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Outcomes of COVID-19 among patients with liver disease

Vujci¢ I. COVID-19 and liver
Abstract
Coronavirus disease 2019 (COVID-19) is primarily a respiratory disease with multi-
organ involvement, including impaired liver function. It has been noticed that a
significant proportion of COVID-19 patients have liver dysfunction, especially those
with a more severe disease course. The corolavirus causes direct damage to the liver
using the angiotensin-converting enzyme 2, a cell-surface receptor for cellular entry,
that is expressed jn the liver. According to previous research, liver enzyme
abnormalities were observed in a considerable proportion of COVID-19 patients, and
elevated liver transaminases were found in about 20% of these patients, alkaline
phosphataé in 6.1%, and gamma-glutamyl transferase in 21.1%. COVID-19 might
trigger a deterioration of liver function in patients with pre-existing chronic liver
iseases (CLDs) and also in those without previous liver disorders. The majority of
COVID-19 patients who develop liver injury are men, the elderly, and those with a
higher body mass index. Compared to the general population, COVID-19 is associated
with significant morbidity and mortality in patients with liver disease (cirrhosis and
liver transplantation recipients). However, some studies indicate that CLDs have a

lesser role in determining patient progression towards higher disease severity.
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Core Tip: Drastic lifestyle changes during the coronavirus disease 2019 (COVID-19)

pandemic have led to an increase in the incidence of liver disease. Liver damage in
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COVID-19 infection occurs during dis%se progression in patients with or without
previous liver disorders and represents a risk factor for developing severe illness and
death. The prognosis of COVID-19 infection depeEs predominantly on the patients’
characteristics, present comorbidities, severity of clinical symptoms, laborato

parameters, and imaging features. It is important to examine prognostic factors in

COVID-19 disease patients with liver disease because it may improve the outcome.

INTWDUCTION

The coronavirus disease (COVID-19) originated in Jate 2019 in China and spread with
alarming rapidity across the globelll. The illness is caused by a novel severe acute
respiratory syndrome Cﬁ'omvims 2 (SARS-CoV-2), and during the pandemic, more
than 600 million cases and more than 6 million deaths were reported world‘ﬁlem.
COVID-19 clinical manifestation vary, and the disease’s wide clinical spectrum ranges
from mild, self-limiting pulmonary tract infection to progressi\résevere pneumonia
with high mortality ratesl3l. Drastic lifestyle changes during the COVID-19 pandemic
have led to an increase in the incidence of nonalcoholic fatty liver disease (NAFLD),
decompensated girrhosis, acute alcoholic hepatitis, viral l-ﬁpatitis, and mortality from
liver diseasesl4l. Liver dysfunction in COVID-19 patients is a risk factor for severe illness
and deathl®], and significantly higher morbidity and mortality rates were observed
among patients with liver disease and COVID-19, compared to the general
populationl®. About 2%-11% of COVID-19 patients had already been diagnosed with
chronic liver disease (CLD)Fl. However, liver dysfunction includes a variety of
etiologies and heterogeneous groups of patientsi8l. In addition, COVID-19 can induce

liver injury, especially in those patients with severe forms of the diseasel”?].

GLOBAL BURDEN OF LIVER DISEASES

Globally, two million deaths are attributed to liver diseases, including 1 million due to

cirrhosis and 1 million due to viral hepatitis and hepatocellular carcinoma (HCC)I0L

Over the past two decades, the prevalence of CLD has been increasing/'ll. CLD includes
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NAFLD, alcohol-related liver disease (ALD), and chronic viral hepatitis B and CI'?, and

it can progress to fibrosis, cirrhosis, and HCCI®3l. NAFLD, or the recently defined
metabolic-associated fatty liver disease (MAFLD), are the most common CLDs, which
affect about a quarter of the world’s adult population('4l. The global prevalence of
MFALD/NAFLD has been rapidly 'ﬁreasing in tandem with the rise in diabetes and
obesity prevalence, both of which have been associated with increased mortality in
COVID-190151¢], Hepatitis B and C are still a major se of liver disease burden
globally, especially in low-income countries in Asia and sub-Saharan Africa, despite the

availability of effective preventive measures and treatment!10.17],

LIVER INJURY IN CORONAVIRUS INFECTED PATIENTS

Although coronavirus cause the worst damage to the lungs, it can also influence the
digestive, cardiac, and endocrine systemsl!8l. Multifactorial causes of liver damage
during COVID-19 infection include direct virus cytopathogenic effect, abnormal
immune response associated with the cytokine storm, vascular changes due to
coagulopathy, hepatic ischemia/hypoxia reperfusion injurband drug-induced liver
injuryl1920l. The coronavirus causes direct liver injury using the angiotensin converting
enzyme 2 receptor for cellular entry, which is expressed mainly in the cholangiocytes
and less frequently in the hepatocytesl?!l. Certain hepatotoxic medications, such as
antibiotics (macrolides, quinolones), antivirals (ribavirin), steroids, and other drugs
used to treat patients with COVID-19, are connected with drug-induced liver injury and
were found in 10.9% of COVID-19 patients(2>-24. However, in COVID-19 patients, liver
damage is primarily secondary to ischemic, hypercoagulable, and hyperinflammato

states, which are independent predictors of death rather than liver injury per sel?l. A
cytokine storm and a massive acute-phase response are defined by the acute
overproduction and uncontrolled release of the proinflammatory cytokines, tumor
necrosis factor (TNF), interleukin 1 (IL-1), and IL-6 paralleled by excessive secretion of
C-reactivaurotein (CRP) and ferritinl25l. Coagulation dysfunction indicates a poor

outcome in critically ill COVID-19 patients with hepatic injury, including a significant
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role of neutrophils and monocytes in amplifying blood clotting[m]. Hepatic apoptosis

and elevated liver enzymes are caused by ischemia and reperfusion injuryl20l.

PROGNOSTIC FACTORS IN COVID-19 PATIENTS WITH LIVER DISEASE

Advanced age and being male are well-estgblished risk factors for severe COVID-19
outcomes!?l, Various medical underlying conditions, such as cardiovascular disease,
lung disease, cancer, diabetes, and obesity_have also been associated with increased
risk(27-29l. However, the prognostic factors in COVID-19 patients with previous liver
diseasehare not well-definedPl. In a multicenter cohort study conducted in the United
States, comorbidities such as diabetes, hypertension, chronic obstructive pulmonary
disease, current smoking and increasing age in patients with ALD, liver cirrhosis
decompensation, and HCC predicted a higher mortality when infected with COVID-
191111, In another study from t SA conducted among CLD patients, it was reported
that older age and pre-existing comorbidities were associated with severe COVID-19301,
Shen et all3!l found that COVID-19 patients with liver injury had a significantly poorer
prognosis than patients without liver dysfunction, and that male gender and elevate

CRP were independent prognostic factors in these patientsPll. Preliminary results of a
systematic review and meta-analysis involving 88 studies and 6653207 cases of COVID-
19 in Europe showed that liver disease was associated with hospital admission and
mortality, after adjustment for age and genderl?2l. Liver dysfunction during COVID-19
has been associated with increased disease severity, prolonged hospital stays,

ventilatory support and mortality[3].

Liver injury, laboratory findings, and prognosis

The prognosis of the COVID-19 infection depends primarily on the patients’
characteristics, present comorbidities, severity of clinical sy ms, laboratory
parameters, and imaging features®! (Figure 1). Liver injury occurs in patients with or
without pre-existing liver disordersi4. The incidence of liver injury manifesting as

abnormal levels of liver enzymes ranges from 14.8% to 53.0%[!8l. The degree of liver
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injury is generally mild, and those with digestive symptoms were more likelw present
hepatocellular injuryl33536]. COVID-19 patients who develop liver injury are more likely
to be men, older, and ve a higher body mass index (BMI)P7l. Liver enzyme
abnormalities are frequent in patients with COVID-19 infection, and they are associated
with diSﬁe severity[1838]. The most frequently reported mild to moderate elevations
were in aspartate aminotransferase (ALJ), alanine aminotransferase (AST), and total
bilirubin (tBIL) levels3], but abnormal gamma-glutamyl transferase (GGT), alkaline
phosphatase (ALP), and albumin levels have been found in patients with COVID-19 as
welll18223] Liver damage in COVID-19 is usually temporary, and therefore, the enzyme
levels of most patients usually return to normal after recoveryll840l. The systematic
review and meta-analysis that included 36 studies and 20724 patients found a 46.9%
prevalence of at least one abnormal liver function test, and elevated levels of ALT, AST,
and tBIL were independent predictors of COVID-19 severity and in-hospital
mortalityl*ll. A meta-analysi observational studies revealed that acute liver injury
and elevated liver enzymes in COVID-19 patients were significantly associated with
disease severityl“2l. A study conducted in Eng Kong reported that, ALT/AST elevation
at two times the upper normal limit and acute liver injury in patients with COVID-19,
were independently associated with poor prognosis, after controlling for diabetes
mellitus, hyperteaon, and albumin levell®l. A systematic review that included 30
articles observed significantly higher mortality in patients with impaired liver function
than in patients with normal function®l. Wagner ef all¥l reported that
hypoalbuminemia and abnormalities in liver function tests may be prognostic factors
for higher COVID-19 severity. Although there remains controversy in the scientific
literature over whether or not liver enzyme abnormalities are associated with worse
clinical outcomes, their alteration probably reflects the systemic involvement of the
virus and the potential appearance of severe liver complications!*’l. However, patients
with severe CO 19 may show a higher risk of post-COVID cholangiopathy, and

liver tests in these patients continue to show abnormal results!46l.
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COVID-19 IN PATIENTS WITH PRE-FﬁISTING LIVER DISEASE

A number of studies have investigated the impact of CLD on the outcome of COVID-
1981, COVID-19 patients with CLD account fﬁ less than 1% of reported cases!¥’l. CLD
includes different etiologies and can manifest from mild asymptomatic disease to severe
decompensated cirrhosis, so it could be challenging to generalize results from different
studies and countries!'*17l. In China, the main cirrhosis etiology was chronic hepatitis B
viru BV)48l. Patients with viral hepatitis, ALD, NFALD, liver cirrhosis, and HCC
had a higher risk of developing severe COVID-19 and up to a 10-fold higher mortality
rate compared to those without any reported comorbidityl#l. Data collected from 13
Asian countries identified that COVID-19 infection induced significant liver damage in
CLD patients, and these patients had a higher risk of getting acute liver injury, hepatic
decompensation, or acute-on-chronic liver failure (ACLF)5. A Danish pspective,
population-based cohort study reported that patients with CLD, particularly those with
cirrhosis, were at major risk of severe COVID-19 outcomes and higher mortalityl>!l. A
Swedish nationwide matched cohort study showed that patients with CLD had a higher
risk of hospitalization for COVID-19 compared ﬁthe general population!®2l. However,
there was no evidence that these patients were at a higher risk of develgping a severe
COVID-19 disease coursel52l. A study conducted in China orted that COVID-19
patients with CLD showed a prolonged length of stay, slightly liver injuries, and higher
mortality rates compared to COVID-19 patients without CLD, and that the neutrophil-
to-lymphocyte ratio was an indicator of adverse clinical outcomes in this populationl>3l.
A meta-analysis that included fifty studies revealed that pre-existing liver diseases or
acute liver injury associated with severe COVID-19 infection were key factors in_the
prediction of mortality!®l. According to a study conducted jg Massachusetts, USA, CLD
in patients with COVID-19 was independently associated with higher rates of intensive
care unit (ICU) admission, gnd a need for mechanical ventilation after controlling for
comorbidities!'?. Krishnan ef al fgund that CLD patients with elevated AST and tBIL
levels had a significantly higher risk for a more severe COVID-19 disease course and

also reported that ALD was the most important factor associated with the need for
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mechanical ventjlation/®]. A systematic review including 40 studies, mainly from China,
reported that was significantly associated with CO 19 severity and
mortality®l. The risk of getting more severe COVID-19 was 2.44 times higher among
patients with CL mpared to those without CLD, and the presence of NAFLD was
the most strongly associated with higher COVID-19 severity, followed by MAFLD and
cirrhosis. In addition, COVID-19 patients with viral hepatitis were not at higher risk of
getting a severe form of COVID-19151. After COVID-19 infection, approximately 20% of
CLD patients develop progressive cholestasis, particularly patients with NAFLD/non-

alcoholic steatohepatitis and metabolic risk factors(3I.

COVID-19 and viral hepatitis

There is still insufficient evidence for an association between previous hepﬁitis Band C
infection and COVID-19 outcome, and several studies indicated that these patients were
not at increased risk for severe COVID-1915-%], Most studies that have examined
influence of HBV on COVID-19 prognosis have been conducted in China due to the
high prevalence of HBV in the countryl®l. Yu et all®!l reported higher in-hospital
mortality, more severe disease, and liver function abnormalities in COVID-19 patients
infected with HBV compared to COVID-19 patients without HBV. However, the
presence of COVID-19 infection or treatment with tocilizumab or corticosteroids could
reactivate hepatitis B infection*962l. A study conducted in the United States reported
that ﬁonic hepatitis C in COVID-19 patients was associated with in-hospital mortality
regardless of baseline comorbidities, admission values of laboratory tests, or liver
damage induced_by COVID-191¢l. The Korean nationwide population-based cohort
study reported that after adjusting for age, sex, cirrhosis, and comorbidities, HBV

infection itself appears not to influence the prognosis of COVID-19 patientsl64l.

COVID-19 and NAFLD
The prevalence of NAFLD, or the recently renamed MAFLD, in COVID-19 patients is

31%, which is higher than the prevalence in the general population(®l. Patients with
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NAFLD had a hig risk of COVID-19 progression, a higher likelihood of liver
dysfunction, and a longer viral shedding time than the patients without NAFLDI®6].
Mahamid et all'l found an independent association between the COVID-19 severity and
NAFLD irrespective of the metabolic syndrome, indicating_ that NAFLD had a
significant impact even in the absence of obesity and/or metabolic syndrome. A
systematic review and meta-analysis showed that the proportion of patients with
MAFLD and NAFLD ranged from 28% to 50% and from 6% to 38%, respectively, and
found that the presence of MAFLD and NAFLD was associated with worse clinical
outcomes for COVID-191¢7l.  Although several studies also showed significant
associations between MAFLD and NAFLD and severe COVID-19 outcomes!13.68], there

is still no strong evidence that the presence of MAFLD affects its prognosis!®®.

COVID-19 and ALD
The COVID-19 pandemic probably had the biggest effect on patients with ALD due to
substantially increased alcohol consumption provoked by adverse economic effects,
disruptions in work and education, and social isolationl®”]. Patients with alcohol use
disorders are more likely to develop acute respiratory distress syndrome and have
additional comorbidities such as metabolic syndrome, chronic kidney disease, and
oking, all of which are independent predictors of COVID-19 severityl®l. Several
studies have identified that ALD is independently associated with COVID-19 mortality

after adjustment for important cofactors such as liver disease severity['['[rm].

COVID-19 gud cirrhosis

COVID-19 patients with cirrhosis are at greater risk of adverse outcomes than the
background populationl2671.72l. Cirrhotic patients have significantly higher all-cause
mortality in COVID-19 infection than non-cirrhotic patients, and mortality is probably
higher in those with more advanced cirrhosisl®l. An';igniﬁcantly higher COVID-19
related morbidity and mortality had been observed in patients with decompensated

cirrhosis compared to those with compensated cirrhosisl®l. Studies conducted in the
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USA and Europe reported that patients with CLD who had acquired CQVYID-19 had
high rates of hospitalization and mortality[7.7374]. Marjot et all?%l reported that patients
with cirrhosis had a higher risk of dying from COVID-19 and that mortality was
especially high among patients vﬁth more advanced cirrhosis and those with ALD.
Hashemi ef all'2l demonstrated that the presence of cirrhosis was independently
associated with COVID-19-related mortality. Similar results were obtained from the
USA study, reporting that the presence of decompensated cirrhosis was an independent
predictor of mortality in COVID-19 _patients(3l. Jeon et al reported that the COVID-19
infection in patients with cirrhosis was more likely to cause severe complications in
comparison with the cirrhotic patients not infected with COVID-19(75]. Satapathy et all7¢]
found that the development of ACLF was the most important predictor of higher -
hospital mortality in COVID-19 patients with cirrhosis. However, it is stjll unknown
whether the presence of liver disease influences the natural history of COVID-19

infection in cirrhotic patients!2!l.

COVID-19 and hepatocglular carcinoma

The presence of HCC in patients with CLD and COVID-19 infection was associated
with a poor prognosis, including a higher risk of all-cause and COVID-19-related
mortality[''l. Most HCC patients have concomitant cirrhosis, and that could potentially
increase their risk for severe COVID-1977l. An international, multicentre, retrospective,
cross-sectional study, including two hundred fifty patients from 38 centers, reported
that 18.4% of patients with HCC died within the first 30 d from the onset of COVID-19
symptoms, that the mortality rate in that period was 20.25% in patients with HCC
history and 12.96% in those with de novo HCC8l. COVID-19 in HCC patients tends to
be mgre severe and leads to exacerbation of the liver diseasel”l. HHC patients infected
with COVID-19 are at a higher risk of complications, ICU admission, and death than the
patients without cancer!(®l.

COVID-19 and autoimmune liver disease
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Autoimmune liver disease (AILD) includes primary sclerosing cholangitis, primary
biliary cholangitis (PBC), autoimmune hepatitis (AIH), and overlapping syndromes
referring to the coexistence of two autoimmune diseases/®!l. COVID-19 outcomes in
patients with AILD were investigated in international registry studies and retrospective
se studies(52l. Combined data from three multinational registries showed that,_despite
the use of immunosuppressive treatment, AIH patients did not seem to have a higher
risk of lethal outcomes with COVID-19 compared to patients without liver disease and
those with other forms of liver disgasel®. A retrospective study from 34 centers in
Europe and the Americas indicated that patients with AIH did not have an increased
risk for poor prognosis with COVID-19 than other causes of CLD and that cirrhosis was
the most important pre%or for high COVID-19 severity in this group of patients/®4l.
Zecher et all®3l indicated that patients with AILD were not at elevated risk for COVID-
19. A Spanish nationwide study reported thatﬁmulative incidences of hospitalization
and COVID-19 related mortality were greater in patients with PBC than in the general
Spanish population, although the results were not adjusted for other comorbiditeslsel.
Severity and mortality of COVID-19 among CLD patiﬁts
Although, the presence of COVID-19 infection in CLD patieﬁ is associated with a poor
prognosis, including severity and mortality, these results should be interpreted with
caution and need to be evaluated in large future studies. Such findings could be
explained by overlapping risk factors, therapeutic ﬁort limitations, different etiologies,
and the disease spectrum of CLD, which ranges from mild asymptomatic disease to
severe decompensated cirrhosis. Cirrhosis severity and older age are the most
important predictorbof mortality?l. A French national retrospective cohort study
found no increased COVID-19 severity in patients with CLD, alcohol use disorders,
cirrhosis, or primary liver cancer, indicating that the COVID-19 outcome in these
patients may be more associated with therapeutic effort such as mechanical ventilation
and less with liver disease progression or ethanol toxicity[57l. This group of patients was

at an elevated risk for mortality from COVID-19 within 30 d after admission but was
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less likely to need mechanical ventilation!®] in comparison with patients with mild liver

diseases, compensated cirrhosis, chronic viral hepatitis, non-viral, non-alcoholic causes
of CLD, acquired immunodeficiency syndrome, and liver transplantation, who were not
at a higher risk of dying from COVID-19 but were more likely to receive mechanical
ventiationlf‘?]. As mentioned earlier, the Swedish nationwide cohort study also did not
find an increased risk of getting severe COVID-19 in CLD patients, although they had
an increased risk of hospitalization than the background populationl52. The pooled
analysis of six studies found that CLD was not related to an elevated isk of a more
severe COVID-19 disease course or mortality[®8l. Similar results were reported from a
&ationwide Korean cohort study indicating that LC was not an independent predictor
a severe complications, including mortality, in COVID-19 patients and depended on
age, hypertension, cancer, chronic obstructive pulmonary disease, and a higher
Charlson comorbidity index”l. After adjustment for age, sex, BMI, cardiac disease,
hypertension, diabetes, and respiratory disorders, CLD, and NAFLD were
independently associated with ICU admission and the need for mechanical ventilation,

but not deathl!2l.

CONCLLUSION

Due to the era of the COVID-19 pandemic and the large number of patients with liver
disease, it is very important to study the impact of liver damage on the pa)gnosis of
patients with COVID-19 and the predictors that may affect the outcome. Identifying
predictors of mortality could allow for risk stratification of patients and help improve
healthcare deliveryl!l. Therefore, it is necessary to improve the understanding of host
genetics, behavior,_and pre-existing comorbidities and adequately follow-up liver
disease patients!!?]. Patients with CLD, especially those with cirrhosis or advanced liver

damage, should be prioritized for COVID-19 vaccination[89l.
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Figure 1 Prognostic factors in COVID-19 patients with liver disease. BMI: Body mass
index; MAFLD: Metabolic-associated fatty liver disease; NAFLD: Nonalcoholic fatty

liver disease; HBV: Hepatitis B virus; HCV: Hepatitis C virus.
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