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Abstract

Coronavirus disease 2019 (COVID-19) disease affects multiple organs, including
anomalies in liver function. In this review we summarize the knowledge about
liver injury found during severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection with special attention paid to possible mechanisms of liver
damage and abnormalities in liver function tests allowing for the evaluation of the
severity of liver disease. Abnormalities in liver function observed in COVID-19
disease are associated with the age and sex of patients, severity of liver injury,
presence of comorbidity and pre-treatment. The method of antiviral treatment can
also impact on liver function, which manifests as increasing values in liver
function tests. Therefore, analysis of variations in liver function tests is necessary
in evaluating the progression of liver injury to severe disease.

Key Words: COVID-19; Pathogenesis of liver injury; Angiotensin-converting enzyme 2
receptor; Liver function tests; Severe COVID-19; Treatment effect
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Core Tip: The frequency of abnormalities in liver function tests (LFTs) in coronavirus
disease 2019 (COVID-19) infected patients increases with age and is observed in males
more than females. A pre-existing history of liver disease and comorbidity increases
LFT abnormality and the likelihood of severe liver damage in COVID-19 infection.
Antiviral treatment and treatment of comorbid diseases intensifies the hepatotoxic
effect on the liver, which often manifests itself in higher levels in LFTs.
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INTRODUCTION

Pulmonary disease is the primary clinical manifestation in patients with coronavirus
disease 2019 (COVID-19) disease. There is increasing evidence of the involvement of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in multiple
organs including the heart, kidneys, central nervous system and liver. In this paper we
summarize data concerning liver injury in COVID-19 patients with special attention
paid to the possible mechanisms of liver damage and laboratory tests to monitor liver
injury during SARS-CoV-2 infection.

GENERAL CHARACTERISTICS

COVID-19 is an acute respiratory infectious disease caused by SARS-CoV-2[1,2]. The
SARS-CoV-2 belongs to the Coronaviridae family of enveloped, single-stranded RNA
viruses[3]. There is evidence that SARS-CoV-2 shares nearly 80% of its genomic
sequence with SARS-CoV and about 50% with Middle East respiratory syndrome
coronavirus[2,4]. COVID-19 is a viral infectious disease affecting all age groups (from
infants to the elderly) resulting in a wide range of clinical manifestations[5-7]. The
incubation period of COVID-19 tends to vary from 1 d to 14 d[8].

Multiple organ involvement

Furthermore, COVID-19 infection can present itself with differing degrees of severity,
varying from asymptomatic and mild disease to viral pneumonia, in addition to
various other extra-pulmonary manifestations, including for example heart, kidney,
central nervous system or liver affection, with a risk of fatality[5-7]. Thus, the virus is
capable of affecting any organ in the body, and in critically ill patients multiple organs
are often affected. Mild cases of COVID-19 infection exhibit symptoms such as fever,
dry cough, fatigue, vomiting, diarrhea, muscle weakness, and chest pain[5,7,8].
Patients may also suffer from headaches, as well as loss of smell and taste. While, in
severe cases, respiratory distress and/or hypoxemia occur one week after the onset of
the disease leading to deterioration into acute respiratory distress syndrome (ARDS),
metabolic acidosis, septic shock, and in some cases, even death[5,7,8]. SARS-CoV-2
presents primarily as a lower tract respiratory infection transmitted via air droplets,
but evidence of the multisystemic nature of COVID-19 is still significantly increasing
[5,7,8]. The complications of COVID-19 are associated with several risk factors,
namely, advancing age (> 65 years old), cardiovascular disease, hypertension, chronic
respiratory disease, diabetes, and obesity[5,8]. The most common reported
complication is ARDS, but other severe or even fatal complications are pneumonia,
sepsis, metabolic acidosis, heart failure, and acute kidney injury[5,9-11].

Main pulmonary manifestations

Pulmonary affection is the most common serious COVID-19 manifestation[7]. There is
evidence that the severity of pulmonary affection caused by SARS-CoV-2 ranges from
lack of symptoms or mild pneumonia in 81% of cases, to severe cases associated with
hypoxia - in 14% of cases; critical disease associated with shock, respiratory failure and
multiple-organ failure - in 5% of cases; or death - in 2.3% of cases[7,12]. SARS-CoV-2
infection induces alveolar damage and interstitial inflammation. During the course of
inflammation, the dendritic cells and alveolar macrophages phagocytose epithelial
cells infected by SARS-CoV-2, whilst at the same time, the immune mechanisms with T
cell responses are activated[7,13].

So, in patients with COVID-19 infection levels of proinflammatory cytokines and
chemokines e.g., interleukin 6 (IL-6), IL-1B, tumor necrosis factor, interferon vy,
granulocyte stimulating factor are increased[7,8,14]. There is a suggestion that cytokine
storms play a crucial role in the immunopathology of the COVID-19 infection.

Cardiac manifestations
Cardiac injury is a common characteristic of patients with COVID-19 infection.
Furthermore, despite the fact that cardiovascular diseases might significantly worsen
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the clinical outcome of COVID-19 patients, SARS-CoV-2 infection might also induce
new cardiac complications[5,15]. Additionally, this cardiac damage might even occur
without of any signs or symptoms of pneumonia and with an absence of other
complications[5-7]. The major effects of SARS-CoV-2 infection on cardiomyocytes,
include for example, acute myocardial injury, heart failure, impaired renal function,
arrhythmias, cardiac arrest, myocarditis, sepsis, and septic shock[5,8,16]. The most
frequently presented cardiac complication associated with COVID-19 infection is an
acute myocardial injury with an estimated prevalence of 8%-12%[5,6,17]. Additionally,
the most prevalent complications, with an estimated incidence of 16.7%, are brady- or
tachyarrhythmias, also blood pressure abnormalities and dysfunction of the left
ventricular[5,6,18]. Importantly, cardiac complications may occur long after viral
clearance and recovery, because the inflammation can persist and evolve silently[6,7].
Confirmation of this thesis is exemplified by pulmonary fibrosis, avascular necrosis or
dyslipidemia which have evolved over the long term in many survivors of SARS
infection, which is closely related to COVID-19 caused by SARS-CoV-2[6]. There is
evidence that about one-half of fatal cases show acute cardiac injury and heart failure
[6]. These conditions are more probable in elderly patients, while in younger patients
myocarditis is the more likely cause.

Although pulmonary disease is the primary clinical manifestation in patients with
COVID-19, with cardiac and kidney injury also being common, as we mentioned
above there is increasing evidence of its involvement in multiple organs. In this paper
we summarize data concerning liver injury in COVID-19 patients.

POSSIBLE PATHOMECHANISMS OF LIVER INJURY

The alteration of hepatocyte damage biomarkers, such as alanine aminotransferase
(ALT), aspartate aminotransferase (AST), albumin, and bilirubin is a common
laboratory finding in patients with COVID-19 infection. However, the
pathomechanism of liver injury during infection is convoluted and not yet fully
understood[8,19]. Is not clear if the liver damage is caused by the direct viral effect or
if it perhaps reflects a more severe inflammatory response with hepatic injury[20,21].
The possible major pathomechanisms of liver damage are presented in Figure 1. It has
been reported that the angiotensin-converting enzyme 2 (ACE2) was identified as the
SARS-CoV binding site[19,20,22]. This data facilitated confirmation that SARS-CoV-2
may also directly enter the host cells through binding of its S protein to ACE2 on the
surface of the host cell, although with a 10-20-fold higher affinity[2]. The ACE2
receptor expression is higher in many organs, such as lungs, heart, kidney, and it is
widely expressed across a variety of cell types[8,22]. Hepatocytes and bile duct
epithelial cells also express the ACE2 receptor[7,8,19]. Nevertheless, no significant
altered histopathological features have been detected in such cells from COVID-19
patients[8,23]. Only single studies have claimed that the derangement of liver function
is usually mild and there is not enough evidence that late-onset symptoms are related
to increasing liver damage in patients with COVID-19 infection[2,19]. Additionally,
recent data has suggested that SARS-CoV-2 may directly bind to ACE2 expressed in
cholangiocytes, because there is evidence that ACE2 expression is displayed in 2.6% of
hepatocytes and 59.7% of cholangiocytes[2,19]. Moreover, the alteration of cholan-
giocyte injury biomarkers, such as alkaline phosphatase (ALP) and y-glutamyl
transferase (GGT) has been observed in some cases, and consistent with biliary
epithelial cell damage, and about 10% of patients with COVID-19 infection have an
elevated total level of bilirubin[2,24]. There is evidence that specific expression of
ACE2 in bile duct epithelial cells was about 20 times higher than in hepatocyte.
Furthermore, the bile duct epithelial cells play a substantial role in immune response
and liver regeneration. So, this data suggests that liver damage in COVID-19 infection
results from bile duct cell injury rather than a direct viral effect in liver cells[19].

On the other hand, the liver is a vital organ for the metabolism of drugs. It is well
known that patients suffering from certain viral infections caused for example, by the
human immunodeficiency virus or hepatitis C virus are more prone to develop drug-
induced liver injury, particularly when it is associated with highly active anti-
retroviral therapy[25-27]. Therefore, nowadays it is postulated that the same
mechanism of liver injury could be present in COVID-19 as a result of the SARS-CoV-2
virus. Thus, hepatotoxicity during the course of the COVID-19 infection, may be
initiated by the different types of antiviral drugs, antibiotics and steroids which are
currently used to treat COVID-19 patients[25,28]. However, there is a lack of evidence
for liver damage in chronic COVID-19 patients being completely drug-induced. A
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Figure 1 Possible pathomechanism of liver injury in patients with severe acute respiratory syndrome coronavirus 2 infection.
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potential example of the relationship between the use of certain drugs and resulting
liver damage is found in the study of Fan et al[29]. They reported that a high
percentage of patients with abnormal values in liver function tests (LFTs) were treated
with lopinavir and ritonavir during hospitalization. Similar results appeared in the
study of Cai et al[30]. Moreover, they reported an almost four-fold increase in liver
injury after lopinavir/ritonavir were used in the treatment of severe COVID-19
infection. This finding is consistent with some liver biopsy findings[31]. Certain
studies have reported mild lobular and portal activity and moderate microvascular
steatosis in patients who died from COVID-19[23]. Further evidence also showed
minimal lymphocytic infiltration and mild sinusoidal dilatation in COVID-19 patients
[24]. However, these alterations are nonspecific and may be caused by drug-induced
liver injury, not excluding the possibility of hypoxemia or having come directly from
the SARS-CoV-2 virus[19,23]. Considering these facts, it is very important that these
patients be treated with drugs that can inhibit inflammatory response while at the
same time protecting hepatic functions.

Another possible reason for liver damage in patients with COVID-19 infection may
be dysregulation of the innate immune response[2,19,22]. There is evidence that
inflammatory cytokine storms were found in chronically ill patients. The increased
values of inflammatory indices, such as C-reactive protein (CRP), IL-6, neutrophils and
lymphocytes can be observed in patients with COVID-19 infection, which suggests a
relationship between liver damage and inflammatory response induced by severe
COVID-19 infection.

ABNORMALITIES IN LABORATORY TESTS

There are many studies showing abnormal laboratory test results in patients with
severe COVID-19 disease[32-35]. The first cases of COVID-19 patients from China with
liver abnormality were documented by Chen et al[32]. Elevations in ALT, AST and
lactate dehydrogenase (LDH) were present in 43 out of 99 patients, while most of these
cases showed some mild abnormality, whilst one patient exhibited a large increase in
test results (ALT of 7590 U/L and AST of 1445 U/L). Most of the participants were
male, half of them with chronic diseases. LFTs not only showed abnormalities such as
aminotransferases, but also noted were decreased haemoglobin, platelets, an increase
of creatine kinase, LDH, ferritin, CRP and a decrease/increase in leucocytes[32].

Cai et al[30] conducted laboratory tests on a population of 417 patients with COVID-
19 in Shenzhen hospital, China. Three hundred and eighteen patients were confirmed
with abnormal liver test results, whilst another 90 had liver injury during hospital-
ization. The patients were qualified to the appropriate types. Abnormalities such as:
hepatocellular type [elevated ALT and/or AST more than 3 x the upper limit unit of
normal (ULN)], cholangiocyte type (raised ALP or GGT 2 x ULN ) or mixed type
(elevated ALT and/or AST more than 3 x the upper limit ULN and raised ALP or GGT
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2 x ULN). The highest increase (3 x ULN) in liver enzymes such as ALT (23.4 % of
patients), AST (14.8%), total bilirubin (TBIL) (11.5%) and GGT (24.4%) was noticed
during the second week of hospitalization. Out of 318 cases, the mixed type dominated
and there was a noted increase in all the above tests, except for ALP. In relation to the
population of 90 patients, an increase was seen in ALT and GGT, while AST and TBIL
were hardly visible. Mixed type patients or those with abnormal test results are at a
greater risk of advanced to severe disease. Patients treated with lopinavir/ritonavir
had much higher levels of TBIL and GGT, with an associated four-fold increase in the
risk of liver damage[30].

A Study carried out on 292 patients in Italy led researchers to different conclusions
than Cai et al[30]. In their opinion, LFTs are not associated with the patient’s condition
deteriorating to a severe form of pneumonia. Elevations in AST (18.5%), ALT (26.7%),
GGT (36.2%), TBIL (10.6%) and ALP (9.2%) were inconsiderable[36]. Only ALP was
not ruled out as a predictive factor, however, it may be associated with bad patient
condition, systemic inflammatory response or SARS-CoV-2 tropism for the liver and
ACE2 converting enzyme expression in cholangiocytes and hepatocytes. Although 250
patients were treated with lopinavir/ritonavir and 56 patients died, 82 deteriorated
and 56 were admitted to intensive care, this was not in any way related to LFTs.
Researchers recommended drawing conclusions carefully in the context of a complex
multi-organ disease[36].

Wang et al[37] conducted an experiment on 156 people diagnosed with the SARS-
CoV-2 virus from 2 chosen centers in China, in which they tested the correlation
between the prognosis of patients and liver enzyme abnormalities, or lack of such
abnormalities. Sixty-four of them had elevated AST and ALT which correlated with
disease severity, higher alveolar-arterial oxygen partial pressure difference, growth of
GGT, lower albumin and CD4+ T cells and B lymphocytes. The histological trial
revealed severe liver apoptosis. Cytopathy in hepatocytes showed ultrastructural
features such as endoplasmic reticulum dilatation, mitochondrial swelling and an
impaired cell membrane. The above evidence shows that the virus has an influence on
the increase in the value of liver enzymes. The most important observation was an
association between a very high level of alveolar-arterial oxygen tension difference (A-
aDO2) and elevated transaminases. According to this study, SARS-CoV-2 virus
infection is a direct factor in liver disease[37].

Conclusions from a study carried out on 5771 adult patients from 10 hospitals in
Wuhan indicated a need for monitoring hepatic parameters during hospitalization
[38]. On admission to the hospital, chronically ill patients had AST levels significantly
higher than ALT. Abnormalities in LFTs have been additionally associated with males,
treatment, chronic liver disease, lymphocyte, neutrophil and platelet count.
Abnormalities in LFTs, such as AST, ALT, TBIL, GGT, were related to mortality,
however AST had the highest correlation. A significantly higher level of AST
compared to ALT was also confirmed in the study of Guan et al[39] and Chu et al[40].

The medical records of 838 patients hospitalized in China indicated an increased
level of AST and GGT[40]. Anomalies in LFTs (AST, GGT) were associated with organ
injuries, hypoxia, inflammation and the use of antiviral drugs. The level of AST, ALT,
GGT and total bilirubin displayed no significant difference between patients who were
treated or not treated with umifenovir. By way of contrast, patients who underwent
lopinavir/ritonavir treatment had higher levels of AST and GGT. Among the total
number of COVID-19 patients, 48.8% showed normal liver function and 51.2% liver
injury. Fan et al[29] observed abnormal liver function defined as increased LFTs in
57.8% of SARS-CoV-2 patients treated with lopinavir/ritonavir. Moreover, research in
Italy suggested that remdesivir may be significant in the origin of hepatocellular injury
[41]. Four out of five patients who switched from lopinavir/ritonavir to remdesivir
had a reduced level of bilirubin, and significantly increased levels of AST and ALT.

In a study of 2115 people conducted in China, a more notable level of liver injury
was uncovered in the group treated with lopinavir/ritonavir than in the untreated
group[42]. Patients with COVID-19 and with pre-existing liver injury had more severe
disease and a higher prevalence of mortality. However, the observed changes did not
mimic the so-called ‘cytokine storm” because the absolute lymphocyte count was lower
and ESR was higher in the liver injury group than that of the non-liver injury group.

Hundt et al[43] observed abnormal liver tests at admission (AST 66.9%, ALT 41.6%,
ALP 13.5%, and TBIL 4.3%) and peak of hospitalization (AST 83.4%, ALT 61.6%, ALP
22.7%, and TBIL 16.1%). Moreover, the type of treatment used (hydroxychloroquine,
lopinavir/ritonavir, remdesivir, tocilizumab) was associated with abnormal liver
transaminase elevations during hospitalization. The results of liver tests were
associated with intensive care unit (ICU) admission, mechanical ventilation and death,
as well as age, sex and comorbidities. Patients with severe COVID-19 showed an
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increase in the total of bilirubin and regardless of severity, a significant rise in transa-
minases and decrease in albumin was observed[43]. Studies conducted on the Indian
population also confirmed the link between laboratory test abnormalities and the
severity of the disease[44]. Kumar et al[44] included 91 patients in their study,
excluding those with pre-existing liver disease (hepatitis B and C, alcoholics, those on
known hepatotoxic treatment). The analysis of patients divided into groups (I.
asymptomatic, II. mild, III. moderate, IV. severe) showed that the level of transam-
inases was highest in group IV, ALP was highest in group III but for total bilirubin
growth there was no difference between the groups. This study showed that AST and
ALP are better tests for indicating the severity of liver damage in COVID-19 than ALT
and TBIL.

LFT abnormality was confirmed in 17.6% of Chinese patients with the COVID-19
infection (a population of 159 patients)[45]. The authors concluded that frequency of
LFT abnormality was greater in patients with chronic disease than those with
mild/moderate illness, especially in older patients. In the another study (148 cases)
abnormal liver function was noted in 37.2% of patients on admission and nearly half of
those were over 50 years old, half of the 37.2% being men[44]. The patients with
abnormal liver function had higher inflammatory indexes (CRP and procalcitonin). On
admission, patients who received lopinavir/ritonavir treatment displayed a higher
frequency of abnormal LFTs than those with normal liver function. The effect of
antiviral treatment on liver function was observed in the study of Zampino et al[41].
Treatment of COVID-19 patients with remdesivir can cause hepatocellular injury with
aminotransferase elevation, in contrast to the trend of bilirubin elevation with
lopinavir/ritonavir treatment.

Abnormally raised liver enzymes were seen in about half of patients with COVID-
19 disease[46]. AST and/or ALT >3 x ULN, and/or ALP and/or GGT > 2 x ULN was
seen in 53.5% of patients with hepatocellular injury. In addition, an association
between LFTs and markers of inflammation (CRP and ferritin) was observed. Total
protein and albumin, were significantly reduced in patients with abnormal liver
enzymes and in patients with liver injury, in contrast to the total bilirubin level, which
was significantly increased in these patients. Hepatocellular and cholestatic liver
injury was more frequent in patients below the age of 50, whereas in patients over 50
years old, more common was the mixed type of liver injury.

Among a French cohort of 281 patients, 102 of them had increased liver enzymes
(36.3%)[47]. The most common was an increase in GGT, followed by AST and ALT.
Cases with elevated LFTs and CRP value were associated with higher rates of
admission to ICU and mortality. Age, sex, diabetes and hypertension were not
associated with disease severity. High levels of ALT or AST are associated with
disease severity. The authors suggested that liver abnormalities are due to sepsis and
tissue hypoxemia, which is documented by apoptotic injuries visualized in the
histological examination (vesicular steatosis and watery degeneration). In summary,
liver test abnormalities are associated with a poorer prognosis in patients with the
coronavirus disease 2019[47].

A study conducted in Istanbul confirmed that liver test abnormalities, especially the
AST/ALT ratio, was a good marker of mortality risk and the need for ICU admission
[48]. A poorer prognosis rate was associated with higher levels of AST and ALT in the
mixed pattern group followed by the hepatocellular injury group and the cholestatic
injury group. Mortality in patients with abnormal AST and ALT was higher than that
of patients with normal results. The patients with increased AST and ALT showed
elevated levels of CRP, procalcitonin, ferritin, D-dimer, lactate and TBIL, which
ultimately extended the hospitalization period[48]. The percentage of people in the
ICU with elevated aminotransferases was higher than those with normal test results.
Patients with ratio AST/ALT > 1 had a higher level of CRP, fibrinogen, LDH, APTT, d-
dimer and lower levels of lymphocyte, albumin and GGT. This study showed that low
albumin may be marker of severity in SARS-CoV-2 during the hospital admission.
Abnormalities in LFTs are more common in men compared to women.

Comorbidities in people with liver diseases are a huge problem, which may have an
impact on the severity of COVID-19. A prime example is obesity, in which a person is
more prone to develop non-alcoholic fatty liver diseases (NAFLD)[49]. In adipose
tissue, there may be a greater expression of ACE2, which increases the risk of severe
COVID-19. Chronic liver disease also affects the severity of the disease. This may be
related to low levels of blood platelets and lymphocytes[50]. A higher index of
cytokines has also been reported, which may influence the progression of NAFLD[51].
In the course of liver cirrhosis, attention should be paid to the activation of cytokines,
which leads to hepatocyte necrosis. A study population, from 9 hospitals in Lombardy
showed higher mortality (17 out of 50 respondents died)[52]. There was a decrease in
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albumin in patients and a significant increase in bilirubin, creatinine and prothrombin.
Zou et al[53] detected elevated LFTs in 105 Wuhan patients with chronic HBV infection
and coexisting SARS-CoV-2 (ALT 20.95%, AST 27.62%, TBIL and GGT 6.67%). These
values changed during hospitalization, where 28.57% of the subjects developed acute
or chronic liver failure[53]. Research carried out on 9 pregnant women showed
lymphopenia (< 10 x 10° cells per L) in 5 of them, elevated CRP (> 10 mg/L) in 6 and 3
had raised AST and ALT[54]. One patient demonstrated a very high level of AST (1263
U/L)and ALT (2093 U/L).

Liver injury in severe COVID-19
The liver test abnormalities mentioned above are more frequently found in severe
COVID-19 infection than in mild courses of the same infection. A few studies have
demonstrated a relationship between liver test abnormalities, disease severity and
mortality of patients with COVID-19[30,55]. A higher rate of LFT abnormalities was
observed in severe COVID-19 infection. The higher liver test markers such as ALT,
AST, GGT and total bilirubin were reported more in severe patients than in non-severe
ones[56,57]. A large cohort study totalling 1099 patients, reported a much higher level
of ALT and AST in severe patients (28% and 39%, respectively) than in non-severe
patients (20% and 18%, respectively)[39]. So-called weighted mean difference for AST,
ALT, total bilirubin and for albumin were associated with a significant increase in the
severity of COVID-19 infection[58]. Among the 3381 patients included in the
retrospective cohort study, 67.2% of them who were positive for SARS-CoV-2 had
higher initial and peak of ALT than those who were negative[59]. Additionally, severe
acute liver injury was significantly associated with elevated inflammatory markers
including ferritin and IL-6. Besides ferritin and IL-6, other tests such as WBC count,
lymphocyte count and platelet count were strong discriminators for severe disease[60].
There is a discrepancy between the frequency of liver test abnormalities and the
liver injury in COVID-19 patients. For example, elevated liver damage markers were
present in 76.3% of hospitalised patients but only 21.5% of them had liver injury[30].
This variance can be explained by pre-existing liver diseases, which contributed to the
severity of liver injury during COVID-19 infection[61,62]. Finally, patients with severe
liver injury are more likely to have a poorer prognosis[21]. On the other hand, pre-
existing liver disease can increase the risk of COVID-19 infection[63].

CONCLUSION

Not all COVID-19 patients have liver injury and abnormalities in LFTs. However, after
measuring the wide variations in these tests, the clinicians can come to some
conclusions about the severity of the liver disease and improve the prognosis for
patients with liver damage.
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