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The impact of the coronavirus disease 2019 (COVID-19) pandemic has been immense, and it 
continues to have lasting repercussions. While the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) virus primarily infects the respiratory system, other organ systems are 
affected, including the liver. Scientific knowledge on the role of SARS-CoV-2 infection and liver 
injury has evolved rapidly, with recent data suggesting specific hepatotropism of SARS-CoV-2. 
Moreover, additional concerns have been raised in regard to long-term liver damage, related to 
emerging cases of post-COVID-19 cholangiopathy and chronic cholestasis. Great effort has also 
been focused on studying how specific subpopulations with chronic medical conditions might be 
disproportionately impacted by COVID-19. One such population includes individuals with chronic 
liver disease (CLD) and cirrhosis, with an expanding body of research indicating these patients 
being particularly susceptible to adverse outcomes. In this review, we provide an updated sum-
mary on the current pathogenesis and mechanism of liver injury in the setting of SARS-CoV-2 
infection, the association between health outcomes and SARS-CoV-2 infection in patients with 
CLD, and the unique consequences of the COVID-19 pandemic on the routine care of patients 
with CLD. (Gut Liver 2023;17:12-23)
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INTRODUCTION

Since the first reported cases of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2),1 the world has 
been shaken by the effects of the coronavirus disease 2019 
(COVID-19) global pandemic. Indeed, what is known 
about the pathogenesis, epidemiology, and treatment/pre-
vention strategies in regard to SARS-CoV-2 infection has 
expanded immensely during the pandemic. In an effort 
to help guide targeted public health strategies and medi-
cal interventions, an important area of research has been 
identifying how specific chronic medical conditions may 
be associated with worse outcomes from SARS-CoV-2 in-
fection. This includes studying the impact of chronic liver 
disease (CLD) and SARS-CoV-2 outcomes.2,3

Individuals with CLD are of particular importance given 
the immense global burden of CLD,4,5 as well as concerns 

that immune dysfunction associated with cirrhosis might 
make these patients more vulnerable to severe infection.2,6 
Indeed, recent research has shown significantly increased 
mortality from SARS-CoV-2 in patients with decompen-
sated cirrhosis, as well as other subpopulations of CLD.2 
Specifically, patients with alcohol-associated liver disease 
(ALD) have been identified as having a higher mortal-
ity risk from COVID-19.2,6 Given these concerns, current 
recommendations are that patients with CLD receive vac-
cination against SARS-CoV-2 infection,7 though concerns 
remain regarding reduced vaccine immune response in pa-
tients with cirrhosis.8 Liver injury has been identified as an 
extrapulmonary complication of SARS-CoV-2 infection, 
with some association between abnormal liver biochem-
istries and worse clinical outcomes.9,10 This association of 
liver injury and COVID-19 has led some to investigate 
whether SARS-CoV-2 directly infects the liver, or if liver 
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injury is more of a bystander result of severe infection.11 
In this review, we focus on the current understanding of 
the pathogenesis and mechanism of liver injury in the set-
ting of SARS-CoV-2 infection, clinical outcomes of SARS-
CoV-2 infection in patients with CLD, and the impact of 
the COVID-19 pandemic on the management and care of 
patients with CLD.

PATHOGENESIS AND MECHANISM OF LIVER 
INJURY IN SARS-CoV-2 INFECTION

SARS-CoV-2 primarily infects the respiratory system, 
and is known to cause pneumonia as well as acute respira-
tory distress syndrome.1,12 A variety of extrapulmonary 
consequences related to SARS-CoV-2 infection have also 
been described, including manifestations in the gastroin-
testinal and hepatobiliary systems.9,13 Existing data dem-
onstrate that elevations of liver enzymes, such as alanine 
aminotransferase and aspartate aminotransferase, are quite 
common in the setting of COVID-19.10,14,15 While the in-
cidence of elevated liver biochemistries in patients with 
COVID-19 varies between studies, some have reported a 
frequency over 80% in hospitalized patients, with a pre-
dominantly hepatocellular pattern of elevation. The degree 
of elevation is usually mild, and incidence of significant 
elevations of alanine aminotransferase or aspartate amino-
transferase (>1,000 units/L), liver synthetic dysfunction, or 
elevations in serum bilirubin levels are relatively rare in pa-
tients with COVID-19.10,16,17 Long-term follow-up studies 
have recently reported that, after SARS-CoV-2 infection, 
progressive cholestasis may occur in up to 20% of patients 
with CLD and is often severe.18

Despite the high frequency of COVID-19 associated 
liver injury, evidenced by abnormal liver biochemistries, 
the clinical significance of liver injury and need for aggres-
sive workup has been debated.19 Over the course of the 
pandemic, there have been several studies that showed an 
association between abnormal liver tests and poor prog-
nosis. Specifically, significant elevations of alanine amino-
transferase and aspartate aminotransferase in the setting 
of COVID-19 are associated with a more severe infection, 
need for intensive care unit (ICU) admission, mechani-
cal ventilation and even death.10,20-25 Other research has 
described an association between markers of liver dysfunc-
tion, including hypoalbuminemia and gamma-glutamyl 
transferase elevation, with worse outcomes from CO-
VID-19.26-28

What is also concerning are the potential long-term se-
quelae of COVID-19 associated liver injury, including the 
recently described post-COVID-19 cholangiopathy.18,29,30 

Secondary sclerosing cholangitis in critically ill patients is 
a rare disease entity that has been described before, and 
is generally felt to be related to ischemic injury to the bile 
ducts as well as formation of toxic bile leading to necrosis 
and cast formation.31,32 Yet, certain histologic features ap-
pear to be unique to cholangiopathy after severe SARS-
CoV-2 infection and these may be more suggestive of a 
primary insult related to direct hepatic injury from the 
SARS-CoV-2 virus itself, rather than ischemic related inju-
ry.30 Moreover, when compared to similar cohorts of criti-
cally ill patients due to influenza infection, the presence 
of secondary sclerosing cholangitis was more common 
amongst critically ill patients with SARS-CoV-2.33 Hartl 
et al.18 recently reported that, among patients with CLD 
and COVID-19, development of cholestatic liver failure 
occurred in 23% and secondary sclerosing cholangitis oc-
curred in 15% of cases. In addition, they demonstrated that 
patients with preexisting CLD were more likely to develop 
liver injury and progressive cholestasis after COVID-19 
compared to non-COVID-19 pneumonia. Thus, given the 
large-scale nature of the pandemic, with many patients re-
covering from severe infection, post-COVID-19 cholangi-
opathy could lead to long-term hepatic morbidity in large 
numbers of patients.

In regards to the general pathogenesis of SARS-CoV-2, 
current data postulates that the virus gains cell entry via 
interaction between its spike protein and the angiotensin 
converting enzyme 2 (ACE2) receptor, with priming of 
the spike protein by the transmembrane serine protease 
2 (TMPRSS2).9,34 Upon entering host cells, the virus has 
several key mechanisms by which it can cause wide spread 
damage effecting multiple organ systems: direct viral toxic-
ity, endothelial cell damage and inflammation leading to 
microthrombi deposition and microvascular dysfunction, 
overactivation of the innate immune system and cyto-
kine release syndrome, and dysregulation of the renin-
angiotensin-aldosterone system leading to tissue damage 
from vasoconstriction and vascular permeability.9,35 These 
mechanisms likely also play a role in regard to COVID-19 
associated liver injury, though other mechanisms have also 
been proposed, including hepatic congestion in the setting 
of cardiac dysfunction and drug induced liver injury given 
the use of various medications and anti-viral agents with 
potential hepatotoxic effects.16,36,37 The diverse histologic 
pattern of injury in patients infected with SARS-CoV-2, 
characterized by steatosis (macrovascular and microvas-
cular), lobular necroinflammation, portal inflammation, 
and vascular pathology, likely also supports the multifacto-
rial nature of abnormal liver tests in setting of COVID-19 
associated liver injury (Fig. 1).16,17,38-42 It is also worth ac-
knowledging the possible contribution of non-liver-related 
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elevations in biochemistries, including release from cardiac 
and skeletal muscle breakdown.17,37

The question of whether SARS-CoV-2 displays specific 
liver tropism, causing liver injury via direct infection, has 
been a subject of debate. Early on in the pandemic, several 
discoveries were made that suggested direct infection of 
the liver by SARS-CoV-2, and its role as an important fac-
tor in hepatic impairment. This includes single-cell RNA 
sequencing analyses in healthy livers demonstrating gene 
expression levels for ACE2 in liver cells, with primarily 
expression in cholangiocytes as opposed to hepatocytes.43,44 
This may lead one to expect a cholestatic pattern of hepatic 
injury seen in COVID-19 infection as opposed to the he-
patocellular liver injury pattern more frequently reported 
in clinical practice. This apparent discrepancy may, in part, 
be explained by the fact that ACE2 is expressed at rest by 
cholangiocytes but can be expressed on hepatocytes in 
the setting of inflammation. Post-mortem autopsies pro-
vide evidence supporting direct infection of liver cells by 
SARS-CoV-2. Several studies report that SARS-CoV-2 was 
detected in a majority of post-mortem liver biopsies using 
polymerase chain reaction (PCR) and in situ hybridization, 
though evidence of direct viral invasion of hepatocytes was 
lacking.38,41 Some investigators were able to demonstrate 

specific coronavirus particles, such as spike structures, in 
the cytoplasm of hepatocytes in COVID-19 cases, along 
with associated mitochondrial swelling and apoptosis.45

Perhaps the most compelling evidence of SARS-CoV-2 
liver tropism was recently published by Wanner et al.46 The 
authors of this study were able to show multiple levels of 
evidence for SARS-CoV-2 liver tropism, including SARS-
CoV-2 RNA identified directly in hepatic parenchymal 
cells with high spatial resolution using in situ hybridiza-
tion, as well as successful isolation of infectious SARS-
CoV-2 from liver tissue post-mortem. Moreover, these 
authors identified transcriptomic and proteomic based 
activity profiles in hepatic samples. This confirmed the 
expression of known SARS-CoV-2 entry receptors and 
facilitators of infection including ACE2, TMPRSS2, proca-
thepsin L, and Ras-related protein Rab-7a. Transcriptomic 
and proteomic analysis also exhibited strong upregulation 
of interferon responses, JAK-STAT signaling and liver-
specific metabolic modulation, revealing a viral activity 
profile that has broad overlap with other hepatotropic viral 
infections (such as hepatitis C virus [HCV] infection).46,47 
These recent revelations provide valuable insight into the 
pathogenesis of COVID-19 related liver injury.

- DILI related to
various medications
and anti-viral agents
with potential
hepatotoxic effects

- Direct hepatotropic
effect of SARS-CoV-2
Specific host immune
responses
IFN responses, JAK-STAT
signaling and
liver-specific
metabolic modulation

- Increased liver enzymes
- Macro/microvascular steatosis,

lobular necroinflammation, portal
inflammation, and vascular injury

- Ischemic injury
related to
cardiopulmonary
failure in setting of severe
infection/sepsis

- Overactivation of
innate immune
system resulting in
cytokine storm

- Dysregulation of
RAAS

- Endothelial damage
and inflammation

- Microthrombi and
vascular dysfunction

Fig. 1.Fig. 1. Schematic of proposed 
mechanisms of coronavirus disease 
2019 (COVID-19) related liver injury.
DILI, drug induced liver injury; 
SARS-CoV-2, severe acute respira-
tory syndrome coronavirus 2; IFN, 
interferon; JAK-STAT, Janus kinase-
signal transducer and activator of 
transcription; RAAS, renin-angio-
tensin-aldosterone system.
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Table 1.Table 1. Clinical Outcomes of SARS-CoV-2 Infection in Patients with CLD and Cirrhosis

Study (year) Description Findings

Ji et al. 
(April 2020)48

Data collected from 202 consecutive patients admitted to 
two designated COVID-19 hospitals in China. Patients had 
confirmed SARS-CoV-2, and information relating to NAFLD 
status was also obtained.

Presence of NAFLD was associated with progression of 
COVID-19 infection (OR, 6.4; 95% CI, 1.5–31.2).  NAFLD 
patients had higher risk of disease progression (6.6% vs 
44.7%, p<0.0001), likelihood of abnormal liver function 
at discharge (70.0% vs 11.1%, p<0.0001) and longer viral 
shedding (17.5±5.2 days vs 12.1±4.4 days, p<0.0001).

Zhou et al. 
(April 2020)49

Investigators studied effect of MAFLD on COVID-19 severity 
in older (>60 years old) vs younger patients (<60 years old). 
327 adult patients with SARS-CoV-2 recruited across four 
hospitals in China.

In younger patients (<60 years old) with MAFLD, there was 
>2-fold higher prevalence of severe COVID-19 (adjusted 
OR, 2.67; 95% CI, 1.13–6.34; p=0.03).

Williamson et al. 
(July 2020)50

Investigators analyzed data from OpenSAFELY, a secure 
database that covers 40% of all patients in England, to 
examine factors associated with COVID-19 related death. 
Records of 17,278,392 adults were linked to 10,926 COVID-
19-related deaths.

Liver disease was associated with increased risk of CO-
VID-19 related death (HR adjusted for age and sex, 2.39; 
95% CI, 2.06–2.77 and HR fully adjusted, 1.75; 95% CI, 
1.51–2.03).

Marjot et al. 
(Oct 2020)2

International registry study, including 29 countries, exam-
ining impact COVID-19 on patients with CLD. The study 
included patients positive for SARS-CoV-2 with cirrhosis 
(n=386), patients positive for SARS-CoV-2 with CLD but 
without cirrhosis (n=359), patients positive for SARS-CoV-2 
without CLD (n=620).

Overall, mortality was higher amongst patients with 
cirrhosis as compared to those without (32% vs 8%, 
p<0.001). Amongst patients with CLD, mortality increased 
according to Child-Pugh class: Child-Pugh A (OR, 1.90; 
1.03–3.52), B (OR, 4.14; 2.4–7.65), C (OR, 9.32; 4.80–18.08). 
Additionally, increased age (OR, 1.02; 1.01–1.04) and ALD 
(OR, 1.79; 1.03–3.13) were associated with higher mortal-
ity in patients with CLD.

Lopez-Mendez et al. 
(Oct 2020)51

Retrospective study of patients hospitalized for SARS-CoV-2 
in Mexico. Outcomes studied included ICU admission and 
mortality. 155 Patients included, with 66 having liver steato-
sis.

No variables showed an independent association with clini-
cal outcomes.

Ioannou et al. 
(Nov 2020)52

Population-based study utilizing data collected from the Vet-
erans Affairs (VA) national health care system. Four groups 
analyzed included SARS-CoV-2 negative without cirrhosis 
(n=75,315), SARS-CoV-2 positive without cirrhosis (n=9,826), 
SARS-CoV-2 negative with cirrhosis (n=3,301), SARS-CoV-2 
positive with cirrhosis (n=305).

Patients with cirrhosis and positive for SARS-CoV-2 were 
4.1 times more likely to receive mechanical ventilation 
(adjusted HR, 4.12; 95% CI, 2.79–6.10) and 3.5 times more 
likely to die (adjusted HR, 3.54; 95% CI, 2.55–4.90).

Marjot et al. 
(Jan 2021)53

International registry study, including 35 countries, examin-
ing outcomes of COVID-19 in patients with AIH. Data from 
932 patients with CLD and SARS-CoV-2, including 70 
patients with AIH. 83% of the AIH group was taking at least 
one immunosuppressive drug.

No statistically significant differences in outcomes be-
tween patients with AIH and non-AIH CLD, including ICU 
admission (29% vs 23%, p=0.240) and death (23% vs 20%, 
p=0.643). Among the AIH group, use of immunosuppres-
sion not associated with increased risk of death (OR, 0.79; 
95% CI, 0.10–6.25; p=0.822).

Butt et al. 
(Feb 2021)54

Data obtained using the Electronically Retrieved Cohort of 
HCV infected Veterans (ERCHIVES) database. Investigated 
associations between HCV infection and the rates of hos-
pitalization, ICU admission and all-cause mortality. Com-
pared patients with chronic HCV and SARS-CoV-2 (n=975) 
to propensity score matched non-HCV persons with SARS-
CoV-2 infection (n=975).

HCV+ patients were more likely to be hospitalized com-
pared to HCV– (24.0% vs 18.3%, p=0.002). However, no 
statistically significant difference was found in regard to 
ICU admission and mortality between the groups (6.6% vs 
6.5%, p=0.9).

Roca-Fernández  
et al. (Mar 2021)55

Prospective cohort study using data from the UK Biobank, a 
large-scale biomedical database with half a million UK par-
ticipants. 1,043 Patients with SARS-CoV-2 were identified.

Among SARS-CoV-2 infected patients, the presence of 
obesity (body mass index >30 kg/m2) and fatty liver (>10% 
fat on imaging) was associated with 5.31 times higher risk 
of being hospitalized (OR, 5.31; CI, 2.01–13.11, p=0.0006).

Yoo et al. 
(May 2021)56

Population-based study using data from Korean National 
Health Insurance Service, aimed to examine association 
between NAFLD and COVID-19 related outcomes. Cohorts 
divided into three groups, based on three different defini-
tions for classifying NAFLD.

In all three groups of patients classified with NAFLD, 
the risk of COVID-19 infection, risk of severe COVID-19 
disease and risk of COVID-19 related mortality were all 
higher than those without NAFLD. For example, patients 
with COVID-19 and NAFLD based on hepatic steatosis 
index >36 had 2.22 higher risk of COVID-19 related death 
(adjusted OR, 2.22; 95% CI, 1.18–4.00).
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CLINICAL OUTCOMES OF COVID-19 IN 
PATIENTS WITH CLD AND CIRRHOSIS

Patients with cirrhosis are vulnerable to infection due 
to dysfunction in the complement system, macrophage 
activation and compromised neutrophil and lymphocyte 
function, collectively known as cirrhosis-associated im-
mune dysfunction. Increased susceptibility to complica-
tions from bacterial, viral and fungal infections have been 
demonstrated among patients with cirrhosis.61,62 This in-
cludes prior research indicating patients with cirrhosis suf-
fering more severe infection, multiorgan failure and death 
due to influenza, as compared to patients without CLD.63 
Data from early in the COVID-19 pandemic suggested 
that, while not infected with SARS-CoV-2 at higher rates, 
patients with cirrhosis and COVID-19 had poor outcomes 
(see Table 1 for summary of SARS-CoV-2 infection and 
CLD outcomes).50,52,64

The SECURE-Liver and COVID-Hep registries provid-
ed early information on lab-confirmed COVID-19 among 
patients with CLD and cirrhosis.2 The published analysis 
included 745 CLD patients (including 386 with cirrhosis) 
and 620 patients without CLD diagnosed with COVID-19. 
Among cirrhosis patients, 90% were hospitalized, 46% 
developed a new liver-related decompensation, and 32% 
died. The most common cause of death was COVID-19 

related lung disease. In multivariable models, advanced 
age, Child-Pugh class, and ALD were all independently as-
sociated with increased mortality. In an analysis of mortal-
ity by presence and severity of CLD using propensity score 
matching, mortality was significantly increased among 
patients with Child-Pugh B or C cirrhosis.

This early work was subsequently corroborated in larger, 
nationally-representative samples. Ge et al.58 assessed CO-
VID-19 outcomes in CLD using the U.S. National COVID 
cohort collaborative called N3C, which is a harmonized 
dataset of over 6.4 million patients developed to assess CO-
VID-19 outcomes. This study included over 220 thousand 
patients with CLD and cirrhosis and reported that patients 
with cirrhosis infected by SARS-CoV-2 had a 30-day mor-
tality of 8.9% compared to 3.9% among cirrhosis patients 
without SARS-CoV-2. In a multivariable analysis, having 
cirrhosis and COVID-19 was associated with a 2.38 times 
hazard of death within 30 days (95% confidence interval, 
2.18 to 2.59) compared to cirrhosis without COVID-19. 
Furthermore, compared to CLD patients without cirrhosis 
who had SARS-CoV-2, cirrhosis patients with COVID-19 
had a 3.31 times adjusted hazard of death at 30 days.

Conversely, in a nationwide cohort study in Korea, 
patients with cirrhosis with COVID-19 were not at sig-
nificantly higher risk of severe complications or death 
compared to non-cirrhosis patients with COVID-19.60 

Table 1.Table 1. Continued

Study (year) Description Findings

Yip et al. 
(May 2021)57

Retrospective cohort study from Hong Kong. Primary 
outcome mortality. 5,639 SARS-CoV-2 positive patients 
included, 353 patients had current HBV infection, and 359 
had history of past HBV infection.

Neither current nor past HBV infection was associated with 
increased mortality (current HBV adjusted HR, 1.29; 95% 
CI, 0.61–2.70; p=0.507 and past HBV adjusted HR, 0.90; 
95% CI, 0.56–1.46; p=0.681).

Ge et al. 
(July 2021)58

Investigators utilized the National COVID cohort collaborative 
called N3C, a harmonized U.S. database of over 6.4 million 
patients, to study SARS-CoV-2 outcomes in patients with 
CLD and cirrhosis. Primary outcome 30-day mortality. The 
study included 128,864 patients with no cirrhosis/SARS-
CoV-2 negative, 29,446 no cirrhosis/SARS-CoV-2 positive, 
53,476 cirrhosis/SARS-CoV-2 negative, and 8,941 cirrhosis/
SARS-CoV-2 positive.

30-Day mortality was higher in patients with cirrhosis with 
SARS-CoV-2 compared to cirrhosis without SARS-CoV-2 
(3.9%; 3.7–4.0 vs 8.9%; 8.3–9.5). In multivariable analysis, 
SARS-CoV-2 infection with cirrhosis was associated with 
2.38 times increase in 30-day mortality (adjusted HR, 2.38; 
2.18–2.59). Among patients with CLD plus SARS-CoV-2, 
presence of cirrhosis associated with 3.31 times increase 
in 30-day mortality (adjusted HR, 3.31; 2.91–3.77).

Kim et al. 
(July 2021)59

Multicenter, observational cohort study across 21 institu-
tions in the United States, aimed at examining predictors of 
mortality and risk of severe COVID-19 in patients with CLD. 
Included 867 patients with CLD and laboratory-confirmed 
SARS-CoV-2.

Factors associated with higher mortality included ALD (HR, 
2.42; 95% CI, 1.29–4.55), decompensated cirrhosis (HR, 
2.91; 95% CI, 1.70–5.00) and hepatocellular carcinoma 
(HR, 3.31; 95% CI, 1.53–7.16).

Jeon et al. 
(Aug 2021)60

Using National Health Insurance claims data from Korea, au-
thors examined association between cirrhosis and severe 
complications from COVID-19. Groups included patients 
with SARS-CoV-2 infection only (n=333), SARS-CoV-2 infec-
tion and cirrhosis (n=67), cirrhosis only (n=332).

The rate of severe complications was higher amongst 
patients with SARS-CoV-2 infection and cirrhosis as 
compared to SARS-CoV-2 infection only (26.9% vs 18.0%, 
p=0.12), though the findings were not statistically signifi-
cant.

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; CLD, chronic liver disease; COVID-19, coronavirus disease 2019; NAFLD, nonal-
coholic fatty liver disease; OR, odds ratio; CI, confidence interval; MAFLD, metabolic associated fatty liver disease; HR, hazard ratio; ALD, alcohol-
associated liver disease; ICU, intensive care unit; AIH, autoimmune hepatitis; HCV, hepatitis C virus; HBV, hepatitis B virus.
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Given that there were only 67 patients with cirrhosis and 
COVID-19 and six deaths among this group, this study 
may not have been powered to detect a clinically important 
difference. While not statistically significant, compared to 
COVID-19 positive patients without cirrhosis, those with 
cirrhosis and COVID-19 had numerically higher rates of 
severe complications (26.9% vs 18.0%) and deaths (9.0% vs 
6.9%). The authors proposed that these differences could 
additionally be explained by the cohort’s higher propor-
tion of non-hospitalized COVID-19 cases, younger age 
and increased representation of hepatitis B, as opposed to 
nonalcoholic fatty liver disease (NAFLD) or ALD, as the 
underlying etiology of cirrhosis.

While chronic hepatitis B or C infections without cir-
rhosis have not been associated with COVID-19 mortal-
ity,2,54,57 the impact of underlying liver disease etiology can 
undoubtedly influence COVID-19 outcomes. NAFLD 
may be associated with poor COVID-19 outcomes given 
the well-documented association between metabolic risk 
factors such as obesity, diabetes and hypertension on CO-
VID-19 severity.65 There has been heterogeneity in find-
ings on studies assessing COVID-19 outcomes among 
patients with NAFLD, potentially due to inconsistencies 
in NAFLD definitions or difficulties differentiating the 
effects of NAFLD from underlying metabolic comorbidi-
ties. Early retrospective studies reported an association be-
tween NAFLD and SARS-CoV-2 infection risk and severe 
COVID-19.48,49,55 Conversely, studies of inpatients with 
COVID-1951 and international registry data2 did not dem-
onstrate significant associations between NAFLD etiology 
and COVID-19 mortality. Newly published research utiliz-
ing two-sample Mendelian randomization analysis shows 
no support for causal relationships between COVID-19 
severity and NAFLD.66,67 Of note, a study using the Korean 
National Health Insurance Service database reported an as-
sociation between preexisting NAFLD with SARS-CoV-2 
infection and COVID-19 severity.56

ALD, on the other hand, has been more consistently 
identified as a risk factor for poor outcomes from CO-
VID-19.2,58,59 Potential reasons underlying this association 
include alcohol-related immune dysfunction, increased 
susceptibility to acute respiratory distress syndrome in 
those with chronic alcohol consumption or a higher bur-
den of non-liver disease comorbidities among patients 
with ALD.68-75

Patients with autoimmune hepatitis (AIH) represent 
a potentially vulnerable subpopulation given the need 
for treatment with immunosuppression. Reassuringly, 
patients with AIH appear to be at no greater risk of ICU 
requirement, mechanical ventilation or death compared to 
matched non-autoimmune liver disease patients or non-

CLD patients.53 Of note, use of immunosuppression or 
specific type of immunosuppression was not associated 
with poor outcomes.

Some studies have reported that patients with choles-
tatic liver disease may be at lower risk of mortality from 
COVID-19,58 even after controlling for potential con-
founders including age, sex and comorbidities. There is 
some indication that this association could be mediated, 
at least in part, through a higher utilization of ursodeoxy-
cholic acid (UDCA) in this population.76 UDCA has been 
shown to downregulate ACE2 levels, reduce susceptibility 
to SARS-CoV-2 infection in cholangiocyte organoids and 
ex vivo. Furthermore, use of UDCA among patients with 
SARS-CoV-2 infection has been associated with lower risk 
of hospitalization, ICU admission and death.

While patients with CLD appear a uniquely vulner-
able population, SARS-CoV-2 vaccination is an effective 
strategy for preventing infection, reducing the likelihood 
of severe infection, and improving outcomes for these 
individuals. Currently, there are a number of approved 
SARS-CoV-2 vaccinations including mRNA vaccines 
(Pfizer-BioNTech, Moderna), viral vector vaccines (Ox-
ford-AstraZeneca, Janssen) and protein subunit vaccines 
(Novavax). Given the increased mortality rates and worse 
outcomes for patients with decompensated cirrhosis, as de-
scribed above, the Centers for Disease Control and Preven-
tion, American Association for the Study of Liver Diseases, 
Korean Association for the Study of the Liver, and Euro-
pean Association for the Study of the Liver all recommend 
that patients with cirrhosis should receive vaccination.7,77-81 
Prior studies have demonstrated that vaccination was 
overall safe in patients with CLD, though more emerging 
data indicates concerns over markedly reduced or rapidly 
waning immune response for patients with cirrhosis.8,82-84 
In addition, some concern has been raised about the pos-
sibility of vaccine induced AIH. Some case reports indicate 
not only a presentation of acute hepatitis following mRNA 
vaccination similar to AIH, but also presented liver biopsy 
samples from the patients showing panlobular immune 
infiltrate with activated cytotoxic CD8 T cells.85 Though, 
it remains somewhat controversial as to how clinically sig-
nificant this is, as an actual rise in incidence of AIH cases 
has not been identified, with some studies actually show-
ing a decrease of AIH cases even after COVID-19 vaccines 
had been widely available.86 Along similar lines, questions 
remain in regard to whether administration of COVID-19 
vaccines to patients with hepatocellular carcinoma (HCC) 
receiving immune checkpoint inhibitors (ICIs) is safe, due 
to concerns of increased risk of immune-related adverse 
events.79 Yet, prior studies demonstrated no safety concerns 
with other inactive vaccines, such as influenza vaccination, 
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in patients receiving ICIs.87 Moreover, recent prospective 
studies investigating cytokine release syndrome response 
after COVID-19 vaccination in patients receiving ICIs 
showed that while some cytokines may be upregulated 
there were no clinically relevant symptoms or increase in 
immune-related adverse events.88 Despite concerns, real-
world data demonstrates that SARS-CoV-2 vaccination 
among patients with cirrhosis is associated with reduced 
infection, hospitalization and death.89-91 Therefore, prompt 
vaccination of all patients with CLD is recommended. Ad-
ditional research is needed to determine duration of im-
munogenicity and need for additional booster doses in this 
patient population.92

INDIRECT IMPACTS OF THE COVID-19 
PANDEMIC ON LIVER DISEASE CARE

Undoubtedly COVID-19 itself has enacted a hefty toll 
on patients with liver disease, which has been mitigated by 
the rapid development of effective vaccinations. But there 
have also been important indirect effects of the COVID-19 
pandemic resulting in delays or missed care.

Early on in the pandemic, there was a clear reduction 
in necessary care. Two clear examples of these pandemic-
related interruptions included variceal and HCC surveil-
lance. Timely endoscopy procedures were delayed during 
the pandemic, which likely had a direct impact on surveil-
lance of esophageal varices.93 One large retrospective study 
reported significant delays in endoscopic procedures, 
including a high proportion with a listed indication of 
esophageal variceal screening or surveillance. At the time 
of their study completion, nearly half of patients had still 
not had their delayed procedures completed. These con-
cerning findings were later corroborated in a study using a 
large national database of endoscopic procedures.94

HCC surveillance with abdominal ultrasound with or 
without serum alpha-fetoprotein was also disrupted during 
the COVID-19 pandemic. Data from the U.S. Veterans Af-
fairs system demonstrated clear decreases in HCC surveil-
lance in early 2020 with a median delay of approximately 
8.5 months.95 These screening delays improved somewhat 
after April 2020 but failed to reach pre-pandemic levels 
through August 2020. Another study performed within the 
Veterans Affairs system demonstrated that patients with a 
high predicted risk of developing HCC (Fibrosis-4 score 
≥3.25 or estimate HCC risk ≥1.5%) were not necessar-
ily more likely to receive surveillance in the post-COVID 
era.96 This study highlighted the potential role of risk 
stratification to identify those most likely to benefit from 
screening outreach. Similar delays were reported else-

where including in a large international survey reporting 
significant modifications in HCC surveillance and treat-
ment practices.97 Similarly, a large survey of 14 Asia-Pacific 
countries demonstrated a large decline in incident HCC 
cases and delays in diagnosis and treatment.98 Another in-
direct impact of COVID-19 that may further contribute to 
HCC burden is the significant slowing of HCV elimination 
programs. One study conducted during the pandemic esti-
mated an additional 44,800 liver cancers and 72,300 deaths 
from HCV globally by 2030 due to lapses of HCV elimina-
tion efforts due to COVID-19.99

The COVID-19 pandemic may have additionally influ-
enced patient behaviors, including the patterns of alcohol 
use. There were many potential contributors to changes 
in alcohol consumption during the pandemic including 
disruptions to work, psychosocial stressors, social isolation 
and reduced access to in-person alcohol use disorder coun-
seling. Early data suggested an increase in alcohol sales in 
the United States, raising concerns for a subsequent tide of 
deaths from ALD.100 National death certificate data from 
the United States have since confirmed these fears, demon-
strating dramatic increases in monthly ALD-related deaths 
in early 2020 with the highest relative increases among 
females and younger adults.5 Reassuringly, in Korea, data 
from a large online survey did not show dramatic changes 
in overall alcohol consumption patterns.101 However, 
compared to individuals age 60 or older, individuals age 
20 to 29 were significantly more likely to report increased 
alcohol use. Similar to the United States, these younger pa-
tients may be at higher risk of liver-related complications 
of high-risk alcohol use including alcohol-related hepatitis. 
Improved identification of alcohol use disorder and linkage 
to guideline-recommended care may help mitigate these 
downstream effects.

Expansion of telehealth services was one potentially 
positive innovation that arose out of necessity during the 
COVID-19 pandemic to address alcohol use disorder and 
liver disease in general. The use of telephone and video 
services allowed for timely delivery of care during a time 
when in-person clinic visits may have imperiled vulner-
able patients. Early in the pandemic, telehealth was rapidly 
adopted in many health systems and was generally well-
accepted by patients.102 Similar increases in telehealth use, 
particularly during COVID-19 surges, were reported in 
Korea.103 Increased experience with telehealth has led some 
to advocate for better incorporation of these services into 
routine care, which could help reduce costs and minimize 
delays in care. However, potential disparities in telehealth 
utilization by race, ethnicity, insurance coverage, or socio-
economic status have highlighted the potential need for 
tailored strategies for vulnerable populations.102-104
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CONCLUSIONS

The ongoing COVID-19 pandemic has had immea-
surable effects on individuals worldwide. COVID-19 has 
several extrapulmonary effects, including on the liver, and 
some data suggest this may be mediated by hepatotropism 
of SARS-CoV-2. Emerging cases of post-COVID-19 chol-
angiopathy and persistent cholestasis have raised concerns 
of long-term, direct liver damage of SARS-CoV-2 infec-
tion. High morbidity and mortality of COVID-19 among 
patients with cirrhosis, and particularly decompensated 
disease, has clearly demonstrated the vulnerability of these 
patients. Furthermore, patients with cirrhosis and CLD re-
main susceptible to significant health consequences borne 
of pandemic-related delays in care and increases in alcohol 
use. Undoubtedly, the rapid development and distribution 
of highly effective COVID-19 vaccinations and therapeu-
tics have significantly mitigated the harmful effects of the 
pandemic. While much work is ongoing, the lessons of 
this pandemic for patients with CLD and cirrhosis will be 
instructive for subsequent waves of COVID-19 and future 
pandemics.
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