
4  |   wileyonlinelibrary.com/journal/jvh J Viral Hepat. 2022;29:4–20.© 2021 John Wiley & Sons Ltd.

1  |  INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2 
virus) has affected people from different parts of the World and 
has been a major cause for significant morbidity and mortality to 
date. Coronavirus disease 2019 (COVID- 19), the disease caused by 
SARS- CoV- 2, can present with various clinical features and while 

pulmonary manifestation is the most common, hepatic abnormali-
ties can be encountered in up to 50% of infected individuals.1,2 The 
spectrum is variable and can range from asymptomatic abnormal-
ities in hepatic biochemical tests to severe liver injury with some 
reports of acute- on- chronic liver failure in patients with underlying 
cirrhosis.3– 5 Hepatic dysfunction has been associated with poor out-
come and which has been noted to be more frequent in critically ill 
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Abstract
Globally, the severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2 virus) has 
been a major cause for significant morbidity and mortality. Since the start of the pan-
demic, several hepato- biliary manifestations in coronavirus disease 2019 (COVID- 19) 
have been described and unique considerations raised. The review aims to summa-
rize the pathogenesis and hepato- biliary manifestations in COVID- 19 and discuss the 
similarities, contrasting features and disease- specific management across a range of 
hepato- biliary diseases from the EAST and the WEST. Published studies and regional 
society guidelines from the EAST and the WEST were comprehensively reviewed and 
summarized. A wide range of hepato- biliary manifestations, including the infrequent 
and chronic manifestation of cholangiopathy, has been observed in COVID- 19. The 
pathogenesis of liver injury is multifactorial and with scant evidence for a direct SARS- 
CoV- 2 infection of the liver. Patients with non- alcoholic fatty liver disease, cirrhosis, 
and liver cancer are potentially at increased risk for severe COVID- 19, and there are 
unique considerations in chronic hepatitis B or C, hepatocellular carcinoma, and in 
those immunosuppressed such as autoimmune hepatitis or liver transplant recipients. 
With the surges in SARS- CoV- 2 infection, liver transplant activity has variably been 
impacted. Preliminarily, SARS- CoV- 2 vaccines appear to be safe in those with chronic 
liver disease and in transplant recipients, while emerging data suggest the need for 
a third dose in immunosuppressed patients. In conclusion, patients with chronic liver 
disease, particularly cirrhosis, and liver transplant recipients, are vulnerable to severe 
COVID- 19. Over the past year, several unique considerations have been highlighted 
across a spectrum of hepato- biliary diseases. Vaccination is strongly recommended 
for those with chronic liver disease and liver transplant recipients.
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patients.6 The cause for hepatic dysfunction is hypothesized to be 
based on one or more factors such as ischaemic liver injury, immune- 
mediated liver injury, drug- induced liver injury, pre- existing liver 
diseases or a direct cytopathic effect of the virus.1,7 Further, it has 
been noted that up to 2%– 11% of patients with COVID- 19 had pre- 
existing liver disease2 and that patients with underlying cirrhosis had 
higher mortality.1 This review highlights several observations, and 
the lessons learnt since the pandemic started, on liver manifesta-
tions in COVID- 19, from the EAST and the WEST, including prev-
alence, severity and pathogenesis. Further, we also summarize on 
the similarities and contrasting features in outcomes and disease- 
specific management in those on immunosuppressive therapy, post- 
transplantation state, hepatocellular carcinoma (HCC), patients with 
chronic liver disease, compensated/decompensated cirrhosis, viral 
hepatitis, non- alcoholic fatty liver disease (NAFLD) and autoimmune 
liver diseases and also provide emerging data on the safety and 
efficacy of vaccines in those with chronic liver disease, as well as 
the immunosuppressed. While COVID- 19 patients are encountered 
by a wide range of providers, including primary care, emergency 
room, infectious disease, gastroenterology, hepatology, critical care 
and palliative care specialties, this review aims to provide informa-
tion specifically for those who evaluate and provide care to those 
with a spectrum of liver- related clinical situations in the context of 
COVID- 19.

2  |  LIVERMANIFESTATIONOFCOVID-19
FROMTHEEASTANDTHEWEST

Since the outbreak of the novel coronavirus (SARS- CoV- 2) in Wuhan, 
China in December 2019, it was labelled a pandemic by WHO in 
March 2020 and globally has led to disastrous public health con-
sequences. Although most of the COVID- 19 cases have been mild, 
fatality due to respiratory failure and severe pneumonia is not un-
common with an estimated 2.5% case fatality rate worldwide,8 and 
with a WHO estimated 3.8 million deaths globally by June 2021.9 
Liver impairment has been described as an elevation of aspartate 
transaminase (AST) or alanine transaminase (ALT) in around 10%– 
58%, mild bilirubin elevation in 3%– 23%, slight alkaline phosphatase 
(ALP) elevation in 1%– 10% and gamma- glutamyl transferase (GGT) 
elevation in 13%– 54% in patients with COVID- 19.2,10– 29 Most of 
the hepatic biochemical test abnormalities have been noted to re-
turn to normal values within 2– 3 weeks and without specific treat-
ment.23 The pattern of liver injury is mostly hepatocellular rather 
than cholestatic although one would have expected a predominance 
of a cholestatic injury due to an abundance in the biliary epithelium 
of ACE2 receptors, to which the SARS- CoV- 2 has an affinity.30,31 
Patients with severe COVID- 19 seem to have higher rate of liver im-
pairment as noted by ALT or AST being more than three- fold the 
upper limit of normal (ULN) or total bilirubin of more than two- fold 
of the ULN.7 AST is usually higher than ALT and has been associated 
with severe COVID- 19 and mortality, which could possibly be the 
result of immune- mediated inflammation or non- hepatic injury.32,33 

Interestingly, a report from Cai Q et al. found that COVID- 19 patients 
with abnormal hepatic biochemical tests had higher risk of progress-
ing to severe disease during hospitalization (odds ratio (OR) = 2.73 
with hepatocellular pattern, and OR = 4.44 with mixed cholestasis- 
hepatocellular injury pattern).22 However, some studies found no 
correlation between hepatic biochemical test abnormalities and 
severe clinical consequences or survival.23,24 Low serum albumin 
at hospital admission has been a marker of COVID- 19 severity.34– 36 
Fan et al. reported that patients with abnormal hepatic biochemi-
cal tests were more likely to be male, associated with higher levels 
of procalcitonin and C- reactive protein, and longer mean hospital 
stay compared to patients with normal tests (15.09 ± 4.79 days 
vs. 12.76 ± 4.14 days) (p = 0.021).18 Further, a multicentre cohort 
(COVID- LIVER- CHESS) from China (n = 70) found that a longer time 
from illness onset to admission resulted in greater risk of liver injury 
in patients with COVID- 19, thus suggesting the need of early detec-
tion of SARS- CoV- 2 infection.37 In contrast, severe COVID- 19 is un-
common in children, and usually not associated with abnormal liver 
biochemistries; thus, when evaluating COVID- 19- infected children 
with AST or ALT elevation, it is suggested that there be a search for 
underlying liver diseases and other coexisting infections.38,39 Data 
on liver manifestations and prevalence of hepatic biochemical test 
abnormalities in reports on COVID- 19 from the EAST and the WEST 
are summarized in Table 1 and Table 2. Because of a high preva-
lence of LFT abnormalities, regular monitoring of liver biochemis-
tries should be performed in all COVID- 19 patients.39 It is important 
to always consider other aetiologies unrelated to COVID- 19 when 
assessing COVID- 19 patients with elevated liver enzymes; other 
viral infections such as hepatitis A, B and C should also be evalu-
ated.40 Data on pre- existing liver diseases were reported in several 
studies and has been around 2%– 11%.2 Patients with cirrhosis are 
at increased risk of infections and associated complications due 
to cirrhosis- associated immune dysfunction.41,42 Mortality due to 
COVID- 19 appears higher in patients with more advanced liver dis-
ease and the highest in cirrhosis.32,42

3  |  POSSIBLEPATHOGENESISOF
HEPATICMANIFESTATIONSINCOVID-19

SARS- CoV- 2 is a single, positive- stranded RNA virus that replicates 
using a virally encoded RNA dependent RNA polymerase.32 The 
underlying mechanisms of liver injury in those with COVID- 19 are 
believed to be multifactorial, some of which are based on histopa-
thology from core samples at autopsy.7 (Figure 1).

1. Direct viral injury: the proposed pathogenesis of SARS- CoV- 2- 
related liver injury may be based on the expression of ACE2 
entry receptors by both hepatocytes and cholangiocytes. 
However, the ACE2 expression in the cholangiocytes (59.7%) 
is much higher than the hepatocytes (2.6%).31 Accordingly, liver 
injury due to COVID- 19 may result from direct viral damage 
to bile duct epithelial cells which have been known to have 
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a significance in liver regeneration and immune response.43 
Further, liver histopathology in those with COVID- 19 has noted 
foci of hepatic necrosis both in periportal area (zone 1) and 
adjacent area to terminal hepatic veins (zone 3) without signif-
icant inflammatory cellular infiltration in the surrounding area, 
a feature consistent with the pattern of acute liver injury from 
a virus.7 Additionally, isolation of SARS- CoV- 2 RNA from post- 
mortem liver tissue through RT- PCR has been reported in a 
patient.44 Recent published data suggest that mitochondrial 
proteins may directly interact with the virus,45 providing a 
potential explanation for the AST- dominant liver injury.46

2. Drug- induced liver injury: treatment regimens for COVID- 19 in-
cluding antibiotics and antiviral agents (eg azithromycin, protease 
inhibitors, monoclonal Interleukin (IL)- 6 receptor antagonists) 
can variably cause liver injury. Remdesivir (a nucleoside analog 
inhibitor of viral RNA polymerase) recently approved by the US 
Food and Drug Administration (FDA) was associated with a 23% 
increase in hepatic biochemical tests.47 Some drugs used in com-
bination such as acetaminophen, non- steroidal anti- inflammatory 
drugs (NSAIDs) and Chinese herbal medicines may account for 
hepatotoxicity. Microvesicular steatosis has often been observed 
again raising the possibility of drug- induced liver injury.48

3. Underlying liver diseases: patients with COVID- 19 may have un-
derlying chronic liver diseases (CLD) such as hepatitis B, hepatitis 
C or non- alcoholic fatty liver disease (NAFLD), and some with cir-
rhosis. Treatment of these underlying diseases, for example anti-
viral agents for hepatitis B or C, may be interrupted while treating 
COVID- 19 which can then lead to HBV and HCV viral activity and 
exacerbate hepatic inflammation.48 Further, corticosteroid treat-
ment for COVID- 19 may also facilitate hepatitis B viral replica-
tion.7 Recent data on pre- existing liver diseases with COVID- 19 
from two international registries (SECURE- Cirrhosis and COVID- 
Hep) (n = 1102) (August 2020) reported aetiology of underly-
ing cirrhosis to be alcohol in 29%, non- alcoholic steatohepatitis 
(NASH) 20%, hepatitis C 11%, hepatitis B 7%, autoimmune hepa-
titis 7% and combination aetiology in 5%.49,50

4. Hyper- inflammatory cytokine storm: around 20% of COVID- 19 
patients can become severely ill and be characterized with in-
creasing levels of inflammatory cytokines such as IL- 1, IL- 6, tu-
mour necrosis factor (TNF), leading to a cytokine storm. With the 
hepatocytes being susceptible to hypoxic liver injury from severe 
COVID- 19, this immune overreaction can result in further dam-
age to hepatocytes which then can lead to a markedly abnormal 
hepatic biochemical profile.7 To support this hypothesis, studies 
have noted that COVID- 19 patients in ICU setting with multi- 
organ failures have features of severe hepatic dysfunction.23 
Further, post- mortem hepatic histopathology, in some, has noted 
only microvesicular steatosis, accompanied by overactivation of T 
cells, suggesting the likelihood of immune- mediated rather than 
direct cytopathic damage.30

5. Hypoxic- ischaemic liver injury: ischaemic hepatitis is a condition 
characterized by AST- predominant hepatitis. Cardiomyopathy is 
a common consequence of COVID- 19 infection, occurring in 33% St
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of individuals in one US series27 which then can result in conges-
tive hepatopathy and can be associated with elevations in ami-
notransferases and GGT levels.46,51

6. Cholangiopathy: a novel entity of COVID- 19 cholangiopathy has 
been described where features of bile duct strictures mimicking 
sclerosing cholangitis have been observed.52,53 These patients 
had severe COVID- 19 and had circulatory and ventilatory failure 
and required prolonged support. It is unclear at this stage if these 
represent changes of biliary tree ischemia or if they were a conse-
quence of direct infection of SARS- CoV- 2 of the liver and biliary 
tract.52,53

4  |  LIVERMANIFESTATIONSAND
DISEASE-SPECIFICMANAGEMENTFOR
PATIENTSWITHCHRONICLIVERDISEASE

Currently, there is no convincing evidence that patients with sta-
ble CLD without advanced fibrosis/cirrhosis due to hepatitis B/C, 
cholestatic liver disease such as primary biliary cholangitis (PBC) 
or primary sclerosing cholangitis (PSC) have increased susceptibil-
ity to severe COVID- 19 infection, while contradictory data exist 
with regard to NAFLD, a condition associated with risk factors, such 
as obesity, diabetes mellitus and hypertension, for severe illness.2 
Pooled analysis data of CLD patients (6 studies from Wuhan, China) 
found no association between severe COVID- 19 [OR = 0.96 (95%CI 
0.36– 2.52), p = 0.86] and mortality [OR = 0.19 (95% CI 0.03– 1.18), 
p = 0.31]; however, there were relatively small number of patients 
with CLD included and thus larger scale studies are needed.54 On 
the contrary, in a large cohort study of electronic health record data 
from over 17 million patients (>114,000 with CLD) in the United 

Kingdom, CLD was a risk factor for in- hospital death from COVID- 19 
(HR = 1.61, 95%CI 1.33– 1.95).55 In another cohort of 2,780 US pa-
tients with COVID- 19, CLD was associated with significantly higher 
mortality (RR = 2.8, 95%CI 1.9– 4.0). The mortality risk was higher in 
patients with cirrhosis (RR = 4.6, 95%CI 2.6– 8.3). Fatty liver disease 
and NASH were the most common aetiologies in the liver disease 
group, and the mortality risk was independent of risk factors such 
as body mass index, hypertension and diabetes.56 Updated results 
from an International Registry (SECURE- Cirrhosis and COVID- Hep) 
on COVID- 19- infected patients with CLD and cirrhosis (including 
386 patients with cirrhosis, 359 with non- cirrhotic CLD from 21 
countries across 4 continents) reported mortality rate in COVID- 19- 
infected patients with cirrhosis to be around 32% which is far higher 
than in the general population. Mortality in CLD without cirrhosis is 
reported to be lower and at around 8%.57

4.1  | Viralhepatitis

Chronic viral hepatitis does not appear to increase the risk for a se-
vere course of COVID- 19.11,54 A small study from China (n = 23) on 
clinical differences between HBV carriers and chronic hepatitis B/
cirrhosis infected with COVID- 19 showed no differences in terms 
of disease severity and length of hospital stay.58 Currently, there is 
concern that COVID- 19 care may lead to an acute shift in health-
care resources to a point where there could be delays in diagnosis 
and initiating HCV therapy.39,40 Thus, such an occurrence is likely 
to adversely impact the WHO’s HCV elimination target of 2030; a 
1- year delay in HCV diagnosis and treatment programs could cause 
excess HCV morbidity and mortality with an estimated additional 
44,800 liver cancers and 72,300 deaths59 and therefore attention 
should shift back to hepatitis programs as soon as appropriate.

F IGURE 1 Proposed pathogenesis of hepatic manifestations in COVID- 19
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4.2  | Autoimmunehepatitis(AIH)

There is no evidence that stable chronic liver disease due to auto-
immune hepatitis, primary biliary cholangitis or primary sclerosing 
cholangitis has an increased susceptibility to SARS- CoV- 2 infec-
tion.2,60 Recent update from an international registry of COVID- 
19- infected chronic liver disease patients (SECURE- Cirrhosis and 
COVID- Hep) on August 2020 (n = 1102, cirrhosis = 508) reported 
AIH as an aetiology of cirrhosis in around 7%.49,50 A phone- based 
survey in Northern Italy on health status of patients with autoim-
mune liver diseases during COVID- 19 outbreak (n = 148) found that 
such children and adults maintained good health status. COVID- 19 
was diagnosed in a similar percentage of patients as in the general 
population, and the outcome was favourable in most cases.61 A case 
series of AIH patients with COVID- 19- infection treated with immu-
nosuppression in Italy (n = 10) found that clinical outcome was com-
parable to that reported in a non- immunosuppressed population.62

4.3  | NAFLD

Emerging data suggest that NAFLD patients may be at higher risk 
for COVID- 19.40 Patients with NAFLD or NASH often have comor-
bidities such as diabetes mellitus, hypertension and obesity which 
can be associated with severe course of COVID- 19 and longer viral 
shedding time.30,63 A retrospective study from China in patients with 
COVID- 19 (n = 202, NAFLD 37.6%) found that male sex (OR = 3.1; 
95%CI 1.1– 9.4), age > 60 years (OR = 4.8; 95%CI 1.5– 16.2), higher 
body mass index (BMI) (OR = 1.3; 95%CI 1.0– 1.8), underlying co-
morbidity (OR = 6.3; 95%CI 2.3– 18.8) and NAFLD (OR = 6.4; 95%CI 
1.5– 31.2) were associated with COVID- 19 progression.30 Patients 
with NAFLD had a higher risk of disease progression (6.6% vs. 44.7%; 
p < 0.0001), higher likelihood of liver dysfunction from admission to 
discharge (70% vs. 11.1%; p < 0.0001) and longer viral shedding time 
(17.5 ± 5.2 days vs. 12.1 ± 4.4 days; p < 0.0001) compared to patients 
without NAFLD.30 Within patients with NAFLD, non- invasive fibro-
sis scores [fibrosis- 4 (FIB- 4) index and NAFLD fibrosis score (NFS)] 
appeared to correlate with a higher likelihood of developing severe 
COVID- 19, irrespective of metabolic comorbidities.64 A large US mul-
ticentre observational study (n = 363, NAFLD 15.2%) demonstrated 
that NAFLD was independently associated with ICU admission 
(OR = 2.30, 95%CI 1.27– 4.17) and mechanical ventilation (OR = 2.15, 
95%CI 1.18– 3.91), and presence of cirrhosis was an independent 
predictor of mortality (OR = 12.5, 95%CI 2.16– 72.5).65 It is unclear 
whether the risk is specific to NAFLD or to coexisting metabolic risk 
factors (e.g. diabetes, hypertension, cardiovascular diseases and obe-
sity) which are known to be associated with COVID- 19 severity.

4.4  |  Cirrhosis

Patients with cirrhosis who develop COVID- 19 have been ob-
served to have higher mortality.5,57,66,67 A multicentre- matched 

cohort from North America compared mortality risk in those with 
cirrhosis and COVID- 19 (n = 37) vs. cirrhosis alone (n = 127) vs. 
COVID- 19 alone (n = 108) and observed that patients with cir-
rhosis and COVID- 19 had higher mortality compared to COVID- 19 
alone (30% vs. 13%, p = 0.03), but comparable to cirrhosis alone 
(30% vs. 20%, p = 0.16). Further, in those with acute- on- chronic 
liver failure (ACLF), the mortality rate was similar regardless of 
COVID- 19 (55% vs. 36%, p = 0.25).67 This study also found that 
patients with cirrhosis hospitalized for COVID- 19 were more likely 
to develop complications related to the viral infection rather than 
complications related to cirrhosis and were less likely to present 
with gastrointestinal symptoms compared to those with COVID- 19 
alone.67 Another multicentre retrospective study from Italy in pa-
tients with cirrhosis and COVID- 19 infection (n = 50) noted an evo-
lution to ACLF in around 28% and with a 30- day mortality rate of 
34%.5 The severity of lung and liver diseases (according to CLIF- C, 
CLIF- OF and MELD scores) independently predicted mortality, 
and in patients with cirrhosis, mortality was significantly higher in 
those with COVID- 19 than those with cirrhosis- associated bacte-
rial infections.5 Concomitantly, a study from India in patients with 
CLD and cirrhosis infected with COVID- 19 (n = 28) reported poor 
outcomes in patients with cirrhosis, with worst survival rates in 
those with ACLF, and requirement of mechanical ventilation inde-
pendently predicted mortality (hazard ratio = 13.68).66 Ultimately, 
a large cohort from an international registry (SECURE- cirrhosis 
and COVID- Hep) (n = 745 patients with CLD and SARS- CoV- 2 
including 386 with and 359 without cirrhosis) had demonstrated 
32% mortality in patients with cirrhosis compared to 8% in those 
without cirrhosis (p < 0.001). Mortality in patients with cirrhosis 
increased according to Child- Pugh class (A [19%], B [35%], C [51%]) 
and the main cause of death was from respiratory failure (71%). 
Acute hepatic decompensation occurred in 46% and half of those 
with hepatic decompensation had ACLF. Age, baseline liver disease 
stage (especially Child- Pugh class B and C) and alcohol- related 
liver disease were independent risk factors for death in those with 
COVID- 19.57

4.5  |  Livertransplantrecipientsand
immunosuppressedpatients

Immunosuppressed patients aged >60 years are more likely to 
acquire SARS- CoV- 2 infection and may have prolonged viral 
clearance.11,68,69 On the other hand, some data suggest that im-
munosuppressive agents may be protective through their effect on 
alleviating immune response, the main driver of COVID- 19- related 
severe pulmonary injury.12,70

Recent data from the European liver transplant (LT) [COVID- LT 
(n = 57) and SETH cohorts (n = 111)] reported crude incidence 
rate of COVID- 19 to be around 0.5%– 0.8%.71– 73 COVID- 19 was 
associated with an overall and in- hospital fatality rate of 12% and 
17%, respectively in LT recipients. A history of cancer was more 
frequent in patients with poorer outcome.72 A large prospective 
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cohort of LT patients in Italy (SETH cohort) also reported the inci-
dence of COVID- 19 to be higher in LT patients, but mortality rates 
were lower than the matched general population; further, myco-
phenolate was found to be associated with a risk of developing 
severe COVID- 19 in a dose- dependent manner.73 Interestingly, a 
multicentre contemporaneous matched COVID- 19 alone cohort 
study from two international registries (COVID- Hep and SECURE- 
Cirrhosis) including 151 LT recipients from 18 countries found that 
LT was not associated with increased mortality in patients infected 
with COVID- 1974 (mortality rate 18%),49,50 whereas increased age 
and presence of comorbidities (eg creatinine levels and non- liver 
cancer) were associated with death among LT- recipients.74 Such 
data are consistent with a national cohort from the UK (46,789 solid 
organ transplant (SOT) recipients, mortality 25.8% in SOT recip-
ients with COVID- 19) where increasing recipients' age was inde-
pendently associated with mortality after diagnosis of COVID- 19.75 
A report from US epicentre in SOT recipients (n = 90) (KT 51%, LT 
14%) hospitalized with COVID- 19 also demonstrated comparable 
data of severe outcomes35,76 in both early and long- term survivors76 
with overall mortality of 18%.35 Data from the European Liver and 
Intestine Transplantation Association (ELITA)/ the European Liver 
Transplant Registry (ELTR) (149 LT centres, 103 COVID- 19- infected 
LT recipients) found overall mortality in COVID- 19- infected LT re-
cipients of 16%, with higher mortality in patients aged ≥60 years 
and in male recipients77 suggesting that LT candidates and recipi-
ents, especially elderly and those with comorbidities are at higher 
risk for severe COVID- 19.78

4.6  | Hepatocellularcarcinoma(HCC)

Cancer patients are considered a high- risk group for developing 
severe COVID- 19 disease due to additional comorbidities and im-
munosuppressed status especially those with recent chemother-
apy or surgery (<1 month).79 Mortality from COVID- 19 in patients 
with cancer has been associated with age, sex and comorbidities, 
but not to the use of cytotoxic chemotherapy or other antican-
cer treatment.80 Prevalence of COVID- 19 infection in cancer pa-
tients has varied from 0.37% to 7.24%79,81– 83 and mortality rate in 
cancer patients with COVID- 19 has been noted to be higher than 
non- cancer patients. Mehta et al. (n = 218) demonstrated a higher 
mortality rate in patients with cancer and COVID- 19 (28%) than 
in those without cancer (14%).84 It is still an open- ended ques-
tion whether HCC patients are also at increased risk of severe 
COVID- 19. HCC is often associated with liver cirrhosis, suggest-
ing that impaired immunity may increase the risk of developing 
severe COVID- 19.85 COVID- 19 may exacerbate pre- existing liver 
disease and thus complicate cancer management.86 Data on HCC 
patients with COVID- 19 infection from currently available studies 
are limited. Zhang et al. reported COVID- 19 infection in 28 can-
cer patients in China (7% with HCC) which were associated with 
poor outcomes especially if receiving antitumour treatment within 

14 days, however, too small a number of HCC patients were in the 
study.82 More robust experience was reported from a multicentre 
study from France in patients with HCC (n = 670, 293 exposed to 
SARS- CoV- 2 and 377 unexposed)87 in the COVID- 19 era, where 
fewer patients with HCC presented to the multidisciplinary tu-
mour board, especially with their first HCC diagnosis. Treatment 
strategy was modified in 13.1% of patients, and patients experi-
enced significant treatment delay of longer than 1 month in 2020 
compared with 2019 (21.5% vs. 9.5%, p < 0.001). Around 7.1% of 
HCC patients had a diagnosis of active COVID- 19 infection (52.4% 
hospitalized, 19.1% died).87 Another experience from Italy (42 
HCC patients) reported a delay in HCC treatment of ≥2 months in 
26% of patients during COVID- 19 era.88

Overall, if patients with chronic liver disease get infected with 
COVID- 19 (especially if they have additional risk factors of develop-
ing severe COVID- 19 such as hypertension, diabetes mellitus, obe-
sity, cirrhosis, HCC or post- transplant status), early admission and 
early initiation of antiviral therapy if clinically indicated is recom-
mended63 (Figure 2). Global liver society recommendations32,42,60 
with some similarities and contrasting aspects in patients with 
chronic viral hepatitis, autoimmune liver diseases, NAFLD, cirrhosis, 
LT recipients and HCC are summarized in Table 3.

5  |  IMPACTOFPANDEMICCOVID-19ON
PATIENTSONTHEWAITLISTFORLIVER
TRANSPLANTATION

In the early stages of COVID- 19 pandemic, liver transplant commu-
nities faced multiple challenges, especially in a significant decrease 
in organ donation/retrieval and liver transplants. The overall re-
duction in deceased donor solid organ transplantations was 90.6% 
in France and 51.1% in the USA.89 Netherlands also reported an 
immediate impact of COVID- 19 on transplant activity with over-
all decrease of 67% (liver and lung transplant activity decreased 
~50%) while there was an unexpected observation of an increase 
number of renal patients being removed from the waiting list due 
to clinical deterioration and mortality.90 Another preliminary anal-
ysis on impact of COVID- 19 outbreak on 22 Italian Liver Transplant 
Programs (I- BELT Study Group) found a reduction in overall LT 
activity, including living- related liver transplantation.91 Notably, 
there was impact on healthcare resource capacity as COVID- 19- 
infected cases intensity exceeded available healthcare capacity 
in many regions, thus relegating liver transplantation to a lower 
priority in order to adjust health resource utilization. For example, 
there had been a drastic decrease in liver donors and transplants 
in Lombardy, Italy because of the need for the increasing use of 
ICU beds to accommodate COVID- 19- infected patients. However, 
16 (out of 17) LT recipients were alive after an average of 30 days 
post- LT (2 cases of COVID- 19 infection post- LT, only 1 died at 
post- LT day 30), and this study suggested no specific concerns in 
stopping LT program activity.92
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While during the first wave of the pandemic, in the UK, there was 
a significant reduction in transplant activity,93 restoration of near- 
normal donor activity was noted in June 2020. Of note, after the 
second wave due to the ‘UK variant’ mutated strain, in December 
2020, a drop similar to the first wave, in the number of solid organ 
transplants was not noticed.94 In contrast, the impact of the second 
wave in India was notably different and likely to have had a severe 
effect on transplantation services.94,95 Thus, there has been a signif-
icant heterogeneity in transplant activity among the various regions 
of the World.96

6  |  SARS- COV-2VACCINATION
INCHRONICLIVERDISEASEAND
TRANSPLANTRECIPIENTS

Several types of SARS- CoV- 2 vaccines have been developed in the 
EAST and the WEST such as mRNA vaccines from Pfizer- BioNTech 
(USA and Germany)97 and Moderna (USA),98 adenoviral- vectored 
vaccines from Oxford- AstraZeneca (UK) and inactivated vaccines 
from Sinopharm/Sinovac (China).99 Vaccines, in general, are known 
to be less effective in patients with cirrhosis100 and liver transplant 
recipients.101,102 Current data from vaccine studies of both the 
BNT162b2 mRNA COVID- 19 vaccine (Pfizer- BioNTech) (included 
126 patients with liver diseases/18,860 patients receiving vac-
cination)97 and the mRNA- 1273 (Moderna) (included 100 patients 
with liver diseases/15,181 patients receiving vaccination)98 demon-
strated consistent efficacy among subgroup with coexisting condi-
tions in general and comparable with overall population, while there 
were small numbers of chronic liver disease patients in the trials. 
To date, it is unclear whether SARS- CoV- 2 vaccines are equally ef-
fective in those with chronic liver disease/ cirrhosis/ transplanted 

population/ immunosuppressed patients compared to the general 
population, particularly against the rapidly emerging viral variants. 
Preliminary data support safety in the transplant recipients103 while 
antibody response after one dose has been suboptimal at 17% in this 
cohort.104 Response after the second dose of SARS- CoV- 2 mRNA 
vaccine increased to 54%.105 A retrospective study from France 
on three doses of the BNT162b2 mRNA COVID- 19 vaccine (Pfizer- 
BioNTech) in solid organ transplant recipients (n = 101) reported 
significant improvement in anti– SARS- CoV- 2 antibody response (up 
to 68% at 4 weeks after the third dose)106; accordingly, the French 
National Authority for Health recommends the use of a third dose 
of vaccine in immunosuppressed patients.106 While more data on 
safety and efficacy evolve, it would seem prudent to strongly rec-
ommend vaccination to our patients with chronic liver disease and 
transplant recipients.

7  |  CONCLUSION

SARS- CoV- 2 virus has infected vast majority of people around the 
World from around December 2019, and now in 2021, we continue 
to deal with it with surges of infection variably occurring around 
the Globe. While those with several comorbidities such as obesity 
and chronic kidney disease are at risk for severe COVID- 19, those 
with chronic liver disease, particularly cirrhosis, and liver transplant 
recipients are also vulnerable to severe COVID- 19. As observations 
continue to be made on presentation and outcomes in those with 
liver disease, vaccination strategies are being implemented aggres-
sively. Data on safety and efficacy of vaccines in those with chronic 
liver disease and liver transplant recipients is emerging while there 
remain several unresolved issues that include, but not limited to, re-
infection rates and outcomes (even after vaccination), management 

F IGURE 2 Management consideration of chronic liver disease and cirrhosis during COVID- 19 era
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TABLE 3 Guideline recommendations and unique considerations of liver manifestations in the EAST and the WEST

Liverdiseases AASLDrecommendation32 EASL-ESCMIDpositionpaper42,63 APASLrecommendation60

Chronic viral 
hepatitis 
(HBV and 
HCV)

- Recommendation include continuation of treatment for hepatitis B or C if already on treatment
- There is no contraindication to initiating treatment of hepatitis B and C, as clinically warranted, in patients without COVID- 19
- In patients with COVID- 19, initiating hepatitis B treatment is usually not immediately warranted but not contraindicated, and should 

be considered when there is clinical suspicion of hepatitis B flare or when initiating immunosuppressive agents, corticosteroids, or 
IL- 6 monoclonal antibody

- Initiating treatment of hepatitis C in a patient with COVID- 19 is not immediately warranted and can be delayed till after resolution of 
COVID- 19

Unique aspects in the EAST and the WEST
EAST
- Multicentre study from China reported prevalence of HBV infection in COVID- 19 patients ranging from 2.1– 12.2%11,124,125

WEST
- In a large series (n = 5700) from the Northeastern United States, prevalence of HBV and HCV infections in COVID- 19 infected 

patients were reported to be 0.1% and <0.1%, respectively28

Autoimmuneliver
diseases

- In patients with AIH without COVID- 19, continuing the same dosage of immunosuppressive agents is recommended, as reducing or 
stopping immunosuppressive agents may cause disease flare

- If active AIH is diagnosed, initiating immunosuppressive therapy is recommended despite COVID- 19 infection40

- In AIH patients with active COVID- 19 and elevated liver biochemistries, do not presume disease flare without biopsy confirmation32

- In patients with AIH and active COVID- 19, consider lowering the overall level of immunosuppression to decrease the risk of 
superinfection or medication- induced lymphopenia and which should be individualized adjustment based on severity of 
COVID- 1932

- Vaccination for Streptococcus pneumoniae and influenza should be emphasized63

Unique aspects in the EAST and the WEST
EAST
- (APASL recommendation) Patients with autoimmune liver disease and severe COVID- 19, corticosteroid should not be discontinued 

and stress- doses may be required (does not elaborate on the type of corticosteroid)60

WEST
- (AASLD recommendation) In patients with AIH and active COVID- 19, consider lowering the overall level of immunosuppression, 

particularly anti- metabolite dosages (eg azathioprine or mycophenolate) to decrease the risk of superinfection32

- (EASL recommendation) Considering budesonide as a first- line agent to induce remission in patients without cirrhosis who have a 
flare of autoimmune hepatitis42

- (EASL recommendation) In patients treated with corticosteroids who develop COVID- 19, corticosteroid dosing should be sufficient 
to prevent adrenal insufficiency. Conversion to dexamethasone should only be considered in patients with COVID- 19 who require 
hospitalization and respiratory support42

NAFLD - Early admission should be considered for all patients with NAFLD who become infected with SARS- CoV- 242

Unique aspects in the EAST and the WEST
EAST
- Patients with NAFLD have higher risk of progression to severe COVID- 1930,126 especially in younger NAFLD patients110

- COVID- 19- infected patients with NAFLD are more likely to develop liver injury, but usually mild in nature30,109

- Clinical outcomes were comparable between COVID- 19- infected patients with NAFLD and without NAFLD109

- Fibrosis scores appear to correlate with severity of COVID- 1964

WEST
- NAFLD represents a high risk for severe COVID- 19 especially in male gender,127 independent of metabolic syndrome.126,128

- NAFLD associated with increased risk of hospitalization129 and ICU admission65 for COVID- 19.
- Presence of cirrhosis was an independent predictor of mortality65

- Mortality was associated with inflammatory response but not with fibrosis staging127

- Patients receiving ACEIs and ARBs should remain on them even in the setting of COVID- 1932

(Continues)
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Liverdiseases AASLDrecommendation32 EASL-ESCMIDpositionpaper42,63 APASLrecommendation60

Cirrhosis - Patients with cirrhosis or liver cancer are 
potentially at increased risk for severe 
COVID- 19, low threshold for SARS- CoV- 2 
testing if symptomatic

- If COVID- 19 is diagnosed, early admission is 
recommended

- Every patient with acute decompensation or ACLF 
should be tested for SARS- CoV- 2 infection

- Continue HCC surveillance as close to schedule as 
circumstances allow, an arbitrary delay around 
2 months is reasonable39

- If patients are infected with COVID- 19, 
prevention of drug toxicities such as limited 
dosage of acetaminophen (<2 g/day) is 
suggested

- Due to cancellation of elective endoscopy, 
primary prophylaxis with beta- blocker in 
patients with clinically significant portal 
hypertension is justified40

-  Patients with cirrhosis should be 
considered at increased risk for 
severe COVID- 19

- All patients with new onset of hepatic 
decompensation or ACLF should be 
tested for SARS- CoV- 2 even in the 
absence of respiratory symptoms

- Early admission should be considered 
for all patients with cirrhosis infected 
with SARS- CoV- 2

- Prophylaxis on spontaneous 
bacterial peritonitis (SBP), 
gastrointestinal haemorrhage, 
and hepatic encephalopathy 
should be maintained in order to 
prevent admission due to portal 
hypertension- related complications

- Do not administer NSAIDs in 
patients with cirrhosis and portal 
hypertension

- All patients should receive vaccination 
for Streptococcus pneumoniae and 
influenza

- Consider delay screening for 
varices, non- invasive tool 
such as LSM, FIB- 4 or platelet 
count may be used to identify 
patients with high risk of 
variceal bleeding (Baveno VI 
criteria)63

Unique aspects in the EAST and the WEST
EAST
- A study from India in patients with cirrhosis infected with COVID- 19 reported poor outcomes in patients with cirrhosis, with the 

worst survival rates in ACLF66

WEST
- A multicentre North American study found that patients with cirrhosis+ COVID- 19 had similar mortality compared with patients 

with cirrhosis alone, but higher than patients with COVID- 19 alone67

- An international registry (SECURE- cirrhosis and COVID- Hep) demonstrated that patients with cirrhosis experienced high rates of 
hepatic decompensation and death following COVID- 19 infection, and mortality increased with greater Child- Pugh class57

- A multicentre retrospective study from Italy found that mortality in patients with cirrhosis and COVID- 19 was significantly higher 
than those with cirrhosis and bacterial infections5

Livertransplant
recipientsand
immuno-
suppressive
agents

Transplantrecipientswithout COVID- 19
-  No reduction in immunosuppression in 

asymptomatic post- liver transplant patients 
without known COVID- 19 as reduction can 
precipitate acute rejection.

-  Emphasis on the importance of vaccination for 
Streptococcus pneumoniae and influenza.

Transplantrecipientswith COVID- 19
- Early admission is recommended
- In LT recipients with active COVID- 19 and 

elevated liver biochemistries, do not presume 
acute cellular rejection without biopsy 
confirmation.

- Minimizing dosage of immunosuppressive agents 
should be considered case- by- case under 
specialist consultation based on severity of 
COVID- 19 and risk of graft rejection.

- Lower the overall level of immunosuppression, 
especially anti- metabolite dosages (eg 
azathioprine or mycophenolate) to decrease 
the risk of superinfection

- Close monitoring of calcineurin inhibitor levels, 
for features of acute kidney injury, and also for 
potential drug- drug interactions.

- Anti- IL- 6 therapeutics have not been shown to 
increase the risk of acute cellular rejection

Transplantrecipientswithout COVID- 19
-  Advise against reduction of 

immunosuppressive therapy to 
prevent SARS- CoV−2 infection.

-  All patients should receive vaccination 
for Streptococcus pneumoniae and 
influenza.

Transplantrecipientswith COVID- 19
-  Reduction should only be considered 

under special circumstances (eg 
medication- induced lymphopenia, 
or bacterial/fungal superinfection 
in case of severe COVID- 19) after 
consultation with a specialist.

-  Drug levels of calcineurin inhibitors 
and mechanistic target of 
rapamycin inhibitors should be 
closely monitored when they are 
administered together with drugs 
such as hydroxychloroquine, 
protease inhibitors or alongside new 
trial drugs for COVID- 19.

-  Early admission should be considered 
for all LT recipients who develop 
COVID- 19.

Transplantrecipientswithout 
COVID- 19

-  Immunosuppression doses 
should not be reduced in 
long- term LT patients in 
the absence of COVID- 19 
infection.

-  All LT recipients should receive 
vaccination against influenza 
and pneumococcal infection.

Transplantrecipientswith 
COVID- 19

-  Reduction of 
immunosuppression may 
be considered in patients 
diagnosed with moderate 
COVID- 19 infection.

-  Immunosuppression should 
be reduced in patients with 
lymphopenia, fever, or 
worsening pneumonia.

TABLE 3 (Continued)

(Continues)
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of immunosuppressive agents in post- LT patients during severe 
COVID- 19 infection, and responses to different types of COVID- 19 
vaccines, particularly with the emergence of mutant strains, in those 
with chronic liver disease/ cirrhosis and immunosuppressed states 
such as post- LT.
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Liverdiseases AASLDrecommendation32 EASL-ESCMIDpositionpaper42,63 APASLrecommendation60

Unique aspects in the EAST and the WEST
EAST
- Immunosuppression and immunodeficiency were associated with increased risk of severe COVID- 19 disease130 However, case 

reports have suggested that temporary reduction of immunosuppressive agents during COVID- 19 infection is justified131

- A multicentre study from India (LDLT = 31) reported on the perioperative safety and good outcomes in carefully timed LDLT (1 
COVID- 19 infected), even in COVID- 19 hotspots132

WEST
- Some studies reported higher mortality rates in liver and other solid organ transplant recipients and at around 20– 25%35,73– 77,133,134

- Elderly, obesity, male sex, history of cancer and comorbidities were associated with severe COVID- 19 in immunosuppressed patients 
and transplant recipients70,72,74,76,77,135

- Results from 2 International registries (COVID- Hep and SECURE- Cirrhosis) found that LT state, overall, was not associated with 
increased mortality, but increased age and presence of comorbidities were74

- Gastrointestinal symptoms were common in solid organ transplant recipients being infected with COVID- 1935,76

- Complete discontinuation of immunosuppression after COVID- 19 diagnosis is not recommended; mycophenolate was associated 
with severe disease and should be temporary withdrawn or switched to other immunosuppressions71,73

- Reports from Italy (especially in paediatric LT recipients) showed low mortality rates in transplant recipients <5%70,136

HCCandother
cancers

-  Continue to do surveillance in those at risk for 
HCC (eg cirrhosis, chronic hepatitis B) as close 
to schedule as allow; an arbitrary delay of 
2 months is reasonable

-  Avoid HCC surveillance in patients with 
COVID- 19 until infection is resolved

-  Proceed with liver cancer treatments or surgical 
resection when able rather than delaying them 
because of the pandemic

-  HCC surveillance should only be 
deferred based on available 
resources and the individual risk 
assessment. Patients with increased 
risk (e.g. patients with elevated AFP, 
advanced cirrhosis, chronic hepatitis 
B, HCV- related cirrhosis, NASH/
diabetes) should be prioritized

-  In patients with COVID- 19, HCC 
surveillance can be deferred until 
after recovery

-  For HCC patients, care should be 
maintained according to guidelines 
including continuing systemic 
treatments and evaluation for LT

-  For HCC patients infected with 
COVID- 19, early admission is 
recommended. Locoregional 
therapies should be postponed and 
immune- checkpoint inhibitors should 
temporarily be withdrawn

- During the pandemic, for newly 
diagnosed HCC patients, 
postponing of elective 
transplant, resection surgery, 
or radiotherapy may be 
considered

-  Ablative procedures, 
TACE, kinase inhibitors 
or immunotherapy may 
be initiated. Change of 
immunotherapy schedules 
to 4– 6 weeks may be 
considered

-  Among uninfected HCC 
patients who are already on 
treatment, HCC treatment 
should proceed as deemed 
appropriate

-  If HCC patients get infected 
with COVID- 19, withhold 
immunotherapy directed 
towards HCC

Unique aspects in the EAST and the WEST
EAST
-Risk factors for severe COVID- 19 infection in patients with cancer include the last anticancer treatment within 14 days and advanced 

age (≥65 years)81,82

- In contrast, some studies reported mortality from COVID- 19 in patients with cancer found to be associated with age, sex, and 
comorbidities,80,137 but not to the use of cytotoxic chemotherapy or other anticancer treatment80

WEST
-Increased age, male sex, smoking status, number of comorbidities, ECOG performance status of ≥2, and active cancer were 

independent factors associated with increased 30- day mortality138

- During COVID- 19 era, fewer patients with HCC presented to the multidisciplinary tumour board, and patients with HCC experienced 
significant treatment delay longer than 1 month in 2020 compared with 2019 (21.5% vs. 9.5%, p < 0.001)87

Abbreviations: ACEI, angiotensin- converting enzyme inhibitor; ACLF, acute- on- chronic liver failure; AFP, alpha- fetoprotein; AIH, autoimmune 
hepatitis; ALT, alanine transaminase; ARB, angiotensin II receptor blocker; AST, aspartate transaminase; ECOG, Eastern Cooperative Oncology Group; 
FIB- 4, fibrosis- 4; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LDLT, living- donor liver transplant; LFT, liver function 
test; LSM, liver stiffness measurement; LT, liver transplant; N, number of patients; NAFLD, non- alcoholic fatty liver disease; NASH, non- alcoholic 
steatohepatitis; NSAIDS, non- steroidal anti- inflammatory drugs; TACE, trans- arterial chemoembolization.

TABLE 3 (Continued)
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