca COVID-19 vaccine uses a modified version of a chimpanzee adenovirus
(ChAdOXx1) containing the full-length, codon-optimized gene encoding the spike protein of the
SARS-CoV-2. After the vaccination, the assembled surface antigen of the spike protein induces an
immune response against the SARS-CoV-2 to develop protective neutralizing antibodies.

a. Phase 3 clinical trials of the AstraZeneca COVID-19 vaccine resulting in an average vaccine
efficacy of 70.4% without a serious safety event led to its approval for emergency use in the UK [ 46

.

b. A large phase 3 trial of the AstraZeneca COVID-19 vaccine in the United States reported a
vaccine efficacy of 79% in decreasing the symptoms of COVID-19 which increased to 100% in
preventing severe COVID-19. In people over the age of 65 years, the protective effect was reported
as 80% [47].

c. Phase 3 trials of the AstraZeneca COVID-19 vaccine excluded chronic liver disease patients and
alcoholics [ 48 ].

4) Johnson & Johnson/Janssen COVID-19 vaccine uses the adenovirus 26 vector to deliver the
genes necessary for assembling the SARS-CoV-2 spike protein. Unlike other vaccines developed,
only one dose of vaccination is required with the Johnson & Johnson/Janssen COVID-19 vaccine.

a. A phase 3 trial of the Johnson & Johnson/Janssen COVID-19 vaccine, including about 40,000
participants, reported a vaccine efficacy of 66.9% on day 14 and 66.1% on day 28. The vaccine
efficacy for preventing the development of severe COVID-19 was 76.7% on day 14 and 85.4% on
day 28 [49].

b. The proportion of chronic liver disease patients included in the trial was 0.5% (207 of 43,783) [ 49
].

5) Pfizer and Moderna COVID-19 vaccines are based on the SARS-CoV-2 spike protein encoded
by mRNA in lipid nanoparticles. The assembly of a stabilized spike protein antigen in its pre-fusion
form induces an immune response in vivo .

a. The Pfizer COVID-19 vaccine proved a vaccine efficacy of 95% without safety concerns in phase
3 clinical trials. The proportion of chronic liver disease patients included in the trial was 0.6% (217 of
37,706) [48].

b. The Moderna COVID-19 vaccine proved a vaccine efficacy of 94.1% without safety concerns in
phase 3 clinical trials. The proportion of chronic liver disease patients included in the trial was 0.6%
(196 of 30,357).



6) Thrombotic events, including cerebral venous sinus thrombosis, have been reported with the
administration of the AstraZzeneca COVID-19 vaccine and Johnson & Johnson/Janssen COVID-19
vaccine [ 50, 511].

a. Although the exact pathogenesis has not been confirmed, the leakage of DNA from the
adenovirus infected cells binding to platelet factor 4 seem to trigger the production of
auto-antibodies [ 50, 52, 53 ].

b. The incidence of thrombotic events developed 5 to 24 days after the first vaccination of the
AstraZeneca COVID-19 vaccine. The risk for developing severe adverse events was greater in the
age group of 20-29 years (1.1 cases per 100,000 persons) compared to the age group of 60-69
years (0.2 cases per 100,000 persons) [ 52, 54 ]. The analysis of 281,264 AstraZeneca COVID-19
vaccinees in Denmark and Norway reported 59 cases of venous thromboembolism, which was 11
cases greater than the expected 30 cases per 100,000 persons [ 55 ]. With the Johnson &
Johnson/Janssen COVID-19 vaccine, thrombotic events developed 6 to 13 days after the first
vaccination, and the incidence was predominant in those between the ages of 18 and 48 years [ 50

1

c. Public Health England recommends seeking medical advice if the following symptoms develop
after vaccination [ 56 ].

- A new, severe headache which is not relieved by painkillers or gets worse
- A headache which worsens when lying down or bending over

- Headache accompanied by blurred vision, nausea and vomiting, aphasia, weakness, drowsiness,
or seizure

- Shortness of breath, chest pain, edema of the lower extremities, or persistent abdominal pain

d. Although there is a risk of thrombotic events with COVID-19 vaccines, the greater benefits of
vaccination has led to the recommendations of active vaccination. However, additional risk and
benefit analyses of the AstraZeneca and Johnson & Johnson/Janssen COVID-19 vaccines must be
conducted in people under the age of 30 years.

7) The impaired innate and acquired immunity of severe liver disease patients results in decreased
response to any vaccination [ 57 ]. Studies have reported increased vaccine efficacy when doubling
the dose of hepatitis B vaccination in cirrhotic patients. No research has been conducted regarding
the administration of an increased dose of the COVID-19 vaccine, and doubling the dose or
frequency is not recommended in cirrhotic patients [ 58 , 59 ].

8) The safety and efficacy of the COVID-19 vaccine in chronic liver disease patients have not been
fully elucidated. However, the European Association for the Study of the Liver (EASL) recommends
vaccination early as possible in chronic liver disease patients, as there is a greater risk of severe
COVID-19 [ 60 ]. The American Association for the Study of Liver Diseases (AASLD) recommends
the administration of mMRNA vaccines in chronic liver disease patients [ 61 ]. Additional research
should be conducted regarding the safety and vaccine efficacy of vaccines in chronic liver diseases,
including decompensated liver cirrhosis, and the risk and benefit of vaccination must be further
evaluated.

9) Research regarding the superiority of adenovirus-vector vaccine or mRNA-based vaccine in
chronic liver disease patients has yet to be conducted. Clinical trials of the COVID-19 vaccines
included only a small proportion of chronic liver disease patients (0.5-0.6%), and sub-group
analyses have not been reported [ 48 , 49, 62 ]. Although studies have found that
adenovirus-vector vaccines in chronic hepatitis C patients are safe, there are concerns regarding



the use of adenovirus-vector vaccines in immune-compromised patients, including chronic liver
disease patients, and further research is required [ 63 , 64 ].

10) Data regarding the safety and effectiveness of the COVID-19 vaccines in liver transplant
patients is limited. Although it is not recommended to vaccinate transplant patients with live
vaccines, as the adenovirus-vector or the mRNA vaccines cannot replicate, the EASL, the AASLD,
and the Korean Society for Transplantation recommend the administration of COVID-19 vaccines in
this population [ 60 , 65, 66 ]. The AASLD recommends vaccination at least 3 months after
transplantation when immunosuppression is lower and the patient is stable. However, vaccination
can be undertaken as early as 6 weeks post-transplant if there is a greater risk for other
comorbidities during a pandemic.

11) Continuous research regarding the safety and efficacy of the COVID-19 vaccine should be
conducted in patients with chronic liver disease.

1. COVID-19 vaccination should be prioritized for chronic liver disease and liver transplant patients.
The patients should be monitored for any development of adverse events.

2. Chronic hepatitis B and C patients should not withhold their medications while receiving
COVID-19 vaccines. Treatment for HCC should be continued during the COVID-19 vaccinations.

3. Although COVID-19 vaccines pose the risk of thrombotic events, the greater benefits of
vaccination have led to the recommendations for active vaccination.

4. Patients with a history of recent infection or symptoms, such as fever, should be vaccinated after
achieving medical stability.

5. All chronic liver disease and liver transplant patients, including vaccinated recipients, should
continue to adhere to infection prevention and control guidelines and also practice social distancing.
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