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Background: A cytokine storm conceivably contributes to manifestations of corona virus disease (COVID- 

19). Inflammatory cytokines such as interleukin-6 (IL-6) cause acute liver injury while serum detectability 

indicates systemic inflammation. 

Aims: We explored a link between systemic IL-6, related acute phase proteins and liver injury in hospi- 

talized COVID-19 patients. 

Methods: 655 patients with suspected COVID-19 were screened in the emergency department at the Uni- 

versity Hospital of Innsbruck, Austria, between February and April 2020. 96 patients ( ∼15%) were hos- 

pitalized with COVID-19. 15 patients required intensive-care treatment (ICT). Plasma aminotransferases, 

alkaline phosphatase, bilirubin, and gamma glutamyl transferase, as well as IL-6, C-reactive protein (CRP), 

ferritin and lactate dehydrogenase (LDH) were determined by standard clinical assays. 

Results: Of all hospitalized COVID-19 patients, 41 (42%) showed elevated aspartate aminotransferase (AST) 

concentration. COVID-19 patients with elevated AST exhibited significantly higher IL-6 ( p < 0.001), ferritin 

( p < 0.001), LDH ( p < 0.001) and CRP ( p < 0.05) serum concentrations compared to patients with normal 

AST. Liver injury correlated with systemic IL-6 ( p < 0.001), CRP ( p < 0.001), ferritin ( p < 0.001) and LDH 

( p < 0.001) concentration. In COVID-19 patients requiring ICT, correlations were more pronounced. 

Conclusion: Systemic inflammation could be a fuel for hepatic injury in COVID-19. 

© 2020 The Authors. Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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1. Introduction 

In December 2019, a series of patients with pneumonia caused

by a novel severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) was reported from Wuhan, Hubei province in China [1] .

Since then, Coronavirus Disease 2019 (COVID-19) has spread glob-

ally with more than 6.30 0.0 0 0 infections and, by date, more than
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70.00 deaths worldwide. The typical symptoms of SARS-CoV-2

nfection, such as fever, cough, sore throat, or dyspnea, are well

ecognized and have been widely described [2–6] while also or-

ans beyond the respiratory tract may be affected [7 , 8] . 

SARS-CoV-2 is a beta-coronavirus that is closely related to

evere acute respiratory syndrome corona virus (SARS-CoV) [9] .

oth viruses use the angiotensin-converting enzyme–related car-

oxypeptidase (ACE2) as receptor to gain entry into mammalian

ells [10] . Previous studies found that ACE2 expression is related to

he severity of acute respiratory distress syndrome (ARDS) caused

y SARS-CoV infection, and mediates the production of cytokines

n ARDS [11 , 12] . Massive release of pro-inflammatory cytokines

esults in a cytokine storm (also termed cytokine release syn-

rome (CRS)) which is characterized by elevated C-reactive protein

CRP), interleukin 6 (IL-6), lactate dehydrogenase (LDH) and ferritin

oncentration that is accompanied by organ dysfunction (such as
rologica Italiana S.r.l. This is an open access article under the CC BY-NC-ND license 
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RDS, progressive liver damage and liver failure). As such, the sys-

emic release of pro-inflammatory cytokines seems to be a driver

f disease progression in COVID-19 [13–15] . 

The impact of SARS-CoV-2 on liver disease is poorly understood

16 , 17] . Several studies reported clinical features of liver injury

n COVID-19 patients [3–6 , 18–20] with elevated aspartate amino-

ransferase (AST) or alanine aminotransferase (ALT) in 14% to 53%

f COVID-19 patients [3 , 5 , 6] which could be an indicator for severe

neumonia [21] . Similarly, delayed hospital admission after illness

nset was associated with increased risk of liver injury in patients

ith COVID-19 [22] . Notably, hepatic infiltration of lymphocytes,

entrilobular sinusoidal dilation and patchy necrosis could be ob-

erved in COVID-19 patients [23 , 24] , and SARS-CoV-2 might di-

ectly bind to ACE2-expressing cholangiocytes [25] . However, the

rigin of liver injury remains unresolved and could be related to

ystemic inflammation, SARS-CoV-2 infection or drug administra-

ion [26] . 

IL-6 is a potent cytokine with diverse functions during hep-

tic inflammation and regeneration [27] . IL-6 serves inflammatory

danger) signaling and (because of its half life) better indicates sys-

emic inflammation when compared to other cytokines, such as

nterleukin-1 beta (IL-1 β) or TNF-alpha (TNF- α) [28] . The aim of

his study was to explore a link between systemic inflammation

nd liver injury in COVID-19. 
r  

o  
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d

Table 1 

Patient characteristics in Covid-19 patients admitted to general ward (non

Overall 

n 

Age [years] 60.69 ± 18.915 96 

Females (%) 36 (37.5) 96 

Smoker (%) 11 (13.4) 89 

Allergies (%) 21 (23.3) 91 

Malignant disease (%) 9 (9.9) 91 

Hypertension (%) 46 (50.5) 91 

Diabetes (%) 18 (19.8) 91 

Chronic liver disease ∗ , ∗∗ (%) 8 (8.8) 91 

Heart disease (%) 20 (122.2) 90 

Pulmonary disease (%) 10 (11) 91 

Immunosuppression (%) 3 (3.3) 90 

Fever > 37,3 °C (%) 69 (75.8) 91 

Dyspnea (%) 45 (50) 90 

Cough (%) 80 (88.9) 90 

Sputum (%) 24 (26.7) 90 

Hemoptysis (%) 5 (5.6) 89 

Sore throat (%) 26 (28.9) 90 

Nasal obstruction (%) 18 (20) 90 

Muscle ache (%) 60 (66.7) 90 

Fatigue (%) 61 (67.8) 90 

Nausea (%) 14 (15.6) 90 

Vomiting (%) 7 (7.8) 90 

Diarrhea (%) 16 (17.8) 90 

Imaging finding (%) 55 (61.8) 89 

Antibiotic therapy on admisson day (%) 14 (15.7) 89 

Antiviral therapy on admisson day (%) 1 (1.2) 86 

Antibiotic therapy during hospital stay (%) 59 (66.3) 89 

Antiviral therapy during hospital stay (%) 30 (34.5) 87 

Elevated AST 41 (42.7) 96 

Hospital stay (days) 19.4 ± 7.2 96 

ICU stay (days) 24 ± 13.2 96 

Mortality 7 (7.3) 96 

∗∗MAFLD ( n = 6) ∗∗chronic hepatitis B infection ( n = 2). 

Patient characteristics in Covid-19 patients admitted to general ward (non

mean ± standard deviation. AST, aspartate aminotransferase; ICU, intensive
. Methods 

.1. Patients 

The study was performed at the University Hospital of Inns-

ruck, Austria, the only referral hospital in Tyrol, Austria. From

ebruary 26 th , 2020 to April 21 st , 2020, 655 patients with sus-

ected COVID-19 were evaluated. 96 patients were diagnosed with

OVID-19 based on the World Health Organization interim guid-

nce [29] . 81 patients were hospitalized without the need for in-

ensive care, while 15 patients required intensive care treatment on

dmission day. None of the included individuals was admitted to

n intensive care unit (ICU) 3 months prior to study inclusion. 8 of

6 patients showed evidence of hepatic steatosis by ultrasonogra-

hy (6/8 diagnosed with metabolic associated liver disease [30] ) 3

o 12 month prior to hospitalization. No other chronic liver disease

such as chronic viral hepatitis, alcoholic liver disease, immune-

ediated liver disorders or hemochromatosis) were documented

n any patient and all patients had normal liver enzymes docu-

ented in previous biochemical studies (8.9 months ± 6.1months

rior to hospitalization) . None of the patients received any antibi-

tic or antiviral therapy in the past 3 months. Fever was defined

s body temperature ≥ 37.3 °C and dyspnea was defined by a res-

iratory rate ≥ 20 breaths/minute and resting finger oxygen satu-

ation ≤ 93% [31] . Gastrointestinal symptoms were recorded based

n medical history taken at hospital admission. Diarrhea was de-

ned by loose stools > 3 times per day, vomiting was defined by

1 per day. All reported parameters were collected on admission

ay. 
 ICU) or ICU. 

Non ICU ICU non ICU vs ICU 

N n p 

60.98 ± 20.12 81 59.13 ± 10.54 15 ns 

32 (39.5) 81 4 (26.7) 15 ns 

9 (11.8) 76 2 (15.4) 13 ns 

17 (22.1) 77 4 (30.8) 13 ns 

9 (11.5) 78 0 (0) 13 ns 

38 (48.7) 78 8 (61.5) 13 ns 

15 (19.2) 78 3 (23.1) 13 ns 

5 (6.4) 78 3 (23.1) 13 ns 

18 (23.4) 77 2 (15.3) 13 ns 

7 (9) 78 3 (12.1) 13 ns 

1 (1.3) 77 2 (15.4) 13 ns 

56 (71.8) 78 13 (100) 13 0.033 

34 (44.2) 77 11 (84.6) 13 0.014 

68 (88.3) 77 12 (92.3) 13 ns 

22 (28.6) 77 2 (13.3) 13 ns 

5 (6.5) 77 0 (0) 13 ns 

23 (29.9) 77 3 (23.1) 13 ns 

15 (19.5) 77 3 (23.1) 13 ns 

50 (64.9) 77 10 (76.9) 13 ns 

51 (66.2) 77 10 (76.9) 13 ns 

13 (16.9) 77 1 (7.7) 13 ns 

7 (9.1) 77 0 (0) 13 ns 

14 (18.2) 77 2 (15.4) 13 ns 

43 (56.6) 76 12 (92.3) 13 0.012 

11 (14.5) 76 3 (23.1) 13 ns 

1 (1.4) 73 0 (0) 13 ns 

46 (60.5) 76 13 (100) 13 0.04 

17 (23) 74 13 (100) 13 < 0.001 

32 (39.5) 81 9 (60) 15 ns 

8.7 ± 6.3 81 36.2 ± 15.7 15 < 0.001 

0 81 24 ± 13.2 15 < 0.001 

5 (6.2) 81 2 (15.4) 15 0.04 

 ICU) or ICU. Data are expressed as case numbers (percentage) or 

 care unit; MAFLD, metabolic associated fatty liver disease. 
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Table 2 

Laboratory parameters in Covid-19 patients admitted to general ward (non ICU) or ICU. 

Non ICU ICU 

n N p 

Bilirubin [mg/dl] 0.45 (0.3-0.67) 81 0.641 ± 0.30 15 ns 

AST [U/l] 34 (23-56.5) 81 54.73 ± 18.40 15 0.02 

ALT [U/l] 25 (17-42) 81 44.93 ± 24.83 15 ns 

Maximum AST [U/l] 57.4 ± 44.8 81 179.9 ± 121.1 15 < 0.001 

Maximum ALT [U/l] 59.1 ± 32.9 81 178.3 ± 116.9 15 < 0.001 

Maximum AST after hospital admission (days) 3.1 ± 2.0 81 11.7 ± 5.6 15 < 0.001 

Maximum ALT after hospital admission (days) 3.9 ± 2.1 81 15.5 ± 6.9 15 < 0.001 

Liver stiffness (kPa) 4.8 ± 2.7 25 0 15 –

CK [U/l] 111.3 ± 81.5 81 107.6 ± 52.1 15 ns 

Troponin T [U/l] 16.8 ± 9.2 81 10.9 ± 6.2 15 ns 

Creatinine [mg/dl] 0.85 ± 0.28 81 0.84 ± 0.21 15 ns 

LDH [U/l] 256.6 ± 95.9 81 439.2 ± 176.2 15 < 0.001 

GGT [U/l] 38 (25-67) 81 47 (27-82) 15 ns 

AP [U/l] 61 (47-72.5) 81 60 (50-69) 15 ns 

CRP [mg/dl] 3.28 (0.58-7.35) 81 12.982 ± 9.33 15 < 0.001 

PCT [μg/l] 0.08 (0.6-0.23) 81 0.28 (0.2-0.7) 15 < 0.001 

IL-6 [ng/l] 18.6 (5.3-68.3) 81 92.2 (18-171.6) 15 0.003 

Leukocytes [10 9 /l] 5.821 ± 1.94 81 7.033 ± 3.25 15 ns 

Hb [g/l] 133.26 ± 17.31 81 131 ± 21.86 15 ns 

Platelets [10 9 /l] 220 (171-294.5) 81 227.67 ± 92.77 15 ns 

Prothrombin time [%] 1 (0.9-1) 81 1.02 ± 0.11 15 ns 

Ferritin [μg/l] 525 (217-982) 81 1650.67 ± 1187.12 15 < 0.001 

Laboratory parameters of Covid-19 patients admitted to ICU or general ward (non ICU). Quantitative data were ex- 

pressed as means ± standard deviation if normally distributed. For non-normally distributed variables, data are shown 

as medians with first and third quartiles. AP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine 

aminotransferase; kPa, Kilopascal; CK, creatinine kinase; CRP, C-reactive protein; GGT, gamma-glutamyl transferase; Hb, 

hemoglobin; ICU, intensive care unit; IL-6, interleukin 6; LDH, lactate dehydrogenase; mg/dl, milligrams/deciliter; μg/l, 

micrograms/liter; PCT, procalcitonin; U/l, Units/liter. 

Fig. 1. IL-6 correlates with AST and is increased in patients with impaired liver function. (A) IL-6 and AST levels correlate in all hospitalized patients. (B) IL-6 levels correlate 

with AST concentration in non ICU and ICU patients. Displayed are IL-6 concentrations in patients with normal AST and elevated AST in (C) non ICU and (D) ICU patients. Data 

are shown as mean ± SEM, n : (C-D). ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001 according to Spearman correlation or Student’s t -test. AST, aspartate aminotransferase; ICU, intensive 

care unit; IL-6, interleukin 6. 
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Fig. 2. CRP correlates with AST and is increased in patients with impaired liver function. (A) CRP and AST levels correlate in all hospitalized patients. (B) CRP levels correlate 

with AST concentration in non ICU and ICU patients. Displayed are CRP concentrations in patients with normal AST and elevated AST in (C) non ICU and (D) ICU patients. Data 

are shown as mean ± SEM, n : (C-D). ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001 according to Spearman correlation or Student’s t -test. AST, aspartate aminotransferase; CRP, C-reactive 

protein; ICU, intensive care unit. 
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.2. SARS-CoV2- analysis 

Laboratory confirmation of SARS-CoV-2 infection was per-

ormed using previously described real-time polymerase chain re-

ction [4] as recommended by the Centers for Disease Control and

revention (DeKalb, GA). 

.3. Liver parameters 

Elevated liver tests were defined by the AST ≥ 50 Units/liter

U/l), ALT ≥ 50 U/l, gamma-glutamyl transferase (GGT) ≥ 71 U/l,

lkaline phosphatase (AP) ≥ 129 U/l and total bilirubin ≥ 1.28 U/l

ssessed on admission day. In COVID-19 consensus on liver injury

lassification by biochemical means is lacking. Therefore, patients

isplaying AST concentrations ( ≥ 50 U/l) was considered to be in-

reased (as in other clinical situations). 

.4. IL-6 and acute phase proteins 

IL-6, CRP, LDH and ferritin were determined by Cobas 80 0 0,

Roche, Basel, Switzerland) according to the manufacturer ́s spec-

fication. The lower detection limit of the assay for IL-6 is <

 nanograms/mililter (ng/ml), for CRP 0,05 miligrams/deciliter

mg/dl) and 20 micrograms/liter (μg/l) for ferritin. The established

ut-off value for CRP is 0,50 mg/dl, for LDH 100 U/l and for ferritin

00 μg/l. 
.5. Creatininkinase (CK), Troponin T and creatinine (Crea) 

CK, Troponin T and Crea were determined by Cobas 80 0 0,

Roche, Basel, Switzerland) according to the manufacturer ́s spec-

fication. The lower detection limit of the assay for CK is <

0U/l, for Troponin T i5 nanograms/deciliter (ng/dl) and 0,3 micro-

rams/deciliter (mgd/l) for Crea. The established cut-off value for

K is 190 U/l, for Troponin T is 50 ng/dl and 1,2 mg/dl for Crea. 

.6. Data analysis 

Data were expressed as mean ± standard error of mean or

s median with first and third quartiles. For comparing quantita-

ive variables, the Student’s t-test or the non-parametric Mann–

hitney U or Wilcoxon signed-rank test were used as appropriate.

ormality of distribution was determined by Kolmogorov-Smirnov

est. The correlation analysis was estimated using the Spearman’s

 coefficient A p -value < 0.05 was considered as statistically signif-

cant. All statistical analyses were performed using SPSS Statistics

.22 (IBM, Chicago, IL) and GraphPad PRISM 5 (La Jolla, CA). 

.7. Ethical consideration 

The study protocol was approved by the institutional ethics

ommission with an amendment to AN2017-0016 369/4.21 and in-

ormed consent was obtained, if applicable, from each patient in-

luded in the study. The study protocol conforms to the ethical
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Fig. 3. Ferritin correlates with AST and is increased in patients with impaired liver function. (A) Ferritin and AST levels correlate in all hospitalized patients. (B) Ferritin levels 

correlate with AST concentration in non ICU and ICU patients. Displayed are ferritin concentrations in patients with normal AST and elevated AST in (C) non ICU and (D) ICU 

patients. Data are shown as mean ± SEM, n : (C-D). ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001 according to Spearman correlation or Student’s t -test. AST, aspartate aminotransferase; 

ICU, intensive care unit. 
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guidelines of the 1975 Declaration of Helsinki (6 th revision, 2008)

as reflected in a priori approval by institutional ethics commission.

3. Results 

3.1. Clinical characteristics of hospitalized COVID-19 patients 

The mean age of patients included into our study was 60.69

years with 37.5% ( n = 36) females. Patients characteristics are listed

in Table 1 . Most COVID-19 patients reported fever (75.8%), cough

(88.9%), muscle pain (66.7%) and fatigue (67.8%), whereas dysp-

nea was noted in 50% of patients. Gastrointestinal symptoms like

nausea, vomiting, and diarrhea were present in 15.6%, 7.8% and

17.8%, respectively. Importantly, 61.8% of patients showed typical

radiologic findings in imaging studies (chest X-ray or computed to-

mography). Most patients reported chronic diseases like hyperten-

sion (50.5%), type 2 diabetes (19.8%), pulmonary disease (11%) and

13.4% reported a history of smoking. During hospitalization (i.e.

after liver enzyme testing) 66.3% of patients received antibiotic-

therapy with cephalosporines in all cases to cover secondary in-

fections, and 42.7% of patients received anti-viral therapy with

favipiravir. Important to note, only 3 patients received antibiotic

therapy and none received anti-viral therapy ahead of admission.

On admission day, 32 non-ICU patients (39.5%) displayed elevated

AST, 60% of patients at the ICU showed elevated AST, and no pa-

tient showed clinical or biochemical features of fulminant hepati-

tis ( Table 1 ). Skeletal muscle, myocardium, and kidney might all

be sources of AST, therefore AST levels were correlated with CK

(non significant (ns), data not shown), Troponin T (ns, data not
hown) and Crea (ns, data not shown). ALT was elevated in only

 patients on admission day. These findings are going in line with

ther studies, suggesting ALT elevation appears at a later time-

oint during COVID-19 [21 , 22 , 26] . None of the patients showed

levated Bili, GGT and AP at a such early stage of disease. ICU

atients displayed higher frequencies of fever ( p = 0.033), dyspnea

 p = 0.014) and imaging findings ( p = 0.012) at admission, compared

o non ICU patients ( Table 1 ). During hospitalization none of the

on ICU-patients was transferred to the ICU. The length of hos-

ital stay was significantly longer in ICU patients ( p < 0.001) and

ortality rate was significantly higher in ICU patients ( p < 0.001)

 Table 1 ). Patients admitted to the ICU showed significantly higher

evels of AST ( p = 0.02), CRP ( p < 0.001), LDH ( p < 0.001), procalci-

onin (PTC, p < 0.001), ferritin ( p < 0.001) and IL-6 ( p = 0.003) ( Table

 ). Furthermore maximum AST ( p < 0.001) and ALT ( p < 0.001) dur-

ng hospital stay were significantly higher and peaked significantly

ater during disease course ( p < 0.001) in ICU patients ( Table 2 ). 

.2. Liver damage correlates with IL-6 and acute phase proteins 

IL-6 positively correlated with AST in all patients ( r 2 = 0.481,

 < 0.001, Fig. 1 A). In both ICU and non-ICU patients a positive cor-

elation could be observed ( Fig. 1 B) with more pronounced effects

n ICU patients ( r 2 = 0.610, p = 0.016). Splitting our cohort in indi-

iduals with increased ( ≥ 50 U/l) and normal ( < 50 U/l) AST con-

entration, we could observe higher IL-6 levels in non ICU patients

 p < 0.001, Fig. 1 C) as well as ICU patients ( p = 0.048, Fig. 1 D) with

levated AST. IL-6 didn ́t correlate with ALT, GGT, Bilirubin and AP

n admission day. 
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Fig. 4. LDH correlates with AST and is increased in patients with impaired liver function. (A) LDH and AST levels correlate in all hospitalized patients. (B) LDH levels correlate 

with AST concentration in non ICU and ICU patients. Displayed are LDH concentrations in patients with normal AST and elevated AST in (C) non ICU and (D) ICU patients. 

(E) Correlation heat map of biochemical parameters in all hospitalized patients. Tile colours code for magnitude of the correlation with darker shades indicating stronger 

correlation. The first two decimal digits of r are displayed. Only significant correlations are shown. Data are shown as mean ± SEM, n : (C-D). ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001 

according to Spearman correlation or Student’s t -test. LDH, lactate dehydrogenase; AST, aspartate aminotransferase; ICU, intensive care unit. 
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Likewise, CRP correlated with AST in all hospitalized patients

r 2 = 0.38, p < 0.001, Fig. 2 A). Both ICU ( r 2 = 0.539, p = 0.038, Fig. 2 B)

nd non ICU ( r 2 = 0.328, p = 0.003, Fig. 2 B) patients displayed a

orrelation with CRP and AST at admission. In individuals with

iver damage, CRP levels were higher in non-ICU patients ( p < 0.001,

ig. 2 C), whereas we could not observe any significant difference

n patients at the ICU ( p = 0.256, Fig. 2 D). Similarly, ferritin con-

entration correlated with AST ( r 2 = 0.6, p < 0.001, Fig. 3 A), although

n ICU patients this effect was more distinct ( r 2 = 0.84, p < 0.001,

ig. 3 B) compared to non-ICU patients ( r 2 = 0.578, p < 0.001, Fig. 3 B).

n both non-ICU and ICU patients, individuals with elevated AST

eem to have higher concentrations of ferritin ( Fig. 3 C and D). Fur-

hermore, LDH concentration correlated with AST ( r 2 = 0.6, p < 0.001,

ig. 4 A), although in ICU patients this effect was more dis-

inct ( r 2 = 0.84, p < 0.001, Fig. 4 B) compared to non-ICU patients

 r 2 = 0.578, p < 0.001, Fig. 4 B). In Non-ICU patients LDH levels were

igher in individuals with increased AST ( p < 0.01, Fig. 4 C), whereas

CU patients with altered AST only tended to be higher ( p = 0.162,

ig. 4 D). Furthermore, maximum AST and ALT levels correlated di-

ectly with IL-6, Ferritin and CRP in non-ICU patients ( Fig. 4 E).

urthermore, we performed a longitudinal comparison of AST, ALT

nd Bilirubin. Liver parameters were more pronounced in patients
ith higher IL-6 levels. Data are now presented in Supplementary

ig. 1. We compared outcome data with IL-6 and acute phase pro-

ein levels. IL-6 was positively correlated with duration of hospital

tay ( r 2 = 0.109, p ≤0.01 Supp. Fig. 2A), ICU stay ( r 2 = 0.162, p ≤0.001

upp. Fig. 2A), days of mechanical ventilation ( r 2 = 0.146, p ≤0.001

upp. Fig. 2A), and negatively correlated with mean arterial

ressure ( r 2 = 0.082, p ≤0.01 Supp. Fig. 2A). CRP also showed a sig-

ificant correlation whereas LDH, showed no significant correlation

ith mean arterial pressure. Supp. Fig. 2b and c). Ferritin was not

ignificantly correlated to patient ́s outcome (data not shown). 

. Discussion 

Previous studies reported signs of liver injury by biochemical

nd histologic means in COVID-19 patients [4 , 19 , 21–23 ]. However,

he origin of hepatic damage in COVID-19 is poorly understood

nd potentially involves systemic inflammation, viral replication

r drug-induced liver injury. Today, we lack evidence for SARS-

oV-2 replication in the liver and our study renders drug-induced

iver injury as cause of elevated liver enzymes very unlikely. We

ather found a direct correlation between systemic inflammation

indicated by IL-6, CRP and ferritin) and liver damage . IL-6 pro-



164 M. Effenberger, C. Grander and F. Grabherr et al. / Digestive and Liver Disease 53 (2021) 158–165 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

duction may stem from immune cells [32] fibroblasts, endothelial

cells [33] and hepatocytes [27 , 34] which orchestrates an hepatic

acute phase response [32 , 35 , 36] . While IL-6 signaling impinges on

hepatic regeneration [27] , clinical studies (that for example tested

the effect of IL-6 administration in cancer patients) demonstrated

a critical role of this pathway in hepatic injury and hepatotoxic-

ity [37–39] . In line with a critical impact of systemic inflammation

and specifically IL-6 on liver injury, we noted a direct correlation

between acute phase proteins and IL-6 in the serum of COVID-

19 patients with elevated AST. Based on previous reports and our

study, with the limitation of the Cross-sectional design, we propose

that the systemic inflammatory response to SARS-CoV-2 infection

to COVID-19 patients serves as a fuel of hepatic injury. In line with

this, our findings appeared more pronounced in COVID-19 patients

with a more severe CRS (i.e. that required intensive care measures).

Vice versa, tocilizumab, a recombinant humanized monoclonal an-

tibody targeting the human IL-6 receptor, reversed liver injury dur-

ing CRS that was induced by non-infectious means (i.e. CAR-T cell

therapy) [40 , 41] . 

While experimental evidence suggests that blockade of an in-

flammatory response in SARS-CoV-2-related CRS improves the

course of infection [42 , 43] , clinical trials are pending. In the pre-

vious MERS-CoV epidemic, IL-6 and other inflammatory cytokines,

such as IL-2 have been identified as key players during infection

and trigger hepatic injury [44 , 45] . In COVID-19 patients, elevated

IL-6 concentrations (amongst others) have been described [46] and

a cytokine signature was indeed associated with loss of lung func-

tion, lung injury and outcome [47] . As such, it appears that SARS-

CoV-2 potently triggers a systemic cytokine response that is detri-

mental for some patients (as in CRS) while factors that control this

response remain undetermined. This cytokine response, but proba-

bly not viral burden, seems to play the key role in disease severity

and patient outcome [48] . 
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