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Abstract

Background and Objective: International registries have reported high mortality

rates in patients with liver disease and COVID‐19. However, the extent to which

comorbidities contribute to excess COVID‐19 mortality in cirrhosis is controversial.
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Methods: We used the multinational Lean European Open Survey on SARS‐CoV‐2‐
infected patients (LEOSS) to identify patients with cirrhosis documented between

March 2020 and March 2021, when the wild‐type and alpha variant were pre-

dominant. We compared symptoms, disease progression and mortality after pro-

pensity score matching (PSM) for age, sex, obesity, smoking status, and concomitant

diseases. Mortality was also compared with that of patients with spontaneous

bacterial peritonitis (SBP) without SARS‐CoV‐2 infection, a common bacterial

infection and well‐described precipitator of acute‐on‐chronic liver failure.

Results: Among 7096 patients with SARS‐CoV‐2 infection eligible for analysis, 70

(0.99%) had cirrhosis, and all were hospitalized. Risk factors for severe COVID‐19,

such as diabetes, renal disease, and cardiovascular disease were more frequent in

patients with cirrhosis. Case fatality rate in patients with cirrhosis was 31.4% with

the highest odds of death in patients older than 65 years (43.6% mortality; odds

ratio [OR] 4.02; p = 0.018), Child‐Pugh class C (57.1%; OR 4.00; p = 0.026), and

failure of two or more organs (81.8%; OR 19.93; p = 0.001). After PSM for de-

mographics and comorbidity, the COVID‐19 case fatality of patients with cirrhosis

did not significantly differ from that of matched patients without cirrhosis (28.8% vs.

26.1%; p = 0.644) and was similar to the 28‐day mortality in a comparison group of

patients with cirrhosis and SBP (33.3% vs. 31.5%; p = 1.000).

Conclusions: In immunologically naïve patients with cirrhosis, mortality from wild‐
type SARS‐CoV‐2 and the alpha variant is high and is largely determined by

cirrhosis‐associated comorbidities and extrahepatic organ failure.
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INTRODUCTION

As of December 2019, the spread of severe acute respiratory syn-

drome coronavirus 2 (SARS‐CoV‐2) and the evolving COVID‐19

pandemic pose an ongoing threat to both infected individuals and

treating physicians. Overburdened health services and mutating viral

strains have resulted in more than 476 million cases and more than 6

million deaths worldwide (covid19.who.int, as accessed on 26 March

2022).

SARS‐CoV‐2 infection can present with a range of symptoms from

mild febrile infection to acute respiratory distress syndrome and

consecutive multiple organ failure.1 Older age and pre‐existing

comorbidities such as obesity, diabetes, cardiovascular disease, res-

piratory disease, impaired renal function and conditions associated

with immunosuppression or immune dysfunction were identified as

the most important risk factors for severe disease progression, hos-

pitalisation, and death due to COVID‐19.2–4 Consistent with the fact

that many of these conditions frequently diagnosed in patients with

liver disease, chronic liver disease and cirrhosis have been identified as

risk factors for COVID‐19‐related deaths in large analyses of elec-

tronic health records4 and meta‐analyses of observational studies.5–7

Patients with advanced chronic liver disease are at increased risk

for infection‐related complications and death8,9 due to multiple

contributing pathways including deregulated systemic inflammation,

dysfunctional innate and adaptive immune responses, and a predis-

position to hepatic and extrahepatic organ failure.10–12 In addition to

bacterial infections, viral respiratory infections can also act as trig-

gers of acute‐on‐chronic liver failure (ACLF), as shown for the

influenza virus13 and SARS‐CoV‐2 alike.14,15 According to available

case series, the most common cause of death in SARS‐CoV‐2‐
infected patients with chronic liver disease is lung failure followed

by liver‐related mortality.15,16

Given the paucity and heterogeneity of available data, it re-

mains unclear to what extent the presence of liver cirrhosis itself

promotes a severe course of COVID‐19 in comparison to patients

without liver disease but comparable extrahepatic comorbidities.

Early publications reported case fatality rates of 24%–35% in SARS‐
CoV‐2‐infected patients with cirrhosis but were often limited by the

small number of patients included or the lack of a control group of

patients without cirrhosis.5,16–18 A larger data set from an online

open‐report form confirmed a mortality rate of 32% for cirrhosis,

which exceeded 54% for hospitalized patients with decompensated

Child‐Pugh C cirrhosis and 90% for ventilated patients.15 A recent

analysis of electronic health record data from the US concluded

considerably lower estimates: The overall 30‐day cumulative mor-

tality rate among patients with cirrhosis, about 50% of whom were
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hospitalized, was 9%, with the highest mortality (up to 13%) among

patients with decompensated cirrhosis, older age, renal disease, or

heart failure.19

This wide range of mortality rates has led to discussions about

the extent to which cirrhosis per se is a risk factor for a complicated

course of COVID‐19 or whether these rates can be explained by

associated comorbidities.20,21 These data also highlight the need to

interpret mortality rates in the context of time periods, geographical

location, ethnicity and severity of underlying disease, cirrhosis‐
associated extrahepatic comorbidities and complications.

The aim of this study was to determine the presentation, disease

course and outcomes of SARS‐CoV‐2‐infected patients with cirrhosis

using a matched‐control cohort design using the large Lean European

Open Survey on SARS‐CoV‐2‐infected patients (LEOSS registry). A

second aim of our study was to compare the mortality after SARS‐
CoV‐2 infection to that of a common bacterial infection and well‐
described precipitator of ACLF in cirrhosis, specifically spontaneous

bacterial peritonitis (SBP).

MATERIALS AND METHODS

Study population

The Lean European Open Survey on SARS‐CoV‐2 (LEOSS) is an

international registry established in March 2020 to address the lack

of knowledge about the epidemiology and clinical course of SARS‐
CoV‐2 infections.22 As of June 2021, the LEOSS registry consists of

146 actively reporting sites across Europe and serves as a large

representative multi‐national database of adult patients with

COVID‐19. All patients included were diagnosed by a positive

SARS‐CoV‐2 nucleic acid amplification test from a respiratory

specimen. Recorded clinical characteristics included age category,

gender, ethnicity, obesity, smoking status, diabetes mellitus (DM),

chronic kidney disease (CKD), hypertension, coronary artery dis-

ease (CAD), malignancies, asthma, and chronic obstructive pulmo-

nary disease (COPD). In addition, data were collected on treatment

options directed against SARS‐CoV‐2‐ including antiviral, antibac-

terial, antifungal, and immunosuppressive or immunomodulatory

therapies. In addition to the baseline clinical characteristics, for

patients with cirrhosis, the following data were collected: aetiology

of cirrhosis; previous decompensation; decompensation at diagnosis

of COVID‐19; liver transplantation waiting list status; bacterial in-

fections within the last 30 days; laboratory parameters; ascites and

hepatic encephalopathy at baseline; presence of ACLF at any point

of SARS‐CoV‐2 infection; severity of cirrhosis as assessed by the

Child‐Pugh class as well as concomitant medication upon hospital-

ization (such as proton pump inhibitors, rifaximin and first gener-

ation fluoroquinolones). Data on patients, concomitant diseases, and

disease progression were entered into the LEOSS registry by the

treating physicians at the reporting site and only after the full

clinical course of SARS‐CoV‐2 infection. Cirrhosis and comorbidities

were defined at the discretion of the reporting physician based on

medical history, previous medical findings, and disease code.

Obesity was defined as a documented body mass index of 30 kg/m2

or more irrespective of the presence of ascites or body

composition.

To compare case fatality rates in cirrhosis to non‐SARS‐CoV‐2
infections in patients with cirrhosis, a historical cohort of 169 pa-

tients with cirrhosis and SBP recruited for previous studies at the

Jena University Hospital was analysed.23,24 Spontaneous bacterial

peritonitis was diagnosed per current guidelines by neutrophil con-

centration >250/μl ascites fluid and the exclusion of secondary

causes of peritonitis. The recorded clinical characteristics included

age, aetiology cirrhosis, cirrhosis severity as assessed by Child‐Pugh

Score, Model‐of‐End‐Stage‐Liver‐Disease (MELD) score, laboratory

parameters, and 28‐day mortality.

Key summary

What is the established knowledge?

� SARS‐CoV‐2 infections pose a threat to healthy in-

dividuals, but especially to vulnerable patient pop-

ulations with pre‐existing comorbidities, such as chronic

liver disease and cirrhosis.

� Viral infections can precipitate acute‐on‐chronic liver

failure (ACLF), and SARS‐CoV‐2‐related mortality in

patients with decompensated cirrhosis is extraordinarily

high.

� The heterogeneity of available data has sparked debate

about whether cirrhosis per se or extrahepatic comor-

bidities contribute more to the excess mortality rates in

cirrhosis.

What are the new findings from this study?

� This large multi‐national registry analysis of SARS‐CoV‐
2‐infected patients in Europe allows risk factors and

comorbidities to be balanced in a propensity score‐
adjusted case‐control design.

� Before matching, the case fatality rate was higher in

patients with cirrhosis and SARS‐CoV‐2 infection than in

patients without cirrhosis, whereas the matched patients

had a similar case fatality rate, demonstrating a role of

cirrhosis‐associated extrahepatic comorbidities and

complications.

� In contrast to decompensation alone, failure of two or

more organs was strongly associated with a high mor-

tality rate, underscoring the importance of ACLF in

SARS‐CoV‐2 infection.

� Patients with cirrhosis and SARS‐CoV‐2 infection show

fewer initial symptoms than patients without cirrhosis.

� SARS‐CoV‐2 infection poses similar mortality risk to

spontaneous bacterial peritonitis (SBP) in patients with

cirrhosis.
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Ethics approval

Due to all data being collected anonymously, patients can be included

in the LEOSS database without further informed consent. Data were

recorded anonymously without any patient‐identifying information,

afterwards categorized and aggregated. In order to ensure anonymity

in all steps of the analysis process, an individual LEOSS Scientific Use

File was created, which is based on the LEOSS Public Use File prin-

ciples described in Jakob et al.25 Approval for LEOSS was obtained by

the applicable local ethics committees of all participating centres and

registered at the German Clinical Trails Register (DRKS, No.

DRKS00021145). Furthermore, in accordance with the 1975 Decla-

ration of Helsinki and the local guidelines and regulations, any pa-

tients included in the external cohort with SBP had previously given

written informed consent and studies were approved by the local

internal review board/ethics committee at the Jena University Hos-

pital (no. 2880‐08/10, 3683‐02/3).

Study aims

The primary aim of the analysis was to compare the overall mortality

after SARS‐CoV‐2 infection in patients with cirrhosis with that in

matched controls without cirrhosis, and only cases for which SARS‐
CoV‐2 outcomes were known as of 15 April 2021 were considered.

Secondary aims of the study were (a) to describe group differences

between survivors and non‐survivors of SARS‐CoV‐2 infection in pa-

tients with cirrhosis, (b) to determine case fatality rates stratified for

Child‐Pugh stage, previous decompensation state and cirrhosis‐
associated medication, (c) to determine the frequency of ACLF after

SARS‐CoV‐2 infection in patients with cirrhosis according to the Eu-

ropean Foundation for the Study of Chronic Liver Failure (EF‐CLIF)

criteria,26,27 (d) to describe group differences in symptoms, inflam-

matory parameters, liver function tests, and extrahepatic organ failure

between patients with cirrhosis and matched controls without

cirrhosis, and (e) to compare case fatality rates of SARS‐CoV‐2 infec-

tion in hospitalized patients with cirrhosis with those of a historical

cohort of matched patients with cirrhosis and SBP without SARS‐CoV‐
2 infection.

Statistical analysis

Propensity score matching (PSM) was implemented to account for

differences in demographical and clinical characteristics of SARS‐CoV‐
2‐infected patients with and without cirrhosis. The following variables

were used to create a propensity score: age category, gender, obesity,

smoking status, DM, CKD, coronary heart disease and a modified

CharlsonComorbidity Index (CCI). Theseeight variableswere chosen a

priori on the basis of proven or likely association with outcome in

COVID‐19 but less likely to be otherwise strongly associated with

cirrhosis. A Fuzz of 0.0001 was used and cases were matched to 4

controls. In a post‐hoc sensitivity analysis, an alternative 1:4 PSM

controlling for age category, gender, and the modified CCI was also

performed.

The modified CCI was calculated as the sum based on the

documented comorbidities present at baseline: dementia, cerebro-

vascular disease, myocardial infarction, chronic heart failure, pe-

ripheral vascular disease, chronic obstructive lung disease,

connective tissue disease, peptic ulcer disease, diabetes without end‐
organ damage, CKD (all scores of one point each), hemiplegia, dia-

betes with end‐organ damage, leukemia, lymphoma, solid tumour

without metastasis (all scores of two points each) and solid tumour

with metastasis (6 points). To avoid overfitting of the propensity

score, age category and liver disease were not considered for the

modified CCI. The category HIV/AIDS (human immunodeficiency vi-

rus/acquired immunodeficiency syndrom) was not evaluated due to

potentially identifying information due to a low number of patients.

To compare case fatality rates between SARS‐CoV‐2 infection and

SBP, PSM for patients with cirrhosis and SARS‐CoV‐2 infection and

patients with cirrhosis and SBP was performed 1:1, controlling for age,

gender, and Child‐Pugh class C (Fuzz 0.0001). As these cohorts con-

tained only patients with cirrhosis, presenting a more homogenous

collective, comorbidities were not included in computing a propensity

score. For PSM, missing data from the LEOSS registry was imputed as

negative or in case of non‐numerical scoring systems as the lowest

possible category.

Data are expressed as numbers, frequencies or means with

standard deviation unless otherwise indicated. Differences between

groups were analysed by the Fisher's exact test for categorical

variables or the Mann‐Whitney U‐test for continous variables. Bi-

nary logistic regression analysis was performed to calculate odds

ratio (OR) for predictors of mortality. Multivariable logistic

regression analysis was performed for adjusted OR, including pa-

rameters that were found to be significant in the univariable

analysis. Statistical analysis was performed using SPSS version 25

(IBM, Armonk, NY, USA). Data visualization was performed using

GraphPad Prism version 9 (GraphPad Software, San Diego, CA,

USA) and the SankeyMATIC sankey diagram builder (https://san-

keymatic.com/, as accessed August 2021 and March 2022). Re-

ported pvalues are two‐sided and were considered significant at a

value of <0.05.

RESULTS

SARS‐CoV‐2‐infected patients with cirrhosis have
significant extrahepatic comorbidities

Data from 7096 adult patients reported by 15/04/2021 with known

(not missing) value of the variable “comorbidity: liver cirrhosis” were

eligible for this analysis. Seventy (0.99%) patients with cirrhosis and

SARS‐CoV‐2 infection were identified. Patients with cirrhosis had a

different age distribution and presented significantly more often with

comorbid conditions, such as DM (35.7 vs. 21.2%, p = 0.005), CKD

(34.8 vs. 14.1%, p < 0.001) or CAD (24.3 vs. 13.2%, p = 0.012).
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As a result, SARS‐CoV‐2 infected individuals with cirrhosis had a

significantly higher modified CCI than patients without cirrhosis

(mean 1.98 � 1.73 vs. 1.18 � 1.73, p < 0.001) excluding age and pre‐
existing liver disease. Pre‐existing malignancies were present in both

unmatched cohorts in similar frequency (4.3 vs. 5.9%, p = 0.798). In

both cohorts, Caucasian ethnicity was the most common (98.3 vs.

95.4%, p = 0.522). Patients with cirrhosis and COVID‐19 were sta-

tistically more often active smokers, but with similar rates of diag-

nosed COPD (Table 1).

To account for differences in demographics and comorbidities,

we calculated propensity scores for age category, gender, obesity,

smoking status, diabetes, CKD, coronary heart disease and modified

CCI (without age category, liver disease and HIV). Sixty‐six SARS‐
Cov2‐infected patients with cirrhosis were successfully matched to

264 SARS‐Cov2‐infected patients without cirrhosis resulting in

largely balanced baseline characteristics (Table 1).

Only adjusting for age category, gender and the modified CCI in

an alternative PSM model, resulted in a less well‐balanced patient

matching with relevant differences (p < 0.10) in the frequency of

CKD, diabetes, asthma, malignant disease, and smoking status

(Supplementary Table 1).

SARS‐CoV‐2 infected patients with cirrhosis are
frequently asymptomatic at presentation

In 28 (40%) patients, the diagnosis of SARS‐CoV‐2 infection was made

beforehospital admission, in 34 (49%) patients, thediagnosiswasmade

on hospital admission or within the first 48 h, and in 8 (11%) patients,

the diagnosis was made 3 days or later after hospital admission. The

main reasons for consultation/hospitalisation were complications of

cirrhosis (33%), respiratory symptoms (21%), gastrointestinal symp-

toms (16%), or unspecified other reasons (27.1%).

SARS‐CoV‐2 infected patients with cirrhosis presented signifi-

cantly more frequent without any COVID‐19‐associated symptoms

(37.5 vs. 10.5% in the matched cohort, p < 0.001). The most common

symptomatic presentation in both matched cohorts upon admission

(baseline) concluded of fever and respiratory symptoms such as a dry

cough and dyspnoea (Table 2), followed by gastrointestinal symptoms

(diarrhoea, emesis). Additionally, amidst similar clinical patterns, non‐
cirrhotic controls with SARS‐CoV‐2 infection were more prone to

presenting with fever (18.8 vs. 35.8%, p = 0.010) and excessive

tiredness/fatigue (4.7 vs. 17.5%, p = 0.009) than SARS‐CoV‐2‐
infected patients with cirrhosis.

SARS‐CoV‐2 infected patients with cirrhosis more
frequently present with elevated aspartate
aminotransferase levels than patients without
cirrhosis

Patients with SARS‐CoV‐2 infection and cirrhosis presented more

frequently with at least two‐fold elevated aspartate aminotransferase

(AST; 27.1 vs. 6.7%, p < 0.001) and total serum bilirubin concentra-

tions (21.7 vs. 0.8%, p < 0.001) at baseline and during the course of

infection (AST: 36.4 vs. 20.1%, p = 0.005; bilirubin: 24.2 vs. 6.4%,

p < 0.001) than patients without cirrhosis. Notably, alanine trans-

aminase (ALT) elevations were not observed more frequently in

SARS‐CoV2‐infected patients with cirrhosis (Table 3).

To investigate whether AST elevations in cirrhosis were a

correlate of acute severe alcoholic hepatitis,28 we applied the pub-

lished clinical criteria for alcoholic hepatitis.29 The incidence of

patients with alcohol‐related liver disease, a total serum bilirubin

greater than 2‐fold above the upper normal limit, and an aspartate

aminotransferase between 1 and 10‐fold was 3%.

The high case mortality rates in patients with cirrhosis
and COVID‐19 is largely determined by cirrhosis‐
associated extrahepatic comorbidities

All patients with cirrhosis identified from the LEOSS database were

hospitalized as compared to 93% of patients without cirrhosis

(Table 1). In the unmatched cohorts, admissions to the intensive care

unit (ICU) were similar (21.2 vs. 26.9%, p = 0.432). Prior to matching,

the case fatality rate for patients with cirrhosis was significantly

higher than in patients without (31.4 vs. 14.9%, p < 0.001).

Following PSM to balance age category, gender, obesity,

smoking status, diabetes, CKD, coronary heart disease and the

modified CCI, neither the rate of hospitalized patients nor the rate

of ICU admissions was different between the groups (Table 1).

SARS‐CoV‐2‐infected patients with cirrhosis had a case fatality rate

similar to SARS‐CoV‐2‐infected patients without cirrhosis matched

for extrahepatic comorbid conditions (28.8 vs. 26.1%, p = 0.644).

The 95% confidence intervals of the case fatality rates were

20.0%–42.9% in patients with cirrhosis, 14.0%–15.8% in unmatched

patients without cirrhosis, 17.4%–27.7% in matched patients without

cirrhosis controlling for age category, gender, and the modified CCI,

and 20.7%–31.3% in matched patients without cirrhosis controlling

for age category, gender, obesity, smoking status, diabetes, CKD,

coronary heart disease and the modified CCI.

Risk factors of SARS‐CoV‐2‐associated mortality in
patients with cirrhosis

Among the investigated baseline characteristics and demographics,

only older age >65 years (OR 4.02, 95% CI 1.28–12.66, p = 0.018)

and Child‐Pugh class C (OR 4, 95% CI 1.18–13.54, p = 0.026) were

significantly associated with mortality in this data set (Table 4). The

case fatality rate in patients with cirrhosis and SARS‐CoV‐2 infection

aged 65 years and older was nearly three times that in patients

younger than 65 years (43.6% vs. 16.1%, Figure 1a). Like‐wise, the

mortality rate in patients with a Child‐Pugh score C was more than

twice that in patients with a Child‐Pugh class A or B (57.1%

vs. 25.0%, Figure 1b). Age over 65 years (adjusted OR 6.61, 95% CI
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TAB L E 1 Characteristics of SARS‐CoV‐2 infected patients with and without cirrhosis

SARS‐Cov2‐ infected
patients with cirrhosis,
before matching

(n = 70)

SARS‐Cov2‐ infected
patients without
cirrhosis, before

matching (N = 7026) p value

SARS‐Cov2‐ infected
patients with cirrhosis,
after 1:4 matchinga

(n = 66)

SARS‐Cov2‐ infected
patients without
cirrhosis, after 1:4

matchinga (n = 264) p value

Age categories; n (%)

18–25 years 1 (1.4) 195 (2.8) 0.004 1 (1.5) 1 (0.4) 0.156

26–35 years 0 527 (7.5) 0 4 (1.5)

36–45 years 3 (4.3) 617 (8.8) 3 (4.5) 9 (3.4)

46–55 years 7 (10.0) 1073 (15.3) 7 (10.6) 23 (8.7)

56–65 years 20 (28.6) 1312 (18.7) 19 (28.8) 49 (18.6)

66–75 years 20 (28.6) 1178 (16.8) 17 (25.8) 57 (21.6)

76–85 years 17 (24.3) 1507 (21.4) 17 (25.8) 91 (34.5)

>85 years 2 (2.9) 617 (8.8) 2 (3.0) 30 (11.4)

Gender; n (%)

Male 45 (64.3) 4013 (57.1) 0.275 42 (63.6) 171 (64.8) 0.886

Female 25 (35.7) 3013 (42.9) 24 (36.8) 93 (35.2)

White ethnicity; n/N

(%)

57/58 (98.3) 5512/2779 (95.4) 0.522 54 (98.2) 236 (95.2) 0.475

Obesity; n/N (%) 8/40 (20.0) 1264/4205 (30.1) 0.224 8/37 (21.6) 20/161 (12.4) 0.188

Smoker; n/N (%)

No 10/23 (43.5) 2028/3042 (66.7) 0.015 10/20 (50.0) 102/142 (71.8) 0.082

Current 9/23 (39.1) 503/3042 (16.5) 7/20 (35.0) 24/142 (16.9)

Former 4/23 (17.4) 511/3042 (16.8) 3/20 (15.0) 16/142 (11.3)

Diabetes; n/N (%) 25/70 (35.7) 1486/7000 (21.2) 0.005 23/66 (34.8) 87/259 (33.6) 0.885

Chronic kidney

disease; n/N (%)

24/69 (34.8) 984/6998 (14.1) <0.001 20/65 (30.8) 67/239 (28.0) 0.646

Hypertension; n/N (%) 41/70 (58.6) 3440/6978 (49.3) 0.149 38/66 (57.6) 165/253 (65.2) 0.254

Coronary artery

disease; n/N (%)

17/70 (24.3) 917/6940 (13.2) 0.012 14/66 (21.2) 68/248 (27.4) 0.347

Malignancy; n/N (%) 3/70 (4.3) 413/7015 (5.9) 0.798 3/66 (4.5) 29/264 (11.0) 0.161

Asthma; n/N (%) 0/70 (0) 355/7010 (5.1) 0.050 0/66 (0) 12/264 (4.5) 0.134

Chronic obstructive

pulmonary disease;

n/N (%)

5/70 (7.1) 425/7005 (6.1) 0.615 5/66 (7.6) 27/264 (10.2) 0.819

Modified CCI;

mean � SD

1.98 � 1.73 1.18 � 1.73 <0.001 1.83 � 1.64 2.11 � 2.20 0.769

SARS‐CoV‐2‐targeted therapy; n (%)

Anticoagulants and

antiplatelet

drugs

41 (58.6) 7026 (59.0) 1.000 39 (59.1) 135 (51.1) 0.272

Antiviral drugs 7 (10.0) 1429 (20.3) 0.035 7 (10.6) 46 (17.4) 0.195

Antibiotic and

antimycotic

drugs

23 (32.9) 2604 (37.1) 0.535 22 (33.3) 128 (48.5) 0.028

Immunomodulatory

drugs or steroids

19 (27.1) 1695 (24.9) 0.575 16 (24.2) 50 (18.9) 0.389

Hospitalization; n (%) 70 (100.0) 6489 (93.0) 0.015 66 (100.0) 262 (99.6) 1.000
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1.66–26.24, p = 0.007) and Child‐Pugh class C (adjusted OR 7.33,

95% CI 1.65–32.61, p = 0.009) remained significant in multivariable

analysis (Table 4).

Concomitant medications commonly prescribed in patients with

cirrhosis, such as proton pump inhibitors, beta blockers, antibiotics,

and diuretics, were not significantly associated with mortality in pa-

tients with cirrhosis and SARS‐CoV‐2 infection (Table 4).

Disease course of SARS‐CoV‐2 infection in patients
with cirrhosis

Of the 70 patients with cirrhosis and SARS‐CoV‐2 infection, 57

initially presented in the uncomplicated phase (UC), meaning they

were either asymptomatic or had mild symptoms. Eight patients

initially presented with symptoms of complicated disease

T A B L E 1 (Continued)

SARS‐Cov2‐ infected
patients with cirrhosis,
before matching

(n = 70)

SARS‐Cov2‐ infected
patients without
cirrhosis, before

matching (N = 7026) p value

SARS‐Cov2‐ infected
patients with cirrhosis,
after 1:4 matchinga

(n = 66)

SARS‐Cov2‐ infected
patients without
cirrhosis, after 1:4

matchinga (n = 264) p value

ICU admission; n (%) 15 (21.4) 1606 (22.9) 0.887 14 (21.2) 71 (26.9) 0.432

Case fatality; n (%) 22 (31.4) 1046 (14.9) <0.001 19 (28.8) 69 (26.1) 0.644

Note: Baseline characteristics are presented as frequencies with percentages or means with standard deviation (SD). p values are based on either

Fisher's exact test for categorical variables or Mann‐Whitney U‐test for continuous variables.
a1:4 PSM controlling for age category, gender, obesity, smoking status, diabetes, CKD, coronary heart disease and a modified Charlson's comorbidity

index (without age category, liver disease and HIV).

TAB L E 2 Symptoms of COVID‐19 at presentation

SARS‐Cov2‐ infected patients with

cirrhosis, before matching (n = 70)

SARS‐Cov2‐ infected patients with

cirrhosis, after 1:4 matchingb (n = 66)

SARS‐Cov2‐ infected patients without

cirrhosis, after 1:4 matchingb (n = 264) p valuea

Reported symptoms; n/N (%)

Fever 13/68 (19.1) 12/64 (18.8) 82/229 (35.8) 0.010

Dyspnoea 12/65 (18.5) 11/61 (18.0) 64/220 (29.1) 0.102

Dry cough 12/68 (17.6) 10/64 (15.6) 57/229 (24.9) 0.132

Diarrhea 7/68 (10.3) 6/64 (9.4) 8/229 (3.5) 0.089

Nausea/emesis 6/68 (8.8) 5/64 (7.8) 14/229 (6.1) 0.576

Muscle

weakness

5/68 (7.4) 5/64 (7.8) 21/229 (9.2) 1.000

Excessive

tiredness/

fatigue

4/68 (5.9) 3/64 (4.7) 40/229 (17.5) 0.009

Productive

cough

3/68 (4.4) 2/64 (3.1) 19/229 (8.3) 0.270

Muscle aches 2/68 (2.9) 2/64 (3.1) 18/229 (7.9) 0.264

Wheezing 2/68 (2.9) 2/64 (3.1) 2/229 (0.9) 0.209

Sore throat 2/68 (2.9) 2/64 (3.1) 10/229 (4.4) 1.000

Taste disorder 1/68 (1.5) 1/64 (1.6) 6/229 (2.6) 1.000

Runny nose 1/68 (1.5) 1/64 (1.6) 3/229 (1.3) 1.000

Headaches 1/68 (1.5) 1/64 (1.6) 18/229 (7.9) 0.086

Smell disorder 0/68 (0) 0/64 (0) 4/229 (1.7) 0.580

No reported

symptoms;

n/N (%)

24/68 (35.3) 24/64 (37.5) 24/229 (10.5) <0.001

Note: Data are presented as frequencies with percentages.
aFisher's exact test comparing matched cases and controls.
b1:4 PSM controlling for age category, gender, obesity, smoking status, diabetes, CKD, coronary heart disease and a modified Charlson's comorbidity

index (without age category, liver disease and HIV).
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(CO) defined by the need for oxygen supplementation, heart failure

or hepatocellular damage, and five patients initially presented in the

critical phase (CR) with manifest organ failure. Progression of the

disease from the UC to the CO or CR phase was frequently observed

and was associated with high mortality. Overall, 57% of patients with

cirrhosis were in the CO or CR phase at some point during their

hospital stay (Figure 2) as compared to 67% of matched controls

(Supplementary Figure S1).

Overall, 21.4% of patients with cirrhosis received intensive

case treatment comprising of 54.5% of the non‐survivors and

6.3% of the survivors. In patients with Child C cirrhosis, ICU

admission was 35.7% as compared to 17.9% in patients with

Child‐Pugh A/B cirrhosis (p = 0.161). Patients with cirrhosis older

than 65 years of age were admitted to the ICU in 25.6% of cases

as compared to 16.1% in patients 65 years or younger (p = 0.39).

The reasons for withholding ICU treatment were not given in the

LEOSS registry. Interestingly, there were six deaths reported

amongst patients who did not meet the pre‐specified LEOSS

criteria for complicated or critical disease phase during observa-

tion (Figure 2). Reported causes of death in these patients were

COVID‐19 (n = 1), multiple organ failure (n = 3), comorbid con-

ditions (n = 1), or unknown (n = 1).

Extrahepatic organ failures are predictors of mortality
in SARS‐CoV‐2 infected patients with cirrhosis

To investigate the role of ACLF in patients with COVID‐19, we

assessed the organ failure criteria of the European Foundation for

the Study of Chronic Liver Failure (EF CLIF,26). An acute decom-

pensating event, that is, new or worsening ascites, acute hepatic

encephalopathy or gastrointestinal bleeding, was observed in 19/52

(36.5%) SARS‐CoV2‐infected patients with cirrhosis. In contrast, 32

(45.7%) patients experienced organ failure according to the EF‐CLIF

TAB L E 4 Associations between patient characteristics at baseline and death in SARS‐CoV‐2‐infected patients with cirrhosis

Survived

(n = 48)

Died

(N = 22)

Univariable analysis Multivariable analysis

OR (95% CI) p value

Adjusted OR (95%

CI) p value

Baseline characteristics; n/N (%) Model 1

Age >65 years (vs. 18–65 years) 22/48 (45.8) 17/22 (77.3) 4.02 (1.28–12.66) 0.018 6.61 (1.66–26.24) 0.007

Male gender (vs. Female) 32/48 (66.7) 13/22 (59.1) 0.72 (0.26–2.04) 0.540 ‐ ‐

White ethnicity (vs. Other ethnicities) 39/40 (97.5) 18/18 (100) ‐ ‐ ‐ ‐

Obesity (yes vs. no) 7/28 (25.0) 1/12 (8.3) 0.27 (0.03–2.51) 0.251 ‐ ‐

Alcohol‐related liver disease (vs. Other aetiologies) 17/39 (43.6) 6/13 (46.2) 1.11 (0.31–3.91) 0.872 ‐ ‐

Acute decompensation in the last 30 days (yes vs.

no)

12/35 (34.3) 7/17 (41.3) 1.34 (0.41–4.42) 0.629 ‐ ‐

Child‐Pugh class Ca (vs. Child‐Pugh A/B) 6/48 (12.5) 8/22 (36.4) 4.00 (1.18–13.54) 0.026 7.33 (1.65–32.61) 0.009

Comorbid conditions; n/N (%)

Diabetes (yes vs. no) 17/48 (35.4) 8/22 (36.4) 1.04 (0.36–2.98) 0.939 ‐ ‐

Chronic kidney disease (yes vs. no) 17/48 (35.4) 7/21 (33.3) 0.92 (0.31–2.69) 0.876 ‐ ‐

Hypertension (yes vs. no) 29/48 (60.4) 12/22 (54.5) 0.79 (0.28–2.18) 0.644 ‐ ‐

Coronary artery disease (yes vs. no) 14/48 (70.8) 3/22 (13.6) 0.38 (0.10–1.51) 0.170 ‐ ‐

Malignancy (yes vs. no) 3/48 (6.3) 0/22 (0) ‐ ‐ ‐ ‐

Chronic obstructive pulmonary disease (yes vs. no) 3/48 (6.3) 2/22 (9.1) 1.50 (0.23–9.69) 0.670 ‐ ‐

Concomitant medication; n/N (%)

Beta blockers (yes vs. no) 29/43 (67.4) 7/16 (43.8) 0.38 (0.12–1.22) 0.102 ‐ ‐

Diuretics (yes vs. no) 31/44 (70.5) 16/18 (88.9) 3.36 (0.67–16.72) 0.140 ‐ ‐

Norfloxacin (yes vs. no) 2/43 (4.7) 0/14 (0) ‐ ‐ ‐ ‐

Proton pump inhibitors (yes vs. no) 28/43 (65.1) 14/17 (82.4) 2.50 (0.62–10.10) 0.198 ‐ ‐

Rifaximin (yes vs. no) 7/43 (16.3) 2/16 (12.5) 0.74 (0.14–3.98) 0.720 ‐ ‐

Statins (yes vs. no) 10/40 (25.0) 4/16 (25.0) 1.00 (0.26–3.82) 1.000 ‐ ‐

Note: Data are presented as frequencies with percentages.
aComponents of the Child‐Pugh score that were missing, were imputed as the lowest category. OR are based on binary logistic regression analysis.
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at some time point (Table 5), suggesting that a relevant number of

COVID‐19‐associated organ failures do not fall within the classical

definition of ACLF.

In contrast to liver failure, the occurrence of extrahepatic organ

failure was a significant predictor of mortality in patients with

cirrhosis and COVID‐19 (Table 5). The strongest association was

recorded for respiratory failure as defined by a Horowitz index

(SpO2 to FiO2 ratio) ≤200 mmHg (OR 35.0, 95% CI 3.55–344.69,

p = 0.002), followed by circulatory failure as defined by vasopressor

use (OR 10.79, 95% CI 2.28–51.02, p = 0.003), renal failure as

defined by serum creatinine ≥2 mg/dl, renal replacement therapy or

terlipressin use (OR 4.0, 95% CI 1.24–12.89, p = 0.020), central

nervous failure defined as hepatic encephalopathy grade 3–4 (OR

7.56, 95% CI 1.19–48.03, p = 0.032), and coagulation failure as

defined by INR ≥2.0 or platelets <20/nl (OR 11.43, 95% CI 1.18–

111.09, p = 0.036) as per definitions from the CANONIC study.26

Case fatality rates were 70% or higher in patients with respiratory

failure (85.7%), coagulatory failure (80.0%), or circulatory failure

(70.0%; Figure 1c). In patients with cirrhosis and COVID‐19 who

developed sequential or concurrent failure of two or more organs,

the OR for death was 19.93 (95% CI 3.51–113.30, p = 0.001;

Figure 1d).

Among SARS‐CoV‐2‐infected patients with cirrhosis, 29 (41%)

had documented probable or proven bacterial superinfection. The

case fatality rate in patients with probable or proven bacterial su-

perinfection was 51.7% as compared to 17.1% in patients without

(p = 0.004). When the analysis was restricted to patients with proven

bacterial infection, this difference was no longer significant (50.0% vs.

26.8%; p = 0.11).

Patients with cirrhosis and COVID‐19 have a
comparable mortality risk to patients with cirrhosis
and spontaneous bacterial peritonitis

An external cohort was introduced to compare SARS‐CoV‐2‐
associated mortality to that by bacterial infections. For this pur-

pose, data on 169 hospitalized patients with SBP from two previously

published studies23,24 were analysed. Before matching, patients with

SBP were younger and had more advanced liver disease than patients

with SARS‐CoV‐2 infection (Table 6). COVID‐19 case fatality rate

was comparable to 28‐day mortality after SBP (31.4 vs. 27.2%,

p = 0.531).

As age and Child‐Pugh stage C were significant predictors of

death in SARS‐CoV‐2 infected patients according to our analysis, we

performed a 1:1 PSM controlling for age category, sex and Child‐
Pugh class C. Using these criteria, 54 patients with SARS‐CoV‐2
infection were successfully matched with 54 patients with SBP. Af-

ter matching, markers of systemic inflammation were higher in pa-

tients with SBP than in patients with SARS‐CoV‐2 infection, and

elevated bilirubin levels continued to be observed more frequently

(Table 6). However, the COVID‐19 case‐fatality rate remained similar
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F I GUR E 1 Case fatality rates in SARS‐CoV‐2‐infected patients with cirrhosis stratified for age, disease severity, and organ failure. Case
fatality rates of 70 SARS‐CoV‐2 infected patients with cirrhosis are depicted and stratified for (a) age, (b) Child‐Pugh class, (c) types of organ

failure, and (d) number of organ failures. Organ failures were defined according to the EF CLIF criteria based on the CLIF SOFA score. Case
fatality rates were colour coded as follows: ≤25%: green, >25% and ≤40%: yellow, >40% orange. For statistical comparisons and significance
levels see Table 4. B, Brain; Ci, Circulatory; Co, Coagulation; K, Kidney; L, Liver; R, Respiratory failure
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to 28‐day mortality after SBP in the matched cohorts (33.3 vs. 31.5%,

p = 1.000).

DISCUSSION

By using a large multinational registry analysing real‐world data of

cases and carefully matched controls, we herein show (i) that SARS‐
CoV‐2 infection is often asymptomatic in patients with cirrhosis; (ii)

that older age and advanced cirrhosis stage are the main indicators of

mortality after COVID‐19 infection, and (iii) that mortality is mainly

driven by extrahepatic organ failure. Although the case fatality in

patients with cirrhosis was high, in this data set of patients with

cirrhosis hospitalized for SARS‐CoV‐2 between March 2020 and

March 2021, COVID‐19 case fatality was not statistically different to

that of carefully matched patients with comparable comorbidities but

without cirrhosis.

In line with international registries7,15 and observational cohort

studies,16,18 the COVID‐19 case fatality rate was 31% in hospitalised

patients with cirrhosis with an independent contribution of both

older age and more advanced liver disease.15,19 The high case fatality

in cirrhosis could be explained to a significant part by the present

extrahepatic comorbidities that exist in SARS‐CoV‐2 infected pa-

tients with cirrhosis. In accordance with a population‐based analysis

by the US National COVID Cohort Collaborative (N3C),19 comorbid

conditions contributing to a more severe course of COVID‐19,2–4

such as diabetes (N3C: 49 vs. 39%; LEOSS: 36 vs. 21%), CKD (N3C:

25 vs. 19%; LEOSS: 35 vs. 18%), and cardiac comorbidities (N3C: 23

F I GUR E 2 COVID‐19 disease phases (LEOSS) and phase transition in patients with cirrhosis. Sankey flow diagram of disease courses of
patients with cirrhosis and COVID‐19 in the UC, the complicated phase and the CR. ALT, alanine aminotransferase; AST, aspartate
aminotransferase; INR, International Normalized Ratio; NIV, non‐invasive ventilation; paO2, partial pressure of oxygen; qSOFA, quick

Sequential Organ Failure Assessment; SO2, blood oxygen saturation; ULN, upper limit of the norm. The flow diagram was build using the
SankeyMATIC diagram builder (https://sankeymatic.com, as accessed on 16 August 2021)
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vs. 19%; LEOSS: 24 vs. 13%) were overrepresented in SARS‐CoV‐2‐
infected patients with cirrhosis.

In order to carefully balance risk factors between patients with

and without cirrhosis, we performed PSM for a large number of

covariates within the LEOSS registry database. After adjusting for

age, sex, obesity, smoking status, diabetes, CKD, coronary heart

disease and the severity of extrahepatic comorbidities, we found

similar mortality rates between SARS‐CoV‐2‐infected patients with

and without cirrhosis, demonstrating a relevant contribution of

cirrhosis‐associated comorbidities to the outcome of SARS‐CoV‐2
infection in patients. The nature of the aggregated data does not

allow us to assess the likelihood of the extent to which comorbidities

are pathophysiologically linked to the state of cirrhosis.

Whereas mere acute decompensation was not associated with

mortality in SARS‐CoV‐2‐infected patients with cirrhosis, the

occurrence of organ failure in the course of the disease was. Failure

of one or more organs as defined by the CLIF SOFA score26 occurred

in 46% of patients with cirrhosis. We observed the highest mortality

in patients fulfilling the criteria for respiratory failure, circulatory

failure, or coagulation failure. The sequential or concurrent failure of

two or more organs was associated with 80% case fatality. Empha-

sizing the significance of ACLF in SARS‐CoV‐2‐infected patients with

cirrhosis, even patients without documented progression into

complicated or critical phases were often classified as having died

from multiple organ failure.

One difference between our study and previous literature15,17 is

that SARS‐CoV‐2 associated mortality in patients with cirrhosis was

largely related to extrahepatic comorbidities in our study, although

other research groups have also employed matching techniques. Bajaj

et al.17 reported higher mortality rates in inpatients with cirrhosis and

COVID‐19 as compared to inpatients with COVID‐19 without

cirrhosis matching for age and gender but not comorbidities. Marjot

et al.15 employed age, sex, COPD, diabetes and heart disease and

found increased mortality rates in patients with Child‐Pugh B and C

cirrhosis as compared to patients without chronic liver disease. The

use of both, the CCI and individual comorbidities that are components

of it, may have led to repeated adjustment and overfitting of our PSM

model. However, an alternative model that considered only age

category, sex, and the comorbidities encoded as the modified CCI

resulted in a more unbalanced matching with an overrepresentation

of diabetes and renal disease in patients with cirrhosis, which are

strong determinants of COVID‐19 outcome.

In the LEOSS registry CKD was prevalent in 35% of inpatients

with cirrhosis and COVID‐19. Considering that renal function is one

of the main determinants of outcome in cirrhosis and renal failure is

the most prognostically relevant single organ failure in cirrhosis,26

matching for renal function could explain these differences. In

contrast to these studies, we demonstrated that the number and

severity of 18 predefined comorbidities were well balanced be-

tween cases and controls after PSM according to the modified CCI.

In line with our study, cirrhosis was not independently associated

with the development of severe complications, including mortality,

in patients with COVID‐19 in a nationwide cohort study from

Korea.21

Respiratory failure develops in only 2%–5% of patients with acute

decompensation of cirrhosis and it is associated with more severe

ACLF grades and the highest mortality as observed in the CANONIC

and the PREDICT study.26,30,31 Although respiratory virus infections

have been reported in association with acute decompensation of

cirrhosis, organ failure, and death,13 their role as a possible precipitant

of ACLF is less well studied as compared to bacterial infections. Bac-

terial infections are well‐known precipitators and perpetuators of

systemic inflammation, immune dysfunction, and organ failure in pa-

tients with advanced cirrhosis. As infection‐related ACLF is most

TAB L E 5 Associations between organ failure in the disease course and death in SARS‐CoV‐2‐infected patients with cirrhosis

Survived (n = 48) Died (N = 22)

Univariable analysis

OR (95% CI) p value

Organ failuresa; n/N (%)

Liver failure (yes vs. no) 6/41 (12.8) 7/21 (33.3) 3.42 (0.98–11.90) 0.054

Kidney failure (yes vs. no) 8/40 (20.0) 10/20 (50.0) 4.00 (1.24–12.89) 0.020

Brain failure (yes vs. no) 2/36 (5.6) 4/13 (30.8) 7.56 (1.19–48.03) 0.032

Coagulation failure (yes vs. no) 1/41 (2.4) 4/18 (22.2) 11.43 (1.18–111.09) 0.036

Circulatory failure (yes vs. no) 3/40 (7.5) 7/15 (46.7) 10.79 (2.28–51.02) 0.003

Respiratory failure (yes vs. no) 1/36 (2.8) 6/12 (50.0) 35.00 (3.55–344.69) 0.002

Number of organ failuresa; n (%)

0 31 (64.6) 7 (31.8) 1.00 (reference) ‐

1 15 (31.3) 6 (27.3) 1.77 (0.51–6.20) 0.371

2 or more 2 (4.2) 9 (40.4) 19.93 (3.51–113.30) 0.001

Note: Odds ratios (OR) are based on binary logistic regression analysis.
aOrgan failures according to the EF CLIF criteria based on the CLIF SOFA score.
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frequent after pneumonia and peritonitis,32 we compared the mor-

tality after SARS‐CoV‐2 infection to SBP, a typical bacterial infection in

cirrhosis. After controlling for the confounding factors age and Child‐
Pugh class, case fatality rates of SARS‐CoV‐2 infected patients with

cirrhosis were comparable to the 28‐day mortality rates observed af-

ter SBP. Although we do not have access to a well‐defined cohort of

bacterial pneumonia patients in a similar health care setting,

pneumonia‐associated mortality in patients with cirrhosis is compa-

rable and not significantly higher than SBPbased on large international

studies and health insurance data.33,34 In our cohort, suspected or

proven bacterial superinfection was associated with increased mor-

tality in SARS‐CoV‐2‐infected patients with liver cirrhosis.

Our study also provides information on the presentation and

disease course of SARS‐CoV‐2 infection in patients with cirrhosis.

Elevated aspartate aminotransferase and total serum bilirubin levels

were common laboratory findings at presentation, while alanine

aminotransferase was less frequently elevated. Patients with

cirrhosis reported significantly less fever and fatigue than patients

without cirrhosis, and the proportion of patients with cirrhosis who

reported no symptoms of COVID‐19 was over 35%. Although 81% of

patients with cirrhosis and SARS‐CoV‐2 infection initially had a mild

course of disease, more than half of them met the criteria for a

complicated or critical COVID‐19 LEOSS phase at some point in the

course of the disease. It remains unclear, whether a timelier hospi-

talization and provision of medical care would have prevented such a

development.

About 1% of the patients with SARS‐CoV‐2 infection in the LEOSS

registry had cirrhosis. This is well in line with the number of hospi-

talisations in Germany before the pandemic. According to a nation-

wide population‐based study, a total of 0.94% out of 248,085,936

admissions had cirrhosis.35 In two large U.S. studies, the incidence of

cirrhosis among patients with SARS‐CoV‐2 was 0.3%–1.8%36,37 and in

a study from a Portuguese referral centre, the frequency was 0.8%.38

This registry‐based matched cohort study has strengths and lim-

itations. Strengths of the study are the propensity score‐matched

design, the identical timeframe of hospitalization for multinational

cirrhotic and non‐cirrhotic patients, the comparatively large cohort of

patients with cirrhosis, and the analysis of disease phase transitions.

As with any registry study, there is a potential lack of data verification,

patients may not have completed follow‐up, missing data must be dealt

with, and duplicate registration is possible in principle. For example, a

small number of patients with cirrhosis were recorded as having died

of multiple organ failure following SARS‐CoV‐2 infection, but were

only registered in the LEOSS definition of uncomplicated disease.

Our study has several limitations. One specific limitation of the

LEOSS database is the categorization of continuous parameters,

which results in the loss of information and may underestimate the

true predictive performance of certain variables. Because LEOSS is

an anonymized registry, data were not stored under a pseudonym

and most data were queried in categories, making reverse database

searches in the hospital information system nearly impossible. As a

result, we are unable report post hoc on composite scores that are

computed through continuous variables, such as the MELD score or

the CLIF‐C ACLF score. Furthermore, the results may not be trans-

ferable to all areas of Europe, as the majority of patients in the LEOSS

database were documented in Germany. Although university hospi-

tals in larger cities had the highest documentation rates in the LEOSS

database, specialised liver departments may be underrepresented as

questionnaire items such as “MELD score at diagnosis” and “worst

MELD score” were often not reported. Another limitation is the

predominance of patients with Caucasian/White ethnicity, which

reflects on the European populace, but might limit generalizability for

other ethnicities. Although our study provides the opportunity to

compare data from patients with and without cirrhosis within one

very detailed registry, the relatively small number of patients with

cirrhosis (1%) allows only an approximate estimate of mortality

within the 95% CI of 20%–43%. In addition, the number of patients

with decompensated cirrhosis in this cohort during the first phases of

the pandemic is low.

In our analysis, only cases for which SARS‐CoV‐2 outcomes were

known as of 15 April 2021 were included. The last patient with

cirrhosis in this analysis was diagnosed with SARS‐CoV‐2 infection in

January 2021. The SARS‐CoV2 variants in Germany and Central

Europe during that period were B.1.177 (EU1), B.1.221, B.1.258,

B.1.160, and the alpha variant B.1.1.7 (https://covariants.org; last

accessed March 2022). Limiting the analysis to this time period

means that the majority of patients reported were immunologically

naïve to the SARS‐CoV‐2 virus, as vaccination against COVID‐19

began in Germany in late December 2020. This is why our results

may not be transferable to newer variants or disease course in

immunized and vaccinated individuals.

As the prevalence of liver disease and cirrhosis has plateaued at

850 per 100,000 population in Europe,39 patients with chronic liver

disease remain a group at increased risk of severe disease and death.

This European registry study analysing real‐world data confirms a

high risk of death in hospitalised patients with cirrhosis and SARS‐
CoV‐2 infection comparable to that of specific bacterial infections

such as SBP. Patients over 65 years of age and patients with cirrhosis

were at the highest risk. Propensity score matching suggests that a

large proportion of this excess mortality is due to cirrhosis‐associ-

ated extrahepatic comorbidities. The development of respiratory

failure and two‐organ failure were associated with a mortality rate of

80%.
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