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Background and Aims: The impact of SARS-CoV-2 infection
on the liver and the possibility of chronic liver disease (CLD)
as a risk factor for COVID-19 severity is not fully understood.
Our goal was to describe clinical outcomes of COVID-19 in-
patients regarding the presence of abnormal liver tests and
CLD. Methods: A retrospective analysis of patients with
SARS-CoV-2 infection, hospitalized in a tertiary center in Por-
tugal, was performed. Studied outcomes were disease and
hospitalization length, COVID-19 severity, admission to in-
tensive care unit (ICU) and mortality, analyzed by the pres-
ence of abnormal liver tests and CLD. Results: We included
317 inpatients with a mean age of 70.4 years, 50.5% males.
COVID-19 severity was moderate to severe in 57.4% and crit-
ical in 12.9%. The mean disease length was 37.8 days, the
median hospitalization duration 10.0 days and overall mor-
tality 22.8%. At admission, 50.3% showed abnormal liver
tests, and 41.5% showed elevated aminotransferase levels,

from which 75.4% were mild. Elevated aminotransferase lev-
els at admission were associated with COVID-19 severity
(78.7 vs. 63.3%, p = 0.01), ICU admission (13.1 vs. 5.92%, p =
0.034) and increased mortality (25.8 vs. 13.3%, p = 0.007).
However, in a subgroup analysis, only aspartate transami-
nase (AST) was associated with these worse outcomes. Alka-
line phosphatase was elevated in 11.4% of the patients and
was associated with critical COVID-19 (21.1 vs. 9.92%, p =
0.044) and mortality (20.4 vs. 9.52%, p = 0.025), while 24.6%
of the patients showed elevated y-glutamyl transferase,
which was associated with ICU admission (42.3 vs. 22.8%,
p = 0.028). Fourteen patients had baseline CLD (4.42%), 3
with liver cirrhosis. Alcohol (n = 6) and nonalcoholic fatty liv-
er disease (n = 6) were the most frequent etiologies. CLD pa-
tients had critical COVID-19 in 21.4% (p = 0.237), mean dis-
ease length of 36.6 days (p = 0.291), median hospitalization
duration of 11.5 days (p = 0.447) and a mortality rate of 28.6%
(p = 0.595), which increased to 66.7% among cirrhotic pa-
tients (p = 0.176). Conclusions: Liver test abnormalities in
COVID-19 patients were frequent but most commonly mild.
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AST, but not alanine transaminase, was associated with
worse clinical outcomes, such as COVID-19 severity and mor-
tality, probably indicating these outcomes were indepen-
dent of liver injury. A low prevalence of CLD was seen, and a
clear impact on COVID-19 outcomes was not seen.

© 2021 Sociedade Portuguesa de Gastrenterologia
Published by S. Karger AG, Basel

Impacto das alteracdes da bioquimica hepatica e da
doenca hepatica crénica nos resultados clinicos dos
doentes hospitalizados com COVID-19
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Resumo

Introducdo e objetivos: O impacto da infecdo SARS-
CoV-2 no figado e da doenca hepdtica crénica (DHC) na
gravidade da COVID-19 nao estdao completamente es-
clarecidos. O objetivo deste trabalho foi descrever os re-
sultados clinicos dos doentes internados com COVID-19
relativamente as alteragdes da bioquimica hepatica (BH)
e a presenca de DHC. Métodos: Foi efetuada uma analise
retrospetiva de doentes internados com infecdo SARS-
CoV-2 num centro tercidrio de Portugal. Os resultados
clinicos avaliados foram a duracao da doenca e do inter-
namento, a gravidade da COVID-19, a admissao em Uni-
dade de Cuidados Intensivos (UCI) e a mortalidade, anali-
sados pela presenca de alteragées da BH e de DHC. Resul-
tados: Foram incluidos 317 doentes com uma média de
idades de 70.4 anos, 50.5% do género masculino. A COV-
ID-19 foi moderada a grave em 57.4% e critica em 12.9%
dos doentes. A duracdo média da doenca foi de 37.8 dias
e a mediana da duracdo do internamento 10.0 dias. A
mortalidade global foi de 22.8%. A admiss&o, 50.3% dos
doentes apresentavam alteracdes da BH e 41.5% amino-
transferases elevadas, 75.4% dos quais elevacoes ligeiras.
As aminotransferases elevadas na admissao associaram-
se com a gravidade da COVID-19 (78.7 vs. 63.3%, p = 0.01),
a admissao em UCI (13.1 vs. 5.92%, p = 0.034) e com o au-
mento da mortalidade (25.8 vs. 13.3%, p = 0.007). No en-
tanto, numa andlise de subgrupo, apenas a AST estava as-
sociada com estes resultados clinicos desfavoraveis. A fos-
fatase alcalina encontrava-se elevada em 11.4% dos
doentes e foi associada com COVID-19 critica (21.1 vs.
9.92%, p = 0.044) e com mortalidade aumentada (20.4 vs.
9.52%, p = 0.025), enquanto que 24.6% dos doentes apre-
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sentavam uma gamaglutamiltransferase elevada, e que
foi associada com a admissdao em UCI (42.3 vs. 22.8%, p =
0.028). Catorze doentes tinham antecedentes de DHC
(4.42%), 3 deles com cirrose hepdtica. As etiologias mais
frequentes foram o dlcool (n = 6) e o figado gordo nao-
alcodlico (n = 6). Os doentes com DHC apresentaram
COVID-19 critica em 21.4% (p = 0.237), duragao média de
doenca de 36.6 dias (p =0.291), duracao de hospitalizacao
mediana de 11.5 dias (p = 0.447) e mortalidade de 28.6%
(p=0.595), que aumentou para 66.7% nos doentes cirréti-
cos (p=0.176). Conclusées: As alteracées da BH nos doen-
tesinternados com COVID-19 foram frequentes mas ligei-
ras, na sua maioria. A AST, ao contrario da ALT, associou-se
com piores resultados clinicos tais como a gravidade da
COVID-19 e a mortalidade. Foi registada uma prevaléncia
baixa de DHC na nossa coorte, nao tendo sido observado
um impacto claro nos outcomes da COVID-19.

© 2021 Sociedade Portuguesa de Gastrenterologia
Publicado por S. Karger AG, Basel

Coronavirus disease (COVID-19) was declared a pan-
demic by the World Health Organization on March 12,
2020. Its causative agent, the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) is now responsible
for over 32 million confirmed cases and almost 1 million
documented deaths in all continents [1]. COVID-19 can
range from a self-limited disease to a severe pneumonia
with high mortality rates. It is estimated that gastrointes-
tinal symptoms can be seen in up to 10% of patients with
COVID-19 [2]. The impact of SARS-CoV-2 infection on
the liver and the possibility of chronic liver disease (CLD)
as a risk factor for the severity of COVID-19 has been
studied and it is still unclear [3, 4]. Liver function test ab-
normalities, indicated by elevations of liver aminotrans-
ferases, total bilirubin and prolonged prothrombin time
have been reported [5-10]. The impact of abnormal liver
tests in patient outcome is controversial. Some reports
have shown that patients who developed abnormal liver
tests had longer hospitalization lengths [8] and were at a
higher risk of progressing to severe disease [11]. In oppo-
sition, other recent studies argue that the COVID-19-re-
lated liver injuries are usually transitory and mild, with
small clinical significance [12]. Conflicting data exist con-
cerning the clinical characteristics of liver failure among
patients with COVID-19. The etiology of such alterations
could be explained by several factors like the virus itself,
hypoxic hepatitis, hepatic congestion due to mechanical
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ventilation, drug toxicity, immune response and altera-
tions in gut vascular barrier and microbiota [13, 14].
Scarce pathology data have been reported so far, which
makes it difficult to address this issue, with some studies
reporting coronavirus particles in hepatocytes’ cytoplasm
which might point to a direct effect induced by viral infec-
tion [11]. There is still scarce information regarding the
global prevalence and etiology of pre-existing CLD in in-
dividuals with COVID-19, but it has been estimated to be
relatively low (around 3%). When reported, the main
cause of chronic liver disease was attributed to hepatitis
B and C virus infection [15]. Some studies report that pa-
tients with pre-existing CLD may have increased suscep-
tibility to more severe liver damage, more severe COV-
ID-19 and higher mortality from COVID-19 [16, 17].
Cases of acute-on-chronic liver failure have been report-
ed, supporting this hypothesis [18]. We describe the clin-
ical outcomes of patients with SARS-CoV-2 infection re-
garding the presence of abnormal liver tests and CLD.

Patients and Study Design

We performed a retrospective analysis of a cohort of consecu-
tive adult patients hospitalized for SARS-CoV-2 infection in the
Centro Hospitalar Universitario do Porto from March 2 to May 4,
2020. Patients with nosocomial SARS-CoV-2 infection were also
included. The diagnosis of SARS-CoV-2 infection was done ac-
cording to WHO guidelines [19], by a positive result of reverse
transcription polymerase chain reaction (RT-PCR) in nasopha-
ryngeal swab specimens. Hospitalization criteria were those de-
fined by the Direcdo Geral da Satde (Directorate-General for
Health in Portugal). During the containment phase, up to March
26, all positive patients were hospitalized, including asymptomatic
patients. From that date on, during delay and mitigation phases,
only patients which fulfilled the established criteria were hospital-
ized [20].

This study was approved by the Ethics Committee of the Centro
Hospitalar Universitario do Porto (2020.087[070-DEF1/071-CE]).

Data Collection and Patient Management

Clinical, analytical and imaging data were collected from elec-
tronic medical records. Laboratory testing was performed accord-
ing to clinical care needs and consisted of complete blood count,
blood chemical analysis, coagulation testing, assessment of liver
and renal biochemistry, measures of ions, C-reactive protein, pro-
calcitonin, lactate dehydrogenase, myoglobin and creatine kinase.
Radiological assessments included chest radiography and/or com-
puted tomography (CT).

All patients received supportive treatments. Because there was
no approved antiviral treatment at the time, some patients were
treated with hydroxychloroquine, lopinavir/ritonavir or remdesi-
vir with no standard guidance on drug choice. Antibiotics and cor-
ticosteroids were used based on the need and health care providers’
discretion.

COVID-19 and the Liver

Study Outcomes

Studied outcomes were disease duration, hospitalization
length, COVID-19 severity, admission to an intensive care unit
(ICU) and mortality. These outcomes were analyzed by the pres-
ence of abnormal liver tests, chronic liver disease or liver cirrho-
sis.

Study Definitions

Alcohol consumption was classified as low to moderate if reg-
ular alcohol consumption was inferior to 20 g/day in females and
30 g/day in males and heavy if superior doses were registered.
CLD was considered based on medical records. Cirrhosis was
considered in patients with clinical features and imaging/endos-
copy suggestive of CLD and portal hypertension, or a previously
diagnosed case of cirrhosis. Child-Turcotte-Pugh and Model of
End-Stage Liver Disease-Sodium scores were calculated for pa-
tients with liver cirrhosis [21, 22]. Respiratory failure was defined
as mild (PaO,/FiO, 200-300 mm Hg), moderate (100-200 mm
Hg) and severe (<100 mm Hg). Acute kidney injury was staged
according to KDIGO criteria [23]. Pneumonia severity was eval-
uated according to lung involvement extension in chest CT as
mild (up to 3 spots of ground glass and each spot <3 cm), moder-
ate to severe (more than 3 spots of ground glass, presence of a
focus of more than 3 cm or ground glass with small consolida-
tions) or severe (diffuse ground glass or architecturally distorted
consolidations).

Disease duration was defined as the interval between the onset
of symptoms and virus clearance confirmation - 2 negative RT-
PCR results on sequential samples taken at least 24 h apart — or
death, whichever came first. COVID-19 severity was classified as
mild (presence of constitutional and/or upper respiratory tract
symptoms with none or mild changes on chest radiography or
CT), moderate to severe (lower respiratory tract symptoms and
evidence of pneumonia and/or sign of respiratory failure such as
dyspnea, respiratory rate >30 cpm, pulse oximetry <92% or
PaO,/FiO, <300 mm Hg) or critical (severe pneumonia and re-
spiratory or another organ failure requiring ICU admission).

Liver test abnormalities were defined as any serum concentra-
tion of the following parameters above the upper limit of normal
value (women/men): aspartate transaminase (AST) >30/34 U/L,
alanine transaminase (ALT) >36/44 U/L, alkaline phosphatase
(ALP) >104/129 U/L, y-glutamyl transferase (GGT) >39/66 U/L
and total bilirubin >1.00 mg/dL.

Statistical Analysis

Categorical variables were described as frequency and per-
centages, and continuous variables as mean and SD or median
and interquartile range (IQR), as appropriate. Means for con-
tinuous variables were compared using independent group  tests
when the data were normally distributed; otherwise, the Mann-
Whitney U test was used. Comparison of categorical variables
was done using the x? test or the Fisher exact test, if the cell counts
were small. Variables with a p value <0.1 in univariate analysis
were included in the multivariable analysis (binary logistic re-
gression).

Statistical analysis software IBM SPSS version 25.0 (IBM
Corp., Armonk, NY, USA) was used for all analyses in this study.
A p value <0.05 was regarded as statistically significant.
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Table 1. Clinical characteristics of patients with COVID-19, with or without chronic liver disease

Variable Total No liver Chronic liver p value
(n=317) disease (n = 303) disease (n = 14)
Mean age + SD, years 70.4+16.9 70.5+17.0 68.0+£14.6 0.577
Distribution, 7 (%) 0.669
18-30 years 6 (1.89) 6 (1.98) 0(0.00)
31-50 years 39 (12.3) 37 (12.2) 2 (14.3)
51-65 years 67 (21.1) 62 (20.5) 5(35.7)
66-85 years 135 (42.6) 130 (42.9) 5(35.7)
>85 years 70 (22.1) 68 (22.4) 2 (14.3)
Gender, n (%) 0.001
Female 157 (49.5) 147 (48.5) 13 (92.9)
Male 160 (50.5) 156 (51.5) 1(7.14)
Race/ethnicity, n (%) 0.988
White 314 (99.1) 300 (99.0) 14 (100)
Black 1(0.32) 1(0.33) 0 (0.00)
Latino-American 1(0.32) 1(0.33) 0(0.00)
Arabic 1(0.32) 1(0.33) 0 (0.00)
Body mass index, n (%) 0.284
<185 5(1.58) 5 (1.65) 0 (0.00)
18.5-24.9 59 (18.6) 221 (72.9) 7 (50.0)
25.0-29.9 213 (67.2) 40 (13.2) 4(28.6)
30.0-34.9 25 (7.89) 23 (7.59) 2 (14.3)
35.0-39.9 8(2.52) 8 (2.64) 0 (0.00)
>39.9 7(2.21) 6 (1.98) 1(7.14)
Smoking history, n (%) 0.001
Never smoked 242 (76.3) 237 (78.2) 5(35.7)
Former smoker 51 (16.1) 45 (14.9) 6 (42.9)
Current smoker 24 (7.57) 21(6.93) 3(21.4)
Alcohol consumption, 7 (%) <0.001
Abstinent 284 (89.6) 278 (91.7) 6 (42.9)
Low to moderate 23 (7.26) 20 (6.60) 3(21.4)
Heavy 10 (3.15) 5(1.65) 5(35.7)
Comorbidities, n (%)
Hypertension 200 (63.1) 189 (62.4) 11 (78.6) 0.220
Diabetes 98 (30.9) 94 (31.0) 4(28.6) 0.846
Ischemic heart disease 45 (14.2) 42 (13.9) 3(21.4) 0.430
Cerebrovascular disease 61 (19.2) 58 (19.1) 3(21.4) 0.832
Chronic kidney disease 56 (17.7) 50 (16.5) 6 (42.9) 0.011
Chronic lung disease 72 (22.7) 68 (22.5) 4(28.6) 0.531
Malignant neoplasia 33 (10.4) 32 (10.6) 1(7.14) 1.000
Immunosuppression 28 (8.83) 25 (8.25) 3(21.4) 0.116
Hospital-acquired, n (%) 81 (25.6) 76 (25.2) 5(35.7) 0.361
Signs and symptoms, 7 (%)
Asymptomatic 34 (10.7) 32 (10.6) 2(14.3) 0.652
Fever 182 (57.4) 174 (57.4) 8(57.1) 0.983
Cough 195 (61.5) 185 (61.1) 10 (71.4) 0.578
Dyspnea 114 (36.0) 108 (35.6) 6 (42.9) 0.582
Chills 21 (6.62) 21(6.93) 0 (0.00) 0.610
Fatigue 85 (26.8) 82 (27.1) 3(21.4) 0.767
Anorexia 41 (12.9) 40 (13.2) 1(7.14) 1.000
Myalgia or arthralgia 71 (22.4) 69 (22.8) 2(14.3) 0.743
Headache 46 (14.5) 46 (15.2) 0 (0.00) 0.235
Conjunctival congestion 5(1.58) 5(1.65) 0 (0.00) 1.000
Nasal congestion 40 (12.6) 39 (12.9) 1(7.14) 1.000
Anosmia 18 (5.68) 17 (5.61) 1(7.14) 0.567
Odynophagia 18 (5.68) 17 (5.61) 1(7.14) 0.567
Nausea or vomiting 24 (7.57) 23 (7.59) 1(7.14) 1.000
Diarrhea 40 (12.6) 38 (12.5) 2 (14.3) 0.692
Abdominal pain 19 (5.99) 17 (5.61) 2 (14.3) 0.201

Italicized p values are statistically significant.
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Table 2. Laboratory data at admission of patients with COVID-19, with or without chronic liver disease

Variable Total No liver disease Chronic liver disease  p value
White-cell count (n = 304), n/mm?

Median (IQR) 6.04 (4.61-8.44) 6.06 (4.54-8.40) 5.19 (4.76-9.08) 0.905

<4,000, 1 (%) 43 (14.14) 41 (14.5) 1(7.14)

>11,000, 1 (%) 31(10.2) 30 (10.3) 1(7.14) 0.657
Lymphocyte count (1 = 304), n/mm?>

Median (IQR) 1.14 (0.76-1.49) 1.14 (0.76-1.49) 1.01 (0.76-1.64) 0.819

<1,500, 1 (%) 70 (23.0) 221 (76.2) 10 (71.4)

>4,000, 1 (%) 3(0.99) 3(1.03) 0 (0.00) 0.827
Platelet count (n = 304), n/mm?

Mean (SD) 218 (95.3) 219 (91.1) 205 (164) 0.583

<150,000, 1 (%) 71 (23.4) 66 (22.8) 5(35.7)

>400,000, 1 (%) 13 (4.28) 12 (4.14) 1(7.14) 0.425
Hemoglobin (1 = 304), mean (SD), g/dL 12.4 (2.20) 12.8 (11.2-13.9) 13.3 (8.83-14.3) 0.908
ESR (n =194), mm

Median (IQR) 62.0 (36.0-85.3) 62.0 (35.8-86.0) 60.0 (40.8-73.0) 0.944

>30, 1 (%) 158 (81.4) 150 (80.6) 8 (100) 0.355
C-reactive protein (n = 305), mg/L

Median (IQR) 54.5(17.3-119) 55.0 (17.2-120) 53.0 (21.8-94.4) 0.928

>5, 1 (%) 276 (90.5) 262 (90.0) 14 (100) 0.377
Procalcitonin (n = 171), ng/mL

Median (IQR) 0.13 (0.06-0.30) 0.13 (0.06-0.29) 0.21 (0.10-0.52) 0.308

>0.50, n (%) 26 (15.2) 24 (14.9) 2(20.0) 0.650
Ferritin (n = 160), ng/mL

Median (IQR) 583 (316-1200) 592 (317-1210) 428 (290-1019) 0.354

>454, n (%) 98 (61.3) 94 (63.1) 4(36.4) 0.109
Albumin (n = 228), g/dL

Median (IQR) 3.56 (3.11-3.98) 3.56 (3.07-3.98) 3.76 (3.13-3.92) 0.710

<3.5, 1 (%) 103 (45.2) 97 (45.1) 6 (46.2) 0.942
Creatinine (n = 310), mg/dL

Median (IQR) 0.92 (0.72-1.3) 0.91 (0.72-1.28) 1.15 (0.79-1.61) 0.218

>1.2, n (%) 88 (28.4) 81 (27.4) 7 (50.0) 0.066
Lactate dehydrogenase (n = 253), U/L

Median (IQR) 263 (188-342) 263 (187-341) 290 (196-403) 0.499

>225, 1 (%) 156 (61.7) 149 (61.6) 7 (63.6) 1.000
Creatine kinase (n = 236), U/L

Median (IQR) 75.6 (42.0-153) 74.3 (41.0-153) 94.1 (51.6-169) 0.441

>204, 1 (%) 39 (16.5) 37 (16.4) 2(18.2) 1.000
Myoglobin (n = 183), ug/L

Median (IQR) 62.7 (35.2-115) 60.9 (34.5-114) 93.1 (45.6-115) 0.373

>72, 1 (%) 74 (40.4) 70 (39.8) 4(57.1) 0.443
Total bilirubin (n = 291), mg/dL

Median (IQR) 0.4 (0.3-0.6) 0.40 (0.29-0.58) 0.66 (0.40-0.92) 0.005

>1.00, n (%) 14 (4.81) 13 (4.29) 1(7.14) 0.507
AST (n=290), U/L

Median (IQR) 30.0 (21.0-42.0) 30.0 (21.0-42.0) 35.5(27.0-52.8) 0.186

>34, 1 (%) 117 (40.3) 109 (39.5) 8 (57.1) 0.189
ALT (n=294), U/L

Median (IQR) 22.0 (15.0-35.0) 22.0 (15.0-34.8) 27.5(14.8-48.0) 0.458

>44, n (%) 46 (15.6) 42 (15.0) 4(28.6) 0.246
Alkaline phosphatase (n = 290), U/L

Median (IQR) 70.0 (55.0-96.0) 69.0 (55.0-93.8) 102 (68.3-160) 0.007

>129, n (%) 33 (11.4) 28 (10.1) 5(35.7) 0.003
GGT (n=293), U/L

Median (IQR) 37.0 (22.0-65.0) 37.0 (22.0-64.0) 60.5 (24.3-107) 0.111

>66, 1 (%) 72 (24.6) 65 (23.3) 7 (50.0) 0.024
Sodium (n = 308), median (IQR), mmol/L 138 (135-140) 138 (135-140) 134 (132-137) 0.008
aPTT (1 = 207), median (IQR), s 31.8 (28.0-37.5) 31.8 (27.9-37.5) 32.1 (27.8-43.2) 0.669
Prothrombin time (n = 210), median (IQR), s 12.8 (11.8-13.9) 12.7 (11.7-13.9) 13.8 (12.5-17.8) 0.038
INR (1 = 209), median (IQR) 1.17 (1.08-1.30) 1.17 (1.07-1.30) 1.24 (1.13-1.61) 0.205
Fibrinogen (n = 80), median (IQR), mg/dL 434 (343-566) 434 (337-573) 434 (398-523) 0.766
D-dimer (n = 152), ng/mL

Median (IQR) 559 (306-943) 559 (307-944) 588 (171-1236) 0.817

>500, 1 (%) 83 (54.6) 78 (54.2) 5 (62.5) 0.729
Lactate (n = 193), median (IQR), mmol/L 0.90 (0.70-1.20) 0.90 (0.70-1.20) 0.90 (0.70-1.15) 0.823

ALT, alanine aminotransferase; aPTT, activated partial thromboplastin time; AST, aspartate aminotransferase; ESR, erythrocyte
sedimentation rate; GGT, y-glutamyl transferase; INR, international normalized ratio. Italicized p values are statistically significant.

COVID-19 and the Liver
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Table 3. Complications, treatments and clinical outcomes of patients with COVID-19, with or without chronic

liver disease

Variable Total No liver disease ~ Chronic liver disease  p value
Disease duration, mean + SD, days ~ 37.8+12.9 31.4+16.1 36.6+17.3 0.291
COVID-19 severity, n (%)
Mild 94 (29.7) 88 (29.0) 6 (42.9)
Moderate to severe 182 (57.4) 177 (58.4) 5(35.7)
Critical 41 (12.9) 38 (12.5) 3(21.4) 0.237
Complications, 7 (%)
Pneumonia (X-ray or CT)! 206 (65.0) 197 (65.0) 9 (64.3)
Mild 18 (17.2) 16 (14.0) 2(28.6)
Moderate to severe 58 (55.2) 54 (47.4) 4(57.1)
Severe 29 (27.6) 28 (24.6) 1(14.3) 0.505
Respiratory failure 187 (59.0)
Mild 100 (31.5) 98 (32.3) 2(14.3)
Moderate 48 (15.1) 46 (15.2) 2(14.3)
Severe 39 (12.3) 36 (11.9) 3(21.4) 0.445
Acute kidney injury 72 (22.7)
Grade 1 54 (17.0) 53 (17.5) 1(7.14)
Grade 2 9 (2.83) 8 (2.64) 1(7.14)
Grade 3 9(2.83) 7 (2.31) 2(14.3) 0.035
Septic shock 23(7.26) 22 (7.26) 1(7.14) 1.000
Treatment, n (%)
Vasopressors 14 (4.42) 13 (4.3) 1(7.14) 0.476
Invasive mechanical ventilation 19 (5.99) 18 (5.9) 1(7.14) 0.587
Renal-replacement therapy 4(1.26) 4(1.3) 0 (0.00) 1.000
Hydroxychloroquine 176 (55.5) 170 (56.1) 6 (42.9) 0.329
Corticosteroids 26 (8.20) 25 (8.25) 1(7.14) 1.000
Lopinavir/ritonavir 2 (0.63) 1(0.33) 1(7.14) 0.087
Remdesivir 1(0.32) 1(0.33) 0 (0.00) 1.000
Antibiotics 152 (47.9) 145 (47.9) 7 (50.0) 0.875
Prophylactic anticoagulation 196 (61.8) 187 (62.5) 9 (64.3) 0.708
Therapeutic anticoagulation 29 (15.5) 46 (15.4) 3(21.4) 0.708
Hospitalization days, median (IQR)  10.0 (5.00-22.0)  10.0 (5.00-22.0)  11.5(7.00-19.0) 0.447
Mortality?, n (%) 71 (22.8) 67 (22.5) 4(28.6) 0.531

Italicized p values are statistically significant. ! Imaging data (chest X-ray or CT) available in 303 patients.
Pneumonia severity classified based only on chest CT findings, available in 114 patients.? Data not available for
5 patients, still hospitalized at the time of data analysis.

Clinical Characteristics of Patients with COVID-19

A total of 317 inpatients with SARS-CoV-2 infection
were included, with a mean age of 70.4 + 16.9 years (22.1%
over 85 years) and 50.5% males. COVID-19 severity was
moderate to severe in 57.4% and critical in 12.9% of the
patients. The mean disease duration was 37.8 + 12.9 days,
the median hospitalization length 10.0 days (IQR 5.00-
22.0) and overall mortality rate 28.6% of the patients.
Hospital-acquired SARS-CoV-2 infection was registered
in 81 patients (25.6%). Further clinical characteristics of
patients with COVID-19 can be found in Tables 1-3.
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Clinical Characteristics of Patients with COVID-19

and Abnormal Liver Tests at Admission

Atadmission, about half of the patients (n = 148/294,
50.3%) showed abnormal liver tests, and 122 (41.5%)
patients showed elevated aminotransferase levels, from
which the majority (75.4%) were mild elevations of
1-2x the upper limit of normal (online suppl. Table 1,
see www.karger.com/doi/10.1159/000513593). AST
levels were elevated in 117 (40.3%; median 46.0 U/L,
IQR 39.0-67.0) and ALT levels in 46 (15.6%) patients
(median 70.0 U/L, IQR 53.0-87.0). ALP was elevated in
33 (11.4%; median 167 U/L, IQR 145-231) and GGT in
72 (24.6%) patients (median 105 U/L, IQR 84.8-154).
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Total bilirubin was abnormal in only 14 (4.81%) of the
patients.

From baseline clinical characteristics, only male gen-
der (62.3 vs. 37.3%, p = 0.001) and age >65 years (71.3 vs.
28.7%, p = 0.006) were associated with elevated amino-
transferase levels. Presence of any COVID-19 symptom
was also associated with elevated aminotransferase levels
compared to asymptomatic patients (p = 0.005). When
both groups were compared, a difference for frequency of
symptoms was seen for dyspnea, headache and anorexia
(Table 4). Patients with hospital-acquired COVID-19
showed a lower frequency of aminotransferase elevation
(17.4 vs. 29.0%, p = 0.022).

Elevated aminotransferase levels (either AST and/or
ALT) at admission were associated with COVID-19 se-
verity (p = 0.01), presence of pneumonia (p = 0.008) as
well as its severity (p = 0.01) and respiratory failure sever-
ity (p < 0.001). Elevated aminotransferases were not as-
sociated with COVID-19 disease duration or hospitaliza-
tion days. They were associated, though, with ICU need
(13.1 vs. 5.92%, p = 0.034) and with increased mortality
(25.8 vs. 13.3%, p = 0.007; Table 5).

In multivariate analysis, only male gender (OR 5.13;
95% CI 1.48-17.9; p = 0.01) and respiratory failure (OR
9.30;95% CI 1.42-61.1, p = 0.02) were associated with el-
evated aminotransferases.

When performing subgroup analyses for COVID-19
outcomes, we concluded that elevated ALT at admission
was associated with ICU admission (34.6 vs. 13.8%, p =
0.005), but not mortality, COVID-19 severity, disease or
hospitalization length. By contrast, AST was associated
with pneumonia development (46.0 vs. 30.1%, p = 0.011)
and its severe forms (59.3 vs. 26.7%, p = 0.002), with respi-
ratory failure (51.2 vs. 25.8%, p < 0.001) and its severity
(p <0.001), moderate to critical COVID-19 (45.5 vs. 28.4%,
p =0.006) and mortality (58.5 vs. 36.2%, p = 0.003), but not
with disease or hospitalization length or ICU admission.

On the other hand, elevated ALP was associated with
critical COVID-19 (21.1 vs. 9.92%, p = 0.044) and with
mortality (20.4 vs. 9.52%, p = 0.025) while elevated GGT
was associated with ICU admission only (42.3 vs. 22.8%,
p=0.028).

Characterization of Patients with CLD and

COVID-19

In our cohort a prevalence of 4.42% of CLD was found,
with alcohol (n = 6) and nonalcoholicic fatty liver disease
(NAFLD)/steatohepatitis (n = 6) being the most frequent
etiologies (Table 6). From these patients, 3 had liver cir-
rhosis.

COVID-19 and the Liver

Table 4. Clinical characteristics of patients with COVID-19, by
aminotransferase levels at admission

Variable Normal Elevated p
transaminases transaminases value
(n = 169) (n=122)
Mean age * SD, years 67.4+17.8 72.4+15.3 0.086
Distribution, n (%)
18-30 years 5(2.96) 1(0.82)
31-50 years 27 (16.0) 11 (9.02)
51-65 years 43 (25.4) 23 (18.9) 0.073
66-85 years 62 (36.7) 60 (49.2)
>85 years 32(18.9) 27 (22.1)
Gender, 1 (%)
Female 98 (58.0) 46 (37.7) 0.001
Male 71 (42.0) 76 (62.3) :
Body mass index, n (%)
<185 3(1.78) 2 (1.64)
18.5-24.9 123 (72.8) 81 (66.4)
25.0-29.9 21(12.4) 22 (18.0) 0.567
30.0-34.9 13 (7.69) 12 (9.84) :
35.0-39.9 4(2.37) 3(2.46)
>39.9 5(2.96) 2 (1.64)
Smoking history, n (%)
Never smoked 129 (76.3) 92 (75.4)
Former smoker 24 (14.1) 23 (18.9) 0.332
Current smoker 16 (9.47) 7 (5.74)
Alcohol consumption, 7 (%)
Abstinent 152 (89.9) 106 (86.9)
Low to moderate 11 (6.51) 12 (9.84) 0.582
Hea 6 (3.55) 4(3.28)
Comorbidities, 7 (%)
Hypertension 103 (60.9) 81 (66.4) 0.342
Diabetes 50 (29.6) 37 (30.3) 0.891
Ischemic heart disease 20 (11.8) 18 (14.8) 0.466
Cerebrovascular disease 36 (21.3) 19 (15.6) 0.218
Chronic kidney disease 29 (17.2) 22 (18.0) 0.847
Chronic lung disease 37 (21.9) 28 (23.1) 0.802
Malignant neoplasia 14 (8.28) 14 (11.5) 0.362
Immunosuppression 19 (11.2) 6(4.92) 0.057
Chronic liver disease 6 (3.55) 8 (6.56) 0.237
Hospital-acquired, n (%) 49 (29.0) 21(17.4) 0.022
Signs and symptoms, 1 (%)
Asymptomatic 26 (15.4) 6 (4.92) 0.005
Fever 95 (56.2) 70 (57.4) 0.843
Cough 102 (60.4) 82 (67.2) 0.231
Dyspnea 49 (29.0) 53 (43.4) 0.011
Chills 7 (4.14) 12 (9.84) 0.052
Fatigue 45 (26.6) 36 (29.5) 0.588
Anorexia 17 (10.1) 22 (18.0) 0.049
Myalgia or arthralgia 40 (23.7) 29 (23.8) 0.984
Headache 31(18.3) 12 (9.84) 0.044
Conjunctival congestion 2 (1.18) 3 (2.46) 0.409
Nasal congestion 22 (13.0) 17 (13.9) 0.821
Anosmia 14 (8.28) 3 (2.46) 0.037
Odynophagia 12 (7.10) 5 (4.10) 0.281
Nausea or vomiting 9 (5.33) 12 (9.84) 0.142
Diarrhea 20 (11.8) 20 (16.4) 0.265
Abdominal pain 9 (5.33) 8 (6.56) 0.658

Ttalicized p values are statistically significant.
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Table 5. Complications and clinical outcomes, by aminotransferase levels at admission

Variable Normal Elevated p value
transaminases transaminases
(n = 169) (n=122)
Disease duration, mean + SD, days 34.4+14.4 31.1+16.7 0.381
COVID-19 severity, n (%)
Mild 62 (36.7) 26 (21.3)
Moderate to severe 91 (53.8) 76 (62.3)
Critical 16 (9.47) 20 (16.4) 0.010
Complications, 7 (%)
Pneumonia (X-ray or CT)! 98 (60.7) 91 (75.8) 0.008

Mild 12 (16.7) 6 (14.3)

Moderate to severe 37 (51.4) 16 (38.1)

Severe 10 (13.9) 17 (40.5) 0.010
Respiratory failure

Mild 48 (28.4) 46 (37.7)

Moderate 17 (10.1) 22 (18.0)

Severe 14 (8.28) 20 (16.4) <0.001
Acute kidney injury 35(20.7) 34 (27.9) 0.157
Septic shock 9 (5.33) 13 (10.7) 0.090

Intensive care unit 10 (5.92) 16 (13.1) 0.034
Hospitalization days, median (IQR) 9.0 (5.00-23.0) 12.0 (6.00-23.0) 0.409
Mortality?, 7 (%) 22 (13.3) 31(25.8) 0.007

Italicized p values are statistically significant. ! Imaging data (chest X-ray or CT) available in 303 patients.
Pneumonia severity classified based only on chest CT findings, available in 114 patients. > Data not available for
5 patients, still hospitalized at the time of data analysis.

Patients with CLD were more frequently men (p =
0.001), current or former smokers (p < 0.001) and alco-
hol consumers (p < 0.001). Chronic kidney disease was
also more frequent among CLD patients (p = 0.011). All
other baseline characteristics were similar between the 2
groups (Table 1). Overall, there was no difference in
COVID-19 symptoms (Table 1), laboratory data at ad-
mission (Table 2), complications and treatments be-
tween patients with or without CLD (Table 3). Excep-
tions were seen for higher levels of ALP (102 vs. 69.0
U/L, p = 0.007), lower levels of serum sodium (134 vs.
138 mmol/L, p = 0.008) and higher prothrombin time
(13.8 vs. 12.7 s, p = 0.038) for CLD patients. Also, more
severe degrees of acute kidney injury during hospitaliza-
tion were found in these (21.4 vs. 4.95%, p = 0.035).

COVID-19 patients with CLD showed an increased
frequency of critical COVID-19 (21.4 vs. 12.5%, p =
0.237), alonger disease (36.6 vs. 31.4 days, p =0.291) and
hospitalization length (11.5 vs. 10.0 days, p = 0.447), as
well as an increased mortality rate (28.6 vs. 22.5%, p =
0.595; Table 3). When the subgroup of cirrhotic patients
was analyzed, a longer inpatient length of stay (15 vs. 10
days, p = 0.639), an increased frequency of moderate to
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severe and critical COVID-19 (66.6 vs. 54.6%, p = 0.844)
and an increased mortality rate (66.7 vs. 18.2%, p =
0.176) were seen.

The state of emergency in Portugal due to SARS-
CoV-2 pandemic infection was declared on March 18,
2020. During this time reorganization of hospitalization
units was done and “COVID-19 units” were created to
receive patients infected with SARS-CoV-2. We hypoth-
esized the existence of differences in the SARS-CoV-2 in-
fection course in patients with abnormal liver tests and
between patients with and without CLD. In this study we
analyzed the data regarding a cohort of 317 patients ad-
mitted to COVID-19 units in a tertiary university-teach-
ing hospital in Portugal, during a 10-week period. Apart
from acute respiratory syndrome induced by COVID-19,
several studies report liver enzyme abnormalities in up to
50% of SARS-CoV-2-infected patients, at admission,
even before the use of various potential hepatotoxic drugs
[3]. Accordingly, we have shown abnormal liver tests at
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Table 6. Characterization of patients with COVID-19 and chronic liver disease (CLD)

Patient Age, Gender CLD etiology Liver CTP-b CTP-a MELD-b MELD-a CLD complications COVID-19 Deceased
No. years cirrhosis severity
1 57 Male HCV + alcohol No - - - - None Mild No
2 79 Female HBV Yes 5 9 12 18 De novo ascites Critical Yes
Peritonitis
De novo encephalopathy
ACLF1
3 57 Male HCV No - - - - None Mild No
4! 49 Male Alcohol Yes 11 11 28 17 Worsening ascites Mild No
HRS
ACLF2
5 92 Male NAFLD No - - - - None Critical Yes
6 67 Male Alcohol Yes 7 8 13 16 None Moderate-severe  Yes
7 72 Male NAFLD + alcohol No - - - - None Moderate-severe No
8 63 Male NAFLD No - - - - None Critical No
9 90 Male NAFLD No - - - - None Mild Yes
10 64 Male Alcohol No - - - - None Mild No
11 63 Male NAFLD No - - - - None Moderate-severe No
122 76 Male HBV No - - - - None Moderate-severe No
13 76 Male A1-AT def. + alcohol No - - - - None Mild No
14 40 Male NAFLD No None Moderate-severe No

! Alcoholic hepatitis prior to COVID-19 admission. ? Patient with liver transplant. A1-AT def., a;-antitrypsin deficiency; ACLF, acute-on-chronic liver
failure; CLD, chronic liver disease; CTP-a, Child-Turcotte-Pugh score at admission; CTP-b, baseline Child-Turcotte-Pugh score; HBV, hepatitis B virus;
HCV, hepatitis C virus; HRS, hepatorenal syndrome; MELD-a, Model of End-Stage Liver Disease-Sodium score at admission; MELD-b, baseline Model of

End-Stage Liver Disease-Sodium; NAFLD, nonalcoholic fatty liver disease.

admission in 50.3% of the patients in our cohort. More-
over, elevated aminotransferase levels (AST and/or ALT)
were seen in 41.5% of our patients, mostly in males and
patients older than 65 years. Male and older patients with
COVID-19 were previously identified has having a high-
er risk of liver injury [24]. Despite the fact that most of
these elevated aminotransferase levels (75.4%) were mild,
up to 2x the upper limit of normal, they still were associ-
ated with worse clinical outcomes such as respiratory fail-
ure, severe pneumonia, moderate to severe and critical
COVID-19, ICU admission and increased mortality.
However, in multivariate analysis, all these outcomes lost
their statistical significance, meaning they were probably
confounders. The literature remains controversial on
whether liver enzyme abnormalities truly mean worse
clinical outcomes or are simple bystanders. Previous re-
ports have associated abnormal liver enzymes with longer
mean hospital stay [6-11, 18,25-31], COVID-19 severity

COVID-19 and the Liver

[6,10,11,24-29,32-34],1CU admission [7, 29] and mor-
tality [9, 24, 34], whereas others failed to show worse clin-
ical outcomes [7, 18, 25, 28, 30, 31]. Different mecha-
nisms have been proposed to explain liver test abnormal-
ities such as direct viral hepatotoxicity, drug-induced
liver injury, systemic effects of viral infection and sepsis,
or exacerbation of an underlying liver disease [35]. Al-
though laboratory testing was done at admission, before
inpatient drug administration and thereby eliminating
any potential hepatotoxic effect as a confounder, no re-
cords of usual outpatient medication were available. The
alterations on aminotransferase levels at admission could
reflect the presence of a subset of patients with unrecog-
nized CLD, in accordance with the retrospective nature
of our analysis. Given the low prevalence of CLD patients
in our cohort, not different from other studies, this pos-
sibility is unlikely to justify the observed alterations in
liver test abnormalities. The association seen in our study
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of aminotransferase elevation with respiratory failure is
compatible with hypoxic hepatitis as possible contribut-
ing factor to liver damage. Also, not negligible, lactate de-
hydrogenase, creatine kinase and myoglobin were elevat-
ed in 61.7, 16.5 and 40.4% of our patients, respectively,
raising the suspicion that aminotransferase elevations do
not necessarily arise from the liver alone and that COV-
ID-19 infection might induce a myositis similar to that
observed in severe influenza infections [13]. Corroborat-
ing this hypothesis is the fact that, in a subgroup analysis,
only AST elevation, and not ALT elevation, was associ-
ated with respiratory failure.

Relevant elevations of ALP and GGT levels have not
been reported in most studies [3]. In our work, we found
elevated ALP levels in 11.4% and elevated GGT levels in
24.6% of the patients, similar to the previously reported
prevalences of 3.91-13.8% and 18.2-40.3%, respectively
[6, 36, 37]. Both enzymes are present in several extrahe-
patic tissues, although for bile duct injury, ALP is consid-
ered more sensitive than GGT [6]. Hence, for patients
with elevated GGT and normal ALP, other etiologies
apart from liver damage should be considered. In our
study, we also found ALP to be associated with critical
COVID-19 and mortality, contrary to what has been pre-
viously reported [37, 38]. Only one trial has previously
shown ALP association with severe COVID-19 [27], but
none, apart from our study, has shown an association
with mortality.

Nosocomial SARS-CoV-2 infection has been under-
reported in previous studies. In our cohort, we had 25.6%
of the patients with hospital-acquired SARS-CoV-2 in-
fection. Surprisingly, these patients showed a lower fre-
quency of aminotransferase elevation (17.4 vs. 29.0%, p =
0.022) which may reflect a selection bias, since 44.4% of
nosocomial COVID-19 demonstrated mild disease (in
contrast to 24.3% of “community-acquired” COVID-19)
and probably would not need hospitalization for COV-
ID-19 reasons.

The relationship between the presence of CLD and
COVID-19 is a matter of debate bearing in mind the puta-
tive influence of cirrhosis-associated immune dysregula-
tion and immunosuppressant use, together with the role
of immune processes in SARS-CoV-2 infection pathology
[4, 39]. Two systematic reviews exploring the relationship
between liver disease and COVID-19 failed to show an
increased risk of COVID-19 progression in patients with
previously known CLD [34, 40]. On the other hand, the
presence of CLD is believed to be a risk factor for a severe
COVID-19 course, in spite of the lack of data relating both
[3]. Due to the difficulties in identification of pre-existing
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liver conditions in COVID-19 patients, the mutual impact
of CLD and COVID-19 has been difficult to analyze. The
prevalence of CLD in patients infected with SARS-CoV-2
has been reported between 0.6 and 37.6% [3]. In our co-
hort we showed a prevalence of CLD (4.41%) slightly su-
perior to that shown by recently published meta-analyses
[15, 24, 34]. Mantovani et al. [15] made a meta-analysis of
11 observational studies capturing 2,034 Chinese adults
with COVID-19, with 62 presenting a prior history of
CLD with an overall prevalence of CLD of 3%. In this anal-
ysis, the largest so far to our knowledge regarding the
prevalence of CLD in COVID-19 inpatients, the main eti-
ology of CLD was due to viral infections (HBV and HCV)
with most patients being young males. Our subgroup of
patients with CLD was mainly composed of male patients
with a mean age of 68 years, with cardiovascular risk fac-
tors, comorbidities such as chronic kidney and lung dis-
ease, and previous or ongoing smoking and alcohol-
drinking habits. The presenting signs and symptoms of
this subgroup did not statistically differ from those with-
out CLD. We have also shown significant differences for
this subgroup of patients on some laboratory abnormali-
ties, with known prognostic relevance, such as lower so-
dium levels at admission and a higher degree of kidney
injury during hospitalization. Some clinically relevant
outcomes regarding COVID-19 were also seen in our
CLD patients, such as increased frequency of critical dis-
ease (p = 0.0237), longer disease duration (p = 0.291) and
hospitalization length (p = 0.447), as well as increased
mortality (p = 0.531). However, the magnitude of these
differences did not reach statistical significance.

Data regarding mortality for patients with CLD and
COVID-19 are still scarce, but several studies point out
more severe COVID-19 and higher mortality from CO-
VID-19 in CLD patients and particularly in cirrhotic pa-
tients [16, 17]. Moon et al. [41] published the preliminary
results of international registries (COVID-Hep.net and
COVIDCirrhosis.org) regarding 151 patients with CLD
(of which 109 with cirrhosis) from 21 countries. This
population was predominantly male, with a median age
of 61 years, and with NAFLD and alcohol-related liver
disease pointed out as the main etiologies for the CLD.
Overall, the mortality rate for patients with CLD was
30.92% (26.97% in cirrhotic cases), higher rates than
those reported in cirrhotic patients infected with influ-
enzavirus in the pre-COVID-19 era [41, 42]. This registry
also showed, between survivors and nonsurvivors, signif-
icant differences in baseline values for prothrombin time,
bilirubin, albumin and creatinine. Like Moon et al. [41],
the main etiologies found for CLD in our cohort were
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NAFLD and alcohol-related liver disease and, from those
who presented cirrhosis, worsening ascites with sponta-
neous bacterial peritonitis were the most frequent de-
compensation events. From these, evolution to acute-on-
chronic liver failure was observed in 2 patients. When a
subanalysis for cirrhotic patients compared with noncir-
rhotic CLD patients was made, no statistically significant
difference was found for disease duration, severity of CO-
VID-19, hospitalization time and mortality. Although a
small number of patients present CLD in our cohort, their
mortality rate (28.6%) was comparable to that shown by
Moon et al. [41], which is in accordance with the similar
demographic characteristics and liver disease etiology
shared by our population and that included in this inter-
national registry. The relative higher mortality rate found
for the 3 cirrhotic patients in our cohort (66.7%) can be
explained by the development of critical COVID-19 as-
sociated with coexistence of multiple organ failure/acute-
on-chronic liver failure. The apparently conflicting mor-
tality data shown in the APCOLIS Study, an internation-
al registry from 13 Asian countries regarding patients
with CLD and confirmed COVID-19, which has shown
lower mortality rates of 2.7% among CLD patients and
16.3% among cirrhotic patients, are probably explained
by different patient selection criteria. While in this inter-
national registry all patients were considered and only
13.6% had severe COVID-19, we have only included hos-
pitalized patients and we had a higher proportion of mod-
erate, severe and critical COVID-19 (70.3%). The small
number of cirrhotic patients in our cohort might be ex-
plained by some limitations of our study such as the high
dependence on medical records to determine the pres-
ence of CLD, admitting that probably the number of pa-
tients with CLD was higher. Also, an accurate protocol for
measure and/or screening for CLD at admission was not
done. The compliance to EASL-ESCMID and AASLD
guidelines [4, 43], regarding avoidance of contact with
SARS-CoV-2 hotspots for CLD patients, could reflect
some bias on the number of patients presenting to the
emergency room. The low prevalence of patients with
CLD shown by us and other authors [13, 15, 24, 25, 34,
44], reinforces that abnormalities related to liver function
seen in COVID-19 might be attributed to the systemic
inflammatory response directed to the virus instead the
presence of an unknown CLD.

This study has some limitations, starting with the small
number of patients with CLD, limiting statistical power.
Also, the study population included patients from a single
institution, most of them within Porto metropolitan area,
and Caucasians, so these findings cannot be generalized.

COVID-19 and the Liver

Additionally, data were collected retrospectively from
electronic medical records that were not standardized,
leading to heterogeneity and potentially incomplete clin-
ical reports.

Nevertheless, this is the first published cohort of pa-
tients with SARS-CoV-2 infection in Portugal and the
first reporting the impact of abnormal liver tests and
chronic liver disease on patient outcomes.

In conclusion, we showed liver enzyme abnormalities
in COVID-19 patients were frequent but most common-
ly mild. AST, but not ALT, was associated with worse
clinical outcomes, such as respiratory failure, pneumonia,
COVID-19 severity and mortality, probably indicating
these outcomes were independent of liver injury. Also,
4.41% of our cohort presented CLD and a clear impact on
COVID-19 outcomes was not seen.
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