Journal Pre-proof

| JOURNAL
- OF HEPATOLOGY

it

N

wd

Outcomes following SARS-CoV-2 infection in patients with chronic liver disease: an
international registry study.

Thomas Marjot, Andrew M. Moon, Jonathan A. Cook, Sherief Abd-Elsalam, Costica
Aloman, Matthew J. Armstrong, Elisa Pose, Erica J. Brenner, Tamsin Cargill, Maria-
Andreea Catana, Renumathy Dhanasekaran, Ahad Eshraghian, Ignacio Garcia-
Juarez, Upkar S. Gill, Patricia D. Jones, James Kennedy, Aileen Marshall, Charmaine
Matthews, George Mells, Carolyn Mercer, Ponni V. Perumalswami, Emma Avitabile,
Xialong Qi, Feng Su, Nneka N. Ufere, Yu Jun Wong, Ming-Hua Zheng, Eleanor
Barnes, Alfred S. Barritt, IV, Gwilym J. Webb

PII: S0168-8278(20)33667-9
DOI: https://doi.org/10.1016/j.jhep.2020.09.024
Reference: JHEPAT 7956

To appearin:  Journal of Hepatology

Received Date: 2 September 2020
Revised Date: 22 September 2020
Accepted Date: 25 September 2020

Please cite this article as: Marjot T, Moon AM, Cook JA, Abd-Elsalam S, Aloman C, Armstrong MJ, Pose
E, Brenner EJ, Cargill T, Catana MA, Dhanasekaran R, Eshraghian A, Garcia-Juérez |, Gill US, Jones
PD, Kennedy J, Marshall A, Matthews C, Mells G, Mercer C, Perumalswami PV, Avitabile E, Qi X, Su F,
Ufere NN, Wong YJ, Zheng MH, Barnes E, Barritt AS IV, Webb GJ, Outcomes following SARS-CoV-2
infection in patients with chronic liver disease: an international registry study., Journal of Hepatology
(2020), doi: https://doi.org/10.1016/j.jhep.2020.09.024.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jhep.2020.09.024
https://doi.org/10.1016/j.jhep.2020.09.024

© 2020 Published by Elsevier B.V. on behalf of European Association for the Study of the Liver.



SARS-CoV-2

Liver disease

International
registry study

29 countries
130 centres
over 105 days

1365 patients included

745 chronic liver disease
+ 359 without cirrhosis
+ 386 with cirrhosis

620 without liver disease

P

Major risk factors for mortality:

0% )
Hospitalised @ Age
Cirrhosis B ‘f Alcohol related liver disease
patients

? Stage of liver disease

Decompensation
\
\\\ L6%
s Stage of liver disease dominates

v Y v

Unadjusted Multivariable PS Matched
60m 10m < 50-
:‘? =
g 8 2 404
Cause of £ 40- 2 £ 0
. s 6
19% death in 2 : E 2l
cirrhosis 2] 8 4 8 0] I
§ 2+ q%_) o) ISR .
0- © 0- = 10—
O v 2 O O v 2 O Q90 ¥ 2 O

OV R Q&R OV R R oY OV R Rk
& & AN AN

éo



Outcomes following SARS-CoV-2 infection In
patients with chronic liver disease: an international
registry study.

Thomas Marjot=s, Andrew M Moorf*, Jonathan A Cook Sherief Abd-Elsalafiy Costica
Aloman >, Matthew J Armstronyy Elisa Pos&® Erica J Brennér Tamsin Cargifi Maria-
Andreea Catarld Renumathy DhanasekatanAhad Eshraghidh, Ignacio Garcia-Juarez
Upkar S Gill*, Patricia D Joné3 James KennedyAileen Marshall®, Charmaine Matthew§
GeorgeMells'® Carolyn Mercer, Ponni V Perumalswartfi Emma Avitabilé, Xialong QF°,
Feng S&, Nneka N Ufer&, Yu Jun Won&, Ming-Hua Zhen"?> Eleanor Barnés, Alfred S
Barritt IV, Gwilym J Webl*8

1. Oxford Liver Unit, Translational Gastroenterologyit) Oxford University Hospitals NHS
Foundation Trust, University of Oxford, Oxford, UK

2. Division of Gastroenterology and Hepatology, Unsigr of North Carolina, North Carolina,
USA

3. Centre for Statistics in Medicine, University of fOrd, Oxford, UK

4. Tropical Medicine and Infectious diseases Departpieanta University, Tanta, Egypt

5. Department of Medicine, Section of Hepatology, RUstiversity Medical Center, Chicago,
lllinois, USA

6. Liver Unit, Queen Elizabeth Hospital Birminghamymingham, UK

7. Liver Unit, Hospital Clinic, Barcelona, Spain; litst d’'Investigacions Biomédiques, August
Pi i Sunyer, Barcelona, Spain.

8. Centro de Investigacion Biomédica en Red de Enfdatles Hepaticas y Digestivas,
Barcelona, Spain

9. Division of Pediatric Gastroenterology and Hepagglo University of North Carolina,
Chapel Hill, North Carolina, USA

10. Division of Gastroenterology/Hepatology, DepartmehtMedicine, Beth Israel Deaconess
Medical Center, Harvard Medical School, Boston, 8éahiusetts, USA



11

12.
13.

14.

15.

16.
17.

18.

19.

20.

21.
22.

23.

24,

25.

Division of Gastroenterology and Hepatology, Depent of Medicine, Stanford University
School of Medicine, Palo Alto, California, USA

Shiraz Transplant Center, Abu-Ali Sina Hospitalir&h, Iran

Department of Gastroenterology, Instituto Naciowo@ Ciencias Médicas y Nutricion
Salvador Zubiran, Mexico City, Mexico

Barts Liver Centre, Barts Health NHS Trust & Ba%s'he London School of Medicine &
Dentistry, QMUL, London

Division of Digestive Health and Liver Diseases,pBgment of Medicine, University of
Miami Miller School of Medicine, Miami, FL, USA

Sheila Sherlock Liver Unit, Royal Free Hospital nidon, UK

Department of Gastroenterology and Hepatology, Rayeerpool Hospital, Liverpool
University Hospitals NHS Foundation Trust, LiverhddK

Cambridge Liver Unit, Addenbrooke’s Hospital, Cardge University Hospitals,
Cambridge, UK

Division of Liver Diseases, Department of Medicideahn School of Medicine at Mount
Sinai, New York, New York, USA

CHESS Center, Institute of Portal Hypertension, Firet Hospital of Lanzhou University,
Lanzhou, China

Division of Gastroenterology, University of Washiog, Seattle, WA, USA

Liver Center, Gastrointestinal Division, Massaclhiss&eneral Hospital, Harvard Medical
School, Boston, Massachusetts, USA

Department of Gastroenterology & Hepatology, ChaBgneral Hospital; Yong Loo Lin
School of Medicine, National University of Singapor

MAFLD Research Center, Department of Hepatologye Hirst Affiliated Hospital of
Wenzhou Medical University, Wenzhou, Zhejiang, @Ghin

Key Laboratory of Diagnosis and Treatment for Thev&opment of Chronic Liver Disease,

Zhejiang Province, Wenzhou, Zhejiang, China.



Author contributions

Concept and design: TM*, AMM*, GJW*, EBa*, ASB*

Acquisition of data: all authors except JAC

Statistical analysis: JAC, TM, AMM, GJW

Interpretation of data: TM, AMM, GJW, EBa, ASB, JAC

Drafting and critical revision of manuscript: TMMM, GJW, EBa, ASB
* These authors contributed equally.

Corresponding author

Dr Thomas Marjot

Oxford Liver Unit, Translational Gastroenterologynit) Oxford University Hospitals NHS
Foundation Trust, University of Oxford, Oxford, UK

Thomas.marjot@ndm.ox.ac.uk

Tel +44 (0)1865 281547

The corresponding author had full access to alldédta in the study and had final responsibility

for the decision to submit for publication.

Word count
8659 including figure/table legends, and references
Number of figures: 6

Number of tables: 2

Conflicts of interest:
The authors declare no conflicts of interest.

Financial support:

The COVID-Hep.net registry is supported by the Fean Association for the Study of the
Liver (EASL) (2020RG03). This work was also suppdrby the National Institutes of Health
grant T32 DK007634 (AMM and EJB), and North Caralifiranslational and Clinical Sciences
Institute (CTSA grant number UL1TR002489). We ackimolge the support of the National
Institutes of Health, through Grant Award Number 17R002489. EB is supported by the



Oxford NIHR Biomedical Research Centre and is aRmRISenior Investigator. The views
expressed in this article are those of the authodsnot necessarily those of the NHS, the NIHR,
or the Department of Health.

Data availability statement:

Data may be made available upon request to comelspg author.



Abstract

Background

Chronic liver disease (CLD) and cirrhosis are asded with immune dysregulation leading to
concerns that these patients may be at risk of radveutcomes following SARS-CoV-2
infection. However, the impact of COVID-19 amongti@ats with pre-existing liver disease

remains ill-defined.

M ethods
Data for CLD patients with SARS-CoV-2 were collettby two international registries.

Comparisons were made with non-CLD patients witlRSACoV-2 from a UK hospital network.

Results

Between 25th March and 8th July 2020, 745 CLD pédievere reported from 29 countries
including 386 with cirrhosis and 359 without. Mdita was 32% in patients with cirrhosis
compared with 8% in those without (p<0.001). Matyalin cirrhosis patients increased
according to Child-Turcotte-Pugh class (CTP-A (19%)P-B (35%), CTP-C (51%)) and the
main cause of death was respiratory failure (718&er adjusting for baseline characteristics,
factors associated with death in the total CLD cblere age (OR 1.02; 1.01-1.04), CTP-A
(OR 1.90; 1.03-3.52), CTP-B (OR 4.14; 2.4-7.65)P&T cirrhosis (OR 9.32; 4.80-18.08) and
alcohol related liver disease (ALD) (OR 1.79; 1.833). When comparing CLD versus non-
CLD (n=620) in propensity-score-matched analysesdatwere significant increases in mortality
with CTP-B +20.0% (8.8%—-31.3%) and CTP-C cirrhas38.1% (27.1%—-49.2%). Acute hepatic
decompensation occurred in 46% of patients withhosis, of which 21% had no respiratory

symptoms. 50% of those with hepatic decompensatohacute-on-chronic liver failure.

Conclusions

This is the largest reported cohort of CLD andhmsis patients with SARS-CoV-2 infection to
date. We demonstrate that baseline liver diseasge sthd ALD are independent risk factor for
death from COVID-19. These data have important icagibns for the risk stratification of
patients with CLD across the globe during the CO\MBpandemic.
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Lay Summary

This international registry study demonstrates gaitents with cirrhosis are at increased risk of
death from COVID-19. Mortality from COVID-19 was pigularly high among patients with

more advanced cirrhosis and those with alcohotadllver disease.

Highlights

Patients with cirrhosis have high rates of hepddcompensation and death following
SARS-CoV-2 infection.

Mortality increased in step-wise fashion accordm@hild-Turcotte-Pugh class.

Other risk factors for death included advancing age alcohol-related liver disease.
Patients with advanced cirrhosis had increasedafiskortality compared to propensity-
score-matched patients without liver disease.

The majority of deaths in cirrhosis patients weosaf COVID-19 lung disease.



Introduction

Coronavirus disease 2019 (COVID-19) caused by sevatute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection has emerged asajor international public health crisis.
Whilst medical comorbidities including hypertensi@hronic lung disease and heart disease[1]
have been implicated as risk factors for poor aue®s following SARS-CoV-2 infection, the
impact of underlying chronic liver disease (CLDMans incompletely defined. The global
burden of CLD is vast, with cirrhosis now estimatedaffect 112 million people worldwide
resulting in 2 million deaths per year through hepaecompensation and hepatocellular
carcinoma (HCC)[2,3]. Cirrhosis is characterisediaynune dysregulation leading to concerns
that these patients may be at increased risk fanptioations following SARS-CoV-2
infection[4]. International guidelines have tendedadvocate for enhanced physical distancing
for patients with cirrhosis, however this must la¢abced against the risks of delayed or altered
standard of care for this vulnerable patient grélipp precise understanding of outcomes from
COVID-19 in CLD patients across the entire spectrofriiver disease severity is therefore

urgently required in order to allow accurate risfatfication.

High mortality rates from COVID-19 among patientsthwvcirrhosis have been reported in
several recently published series. However, thesties were limited to small cohorts of fewer
than 50 cirrhosis patients, often lacked a comparisohort without CLD, or used hospital
coding data that is prone to misclassifying livesedse severity[6—11]. Furthermore, these
studies were restricted to single geographicaloregilimiting generalizability particularly in
light of the wide global variability in liver dissa aetiology[12].

In the present work, we report on the largest dobbpatients with CLD and laboratory proven
SARS-CoV-2 infection to date, collected through tewllaborative, large-scale international
reporting registries. We also offer comparisonshwat contemporaneous cohort of patients
without CLD testing positive for SARS-CoV-2 at arda hospital network in the United

Kingdom (UK).



Methods

Setting and study design

We conducted a multinational cohort study using@p@n online reporting form for patients with
laboratory-confirmed SARS-CoV-2 and CLD. Data weo#ected between #8Viarch 2020 and
8th July 2020 through two collaborating online stges (SECURE-cirrhosis co-ordinated by
University of North Carolina, Chapel Hill, USA a@DVID-Hep.net co-ordinated by University
of Oxford and supported by The European Associdtoithe Study of the Liver). The registries
were widely advertised through the communicationanctels of multiple endorsing
gastroenterology and hepatology societies, direwile to hepatology providers, and through
social media. Submitting clinicians were askeddmplete a case report form of clinical data at
the end of their patient’s disease course, defadesolution of clinical signs of COVID-19,
discharge from hospital, or death. A copy of thdadaollection tool is available as a

Supplementary appendix and was identical for both registries.

To provide a comparison cohort of patients withGuD, data were extracted using an identical
data collection tool from electronic patient recmf consecutive patients testing positive for
SARS-CoV-2 over the same time period at Oxford @rsity Hospitals NHS Foundation Trust
(OUHFT), an organisation of four hospitals in amdusad Oxford in the UK. Positive cases from
OUHFT were defined as detection of SARS-CoV-2 byerse transcriptase polymerase chain
reaction (RT-PCR) on nasopharyngeal swabs. Cas8&RBS-CoV-2 infection with CLD who
were identified in the non-CLD cohort were incogted in the CLD cohort. To minimise
potential reporting bias, data extraction for tlem+€CLD cohort was performed by investigators
blinded to the clinical characteristics and outcermeported in CLD patients. All data for both
CLD and non-CLD cohorts were uploaded real-timegh® same secure, online, data capture
tool[13].

All submitted report forms for both CLD and non-ClLdohorts were manually reviewed to
assess for data quality, completeness and incensiss and in some instances, submitting

clinicians were contacted and asked to providetehdil data where appropriate.



Ethical and regulatory approval

The data collected contained no personal healthtifters and both registries were deemed not
to constitute human research by both the UniversityOxford Clinical Trials and Research
Governance (CTRG) and the University of North GamolOffice of Human Research Ethics;
formal local audit approval was sought and recefeedlata acquisition from OUHFT electronic
health records (ref: OUH5595).

Participants

All cases of laboratory-confirmed SARS-CoV-2 infeat in patients with CLD aged >16yrs,
from any location, and with any symptom profile disease severity were included in the
analysis. Cases were excluded if any of the folmwconditions were met:. SARS-CoV-2
infection was not laboratory-confirmed, the submoigsvas a duplicate, if hospitalisation status
or mortality outcome was not known or not reportadif the patient was not aged over 16 years
at the time of diagnosi3.he current study contains 152 cases includedpire@ously published

preliminary analysis[14] .

Variables and definitions

Liver disease stage was categorized by the regoctinician as CLD with or without cirrhosis.
Those with cirrhosis were then further sub-catempatiby the reporting clinician according to
Child-Turcotte-Pugh class (CTP-A, CTP-B, CTP-C).rdughout this paper the following
terminology will be used to define the groups; Cwithout cirrhosis, cirrhosis, total CLD cohort

(CLD), and patients without liver disease (non-CLD)

Obesity was defined as a BMI of >30 kg/nvhere data on BMI was unavailable obesity was
assumed to be absent. For analysis of ethnicityy avhite ethnicity (as the majority
classification) as compared to other ethnicities wansidered in analysis. For the non-CLD

cohort, where ethnicity was not recorded, whitenieity was assumed.[15]

Acute hepatic decompensation was defined as on@ce of new or worsening ascites, new or
worsening hepatic encephalopathy, spontaneous rlact@eritonitis, and/or variceal

haemorrhage. The EASL Chronic Liver Failure Conaort(CLIF-C) definitions were used to



determine the presence of ACLF in patients with@atepatic decompensation, and to calculate
the CLIF-C organ failure score[16,17]. Model fordemtage liver disease (MELD) included

serum sodium, creatinine, bilirubin and internatiomormalised ratio (INR)[18].

Statistical methods

Patient factors and outcome are summarised for tatiorts by occurrence of mortality using
standard summary statistic (number of events amdeptage for binary and median and
interquartile range for continuous measures). Umabde analysis of mortality by patient
characteristics was performed using logistic regjoes Multivariable comparisons of factors
associated with death within cohorts were assess@ty logistic regression. The Hosmer-
Lemeshow goodness of fit test was calculated—fer rtiultivariable logistic regression. Only
patients with data available for each reported gatat (with the exceptions of values assumed
with regard to obesity and ethnicity explained ajowere used in multivariable analyses. For
sensitivity analysis, models were repeated withegiforwards or backwards stepwise selection
as described. Fisher’'s exact test was used to agengwaportions between two populations and
the Chi squared test for trend was used to compraggortions between 3 or more groups. Exact
(Clopper-Pearson) binomial confidence intervalsenvealculated when describing proportions.

Nominal statistical significance at 2-sided 5% levas adopted for comparison of outcomes.

To compare the effect of the liver disease stageisknof death, propensity score 1:1 matched
samples (using nearest neighbour approach) werstrooted with death as the outcome and
liver disease status as the treatment variabledoh of CLD without cirrhosis, CTP-A, CTP-B,
and CTP-C. Covariables included in the propensitres model were selected as those thought
to be independently associated with mortality foose with SARS-COV-2 but unlikely to be
greatly otherwise associated with CLD whilst algoiag to provide matched variance ratios of
between 0.5-2.0. Given that the non-CLD cohort Wi&derived, we also performed an
identical propensity score matched analysis inclgdonly UK CLD cases as a sensitivity
analysis. Propensity score matching was perfornmgdgutheteffects function in Stata. The
average treatment effect on the treated (ATET) wasulated with robust Abaide-Imbeds
standard errors[19JAll statistical analyses were conducted using Stdta 1 (College Station,
TX).
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Receiver operating characteristic (ROC) curvese calculated, and the area under the
curve (AUC) was evaluated to determine the scocairacy (c-statistic) of baseline CTP score,
MELD, and CLIF-C organ failure score as predictofsmortality following SARS-CoV-2 in

patients with cirrhosis.

Role of the funding source

The study sponsors had no role in the study desigiection, analysis, and interpretation of
data, the writing of the report; and in the decisio submit the paper for publication. The
corresponding author had full access to all tha dathe study and had final responsibility for
the decision to submit for publication. ASB, EB,JAAMM, TM, and GJW had access to the
dataset. AMM, TM, and GJW performed the analyseh aipport from JAC.

Results

Chronic liver disease cohort

Between 25th March and 8th July 2020, there wef® Idse submissions for CLD patients with
SARS-CoV-2 infection entered on to the COVIDCirrisosrg and the EASL supported COVID-
Hep.net registries. After exclusions, primarily gfatients who had undergone liver
transplantation (n=162), 745 cases remained frothdifferent institutions across 29 countries

(Fig. 1, supplementary figure 2, supplementary table 1).

Major contributing countries included UK 184 (25%Jnited States of America (USA) 183
(25%), China 118 (16%), Spain 63 (8%), Singapor€430), Egypt 29 (4%), Mexico 27 (4%),
and Iran 18 (2%). Major liver disease aetiologiesluded non-alcoholic fatty liver disease
(NAFLD) 322 (43%), alcohol-related liver diseaseL@® 179 (24%), chronic hepatitis B virus
infection (HBV) 92 (12%), and chronic hepatitis drug infection (HCV) 96 (13%)
(Supplementary table 2). The number of patients with a history of hepatadatl carcinoma
was 48 (6%).Major comorbidities included hypertension 303 (41%iabetes mellitus 274
(37%), obesity 207 (28%), heart disease 146 (20%onic obstructive pulmonary disease
(COPD) 56 (8%), non-HCC malignancy 42 (6%)able 1). Within the 745 total cases, 359
(48%) had CLD without cirrhosis and 386 (52%) hacdhosis.
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In patients with cirrhosis, baseline Child-Turceftegh (CTP) class was CTP-A 171 (44%),
CTP-B 124 (32%) and CTP-C 91 (24%d)able 1). Baseline model for end stage liver disease
(MELD) score was known in 331 (86%) of patientshagtrrhosis with median score of 12 (IQR

8-19).

Non-CLD cohort

Within the same time period, data were collectedigigin identical case report form for 643
consecutive patients testing positive for SARS-Co¥t OUHFT. After excluding those with a
previous liver transplant (n=1), CLD (n=8), thoskane hospitalisation or mortality status was
unknown (n=6), and cases <16 years old (n=8), al tot 620 non-CLD cases remained
(Supplementary figure 1). The non-CLD cohort differed significantly fronhe CLD cohort
with regards to age, sex, ethnicity, smoking stabaseline serum creatinine, and rates of co-
morbidities including heart disease, diabetes muslli HCC and non-HCC malignancy

(Supplementary table 3).

Presenting symptoms

Data on presenting symptoms were available in B89} of CLD patients. There were no
differences between CLD patients with and withauathosis in the proportion presenting with
respiratory symptoms (80% v. 80%; p=0.853), gastrointestinal symptom&%2v. 21%;
p=0.928) and those who were asymptomatic (13% W6;19=0.832). Data on presenting
symptoms were available in 522/620 (84%) of non-Cp&tients. Compared to non-CLD
patients, those with CLD had comparable rates sgiratory symptoms (81% vs. 80%; p=0.774)
but higher rates of gastrointestinal symptoms (128%21%; p<0.001) at presentation.

Targeted antiviral therapy

Data on the use of targeted antiviral therapy waslable for 735/745 (99%) of the CLD cohort.
Targeted therapy was used in 315 (42%) of total €ChBes with the most frequently used agents
being chloroquine/hydroxychloroquine 162 (22%),ihair/ritonavir 114 (15%), and interferon-
alpha 69 (9%) Qupplementary table 4). The proportion of patients receiving any tardete
antiviral therapy was significantly lower in thosgth cirrhosis compared to those with CLD
without cirrhosis (33% v. 52%; p = <0.001).

12



Outcomes

Hospitalisation and intensive care unit (ICU) admission

Within the total CLD cohort 668 (90%) were hospgeatl, 235 (32%) were judged to require
ICU care, 177 (24%) were ultimately admitted to IQ32 (18%) received invasive ventilation,
32 (4%) commenced renal replacement therapy, afd(26%) died. When comparing CLD
without cirrhosis, CTP-A, CTP-B, and CTP-C cirrlgsthere was no difference in rates of
hospitalisation (p=0.690). However, there were ificemtly higher rates in requirement for ICU
(p<0.001), admission to ICU (p<0.001), renal reptaent therapy (p=0.002), and death
(p=<0.001) with increasing liver disease sevefiig. 2). Fifty-eight patients in the total CLD
cohort were declined ICU admission despite havingeee enough disease and this was due to
ICU being deemed inappropriate in 54 (93%) and &diCU availability in 4 (7%).

Mortality

Death occurred in 150/745 (20%) of the total CLDad, including 27/359 (8%) CLD patients
without cirrhosis and 123/386 (32%) of patientshwitirrhosis. Mortality rates in those with
cirrhosis increased according to CTP class; CTRRA1®%), CTP-B 44 (35%), and CTP-C 46
(51%) (Fig. 2; Supplementary table 5). Of the 123 patients with cirrhosis who died, @o$

death was secondary to COVID-19 lung disease ir{78%0), liver-related in 23 (19%), and
cardiac-related in 6 (5%). The median age of deah 61 years (IQR 54-71) in those with
cirrhosis and 68 years (IQR 53-80) in those with&ig. 3). In the total CLD cohort there were
stepwise increments in the rates of mortality feiltg hospitalisation, admission to ICU, and
invasive ventilation(Table 2). Case fatality rates after each of these stageéseirfCOVID-19

disease course were also heavily influenced bylibaskver disease severitfTable 2). The

clinical course and final outcomes of patients wahd without cirrhosis are graphically

represented i(Fig. 4).
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Factors associated with mortality

Among CLD patients, factors significantly assoaiateith death by univariable analysis were
age (OR 1.03 per year; 95%CI 1.01-1.04; p<0.00hjtevethnicity (OR 2.52; 95%CI 1.73-3.68;
p<0.001), heart disease (OR 1.76; 95%CI 1.16-2066;008), and baseline serum creatinine
(OR 1.19 per mg/dL; 95%CI 1.04-1.38;p=0.01%¢pljle 1). The presence of cirrhosis versus
CLD without cirrhosis was significant in univarigbhnalysis (OR 1.98; 95%Cl 1.52-2.59). CTP
class was also associated with death compared © Without cirrhosis; CTP-A (OR 2.94;
95%CI 1.70-5.08; p<0.001), CTP-B (OR 6.76; 95%®5311.58; p<0.001), and CTP-C (OR
12.57; 95%Cl 7.12-22.18; p<0.001). Regarding aagiplof liver disease, negative associations
for mortality were found for NAFLD (OR 0.55; 95% ©138-0.81; p=0.002) and HBV (0.45
95%CI 0.23-0.88; p=0.02) whereas ALD showed a p@siassociation with death (OR 3.11
95%Cl 2.12—-4.55; <0.001T able 1).

Multivariable analysis of factors associated witbath among CLD patients demonstrated
persisting positive associations between age (OR; 85%CI 1.01-1.04; p=0.011), the different
stages of cirrhosis compared with CLD without adsis; CTP-A (OR 1.90; 95%Cl 1.03-3.52;
p=0.040), CTP-B (OR 4.14; 95%CIl 2.4-7.65; p<0.0@})P-C (OR 9.32; 95%CIl 4.80-18.08;
p<0.001) and ALD (OR 1.79; 95%CI 1.03-3.13; p=0)0dtble 1). Data was available for all
patients in all categories except 34/745 patied¥%)(lacking baseline serum creatinine which

were excluded from multivariable analysis.

When either stepwise forwards or backwards seledforariables was used with a threshold of
p<0.2, the same factors remained significantly eissed with death: age (OR 1.03/year; 95%ClI
1.01-1.04; p=0.002), CTP-A (OR 2.09; 95%CI 1.1823/=0.012), CTP-B (OR 4.38; 95%ClI
2.41-7.95; p=<0.001), CTP-C (OR 9.42; 95%CI 4.9690Q;7p=<0.001) and ALD (OR 1.66;
95% CIl 1.02-2.68; p=0.041). In a separate multalde analysis in patients with cirrhosis the
factors associated with death were CTP-B (OR 29896 CI 1.12-3.96; p=0.009) and CTP-C
cirrhosis (OR 4.60; 95% CI 2.41-8.79; p<0.001)s ¢ampared to CTP-A), and baseline MELD
(OR 1.06; 95% CI 1.03-1.11; p<0.008upplementary table 6).

To assess the ability of scoring systems to preghottality in cirrhosis patients following
SARS-CoV-2 infection an area-under the curve (AlW@alysis was performed. The AUC of

14



baseline CTP score, baseline MELD, and CLIF-C oifgélare score were 0.65, 0.64, and 0.75
respectively Supplementary figure 3).

To further assess for an association between ldisease and mortality, propensity score
matched models were constructed for each stagerohic liver disease (CLD without cirrhosis,
CTP-A, CTP-B, and CTP-C) compared to the non-CLhparison cohort using the following
variables: age in years, interactions with age, €8PD, diabetes mellitus, and heart disease.
Each stage of liver disease represented a binaatntent variable with death as the binary
outcome variable. In the total CLD cohort model,rtality was not significantly different in
CLD patients without cirrhosis as compared with 4@iD patients -3.4% (95%CI -7.2—0.31%;
p=0.248). However, among those with cirrhosis theas an incremental increase in mortality
with each CTP class compared with non-CLD: CTP-A0%2 (95%CI -6.2%-10.2%; p=0.631),
CTP-B +20.0% (95%CI 8.8%-31.3%; p<0.001), CTP-C .138 (95%C| 27.1%-49.2%:;
p<0.001)(Fig 5A).

Given that our comparison cohort was UK-derived, als® performed an identical propensity
score matched analysis including only UK CLD ca3ésds demonstrated similar findings: CLD
without cirrhosis +4.4% (95%CI -6.9%—15.8%; p=0Y446TP-A +8.5% (95% CI -9.2-26.2;

p=0.349), CTP-B +17.8% (95%CI 2.5-33.1%; p=0.028)j CTP-C +50.5% (95%CI 28.1%—
72.8%; p=<0.001jFig. 5B).

Patient characteristics for each liver diseaseestdter propensity score matching of both the
total and UK CLD cohorts are presentedsupplementary table 7.

Acute hepatic decompensation and acute-on-chronic liver failure

Within the 386 patients with cirrhosis, acute hepdecompensation events following SARS-
CoV-2 infection was reported to have occurred i8 {#6%). Rates of decompensation events
differed significantly according to stage of livdisease with 51 (30%) CTP-A, 70 (56%) CTP-B,
and 58 (64%) CTP-C cirrhosi&i@. 6A). Acute hepatic decompensation was only repore8l i
(1%) of CLD patients without cirrhosis. Decompermakevents in those with cirrhosis included

new or worsening ascites 109 (28%), hepatic endepathy 104 (27%), spontaneous bacterial
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peritonitis 13 (3%), and variceal haemorrhage 24)(3n patients with cirrhosis who had acute
hepatic decompensation, 21% had no respiratory ®ymgat presentation. Rates of mortality
were increased in cirrhosis patients with acuteatiepdecompensation compared to those
without (44% v. 22%; p<0.001). Of those with cirsi®and acute hepatic decompensation who
died (n=78), cause of death was reported to be ©aM lung disease in 50 (64%), liver-related
in 18 (23%), and cardiac related in 5 (6%).

Among the 179 patients with cirrhosis and acuteatieglecompensation, 89 (50%) met criteria
for ACLF. Within the whole cirrhosis cohort, thos#th ACLF had a higher mortality than those
without (65% vs. 22%; p<0.001). Case fatality rasdéongly correlated with CLIF-C organ
failure score; score 1 (33%), 2 (48%), 3 (71%)3%4%), 5 (100%)Kig 6B).
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Discussion

In this large, multinational cohort of patients vi€LD and laboratory confirmed SARS-CoV-2
infection we show that baseline liver disease sgver a major determinant of outcome. As the
severity of liver disease progresses from CLD witharrhosis through to each Child-Turcotte-
Pugh class of cirrhosis we observed a stepwiseeased risk for all major adverse outcomes

including ICU requirement and death.

Whilst patients with CLD without cirrhosis appearhave a similar risk of mortality following
SARS-CoV-2 infection to patients without liver dase, patients with cirrhosis have an elevated
risk (Fig. 5) with a mortality of 32% observed imetcurrent studyFurthermore, in contrast to
CLD patients without cirrhosis who display a stnigsiage-related gradient for mortality with the
highest risk of death in the 8th decade of life,rtady in patients with cirrhosis was more
evenly distributed across age categories includimggh mortality rate (31%) in those under 40
years Fig. 3). Our observed mortality rate in cirrhosis is camgble to the rates reported in
recently published smaller studies in Northerny[&l (34%, n=50) and North America[7] (30%,
n=36). Despite modest sample sizes, the formerystimwed higher mortality in cirrhosis
patients with SARS-CoV-2 compared with bacterideation (34% v. 17%; p=0.03), and the
latter study demonstrated a trend towards increasadality in hospitalised cirrhosis patients
with COVID-19 compared to those without (30% v. 20p60.11). Our observed rates of
mortality in cirrhosis patients with COVID-19 (32%l)so far exceeded that previously reported
in hospitalised patients with cirrhosis in the @r@ceding COVID-19 (5-8%)[20,21], and in
patients with cirrhosis admitted with influenza ¥4)$22]. Furthermore, using propensity score
matched analysis we demonstrate an incrementainriges risk of death with each liver disease
stage compared to a contemporaneous UK cohort tadnps without CLD testing positive for
SARS-CoV-2. These trends remain after restricthng dnalysis to CLD patients from the UK,
including a statistically significant increasedkrigf death with CTP-B and CTP-C cirrhosis.
SARS-CoV-2 infection in patients with cirrhosis tefre appears to be a particularly lethal
combination and represents the coming togetheiotddical processes characterised by immune

dysregulation in the context of viral infection adidordered coagulation.
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In the current study, the predominant cause ofrdeas COVID-19 lung injury, with only 19%

of mortality in the patients with cirrhosis accoemtfor by liver-related complications. This
implicates liver dysfunction as a potential drie¢érongoing lung injury. Indeed, the significance
of hepatic dysfunction in patients with bacteridlest sepsis is well recognized, with the
presence of CLD already integrated into validateslypostic scoring systems for community
acquired pneumonial23,24]. The mechanisms for mrdth respiratory compromise in CLD
patients with SARS-CoV-2 require further investigat but may include altered pulmonary
dynamics through worsening ascites or encephalgpatimune dysfunction in viral infection,

increased burden of venous thromboembolic diseas&, coexisting lung disease (e.g.

hepatopulmonary syndrome, portopulmonary hyperensr hepatic hydrothorax).

Although baseline CTP score, baseline MELD, and RSCI organ failure score were all
significantly associated with mortality, their atyil to effectively discriminate those who
survived or died following SARS-CoV-2 infection whsited (AUROC of 0.65, 0.64, and 0.75
respectively) upplementary figure 3). However, Patients with advanced liver diseadehdive

a particularly poor prognosis following SARS-CoViZection with diminishing chances of
recovery as they moved through the disease coOrdg.46% of hospitalised patients with CTP-
C cirrhosis survived, and this proportion dropped®1% in those admitted to ICU and further
still to 10% in those receiving invasive ventilatioThese findings have important prognostic
implications and highlight the need for careful monng of patients with cirrhosis throughout
their hospital admission. Our data will also hatjorm clinical decisions regarding both the
escalation of care to ICU and the use of COVID-adigtive care guidelines in patients with
advanced liver disease who undergo rapid inpatchmical deterioration[25]. The high
mortality in cirrhosis patients should also proraptsideration of novel targeted therapies such
as dexamethasone with proven efficacy in hospédligatients with COVID-19. However, our
data show that cirrhosis patients are significalethg likely to received targeted antiviral therapy
than CLD patients without cirrhosis which may reflelinician concerns regarding the safety
profile of various agents currently in developmétpplementary table 4). This highlights the
importance of carefully evaluating drug hepatotiyiduring COVID-19 clinical trials to ensure

that cirrhosis patients are not unnecessarily diepaentially disease modifying treatments[26].
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For patients with cirrhosis, navigating through ti@OVID-19 pandemic is extremely
challenging. In light of our data, which links livdisease severity with death following SARS-
CoV-2 infection, a careful balance must be struetwieen protecting these patients from
exposure to the virus whilst striving to deliverldystandard treatment. The approach to each
patient will be guided by individual risk, institahal resources and the local burden of COVID-
19, however resumption of hepatology services wegrgossible in order to prevent liver
disease progression may ultimately represent tls¢ &teategy to protect patients from poor
outcomes following future SARS-CoV-2 infection. Thesociation between liver disease and
adverse COVID-19 outcomes is also evidenced byntefiedings from our registries which
show that restoring hepatic function by liver tq@lasitation in patients with decompensated

cirrhosis returns the risk of mortality back tottb&the general population[27].

SARS-CoV-2 infection in patients with cirrhosis@isppears to precipitate marked deterioration
in liver function with high rates of acute hepaliecompensation (46%) observed in our cohort.
Importantly, 22% of those with acute hepatic decengation did not have respiratory symptoms
typical of COVID-19 at the time of diagnosis, thughlighting the importance of maintaining a
low threshold for SARS-CoV-2 testing in patientegenting with complications of cirrhosis.
The mechanisms by which SARS-CoV-2 infection caussgsatic dysfunction requires further
exploration. Direct infection of liver cell typesndluding cholangiocytes[28,29] and
hepatocytes[30] has been suggested, but the tatjaires confirmatory testing since single cell
RNA sequencing has shown relatively sparse hepgtaeypression of the receptors necessary
for viral uptake[31]. However, given the profoundiltirsystemic involvement of COVID-19,
particularly in the severe and critical forms o$ehse, liver injury is likely to be multifactorial
with contributions from systemic inflammation, ialfepatic immune activation, microvascular
thrombosis, perturbations of the gut-liver-axisg @nug toxicity[32—36]. In our cohort, patients
who suffered acute hepatic decompensation hadodddricreased rate of mortality compared to
those without and case fatality strongly correlatéith degree of organ failure. However, even in
patients with acute hepatic decompensation, lusgagie remained the predominant cause of
death, again suggesting that SARS-CoV-2 inducedr lidysfunction may help propagate

respiratory failure.
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The large number of patients included in this sthdye allowed us to demonstrate for the first
time that ALD is an independent risk factor for madity following SARS-CoV-2 infection. The
harmful use of alcohol is estimated to cause 3.lBamideaths every year, corresponding to
nearly 6% of all deaths globally[37]. More than 2@#@-limiting health conditions have been
linked to alcohol consumption, with liver diseased acirrhosis having the highest alcohol-
attributable fraction[37]. Unfortunately, despaeoncerted effort by the hepatology community
to improve patient care and promote minimum unitipg of alcohol[38], the burden of ALD
continues to rise in many areas of the world[39—-@f|particular concern is the reported rise in
alcohol consumption during the COVID-19 pandemipanallel with deteriorating parameters of
mental health[42—44]. Our data shows that ALD issignificant predictor of COVID-19
mortality, increasing the risk of death 1.8-foldlowever, the patients with ALD in the current
study did tend to have more severe underlying ldisease, for example the proportion without
cirrhosis was only 6% in ALD patients compared 286in those with NAFLOYSupplementary
table 5). This is consistent with previous work showingttdd.D often presents in the more
advanced stages of disease[45]. Although liver adisestage was controlled for within
multivariable analysis of the total CLD cohort, eparate analysis of risk factors for death
restricted to patients with cirrhosis did not destoate any significant associations with liver
disease aetiologyS(pplementary table 6). Further work is therefore required to decipher t
significance of a direct, independent role of atdadnd ALD on the COVID-19 disease course.
The immunomodulating effects of excess alcohohaek established, predisposing to a range of
viral and bacterial infections,[46-48] and to thevelopment of acute respiratory distress
syndrome (ARDS) in critically ill patients with s&ip[49]. However, the mechanisms through
which alcohol consumption and ALD may impact on gahogenesis of COVID-19 are not

explained by the current study and require furthgaoration.

The strengths of the current study include therivaonal nature of case submissions which
gives a truly global perspective on the impact ARS-CoV-2 infection in patients with CLD.

Clinician reporting also minimises the risk of m&ssification of liver disease severity and
outcomes although we accept that centralised diefnsi for cirrhosis and cause of death are
lacking. In addition, comparing cases with a maticgeoup of contemporaneous UK patients
without CLD strengthens the associations betweesr lilisease severity and mortality observed
in the entire CLD cohort. However, our findings mhe interpreted in the context of the study’s
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potential limitations. Firstly, our registry dagvulnerable to reporting bias, possibly leading to
over-representation of patients with more advanoext disease or more severe COVID-19.
Notably, our registries contained predominantly giadised patients and therefore cannot
comment in detail on the clinical course of COVIB-h patients remaining in the community
who either recovered or died without coming to #ieention of secondary care. However,
clinicians were encouraged to submit all conseeutiases from their centre and our reported
rates of inpatient mortality in are comparable hose of previous studies[7,8]. It is also
reassuring that the registry includes a large ptapoof patients without cirrhosis and with non-
severe COVID-19. Our registry data also may notur@pcases in areas with limited availability
of SARS-CoV-2 testing. However, the inclusion ofipats exclusively with a laboratory proven
diagnosis of SARS-CoV-2 infection does ensure stafidation and guarantees that like-for-like
comparisons are made between patient groups. | adthyugh we attempted to collect data on
major covariables, there remains a possibility mfheasured confounding not captured by our
report form which was designed to allow rapid daté&ry during the peak of the pandemic. This
includes the absence of surrogate biomarkers tdnmhation such as full blood count and C-

reactive protein.

In conclusion, this international study across t86tres and 29 countries reports on the largest
cohort of patients with CLD and laboratory confidn8ARS-CoV-2 infection to date. We show
for the first time that stage of liver diseaset®sgly associated with COVID-19 mortality and
report high rates of hepatic decompensation anthdegatients with cirrhosis. Furthermore, we
show that alcohol aetiology of liver disease isimependent risk factor for death following
SARS-CoV-2 infection even after controlling for éiv disease severity. These findings have
important implications for the risk stratificatiarf patients with CLD across the globe during the
COVID-19 pandemic.
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Figure legends

Figure 1 - CLD cohort selection

Total combined submissions to the online reportiegistries (https://COVID-Hep.net and
http://COVIDCirrhosis.org) and number of CLD patiemwith SARS-CoV-2 infection included

in final analysis after exclusions.

Figure 2 - Major outcomes according to liver disease stage

Rates of major outcomes following SARS-CoV-2 infectin patients with CLD separated by
liver disease stage. Chi squared test for trendused to compare outcome proportions between
the stages of liver disease (CLD without cirrhosBTP-A, CTP-B, CTP-C) including
hospitalisation (p=0.690), requirement for ICU (@B@L), admission to ICU (p<0.001), renal
replacement therapy (p<0.001), invasive ventilatjor0.227), and death (p<0.001). Error bars
represent 95% confidence intervals. The discrepaetyeen the rates of ICU requirement and
ICU admission are accounted for by a proportiosedere cases being deemed inappropriate for
ICU admission or due to lack of ICU availabilityCWU = intensive care unit; RRT = new

requirement for renal replacement therapy; CTP #d€Furcotte-Pugh.

Figure 3 - Case fatality rates following SARS-CoV-2 infection per 10-year
age group

Comparison of case fatality rates following SARSVD infection per 10-year age group
between CLD patients with and without cirrhosis. denotes the number in each cohort and age

bracket.
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Figure 4 - Clinical course of SARS-CoV-2 infection in CLD patients with

and without cirrhosis.

Sankey diagrams displaying the clinical courseatfgmts with CLD and SARS-CoV-2 infection
separated into those with and without cirrhosis.r Baidths are proportional to
number/percentage of patients and the outcomergived vs. died are displayed in green and

red for each group respectively. ICU = intensiveeaait

Figure 5 - Propensity score matched analysis of mortality from SARS-CoV-

2 infection by stage of liver disease in comparison to non-CLD cohort.

Plots show propensity-score matched analysesdkrofi death for each CLD stage compared to
non-CLD patients with SARS-CoV-2 infection. Variablselected for propensity score matching
were age in years, interactions with age, sex, CQftdbetes mellitus, and heart disease. Error
bars represent Clopper-Pearson binomial confidémeevals at 95%. Identical analyses were
performed for the total CLD cohafffig. 6A) and then restricted to UK CLD caggsg. 6B). In

the total CLD cohorttherisk of death for each disease stage was; CLD withorhosis -3.4%
(95%CI -7.2-0.31%; p=0.248), CTP-A +2.0% (95%CPR%-10.2%; p=0.631), CTP-B +20.0%
(95%CI 8.8%—-31.3%; p<0.001), CTP-C +38.1% (95%CIL2%49.2%; p<0.001(Fig. 6A). In

the UK CLD cohorttherisk of death for each disease stage was; CLD witborhosis +4.4%
(95%CI -6.9%-15.8%; p=0.445), CTP-A +8.5% (95% @.P-26.2; p=0.349), CTP-B +17.8%
(95%CI 2.5-33.1%; p=0.023), and CTP-C +50.5% (95Z&1%—72.8%; p=<0.001Fig. 6B).

Figure 6 - Rates of acute hepatic decompensation and case fatality rates

according to CLIF-C organ failure score.

(A) Rates of acute hepatic decompensation separatendaw to liver disease stage. Acute
hepatic decompensation was defined as one or nforeew or worsening ascites, new or
worsening hepatic encephalopathy, spontaneousrlzgteritonitis, or variceal haemorrhage.
(B) Case fatality rates separated according to CLIFrgar failure score (using European
Association for the study of the Liver-Chronic Livéailure Consortium organ failures
definition)[17].
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Table legends

Table 1 - CLD cohort characteristics and factors associated with death
following SARS-CoV-2 infection

Patient characteristics of CLD patients with laborngconfirmed SARS-CoV-2 infection.
Univariable associations with death and associgtedlues assessed by logistic regression.
Multivariable analysis for association with dea#rfprmed using logistic regression including
all variables. Data available after assumptionsaithet in methods for all patients in all
categories except 34/745 (5%) patients lacking limesserum creatinine; these patients were
excluded from multivariable analysis. The abserncgresence of NAFLD, ALD, HBV, or HCV
was determined according to that reported by suimitclinician; a minority of patients had
combinations of more than one liver disease agjiold’atients who were reported by the
submitting clinician to have a combination of livdisease aetiology, were classed as having
more than one of NAFLD, ALD, HBV, or HCV in the dpsis. The Hosmer-Lemeshow
goodness of fit was 0.846. Cl = confidence interV@R = interquartile range; CTP = Child-
Turcotte-Pugh; NAFLD = non-alcoholic fatty liverisdase; ALD = Alcohol related liver
disease; HBV = chronic hepatitis B virus infectiafCV = chronic hepatitis C virus infection;

COPD = chronic obstructive pulmonary disease; HGt@patocellular carcinoma.

Table 2 - Case fatality rates from different points in the disease course

following SARS-CoV-2 infection according to stage of liver disease

Rates of mortality in patients with CLD and SARSMWE® infection following hospitalisation,
admission to intensive care unit, and invasive ilegin separated by liver disease stage. ICU =

intensive care unit; CTP = Child-Turcotte-Pugh.
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Figures

Figure 1 — CLD cohort selection
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Figure 2 — Major outcomes according to liver disease stage
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Figure 3 — Case fatality rates following SARS-CoV-2 infection per 10-year age group
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Figure 4 — Clinical course of SARS-CoV-2 infection in CLD patients with and without cirrhosis.

CLD without cirrhosis
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Figure 5 — Propensity score matched analysis of mortality from SARS-CoV-2 infection by stage of liver
disease in comparison to non-CLD cohort
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Figure 6 — Rates of acute hepatic decompensation and case fatality rates according to CLIF-C organ failure
score
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Tables

Table 1 — CLD cohort characteristics and factors associated with death following SARS-CoV-2 infection

Cohort (745) Survived(595) Died (150) . ] . ]
Univariable analysis Multivariable analysis
Mean or n Meanorn Mean or n

(1QR/%) (IQR/%) (IQR/%) Odds Ratio (95%Cl) pvalue  Odds Ratio (95%Cl) p value
Demographics
Age (years) 59 (47-68) 58 (46—67) 62 (54-72) 1.03 (1.01-1.04) <0.001 1.02 (1.01-1.04) 0.011
Sex (male) 465 (62.4%) 373 (62.7%) 92 (61.3%) 0.94 (0.65-1.36) 0.759 0.72(0.47-1.13) 0.154
Ethnicity (white) 363 (48.7%) 263 (44.2%) 100 (66.7%) 2.52(1.73-3.68) <0.001 1.40 (0.90-2.18) 0.135
Liver disease severity
CLD without cirrhosis | 359 (48.2%) 332 (55.8%) 27 (18.0%) 1.00 (REF) - 1.00 (REF) -
CTP-A 171 (23.0%) 138 (23.2%) 33(22.0%) 2.94 (1.70-5.08) <0.001 1.90(1.03-3.52) 0.040
CTP-B 124 (16.6%) 80 (13.4%) 44 (29.3%) 6.76 (3.95-11.58) <0.001 4.14 (2.24-7.65) <0.001
CTP-C 91 (12.2%) 45 (7.6%) 46 (30.7%) 12.57 (7.12-22.18) <0.001 9.32 (4.80-18.08) <0.001
Aetiology
NAFLD 322 (43.2%) 274 (46.1%) 48 (32.0%) 0.55 (0.38-0.81) 0.002 1.01 (0.57-1.79) 0.965
ALD 179 (24.0%) 115 (19.3%) 64 (42.7%) 3.11(2.12-4.55) <0.001 1.79 (1.03-3.13) 0.040
HBV 96 (12.9%) 73 (12.3%) 23 (15.3%) 0.45 (0.23-0.88) 0.021 0.96 (0.41-2.23) 0.926
HCV 92 (12.3%) 82 (13.8%) 10 (6.7%) 1.30(0.78-2.15) 0.318 1.09 (0.58-2.06) 0.785
Co-factors
Smoker 51 (6.8%) 42 (7.1%) 9 (6.0%) 0.84 (0.40-1.77) 0.647 0.49 (0.21-1.19) 0.116
Obesity 207 (27.8%) 161 (27.1%) 46 (30.7%) 1.19(0.81-1.76) 0.378 1.27 (0.79-2.02) 0.319
Heart disease 146 (19.6%) 105 (17.6%) 41 (27.3%) 1.76 (1.16-2.66) 0.008 1.14 (0.68-1.90) 0.627
Diabetes mellitus 274 (36.8%) 211 (35.5%) 63 (42.0%) 1.32(0.91-1.90) 0.138 1.19(0.75-1.90) 0.459
Hypertension 303 (40.7%) 235 (39.5%) 68 (45.3%) 1.27 (0.89-1.82) 0.194 0.98 (0.62-1.53) 0.914
COPD 56 (7.5%) 42 (7.1%) 14 (9.3%) 1.36(0.72-2.55) 0.347 0.86 (0.40-1.85) 0.707
HCC 48 (6.4%) 34 (5.7%) 14 (9.3%) 1.70 (0.89-3.25) 0.110 1.46 (0.67-3.18) 0.346
Non-HCC cancer 42 (5.6%) 30 (5.0%) 12 (8.0%) 1.64 (0.82-3.28) 0.164 1.28 (0.60-2.72) 0.525
Creatinine (mg/dL) 0.9(0.7-1.0) | 0.8(0.7-1.0) 0.9 (0.7-1.2) 1.19 (1.04-1.38) 0.014 1.11 (0.94-1.32) 0.208
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Table 2 — Case fatality rates from different points in the disease course following SARS-CoV-2 infection
according to stage of liver disease

Case fatality rate
Once Once admitted to Oml:svr::it‘e’l;llng
hospitalised ICU .
ventilation
0,

CLD without (253?23) 20% 21%

cirrhosis (14/69) (13/61)
22% 40% 52%

CTP-A (33/150) (16/40) (14/27)
39% 62% 74%

CTp-B (43/111) (21/34) (17/23)
54% 79% 90%

crp-c (45/84) (27/34) (19/21)
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Highlights

Patients with cirrhosis have high rates of hepatic decompensation and death following
SARS-CoV-2 infection.

Mortality increased in step-wise fashion according to Child-Turcotte-Pugh class.

Other risk factors for death included advancing age and alcohol-related liver disease.
Patients with advanced cirrhosis had increased risk of mortality compared to propensity-
score-matched patients without liver disease.

The majority of deathsin cirrhosis patients were from COVID-19 lung disease.



