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Background and Aims: The impact of coronavirus disease 2019 (COVID-19) on

patients with acute-on-chronic liver failure (ACLF) remains unclear. To investigate

the clinical characteristics of patients with ACLF complicated with COVID-19 in

order to provide evidence for the precise treatment of this patient population.

Methods: A total of 34 ACLF patients with COVID-19 admitted to these three

hospitals from December 2022 to August 2023 were included as the ACLF

+COVID-19 group. Additionally, 34 age-, gender-, etiology-, and Model for End-

Stage Liver Disease-Sodium (MELD-Na) score-matched ACLF patients were

screened from 286 ACLF patients as the ACLF group. From 382 COVID-19

patients, 34 were selected as the COVID-19 group, matching the ACLF+COVID-

19 group in age, gender, and illness severity. Clinical features of these three

groups were compared, with the primary measure being the 28-day mortality

rate in the ACLF patients and the secondary measures including clinical

symptoms, laboratory tests, comorbidities, and complications in three groups.

Results: Compared with the ACLF group, the ACLF+COVID-19 group had

significantly higher incidence rates of fever, cough, sputum production, fatigue,

and hypoxemia (all p<0.01). Patients in the ACLF+COVID-19 group were more

likely to have hepatic encephalopathy (p=0.015), lower platelet count (p=0.016)

and elevated IL-6 level (p=0.026), and higher MELD-Na score (p=0.041) one week

after admission, but without a significant increase in 28-daymortality rate (p=0.16).

Conclusions: ACLF patients with COVID-19 have increased risk for

thrombocytopenia, more obvious inflammatory response, and rapid disease

progression 1 week after admission, but the 28-day mortality rate is similar to

that of ACLF patients without COVID-19.
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1 Introduction

Acute-on-chronic liver failure (ACLF) is a clinical syndrome

characterized by acute liver injury and organ failure in patients with

chronic liver disease (CLD) or cirrhosis, with a high risk of short-

term mortality (Sarin et al., 2019). Amidst the coronavirus disease

2019 (COVID-19) pandemic, which has emerged as the most

significant public health challenge in the 21st century, a growing

body of research has documented cases of liver dysfunction in

COVID-19 patients (Jothimani et al., 2020; Sun et al., 2020).

Therefore, the persisting severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) infection poses a substantial

challenge for the management of ACLF patients.

COVID-19 is characterized by respiratory symptoms such as fever,

cough, and sputum production (Singh and Khan, 2020), in addition to

varying degrees of liver injuries (Cichoz-Lach and Michalak, 2021). A

large multicenter study on liver injury patterns of COVID-19 in Asia

found that SARS-CoV-2 infection could lead to severe liver injury in

patients with chronic liver disease, decompensating one fifth of

cirrhosis and worsening the clinical status of these patients (Sarin

et al., 2020). In addition, a North American multicenter paired study

revealed a poor overall prognosis among patients with cirrhosis and

COVID-19 (Bajaj et al., 2021). Studies have shown that SARS-CoV-2

binds to angiotensin-converting enzyme 2 (ACE2) on human cells and

triggers immune responses and inflammation, leading to injuries to

multiple organs and tissues including the lungs, liver, and muscles

(Ashraf et al., 2021; Gusev et al., 2022). SARS-CoV-2 has also been

reported to induce dysregulated inflammatory responses and trigger

cytokine storms (Fara et al., 2020). The progression of ACLF is closely

associated with immune dysregulation, and the activation of systemic

immune responses and inflammation is widely acknowledged as the

central pathogenic mechanism of ACLF (Wu et al., 2010; Fyfe et al.,

2018). Cytokines play a key role in the progression of ACLF, and the

secretion of cytokines, including interleukin-6 (IL-6), triggers extensive

hepatocyte death and exacerbates the decline in liver function

(Casulleras et al., 2020). However, the impact of COVID-19 on the

prognosis of ACLF patients remain unclear, and few studies have

compared the outcomes of ACLF with or without COVID-19. As

COVID-19 remains an established and ongoing health issue, ACLF

patients will continue to be at risk of contracting COVID-19. Further

clinical observation and research will help us understand the impact of

COVID-19 on ACLF patients and optimize the management of this

patient population.

The present multicenter paired study aimed to compare the

clinical symptoms, comorbidities, complications, laboratory data,

and 28-day mortality rate between ACLF patients with and without

COVID-19 and to elucidate the impact of COVID-19 on

ACLF patients.
2 Methods

2.1 Study design and subjects

All patients hospitalized due to ACLF and all SARS-CoV-2-

positive patients in Shanxi Bethune Hospital, Beijing You’an
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Hospital, and Jincheng General Hospital from December 2022 to

August 2023 were retrospectively reviewed in this multicenter

paired cohort study.

The inclusion criteria were: (i) with a diagnosis of ACLF

according to the Asian Pacific Association for the Study of the

Liver (APASL) expert consensus on ACLF: acute hepatic insult

manifesting as jaundice (TBIL≥85 µmol/L) and coagulopathy (INR

≥ 1.5 or PTA< 40%), complicated within 4 weeks by ascites and/or

hepatic encephalopathy (HE) in a patient with previously diagnosed

or undiagnosed chronic liver disease or cirrhosis (Sarin et al., 2019);

(ii) with a diagnosis of COVID-19 according to the Diagnosis and

Treatment Protocol for COVID-19 (Trial Version 10), which

requests a positive COVID-19 nucleic acid test or COVID-19

antigen test; and (iii) aged 18 - 70 years. The exclusion criteria

were: (i) with other lung infections (e.g., influenza A/B or

pulmonary bacterial infection); (ii) with liver cancer and/or other

malignant tumors; and (iii) with other disorders of the

immune system.

All the included ACLF patients were divided into ACLF

+COVID-19 group and ACLF group according to the presence or

absence of COVID-19. Patients in these two groups were matched

1:1 according to age, gender, etiology, and Model for End-stage

Liver Disease-Sodium (MELD-Na) score at the time of admission.

The ACLF+COVID-19 group and the COVID-19 group were

matched 1:1 in terms of age at admission, gender, and illness

severity (Figure 1). The study was conducted in accordance with

the Declaration of Helsinki, and the research protocol was approved

by Shanxi Bethune Hospital (NO: YXLL-2023-233).
2.2 Collection of clinical data

The basic demographic data and clinical information of each

patient during hospitalization, including gender, age, etiology,

symptoms, comorbidities, complications, and 28-day mortality

rate, were collected from the electronic medical records. The

laboratory data including blood cell counts, liver and kidney

functions, coagulation-related indicators, and cytokines were also

collected. The MELD-Na score, APASL ACLF Research

Consortium (AARC) score, and Sequential Organ Failure

Assessment (SOFA) score at admission and the MELD-Na score

after 1 week were calculated. All the collected data were reviewed by

the research team and double-checked by experienced physicians.

All ACLF patients received hepatoprotective, enzyme-lowering,

and anti- jaundice drug therapy, a long with albumin

supplementation. General supportive care and nonbiological

artificial liver (NBAL) were applied. Molnupiravir was

administered in the ACLF+COVID-19 group. Patients in the

COVID-19 alone group were given antiviral therapy and general

supportive care.
2.3 Sample size calculation

With an attempt to investigate the clinical characteristics of

ACLF patients with COVID-19, we divided the enrolled ACLF
frontiersin.org
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patients into ACLF+COVID-19 group and ACLF group.

Preliminary experiments showed IL-6 levels of 155.33 ± 98.1 in

the ACLF+COVID-19 group and 51.97 ± 56.48 in the ACLF group.

Accordingly, a sample size of 12 patients per group was calculated

using the PASS 2021 software (NCSS, LLC, USA) with a significance

level (a) of 0.05, a power of 0.8, and an equal allocation ratio of 1:1.
2.4 Statistical analysis

Statistical analysis was carried out using the SPSS software

package (version 26.0; IBM). The normally distributed

measurement data are presented as mean ± standard deviation

and compared using independent samples t test. The non-normally

distributed measurement data are presented as medians

(interquartile ranges) and compared using a nonparametric test

(Kruskal-Wallis test). Count data are described as frequency or

percentage and compared using a Chi-square test or Fisher’s exact

test. The survival curves were plotted by the Kaplan-Meier survival

analysis method. The Spearman correlation test was used to analyze

the potential correlations of IL-6 with MELD-Na score, AARC

score, and SOFA score. A p value <0.05 was considered

statistically significant.
3 Results

3.1 Basic features of the subjects

The age, gender, etiology, and MELD-Na score were matched

between the two ACLF groups. While the incidence of

cardiovascular disease (CVD) was similar, the ACLF+COVID-19
Frontiers in Cellular and Infection Microbiology 03
group had significantly higher incidence rates of type 2 diabetes

mellitus (T2DM) (8 [23.5%] vs 2 [5.89%]; p=0.04) and hepatic

encephalopathy (14 [41.18%] vs 5 [14.71%]; p=0.015). The total

bilirubin (TBIL), direct bilirubin (DBIL), and prothrombin time

(PT) were higher than the normal ranges in ACLF+COVID-19

patients, whereas the albumin (ALB) level was below the minimum

thresholds. In addition, the ACLF+COVID-19 group had a

significantly lower platelet (PLT) count than the ACLF group

(55.5 [24-99] vs 90 [77-167]; p=0.016). Compared with the

COVID-19 group, the ACLF+COVID-19 group had significantly

higher levels of MELD-Na score (27 ± 13 vs 8 ± 3; p<0.001),

aspartate aminotransferase (AST) (113.2 [31.25-236] vs 26.7 [20.8-

34.6]; p=0.001), TBIL (263.85 ± 188.11 vs 15.03 ± 5.5; p<0.001),

DBIL (173.9 [45.83-371.6] vs 3.2[2.4-4.8]; p<0.001), PT (25.22 ±

5.34 vs 11.8[10.9-12.5]; p<0.001), international normalized ratio

(INR) (2.36 [1.87-2.62] vs 1.09 [1.01-1,13]; p<0.001), D-dimer (DD)

(1060.5 [309.25-3506.5] vs 169.13 ± 88.73; p=0.001), neutrophils

(7.54 ± 5.92 vs 4.27 ± 2.25; p=0.029), and lower rate/levels of CVD

(2 [5.89%] vs 13 [38.24%]; p=0.001), ALB (30.07 ± 6.01 vs 38.45 ±

5.03; p<0.001), hemoglobin (Hb) (98.47 ± 32.99 vs 140.27 ± 14.69;

p<0.001) , and PLT (55.5 [24-99] vs 180 [124-225] ;

p<0.001) (Table 1).
3.2 Clinical manifestations of patients with
ACLF and COVID-19

The incidence rates of fever (23 [67.6%] vs 12 [35.29%];

p=0.008), cough (18 [52.94%] vs 6 [17.65%]; p=0.002), sputum

production (15 [44.12%] vs 4 [11.76%]; p=0.003), fatigue (20

[58.82%] vs 8[23.5%]; p=0.003), and hypoxemia (12 [35.29%] vs 3

[8.82%]; p=0.008) in the ACLF+COVID-19 group were
FIGURE 1

Flowchart of patient screening and pair-matching.
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significantly higher compared with those in the ACLF group.

Patients with ACLF+COVID-19 group had lower rates of cough

(18 [52.94%] vs 28 [82.35%]; p=0.01), sputum production (15

[44.12%] vs 27 [79.41%]; p=0.003), dyspnea (8 [23.53%] vs 17

[50%]; p=0.024), and muscle aches (1 [2.94%] vs 10 [29.41%];

p=0.003) compared with those in the COVID-19 group (Table 2).
3.3 Inflammatory cytokines

IL-6, IL-8, and IL-10 levels were higher than the normal ranges

in both ACLF groups. However, the IL-6 level in the ACLF

+COVID-19 group was significantly higher than that in the

ACLF group (161.43 [82.75 - 479.9] vs 43.47 [14.35-100.21];

p=0.026). In addition, the ACLF+COVID-19 group had higher

IL-6 levels (161.43 [82.75 - 479.9)] vs 7.96 [29.3-18.54]; p=0.004),

IL-8 levels (302.77 ± 264.24 vs 7.53 ± 9.24; p=0.041), and IL-17
Frontiers in Cellular and Infection Microbiology 04
levels (28.89 ± 24.43 vs 0 [0-2.76]; p=0.022) than the COVID-19

group (Table 3).
3.4 Correlations of IL-6 level with
clinical scores

In the two ACLF groups, IL-6 level had a significant positive

correlation with MELD-Na score, AARC score, and SOFA score.

Notably, such correlations were stronger in the ACLF+COVID-19

group (Figure 2).
3.5 Patient features in two ACLF groups
after stratification with AARC score

Stratified by AARC score, the IL-6 levels were significantly

elevated in the ACLF+COVID-19 patients with an AARC score
TABLE 1 Basic features of patients in the three groups at admission.

ACLF
group (n=34)

ACLF+COVID-19
group (n=34)

COVID-19
group (n=34)

aP-value bP-value

Age, years 52 ± 9.67 52.82 ± 9.89 52.71 ± 10.01 0.73 0.769

Male, No. (%) 23 (67.65%) 23 (67.65%) 23 (67.65%) 1 1

Etiology

HBV/Alcohol/Drug/AIH/
Other, No.

11/16/2/3/2 11/16/1/3/3 – 1 –

Comorbidity

T2DM, No. (%) 2 (5.88%) 8 (23.53%) 14 (41.18%) 0.04 0.12

Hypertension, No. (%) 8 (23.53%) 6 (17.65%) 12 (35.29%) 0.549 0.099

CVD, No. (%) 1 (2.94%) 2 (5.88%) 13 (38.24%) 1 0.001

Complication

Ascites, No. (%) 29 (85.29%) 30 (88.24%) 0 (0%) 1 <0.001

HE, No. (%) 5 (14.71%) 14 (41.18%) 0 (0%) 0.015 <0.001

ALT, IU/L 137.1 (42.2-377.7) 35.3 (21.93-348.5) 33.69 ± 24.67 0.191 0.165

AST, IU/L 328 (82.3-488.4) 113.2 (31.25-236) 26.7 (20.8-34.6) 0.237 0.001

TBIL, umol/L 390.84 ± 175.58 263.85 ± 188.11 15.03 ± 5.5 0.066 <0.001

DBIL, umol/L 288 (134.7-388.6) 173.9 (45.83-371.6) 3.2 (2.4-4.8) 0.101 <0.001

ALB, g/L 27.92 ± 3.49 30.07 ± 6.01 38.45 ± 5.03 0.242 <0.001

BUN, umol/L 4.2 (3.03-9.53) 8.65 (3.63-15.6) 5.63 ± 1.65 0.291 0.144

Cr, mmol/L 90 (75.4-125.1) 84.75 (70.5-141.3) 91.23 ± 25.84 0.917 0.548

K+, mmol/L 3.72 ± 0.8 3.83 ± 0.73 3.77 ± 0.26 0.682 0.761

Na+, mmol/L 133.79 ± 6.07 134.69 ± 5.26 136.34 ± 3.62 0.67 0.325

PT, s 22.39 ± 6.81 25.22 ± 5.34 11.8 (10.9-12.5) 0.215 <0.001

INR 1.91 (1.61-2.26) 2.36 (1.87-2.62) 1.09 (1.01-1,13) 0.174 <0.001

(Continued)
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grade I (80.12 [81.29-82.45] vs 11.15 [13.22-15.28]; p=0.018) and II

(230.44 [81.87-495.25] vs 36.84 [12.85-81.01]; p=0.001) compared

with the ACLF group. The incidence of hepatic encephalopathy was

significantly higher in patients with ACLF+COVID-19 with AARC
Frontiers in Cellular and Infection Microbiology 05
score III (9 [81.82%] vs 3 [30%]; p = 0.03). Additionally, the ACLF

+COVID-19 patients with an AARC score grade II (70 [33.25-

108.75] vs 133.5 [83-167]; p=0.003) and III (46.18 ± 26.03 vs 74.6 ±

31.83; p=0.037) had significantly lower platelet counts (Table 4).
TABLE 1 Continued

ACLF
group (n=34)

ACLF+COVID-19
group (n=34)

COVID-19
group (n=34)

aP-value bP-value

Complication

DD, ng/mL 1260 (953-3268) 1060.5 (309.25-3506.5) 169.13 ± 88.73 0.359 0.001

WBC, ×109/L 7.12 ± 2.87 9.22 ± 6.04 6.21 ± 2.83 0.234 0.071

Hb, g/L 117.47 ± 30.09 98.47 ± 32.99 140.27 ± 14.69 0.111 <0.001

PLT, ×109/L 90 (77-167) 55.5 (24-99) 180 (124-225) 0.016 <0.001

Neutrophil, ×109/L 5.05 ± 2.54 7.54 ± 5.92 4.27 ± 2.25 0.145 0.029

Lymphocyte, ×109/L 1.13 ± 0.59 0.86 ± 0.67 1.23 ± 0.82 0.254 0.11

MELD-Na score 26 ± 8 27 ± 13 8 ± 3 0.932 <0.001

AARC score 10 ± 2 10 ± 2 – 1 –

AARC score grade I 4 (11.76%) 3 (8.82%) – 1 –

AARC score grade II 20 (58.82%) 20 (58.82%) – 1 –

AARC score grade III 10 (29.41%) 11 (32.35%) – 0.793 –

SOFA score 7 (6-9) 8 (7-9) – 0.215 –
aP-value: Comparison between ACLF+COVID-19 group and ACLF group. bP-value: Comparison between ACLF+COVID-19 group and COVID-19 group. HBV, hepatitis B virus; AIH,
autoimmune hepatitis; T2DM, type 2 diabetes mellitus; CVD, cardiovascular disease; HE, hepatic encephalopathy; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total
bilirubin; DBIL, direct bilirubin; ALB, albumin; BUN, blood urea nitrogen; Cr, creatinine; PT, prothrombin time; INR, international normalized ratio; DD, D-dimer; WBC, white blood cell; Hb,
hemoglobin; PLT, platelets.
TABLE 2 Clinical manifestations of patients in the three groups.

No. (%)

ACLF group (n=34) ACLF+COVID-19 group (n=34) COVID-19 group (n=34) aP-value bP-value

Fever 12 (35.29%) 23 (67.65%) 24 (70.59%) 0.008 0.793

Cough 6 (17.65%) 18 (52.94%) 28 (82.35%) 0.002 0.01

Sputum production 4 (11.76%) 15 (44.12%) 27 (79.41%) 0.003 0.003

Fatigue 8 (23.53%) 20 (58.82%) 20 (58.82%) 0.003 1

Dyspnea 5 (14.71%) 8 (23.53%) 17 (50%) 0.355 0.024

Chest discomfort 2 (5.88%) 4 (11.76%) 9 (26.47%) 0.673 0.123

Nausea/vomiting 7 (20.59%) 6 (17.65%) 5 (14.71%) 0.758 0.742

Abdominal pain 5 (14.71%) 8 (23.53%) 2 (5.88%) 0.355 0.04

Diarrhea 6 (17.65%) 10 (29.41%) 2 (5.88%) 0.253 0.011

Bloating 21 (61.76%) 25 (73.53%) 0 (0%) 0.3 <0.001

Muscle aches 0 (0%) 1 (2.94%) 10 (29.41%) 1 0.003

Runny nose 1 (2.94%) 3 (8.82%) 3 (8.82%) 0.614 1

Sore throat 0 (0%) 4 (11.76%) 8 (23.53%) 0.114 0.203

Dysgeusia 0 (0%) 1 (2.94%) 1 (2.94%) 1 1

Anosmia 0 (0%) 2 (5.88%) 1 (2.94%) 0.493 1

Hypoxemia 3 (8.82%) 12 (35.29%) 13 (38.24%) 0.008 0.801
aP-value: Comparison between ACLF+COVID-19 group and ACLF group. bP-value: Comparison between ACLF+COVID-19 group and COVID-19 group.
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3.6 28-day mortality rates in the ACLF
+COVID-19 group

TheMELD-Na score showed no significant differences between the

two ACLF groups at admission. However, it was significantly higher in

the ACLF+COVID-19 group one week later (26 [21-29] vs 21 [15-25];

p=0.041), suggesting rapid disease progression within one week of
Frontiers in Cellular and Infection Microbiology 06
admission (Figure 3). In addition, the MELD-Na score in the COVID-

19 group was significantly lower than that in the ACLF+COVID-19

group one week after admission (26 [21-29] vs 5.87 ± 2.77; p <0.001).

The 28-day mortality rate was slightly higher in the ACLF+COVID-19

group than in the ACLF group (4 [11.76%] vs 1 [2.9%]; p = 0.16) and

the COVID-19 group (4 [11.76%] vs 1 [2.9%]; p = 0.16); however, these

differences were not statistically significant (Figure 4).
TABLE 3 Cytokine levels in the three groups.

ACLF group (n=34) ACLF+COVID-19 group (n=34) COVID-19 group (n=34) aP-value bP-value

IL-1b, pg/mL 3.21 ± 0.71 2.46 ± 1.09 2.03 ± 1.61 0.186 0.595

IL-2, pg/mL 2.25 (1.36-3.12) 2.75 (1.56-3) 1.42 ± 0.52 1 0.059

IL-4, pg/mL 3.07 ± 0.66 2.26 ± 1.06 1.08 ± 0.89 0.144 0.063

IL-5, pg/mL 2.21 ± 0.56 1.61 ± 0.44 1.26 (1.08-1.78) 0.66 0.42

IL-6, pg/mL 43.47 (14.35-100.21) 161.43 (82.75-479.9) 7.96 (29.3-18.54) 0.026 0.004

IL-8, pg/mL 388.4 ± 342.02 302.77 ± 264.24 7.53 ± 9.24 0.638 0.041

IL-10, pg/mL 10.47 ± 6.52 14.05 ± 2.85 5.38 (3.36-52.95) 0.246 0.337

IL-12p70, pg/mL 4.35 ± 1.27 2.86 ± 1.23 0.8 (0-4.45) 0.66 0.149

IL-17, pg/mL 20.89 ± 12.16 28.89 ± 24.43 0 (0-2.76) 0.489 0.022

INF-a, pg/mL 2.5 ± 0.88 2.43 ± 1.55 4.79 ± 4.38 0.916 0.257

INF-g, pg/mL 2.66 (2.55-4.16) 3.15 (1.93-3.82) 2.47 (1-4.77) 0.973 0.422

TNF-a, pg/mL 3.19 (2.17-4.16) 3.08 (1.46-15.9) 1.25 ± 0.8 0.937 0.065
aP-value: Comparison between ACLF+COVID-19 group and ACLF group. bP-value: Comparison between ACLF+COVID-19 group and COVID-19 group.
FIGURE 2

Correlation of IL-6 with MELD-Na score, AARC score, and SOFA score. (A) Correlation of IL-6 with MELD-Na score in the ACLF group.
(B) Correlation of IL-6 with AARC score in the ACLF group. (C) Correlation of IL-6 with SOFA score in the ACLF group. (D) Correlation of IL-6 with
MELD-Na score in the ACLF+COVID-19 group. (E) Correlation of IL-6 with AARC score in the ACLF+COVID-19 group. (F) Correlation of IL-6 with
SOFA score in the ACLF+COVID-19 group.
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4 Discussion

In the present multicenter study, ACLF patients with COVID-

19 had an increased risk of thrombocytopenia, more pronounced

inflammatory responses, and faster disease progression within 1

week of admission when compared with age-, gender-, etiology-,

and MELD-Na score-matched ACLF patients without COVID-19.

However, there was no significant increase in 28-day mortality.

Compared with the ACLF group, patients in the ACLF+COVID-

19 group had more fever, cough, sputum production, fatigue, and

hypoxemia. In addition, the proportion of patients with T2DM was

higher in the ACLF+COVID-19 group, which was believed to be

associated with the compromised immune system in diabetic patients

(Pari et al., 2023). In particular, a larger proportion of ACLF

+COVID-19 patients developed hepatic encephalopathy, suggesting

that COVID-19 would predict a poor prognosis in patients with

ACLF. The direct liver damage in COVID-19, coupled with the

systemic inflammatory response elicited by the viral infection, may

exacerbate the hepatic workload, leading to a decrement in hepatic

functional reserve. This impairment hampers the liver’s capacity to

adequately process toxins and metabolic byproducts, thereby

potentially elevating the risk of developing hepatic encephalopathy.

Previous studies have shown that COVID-19 can induce liver

injury (Cichoz-Lach and Michalak, 2021). Similarly, our present
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study showed that the ACLF+COVID-19 group had a more

pronounced inflammatory response and a higher Meld-Na score

at 1 week of admission compared with the ACLF group, which

might be explained by the following three possible mechanisms.

First, cytokine storm is one of the major causes of liver injury in

COVID-19 patients (Effenberger et al., 2021). SARS-CoV-2

infection can trigger a cytokine storm by activating immune cells,

thereby releasing large amounts of cytokines (eg, IL-6 and TNF-a)
and leading to systemic inflammatory response syndrome (SIRS)

and multi-organ dysfunction (MODS), which often affect the liver

(Premkumar and Kedarisetty, 2021; Naeem et al., 2023). Trebicka

et al. suggested that IL-6 levels were closely related to the severity

and prognosis of ACLF (Trebicka et al., 2019). In our present study,

the ACLF+COVID-19 group had significantly higher IL-6 levels,

and the IL-6 level was positively correlated with Meld-Na score,

AARC score, and SOFA score. Additionally, the levels of IL-8 and

IL-17 in the ACLF+COVID-19 group were significantly higher than

those in the COVID-19 group. These findings further suggested that

cytokine storm in COVID-19 aggravated liver damage. Second,

SARS-CoV-2 enters cells by binding to ACE2 (Hoffmann et al.,

2020; Shang et al., 2020), thereafter causing cellular damage. Studies

have shown that the liver also expresses ACE2 (Fiel et al., 2021; Li

et al., 2022). Thus, SARS-CoV-2 induces inflammation and cell

apoptosis in the liver through ACE2 in liver tissue, which leads to
TABLE 4 Comparisons of the clinical features between ACLF and ACLF+COVID-19 groups after stratification according to AARC scores.

AARC score grade I AARC score grade II AARC score grade III

ACLF
group
(n=4)

ACLF
+COVID-19
group (n=3)

P-
value

ACLF
group
(n=20)

ACLF
+COVID-19
group (n=20)

P-
value

ACLF
group
(n=10)

ACLF
+COVID-19
group (n=11)

P-
value

ALT, IU/L 50.13 ± 42.74 115.08 ± 79.9 0.229
86.45

(33.9-447.08)
51.25

(19.83-441.65)
0.598

281.65
(45.02-453.55)

37.4 (22.1-338) 0.181

AST, IU/L 137.87 ± 153.62 197.83 ± 163.11 0.643
164.65

(44.98-351.68)
113.2

(30.05-208.23)
0.543

443.5
(83.83-543.4)

180.5 (71-681) 0.526

TBIL,
umol/L

340.73 ± 223.4 156.91 ± 44.56 0.228 380.75 ± 142.36 281.25 ± 174.69 0.056 431.06 ± 224.68 261.38 ± 233.13 0.106

ALB, g/L 36.90 ± 8.26 31.33 ± 2.54 0.363 27.79 ± 3.73 28.03 ± 5.21 0.871 27.83 ± 3.54 30.86 ± 5.76 0.168

Cr, mmol/L 52.97 ± 17.29 71.55 ± 18.6 0.236
99.65

(82.08-125.7)
86.05

(58.25-131.25)
0.14 89.5 (72.98-12) 90.7 (73-148) 0.622

INR 1.84 ± 0.49 1.77 ± 0.23 0.806 1.96 (1.74-2.9) 2.39 (1.96-2.66) 0.499 1.75 (1.52-2.26) 1.94 (1.88-2.4) 0.091

PLT, ×109/L 230.5 ± 126.68 118.67 ± 104.58 0.271 133.5 (83-167) 70 (33.25-108.75) 0.003 74.6 ± 31.83 46.18 ± 26.03 0.037

IL-6, pg/mL
11.15

(13.22-15.28)
80.12

(81.29-82.45)
0.018

36.84
(12.85-81.01)

230.44
(81.87-495.25)

0.001 134.93 ± 95.78 211.01 ± 158.71 0.386

HE, No. (%) 1 (25%) 2 (66.67%) 0.486 1 (5%) 3 (15%) 0.605 3 (30%) 9 (81.82%) 0.03

Ascites,
No. (%)

3 (75%) 2 (66.67%) 1 19 (95%) 18 (90%) 1 7 (70%) 10 (90.91%) 0.311

28-day
mortality
rate,
No. (%)

0 (0%) 0 (0%) – 0 (0%) 1 (5%) 1 1 (10%) 3 (27.27%) 0.586
front
ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; ALB, albumin; Cr, creatinine; INR, international normalized ratio; PLT, platelets; HE,
hepatic encephalopathy.
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deterioration of liver function. Third, hypoxemia can also

exacerbate ischemia-hypoxia injury in the liver (Nardo et al.,

2021; Li et al., 2022). In our present study, hypoxemia was more

pronounced in the ACLF+COVID-19 group than in the ACLF

group. Therefore, the ACLF+COVID-19 group had higher Meld-

Na scores at 1 week of admission, which might be that COVID-19

exacerbates liver damage through cytokine storm, direct effects of

the virus, and hypoxemia.

In our study, COVID-19 did not significantly increase 28-day

mortality rate in ACLF patients. Although patients in the ACLF

+COVID-19 group had significantly higher MELD-Na scores at 1

week of admission, timely and effective treatments including

antiviral therapy, artificial liver treatment, and supportive care
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reduced the cytokine storm and helped block disease progression.

NBAL can reduce inflammatory factors, block cytokine storm, and

improve survivals (Guo et al., 2020; Dai et al., 2021). These early

interventions might have effectively lowered the mortality rate in

ACLF patients. Similar studies have demonstrated that hospitalized

cirrhotic patients with COVID-19 did not face a higher mortality

risk than those without COVID-19 (Bajaj et al., 2021), suggesting

COVID-19 does not necessarily elevate the case-fatality rate in

patients with hepatic insufficiency. Therefore, we speculate that the

acute effects of COVID-19 infection may cause short-term liver

function variability, with early intervention potentially lowering the

mortality risk.

In our present study, patients in the ACLF+COVID-19 group had

a significantly lower count of platelets compared to those in the ACLF

group, and further stratification showed that patients with an AARC

score grade II or III had significantly lower platelet count, suggesting

that COVID-19 may worsen coagulation function in patients with

ACLF, especially in critically ill ones. The liver is crucial for both the

production and storage of platelets, and patients with liver damage

often experience thrombocytopenia (Scharf, 2021). Reduced platelet

count is not uncommon in patients with COVID-19. In a retrospective

study of 1,099 COVID-19 patients, thrombocytopenia was noted in

36.2% of patients on admission (Terpos et al., 2020). A possible

explanation is that the SARS-CoV-2 infection can directly invade

hematopoietic stem cells, affecting their normal differentiation and

proliferation; or, the virus-induced inflammatory response damages the

bonemarrowmicroenvironment and ultimately inhibits hematopoiesis

(Zhang et al., 2020). COVID-19 has the potential to deteriorate liver

function and thus influence platelet counts. As a result, patients with

ACLF and COVID-19 have a significantly increased risk of developing

thrombocytopenia. These patients are at greater risk of bleeding and

aremore likely to develop severe coagulopathy. Closemonitoring of the

changes in the platelet count and effective treatment of bleeding can

improve the prognosis.

The present study revealed the clinical features of ACLF

patients with COVID-19 but still had several limitations. First,

the sample size was small. Nevertheless, as few studies have done in

patients with COVID-19 and ACLF, our current study still provided

useful clinical information for such patients. Second, this study

failed to directly detect ACE2 expression in livers, mainly due to the

poor coagulation in patients with liver failure. However, previous

studies have well demonstrated that ACE2 is expressed in liver

tissue. Third, while GM-CSF/G-CSF were found to be valuable for

ACLF patients and COVID-19 patients, they had not been

recommended by Chinese guidelines during the subject inclusion;

as a result, we did not observe the efficacy of GM-CSF/G-CSF

treatment. Our future studies will examine the role of GM-CSF/G-

CSF in ACLF+COVID-19 patients as more clinical data emerge.
5 Conclusion

Patients with ACLF and COVID-19 have an increased risk of

developing thrombocytopenia, more obvious inflammatory

responses, and faster disease progression. Close monitoring and

early adequate treatment are critical for these patients.
FIGURE 3

MELD-Na scores of patients in the ACLF, ACLF+COVID-19, and
COVID-19 groups one week after admission.
FIGURE 4

The 28-day survival curves of ACLF, ACLF+COVID-19, and COVID-
19 groups.
frontiersin.org

https://doi.org/10.3389/fcimb.2024.1471974
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Yao et al. 10.3389/fcimb.2024.1471974
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding authors.
Ethics statement

The studies involving humans were approved by the Ethical

Review Committee of Shanxi Bethune Hospital. The studies were

conducted in accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.
Author contributions

RY: Writing – original draft, Data curation, Formal analysis,

Investigation, Writing – review & editing. GX: Investigation,

Visualization, Writing – review & editing. XF: Data curation,

Investigation, Writing – review & editing. WZ: Data curation,

Formal analysis, Writing – review & editing. HW: Visualization,

Writing – review & editing. YC: Funding acquisition, Resources,

Supervision, Writing – review & editing. JY: Conceptualization,

Funding acquisition, Project administration, Resources, Supervision,

Writing – review & editing.
Frontiers in Cellular and Infection Microbiology 09
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of the article. This

work was supported by the Research and Innovation Team

Project for Scientific Breakthroughs at Shanxi Bethune Hospital

(2024ZHANCHI06), the Science and Technology Cooperation and

Exchange Special Project of Shanxi Province (202304041101048),

the Fundamental Research Program of Shanxi Province

(202203021222342), the Beijing Hospitals Authority’s Ascent

Plan (DFL20221501).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
Ashraf, U. M., Abokor, A. A., Edwards, J. M., Waigi, E. W., Royfman, R. S., Hasan, S.
A., et al. (2021). SARS-CoV-2, ACE2 expression, and systemic organ invasion. Physiol.
Genomics 53, 51–60. doi: 10.1152/physiolgenomics.00087.2020

Bajaj, J. S., Garcia-Tsao, G., Biggins, S. W., Kamath, P. S., Wong, F., McGeorge, S.,
et al. (2021). Comparison of mortality risk in patients with cirrhosis and COVID-19
compared with patients with cirrhosis alone and COVID-19 alone: multicentre
matched cohort. Gut 70, 531–536. doi: 10.1136/gutjnl-2020-322118

Casulleras, M., Zhang, I. W., López-Vicario, C., and Clària, J. (2020). Leukocytes,
systemic inflammation and immunopathology in acute-on-chronic liver failure. Cells 9,
2632. doi: 10.3390/cells9122632

Cichoz-Lach, H., and Michalak, A. (2021). Liver injury in the era of COVID-19.
World J. Gastroenterol. 27, 377–390. doi: 10.3748/wjg.v27.i5.377

Dai, X., Zhang, Y., Yu, L., Jiang, Y. A., Chen, L., Chen, Y., et al. (2021). Effect of
artificial liver blood purification treatment on the survival of critical ill COVID-19
patients. Artif. Organs. 45, 762–769. doi: 10.1111/aor.13884

Effenberger, M., Grander, C., Grabherr, F., Griesmacher, A., Ploner, T., Hartig, F.,
et al. (2021). Systemic inflammation as fuel for acute liver injury in COVID-19. Dig.
Liver. Dis. 53, 158–165. doi: 10.1016/j.dld.2020.08.004

Fara, A., Mitrev, Z., Rosalia, R. A., and Assas, B. M. (2020). Cytokine storm and
COVID-19: a chronicle of pro-inflammatory cytokines. Open Biol. 10, 200160.
doi: 10.1098/rsob.200160

Fiel, M. I., El Jamal, S. M., Paniz-Mondolfi, A., Gordon, R. E., Reidy, J., Bandovic, J.,
et al. (2021). Findings of hepatic severe acute respiratory syndrome coronavirus-2
infection. Cell Mol. Gastroenterol. Hepatol. 11, 763–770. doi: 10.1016/j.jcmgh.2020.09.015

Fyfe, B., Zaldana, F., and Liu, C. (2018). The pathology of acute liver failure. Clin.
Liver. Dis. 22, 257–268. doi: 10.1016/j.cld.2018.01.003

Guo, J., Xia, H., Wang, S., Yu, L., Zhang, H., Chen, J., et al. (2020). The artificial-liver
blood-purification system can effectively improve hypercytokinemia for COVID-19.
Front. Immunol. 11. doi: 10.3389/fimmu.2020.586073

Gusev, E., Sarapultsev, A., Solomatina, L., and Chereshnev, V. (2022). SARS-coV-2-
specific immune response and the pathogenesis of COVID-19. Int. J. Mol. Sci. 23, 1716.
doi: 10.3390/ijms23031716
Hoffmann, M., Kleine-Weber, H., Schroeder, S., Kruger, N., Herrler, T., Erichsen, S.,
et al. (2020). SARS-coV-2 cell entry depends on ACE2 and TMPRSS2 and is blocked by
a clinically proven protease inhibitor. Cell 181, 271–280 e278. doi: 10.1016/
j.cell.2020.02.052

Jothimani, D., Venugopal, R., Abedin, M. F., Kaliamoorthy, I., and Rela, M. (2020).
COVID-19 and the liver. J. Hepatol. 73, 1231–1240. doi: 10.1016/j.jhep.2020.06.006

Li, P., Liu, Y., Cheng, Z., Yu, X., and Li, Y. (2022). COVID-19-associated liver injury:
Clinical characteristics, pathophysiological mechanisms and treatment management.
BioMed. Pharmacother. 154, 113568. doi: 10.1016/j.biopha.2022.113568

Naeem, M., Bano, N., Manzoor, S., Ahmad, A., Munawar, N., Razak, S. I. A., et al.
(2023). Pathogenetic mechanisms of liver-associated injuries, management, and
current challenges in COVID-19 patients. Biomolecules 13, 99. doi: 10.3390/
biom13010099

Nardo, A. D., Schneeweiss-Gleixner, M., Bakail, M., Dixon, E. D., Lax, S. F., and
Trauner, M. (2021). Pathophysiological mechanisms of liver injury in COVID-19.
Liver. Int. 41, 20–32. doi: 10.1111/liv.14730

Pari, B., Gallucci, M., Ghigo, A., and Brizzi, M. F. (2023). Insight on infections in
diabetic setting. Biomedicines 11, 971. doi: 10.3390/biomedicines11030971

Premkumar, M., and Kedarisetty, C. K. (2021). Cytokine storm of COVID-19 and its
impact on patients with and without chronic liver disease. J. Clin. Transl. Hepatol. 9,
256–264. doi: 10.14218/JCTH.2021.00055

Sarin, S. K., Choudhury, A., Lau, G. K., Zheng, M. H., Ji, D., Abd-Elsalam, S., et al.
(2020). Pre-existing liver disease is associated with poor outcome in patients with SARS
CoV2 infection; The APCOLIS Study (APASL COVID-19 Liver Injury Spectrum
Study). Hepatol. Int. 14, 690–700. doi: 10.1007/s12072-020-10072-8

Sarin, S. K., Choudhury, A., Sharma, M. K., Maiwall, R., Al Mahtab, M., Rahman, S.,
et al. (2019). Acute-on-chronic liver failure: consensus recommendations of the Asian
Pacific association for the study of the liver (APASL): an update. Hepatol. Int. 13, 353–
390. doi: 10.1007/s12072-019-09946-3

Scharf, R. E. (2021). Thrombocytopenia and hemostatic changes in acute and chronic
liver disease: pathophysiology, clinical and laboratory features, and management. J.
Clin. Med. 10, 1530. doi: 10.3390/jcm10071530
frontiersin.org

https://doi.org/10.1152/physiolgenomics.00087.2020
https://doi.org/10.1136/gutjnl-2020-322118
https://doi.org/10.3390/cells9122632
https://doi.org/10.3748/wjg.v27.i5.377
https://doi.org/10.1111/aor.13884
https://doi.org/10.1016/j.dld.2020.08.004
https://doi.org/10.1098/rsob.200160
https://doi.org/10.1016/j.jcmgh.2020.09.015
https://doi.org/10.1016/j.cld.2018.01.003
https://doi.org/10.3389/fimmu.2020.586073
https://doi.org/10.3390/ijms23031716
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.jhep.2020.06.006
https://doi.org/10.1016/j.biopha.2022.113568
https://doi.org/10.3390/biom13010099
https://doi.org/10.3390/biom13010099
https://doi.org/10.1111/liv.14730
https://doi.org/10.3390/biomedicines11030971
https://doi.org/10.14218/JCTH.2021.00055
https://doi.org/10.1007/s12072-020-10072-8
https://doi.org/10.1007/s12072-019-09946-3
https://doi.org/10.3390/jcm10071530
https://doi.org/10.3389/fcimb.2024.1471974
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Yao et al. 10.3389/fcimb.2024.1471974
Shang, J.,Wan,Y., Luo,C., Ye,G.,Geng,Q.,Auerbach,A., et al. (2020). Cell entrymechanismsof
SARS-CoV-2. Proc. Natl. Acad. Sci. U.S.A. 117, 11727–11734. doi: 10.1073/pnas.2003138117

Singh, S., and Khan, A. (2020). Clinical characteristics and outcomes of coronavirus disease
2019 among patients with preexisting liver disease in the United States: A multicenter research
network study. Gastroenterology 159, 768–771 e763. doi: 10.1053/j.gastro.2020.04.064

Sun, J., Aghemo, A., Forner, A., and Valenti, L. (2020). COVID-19 and liver disease.
Liver. Int. 40, 1278–1281. doi: 10.1111/liv.14470

Terpos, E., Ntanasis-Stathopoulos, I., Elalamy, I., Kastritis, E., Sergentanis, T. N.,
Politou, M., et al. (2020). Hematological findings and complications of COVID-19. Am.
J. Hematol. 95, 834–847. doi: 10.1002/ajh.25829
Frontiers in Cellular and Infection Microbiology 10
Trebicka, J., Amoros, A., Pitarch, C., Titos, E., Alcaraz-Quiles, J., Schierwagen, R.,
et al. (2019). Addressing profiles of systemic inflammation across the different clinical
phenotypes of acutely decompensated cirrhosis. Front. Immunol. 10. doi: 10.3389/
fimmu.2019.00476

Wu, Z., Han, M., Chen, T., Yan, W., and Ning, Q. (2010). Acute liver failure:
mechanisms of immune-mediated liver injury. Liver. Int. 30, 782–794. doi: 10.1111/
j.1478-3231.2010.02262.x

Zhang, Y., Zeng, X., Jiao, Y., Li, Z., Liu, Q., Ye, J., et al. (2020). Mechanisms involved
in the development of thrombocytopenia in patients with COVID-19. Thromb. Res.
193, 110–115. doi: 10.1016/j.thromres.2020.06.008
frontiersin.org

https://doi.org/10.1073/pnas.2003138117
https://doi.org/10.1053/j.gastro.2020.04.064
https://doi.org/10.1111/liv.14470
https://doi.org/10.1002/ajh.25829
https://doi.org/10.3389/fimmu.2019.00476
https://doi.org/10.3389/fimmu.2019.00476
https://doi.org/10.1111/j.1478-3231.2010.02262.x
https://doi.org/10.1111/j.1478-3231.2010.02262.x
https://doi.org/10.1016/j.thromres.2020.06.008
https://doi.org/10.3389/fcimb.2024.1471974
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Clinical characteristics and the role of IL-6 in acute-on-chronic liver failure patients with or without COVID-19: a multicenter paired cohort study
	1 Introduction
	2 Methods
	2.1 Study design and subjects
	2.2 Collection of clinical data
	2.3 Sample size calculation
	2.4 Statistical analysis

	3 Results
	3.1 Basic features of the subjects
	3.2 Clinical manifestations of patients with ACLF and COVID-19
	3.3 Inflammatory cytokines
	3.4 Correlations of IL-6 level with clinical scores
	3.5 Patient features in two ACLF groups after stratification with AARC score
	3.6 28-day mortality rates in the ACLF+COVID-19 group

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


