
This article has been accepted for publication and undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process, which may lead to 
differences between this version and the Version of Record. Please cite this article as doi: 
10.1111/LIV.14708
 This article is protected by copyright. All rights reserved

DR. DANIELE  PRATI (Orcid ID : 0000-0002-2281-7498)

DR. LUCA  VALENTI (Orcid ID : 0000-0001-8909-0345)

Article type      : Letter to the Editor

Editor               : Alessio Aghemo

GENETIC INSIGHT INTO COVID-19 RELATED LIVER INJURY 

Cristiana Bianco1, Guido Baselli1, Francesco Malvestiti2, Luigi Santoro1, Serena Pelusi1,2 , Maria Manunta1, 

Giacomo Grasselli2,3, Alessandra Bandera2,4, Luigia Scudeller5, Daniele Prati1, Luca Valenti1,2. 

1 Translational Medicine – Department of Transfusion Medicine and Hematology, Fondazione IRCCS Ca’ 

Granda Ospedale Maggiore Policlinico, Milan, Italy.
2 Department of Pathophysiology and Transplantation, Università degli Studi di Milano, Milan, Italy.
3 Intensive Care Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy.
4 Infectious diseases, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy.
5 Scientific Direction, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy.

Correspondence address:

Luca Valenti, MD

Department of Pathophysiology and Transplantation, Università degli Studi di Milano, Fondazione 

IRCCS Ca’ Granda Ospedale Maggiore Policlinico, 

Translational Medicine - Department of Transfusion Medicine and Hematology, Fondazione IRCCS Ca' 

Granda Ospedale Maggiore Policlinico, via F Sforza 35, 20122, Milan, Italy.

Tel: +390250320278; Fax: +390250320296; E-mail: luca.valenti@unimi.it 

Word count: 597; Tables: 2; References: 8.

Keywords: Liver, Genetics, Infectious disease, Hepatitis.A
cc

ep
te

d 
A

rt
ic

le

https://doi.org/10.1111/LIV.14708
https://doi.org/10.1111/LIV.14708
https://doi.org/10.1111/LIV.14708
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fliv.14708&domain=pdf&date_stamp=2020-10-23


This article is protected by copyright. All rights reserved

Metabolic dysfunction and fatty liver disease (FLD) are epidemiologically associated with 

increased risk of severe COVID-19 requiring hospitalization (1, 2). The mechanism may encompass 

promotion of inflammation by facilitation of liver injury, which is a frequent feature of severe COVID-19 

(3). However, metabolic dysfunction rather than FLD itself may induce disease progression (2). Indeed, we 

previously showed that a genetic FLD-risk score does not predispose to severe COVID-19 in UK Biobank 

population-based cohort (UKBB) (4).

In a recent study, Zhou et al. reported that in case-control study in hospitalized Asian patients 

younger than 60 years that metabolic dysfunction-associated FLD (MAFLD), was associated with a four-

fold higher probability of severe disease (5). Importantly, Authors adjusted the association for confounders 

matching the controls for age, sex, and adiposity (5). Therefore, data may suggest that hepatic fat, 

inflammation and fibrosis, are involved in mediating the effect of FLD on COVID-19 outcomes in 

hospitalized patients (3). However, the severity of insulin resistance and gut-liver axis alterations may 

alternatively account for the epidemiological association. Furthermore, increased liver fat may be a 

consequence rather than the cause of severe COVID-19 due to the cytokine storm, procoagulant status, 

hypoxia, drug-induced liver injury, and direct liver infection (3).

To gain insight into the relationship among FLD, liver damage and COVID-19, here we exploited 

robust genetic predictors of hepatic fat and fibrosis, namely the PNPLA3 I148M variant and polygenic risk 

score of hepatic fat content (PRS-HFC), which are inherited independently of dysmetabolism at conception 

(6). These were assessed in a case-control cohort of European unrelated individuals (Fondazione Ca’ 

Granda Milan Genomic Study, FOGS), a subset of genomewide association study identifying the first main 

genetic predictors of severe COVID-19, whose baseline features are shown in Table 1 (7). We also 

examined variants at the chromosome 3 gene cluster (C3), ABO blood locus and FUT2 encoding the ABO 

non-secretor phenotype, as proxies for the direct impact of COVID-19 severity on liver damage in 

hospitalized patients (7, 8). 

Results are shown in Table 2. We first confirmed that C3 and ABO variation are associated with 

COVID-19 risk (1, 7).  C3 variation was also associated with more severe outcome in hospitalized patients, 

while ABO was not (1, 7). ABO non-secretor phenotype was not associated with COVID-19, but protected 

against severe outcomes (8). In line with previous evidence in UKBB, genetic predisposition to FLD did 

neither increase the risk of COVID-19 nor of severe outcome (4). On the contrary, if ever, as in UKBB 

higher PRS-HFC tended to be protective (P=NS; Table 2, upper panel). 

Indeed, despite during COVID-19 genetic predisposition to FLD tended to be associated with 

higher ALT (Table 2, bottom panel), it concomitantly resulted in an attenuation of systemic inflammation 

(CRP levels), which was paralleled by a relative preservation of hepatic synthesis (circulating albumin) in 

PNPLA3 I148M variant carriers. On the other hand, C3 variation predisposed to severe COVID-19 

independently of any effect on CRP levels and on liver injury. Finally, ABO non-secretor phenotype was A
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associated with increased liver enzymes (AST and possibly ALT levels). It remains to be determined 

whether alterations of membrane glycans shedding underpin differential tissue susceptibility to SARS-

CoV-2 infection (e.g. lung vs. liver), thereby accounting for these findings. Aminotransferases were 

independently associated with male sex and younger age, but not with obesity/hypertension, while diabetes 

with lower AST (not shown).

In conclusion, we found that a genetics-based instrument, a robust unconfounded lifelong proxy of 

predisposition to and progression of FLD, did not increase the risk of severe COVID-19 in hospitalized 

patients. Therefore, FLD predisposition does not invariably result in increased inflammation, but despite 

facilitating liver injury genetic predisposition to accumulate liver fat may paradoxically protect during 

COVID-19. In addition, genetic predisposition to the development and progression of COVID-19 is not 

mediated through increased liver injury. Additional studies are required to confirm these findings.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Acknowledgements:

We thank all the members of the Fondazione Ca’ Granda COVID-19 Research Network, who contributed 

to data and samples collection.

Competing interest statement:

Authors declare that they do not have any conflict of interest relevant to the present study.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

REFERENCES

1. SHELTON J F, SHASTRI A J, YE C, WELDON C H, FILSHTEIN-SOMNEZ T, COKER D, et al. 

Trans-ethnic analysis reveals genetic and non-genetic associations with COVID-19 susceptibility and 

severity. medRxiv 2020: 2020.09.04.20188318.

2. ZHU Z, HASEGAWA K, MA B, FUJIOGI M, CAMARGO C A, JR., LIANG L. Association of 

obesity and its genetic predisposition with the risk of severe COVID-19: Analysis of population-based 

cohort data. Metabolism 2020; 112: 154345.

3. SUN J, AGHEMO A, FORNER A, VALENTI L. COVID-19 and liver disease. Liver Int 2020; 

40(6): 1278-81.

4. VALENTI L, JAMIALAHMADI O, ROMEO S. Lack of genetic evidence that fatty liver disease 

predisposes to COVID-19. J Hepatol 2020; 73(3): 709-11.

5. ZHOU Y J, ZHENG K I, WANG X B, SUN Q F, PAN K H, WANG T Y, et al. Metabolic-

associated fatty liver disease is associated with severity of COVID-19. Liver Int 2020; 40(9): 2160-63.

6. DONGIOVANNI P, STENDER S, PIETRELLI A, MANCINA R M, CESPIATI A, PETTA S, et 

al. Causal relationship of hepatic fat with liver damage and insulin resistance in nonalcoholic fatty liver. J 

Intern Med 2018; 283(4): 356-70.

7. ELLINGHAUS D, DEGENHARDT F, BUJANDA L, BUTI M, ALBILLOS A, INVERNIZZI P, 

et al. Genomewide Association Study of Severe Covid-19 with Respiratory Failure. N Engl J Med 2020.

8. VALENTI L, VILLA S, BASELLI G, TEMPORITI R, BANDERA A, SCUDELLER L, et al. 

Association of ABO blood group and secretor phenotype with severe COVID-19 Transfusion 2020: in 

press.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

TABLES

Table 1. Clinical features of the Fondazione IRCCS Ca’ Granda cohort of 508 cases with severe COVID-

19 with respiratory failure and 889 healthy controls (blood donors) with available genetic data. All were 

unrelated individuals of European ancestry included in the previous GWAS study (7). Biochemical data 

were available for 360 and 646 individuals, respectively.

COVID-19 Healthy controls P-value

Age, years 64.5±15.1 41.2±13.2 <0.0001

Sex, M 346 (68.0) 585 (65.7) 0.42

Smoking, yes 59 (11.6) 224 (25.2) <0.0001

Hypertension, yes 167 (32.8) 65 (7.3) <0.0001

Type 2 diabetes, yes 63 (12.4) 0 <0.0001

Severe outcome ^ 137 (26.9) NA -

Hb, g/dl 12.5±1.9 14.4±1.2 <0.0001

NLR, ratio 7.1±7.5 1.9±0.7 <0.0001

Platelets, 103/mm3 259±124 232±49 <0.0001

creatinine 1.1±0.8 0.9±0.2 <0.0001

CRP, mg/dl 9.8±8.1 NA -

Bilirubin, mg/dl 1.1±5.3 NA -

Albumin, g/l 3.4±0.5 NA -

Ferritin, ng/ml 984 (475-1758) 74 (37-138) <0.0001

ALT, IU/l 58 (37-86) 22 (17-30) <0.0001

AST, IU/l 40 (24-67) 21 (17-25) <0.0001

GGT, IU/l 42 (21-82) 14 (10-21) <0.0001

HSI, score 40.4±9.9 NA -

FIB-4, score 2.0 (1.3-2.8) 0.7 (0.5-1.0) <0.0001

PNPLA3 I148M,  

distribution

262/208/38

(51.6/40.9/7.5)

448/357/84

(50.4/40.2/9.4)

0.46

PRS-HFC, score 0.3±0.2 0.3±0.2 0.20

rs58542926 C>T at chr3 

cluster, distribution

366/137/5

(72.0/27.0/1.0)

734/147/8

(82.6/16.5/0.9)

<0.0001

rs657152 C>A at ABO, 

distribution

172/243/93

(33.8/47.9/18.3)

367/420/102

(41.2/47.3/11.5)

0.0004A
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rs601338 G>A at FUT2, 

distribution

153/254/101

(30.1/50.3/19.6)

268/447/174

(30.0/50.1/19.9)

0.99

Data are shown as mean±SD, median (IQR), n (%) values as required. NA: not available, NLR: 

neutrophils/lymphocytes ratio, CRP: C reactive protein, PRS-HFC: polygenic risk score of hepatic fat 

content, HSI: hepatic steatosis index, chr: chromosome. ^ Defined as need for mechanical ventilation 

and/or in-hospital mortality.   Data were compared by generalized linear models.
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Table 2. Impact of genetic predisposition to FLD and COVID-19 on the risk of severe COVID-19 with 

respiratory failure, clinical outcomes and liver damage in the Fondazione Ca’ Granda Genomic Study 

cohort (FOGS).

PNPLA3 I148M PRS-HFC rs58542926 C>T 

at chr3

rs657152 C>A  

ABO

rs601338 G>A 

FUT2

OR, 95% CI P-value OR, 95% CI P-value OR, 95% CI P-value OR, 95% CI P-value OR, 95% CI P-value

COVID-19° 0.87, 0.70-1.09 0.23 0.58, 0.30-1.18 0.08 1.88, 1.36-2.60 0.0001 1.29, 1.04-1.59 0.019 1.00, 0.81-1.22 0.98

Severe outcome^ 0.88, 0.70-1-10 0.27 0.57, 0.28-1.18 0.13 1.90, 1.37-2.63 0.0001 0.62, 0.30-1.31 0.22 0.73, 0.55-0.96 0.026

Estimate, SE P-value Estimate, SE P-value Estimate, SE P-value Estimate, SE P-value Estimate, SE P-value

CRP, log mg/dl -0.28, 0.13 0.006 -1.00, 0.31 0.001 0.13, 0.13 0.13 0.01, 0.08 0.88 0.01, 0.09 0.99

AST, log IU/l 0.06, 0.06 0.29 0.11, 0.18 0.57 0.04, 0.08 0.59 0.02, 0.05 0.72 0.13, 0.05 0.012

ALT, log IU/l 0.14, 0.07 0.050 0.36, 0.21 0.09 -0.02, 0.09 0.82 -0.06, 0.06 0.33 0.11, 0.05 0.05

GGT, log IU/l 0.04, 0.09 0.64 0.08, 0.30 0.78 0.10, 0.12 0.41 -0.012, 0.08 0.13 0.06, 0.08 0.48

Albumin, g/l 0.08, 0.05 0.042 0.18, 0.15 0.20 -0.08, 0.06 0.18 -0.05, 0.04 0.20 0.07, 0.04 0.10

Bilirubin, mg/dl 0.87, 0.48 0.07 0.29, 0.50 0.40 -0.06, 0.62 0.92 0.15, 0.41 0.70 -0.70, 0.43 0.10

HSI, score 0.00, 1.43 0.99 2.00, 4.58 0.66 -0.65, 1.76 0.71 -2.91, 1.28 0.025 0.24, 1.19 0.83

FIB-4, score 0.27, 0.20 0.17 0.96, 0.62 0.12 0.03, 0.26 0.89 -0.12, 0.18 0.52 0.07, 0.17 0.69

At multivariate generalized linear models adjusted for age, sex, presence of arterial hypertension, smoking. 

Logistic models were fitted for clinical outcomes, and the impact of genetic variants examined under 

additive models. Non-normally distributed variables were log-transformed before entering the models. ° 

Risk of hospitalization due to severe COVID-19 with respiratory failure. ^ Defined as need for mechanical 

ventilation and/or in-hospital mortality. Chr: chromosome, CRP: C reactive protein, PRS-HFC: polygenic 

risk score of hepatic fat content, HSI: hepatic steatosis index. 
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