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Abstract

Liver damage in severe acute respiratory coronavirus 2 infection occurs in
patients with or without preexisting liver disorders, posing a significant
complication and mortality risk. During coronavirus disease 2019 (COVID-19),
abnormal liver function is typically observed. However, liver injury may occur
because of the treatment as well. Ischemia, cytokine storm, and hypoxia were
identified as the three major factors contributing to liver damage during COVID-
19. Indeed, raised liver enzymes during hospitalizations may be attributed to
medications used, as well as sepsis and shock. As a result, the proportion of
hospitalized patients afflicted with COVID-19 and pathological liver biomarkers
varies from 14% to 53%. Aminotransferases and bilirubin are found most often
elevated. Usually, increased gamma-glutamyltransferase, alkaline phosphatase,
and decreased serum albumin levels are demonstrated. Additionally, although
there is no specific treatment for COVID-19, many of the drugs used to treat the
infection are hepatotoxic. In this mini-review, we focus on how liver dysfunction
can be one of the features associated with the COVID-19 cytokine storm.
Furthermore, data show that liver injury can be an independent predictor of
severe COVID-19, the need for hospitalization, and death.

Key Words: Liver dysfunction; Liver damage; Cytokine storm; Prognostic factor; COVID-
19; Severe COVID-19; SARS-CoV-2; Aspartate aminotransferase; Alanine aminotrans-
ferase; Bilirubin; Interleukin-6
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Core Tip: Looking at the liver tests in patients with severe coronavirus disease 2019
(COVID-19), C-reactive protein (CRP) showed a strong correlation with the aspartate
aminotransferase (AST) levels. This was observed in both intensive care units (ICU)
and non-ICU patients. However, CRP levels were higher in non-ICU patients with liver
damage, whereas alanine aminotransferase (ALT) was higher in ICU COVID-19
patients. Thus, like interleukin-6 (IL-6), ferritin, and CRP correlated directly with AST
and ALT levels in non-ICU patients, there is a direct correlation of IL-6 and acute
phase proteins with AST in severe COVID-19 cases. These observations confirm the
critical impact of systemic inflammation and specifically elevated IL-6 during severe
acute respiratory coronavirus 2 cytokine storm on liver injury.

Citation: Taneva G, Dimitrov D, Velikova T. Liver dysfunction as a cytokine storm
manifestation and prognostic factor for severe COVID-19. World J Hepatol 2021; 13(12):
2005-2012

URL: https://www.wjgnet.com/1948-5182/full/v13/i12/2005.htm

DOI: https://dx.doi.org/10.4254/wjh.v13.i12.2005

INTRODUCTION

The newly emerged severe acute respiratory coronavirus 2 (SARS-CoV-2) and the
disease that causes coronaviral disease 2019 (COVID-19) are still unclear regarding all
virulence factors, immunological effects and deteriorations of human organs during
infection[1]. However, it is assumed that the interaction between the SARS-CoV-2
virus and the individual's immune system substantially influences the disease's onset
and progression and the pathological effects on many organs. Both humoral and cell-
mediated immune mechanisms participate in the immune response to a viral infection
(2.

However, in some patients, these antiviral immunological mechanisms escape the
regulatory control and eventually contribute to the multiorgan failure caused by the
virus, including liver failure. Furthermore, an overreaction of the host immune system
triggers a systemic inflammatory state that causes significant tissue and organs
damage due to high cytokine release. The latter phenomenon is known as cytokine
storm, leading to extreme tissue damage[2]. Therefore, the mortality rate and the
COVID-19 complications in the elderly and patients with preexisting medical
comorbidities, such as diabetes, asthma and cardiovascular disease, are even higher.
Furthermore, the risk of severe COVID-19 might be increased by the underlying liver
disease. In addition, it can cause direct or indirect damage to the liver by creating a
multisystem inflammation[3].

Liver damage in SARS-CoV-2 infection occurring during disease progression in
patients with or without preexisting liver diseases is a substantial challenge for clinical
practice. Abnormal liver function is expected during COVID-19 infection because of
SARS-CoV-2 direct and indirect impact on the liver. Additionally, certain hepatotoxic
medications, especially for COVID-19 treatment, are connected with drug-induced
liver damage. However, liver injury is defined as any liver damage occurring during
disease and treatment. Therefore, hospitalized patients infected with COVID-19 with
abnormal liver biomarkers range from 14% to 53%; this is most often observed for
aminotransferase and bilirubin[1]. In addition, increased levels of gamma-glutamyl
transferase (GGT), alkaline phosphatase, and decreasing serum albumin levels are also
observed|[4].

As significant liver biomarkers changes are observed in patients with severe
COVID-19, more frequent in adults in the intensive care unit, studies documented that
elevation of liver enzymes is associated with severity of COVID-19. Additionally, male
sex and CRP were demonstrated as independent risk factors of COVID-19 complicated
by liver injury[5].

This mini-review discusses how liver dysfunction can be one of the manifestations
of the COVID-19-associated cytokine storm. Furthermore, liver damage might be an
independent prognostic factor for severe COVID-19 and hospitalization and death.

2006 December 27,2021 | Volume13 | Issue12 |
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LIVER DYSFUNCTION AS A MANIFESTATION OF THE CYTOKINE STORM

Cytokine storm syndrome occurring in some of the COVID-19 infected patients
involved many organs, such as lungs, kidneys, heart, and liver[2]. COVID-19 may also
lead to multiorgan failure and severe consequences owing to systemic inflammatory
conditions caused by a cytokine cascade with pulmonary, cardiac, and hepatic
involvement, as described above[6].

Three main factors are associated with liver damage during COVID-19: ischemia,
cytokine storm, and hypoxia. Other influential contributors are the direct cytopathic
effect of the virus on cholangiocytes (via ACE2 receptors), preexisting liver disease (i.e.,
steatosis, hepatitis, cholangitis, thrombosis, Kupfer cell proliferation, liver
impairment), severe inflammatory responses/sepsis[6].

Direct or indirect effects of SARS-CoV-2 on other organs are described beyond the
respiratory system. In addition, it was shown that additional receptors might facilitate
the virus to enter and infect the human cells via spike protein, including the liver. This
suggests that there might be additional receptor pathways for infection with COVID-
19 that can be targeted with specific treatment.

SARS-CoV-2 caused dysfunction and inducing a systemic inflammatory response
leading to severe liver injury by binding to ACE2 receptors on cholangiocytes. In
detail, spike protein binds the asialoglycoprotein receptor located on human
hepatocytes. It was recently published that in vitro, SARS-CoV-2 spike protein can
bind the asialoglycoprotein receptor 1 Located on primary human hepatocytes and
hepatocyte-like cells[7]. In line with this, the serum GGT as a diagnostic marker for
cholangiocyte injury has been found at elevated levels in up to 72% of severe COVID-
19 patients[8].

Hypoxic liver injury (HLI) is not rare in patients with severe COVID-19 and has a
high mortality. Its leading causes are lung and cardiac failure and may be associated
with the immune-mediated inflammatory response. Patients with HLI have high
mortality as a result of the deterioration of multiple organ failures. Levels of total
bilirubin (TBIL), C-reactive protein (CRP), procalcitonin, and interleukin-6 (IL-6) show
a statistically significant elevation in HLI cases compared with that in non-HLI cases.
Besides, the median survival time of patients with HLI is significantly shorter than that
of those not developing HLI[9].

Massive cytokine release causes a cytokine storm (also known as cytokine release
syndrome) and is characterized by elevated CRP, IL-6, lactate dehydrogenase (LDH),
and ferritin concentrations[10]. Furthermore, the subsequent organ dysfunction (i.e.,
acute respiratory distress syndrome, progressive liver damage, and liver failure). As a
result, systemic pro-inflammatory cytokine release appears to be a driver of disease
progression in COVID-19[11-13].

Notably, COVID-19 patients had hepatic lymphocyte infiltration, centrilobular
sinusoidal dilation, and patchy necrosis following the SARS-CoV-2 directly binding to
ACE2-expressing cholangiocytes. However, the cause of the liver damage is unknown
and may be due to systemic inflammation, SARS-CoV-2 infection, or drug adminis-
tration[14].

Effenberger et al[10] discovered a clear link between systemic inflammation (as
measured by IL-6, CRP, and ferritin) and liver damage. IL-6 development can be
attributed to immune cells, fibroblasts, endothelial cells, and hepatocytes, orches-
trating an acute phase response in the liver. Though IL-6 signaling impacts hepatic
regeneration, clinical trials (for example, testing the effect of IL-6 administration in
cancer patients) have shown that this pathway is essential in hepatic injury and
hepatotoxicity[10]. The authors also found a strong association between acute-phase
proteins and IL-6 in the serum of COVID-19 patients with elevated aspartate
aminotransferase (AST), which is consistent with the importance of systemic inflam-
mation and, in particular, IL-6 on liver injury.

The main sources of IL-6, which is the chief stimulator of the production of most
acute phase proteins, are macrophages and monocytes at inflammatory sites. It has
been shown that macrophages and monocytes produce high amounts of IL-6 in
response to SARS-CoV-2 proteins[15].

COVID-19 patients with gastrointestinal complaints (nausea, vomiting, diarrhea, efc.
) had higher AST and alanine aminotransferase (ALT) levels. Furthermore, there was a
significant increase in enzymes among COVID-19 patients, primarily in the intensive
care unit (ICU) facilities[16]. A relationship between liver enzyme elevation and
disease activity has been also demonstrated[17].

Furthermore, the incidence of elevated AST levels was found to be greater than that
of ALT levels and significantly higher in patients with severe COVID-19 (45.5%)
relative to non-severe cases (15.0%). Thus, Lei et al[18] established a link between liver
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injury and inpatient mortality in COVID-19 patients. They also found a correlation
between AST abnormality and mortality risk compared to other liver injury measures
during hospitalization[18].

Liver biopsies revealed moderate microvesicular steatosis with slight lobular and
portal inflammation, indicating either direct viral or drug-induced liver damage[19]. It
is proposed that a direct virus-mediated cytopathic effect exists. The latter can result
after triggered immunological reactions and inflammatory cytokines, leading to liver
injury[20,21]. Monocyte and macrophage dysfunction contribute to the progression of
liver damage. Activation of liver-resident macrophages (Kupffer cells) and damage-
associated molecular patterns result in recruitment of effector cells to the injured liver.
Early monocyte infiltration is a major factor in the progression of local tissue
destruction. Furthermore, the local inflammation results in the secretion of more and
more pro-inflammatory cytokines that drive systemic inflammatory response
syndrome[22].

Additionally, predominated parenchymal liver damage according to the elevated
AST (23.2%) and ALT (21.2%), rather than bile duct injury, as shown by GGT (9.7%)
and ALP (4.0%) levels in COVID-19 patients[16]. Patients with mild COVID-19 also
have liver damage which resolves without any specific treatment. Most of the patients
with liver failure during hospitalization, associated with severe COVID-19, are due to
several drugs” hepatotoxicity.

Different drugs can impair liver function. However, the hepatotoxicity of
medications varies on race, sex, and age of the patients[23]. Thus, the knowledge on
the potential contributors to liver failure is significant. In addition, some medications
can induce asymptomatic elevations of liver enzymes, acute hepatitis.

Many of the patients required treatment with antibiotics, anti-inflammatory, and
antiviral agents. Antibiotics, anti-inflammatory, and antiviral medications used to treat
COVID-19 patients are among the medicines that can induce liver harm[24,25]. Some
of them cause asymptomatic elevation of the liver enzymes, while others lead to acute
hepatitis. In some cases (e.g., acetaminophen), these effects are dose-dependent. In
contrast, in other medications, liver damage occurs independently of the drug dosage
[24].

Hydroxychloroquine alone or in combination with azithromycin, lopinavir /
ritonavir, remdesivir, darunavir, umifenovir, interferon beta, baricitinib, imatinib exert
hepatotoxicity. Their immediate availability has led to off-label use for COVID-19
treatment in many countries[26].

There is currently no specific antiviral medication for SARS-CoV-2. Still, many
COVID-19 patients are given antivirals approved for different uses (i.e., remdesivir,
lopinavir, or ritonavir, and other medications[27], all of which have been linked to
hepatotoxicity and liver impairment[26].

Incorrect liver metabolization may also result in COVID 19-induced liver
impairment which increases the risk of poisoning. However, a combination of patient
records and thorough laboratory tests is carried out to diagnose drug-induced liver
impairment to exclude other hepatic diseases and identify the relationship between
hepatic injuries and probable causative medications.

More COVID 19 individuals suffer from fever, and hepatotoxicity can be triggered
by antipyretics and analgesics (i.e., paracetamol). This is associated with liver injuries,
resulting in a potentially deadly combination, generally in the most severe phases of
COVID-19. Furthermore, some antiviral drugs - remdesivir, lopinavir, ritonavir, IL-6
inhibitors (i.e., tocilizumab), antibiotics - azithromycin, may cause idiosyncratic drug-
induced liver failure[26].

Mechanisms involved in liver injury during COVID-19 infection and cytokine storm
are presented on Figure 1.

LIVER FAILURE AS A PROGNOSTIC FACTOR IN SEVERE COVID-19
PATIENTS

Different risk factors can be associated with severe liver injury. Specifically,
preexisting liver diseases - obesity with non-alcoholic fatty liver disease (NAFLD),
alcoholic liver disease, cirrhosis - all of them correlate with Child-Pugh class and
model for end-stage liver disease score. Moreover, autoimmune liver diseases, chronic
hepatitis B infections could be reactivated and contribute to high levels of AST/ALT
[28,29].

Patients with cirrhosis have a high risk of mortality from respiratory failure
following severe SARS-CoV-2 infection. This risk might occur through multiple
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converging pathways, including contributions from cirrhosis-associated immune
dysfunction, acute hepatic decompensation, and systemic inflammatory response.
Cirrhosis-associated immune dysfunction could also lead to defective immune
responses following future SARS-CoV-2 vaccination[20]. Patient with abnormal liver
tests had a higher mortality rate (28.9% vs 9.0%, P < 0.001) and higher chance to
develop systemic inflammatory response[30,31].

Interestingly, abnormal liver tests and liver injury can be associated with the
progression of severe pneumonia[l2]. The abnormalities can be hepatocellular,
cholesteric, or mixed. Some clinical research studies show that patients with abnormal
liver test results, especially in hepatocyte or mixed type ALT/AST and ALP/GGT at
admission or during hospitalization, had significantly higher odds of progressing to
severe COVID-19[28].

As we mentioned above, the pattern of liver injury is predominantly hepatocellular
rather than cholestatic, although elevations in TBIL and ALT may be more common
than reported in earlier studies. Since the ACE2 receptor is predominantly expressed
in cholangiocytes than in hepatocytes, it is suggested that the most prevalent
mechanism of liver impairment is not due to a direct cytopathic effect of the SARS-
CoV-2 virus[32].

Raised liver enzymes during hospitalizations could be partly due to drugs used for
treatment and might be due to sepsis and shock[28]. Looking at the liver tests, CRP
showed a strong correlation with the AST levels, especially in hospitalized patients.
Additionally, for both ICU and non-ICU patients, where this association was
demonstrated at admission. However, CRP levels were higher in non-ICU patients
with liver damage, whereas ALT was higher in ICU COVID-19 patients[33]. IL-6,
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ferritin, and CRP correlated directly with AST and ALT levels in non-ICU patients.

Further analysis revealed a direct correlation of IL-6 and acute phase proteins with
AST. In severe COVID-19 cases. To sum up, these observations confirm the critical
impact of systemic inflammation and specifically IL-6 on liver injury. Furthermore,
these observations led to the establishment of abnormal AST and direct bilirubin (DBil)
at hospital admission as independent risk factors for increased COVID-19 mortality
[33].

We can emphasize that the pathological examination of liver tissues from deceased
patients with COVID-19 confirmed that liver involvement of COVID-19 was charac-
terized by microvesicular steatosis, focal necrosis with lymphocytes infiltration, and
micro thrombosis in the portal area[34]. Furthermore, pathological levels DBil were
often found during the hospitalization of deceased COVID-19 patients. Both baseline
and higher AST and DBil levels were independently associated with in-hospital death
in patients with COVID-19. While liver anomalies are typical in COVID-19, these
findings indicate that the liver is unlikely to be the primary organ driving COVID-19
mortality.

Since the number of people who develop severe and fatal COVID-19 is increased in
elderly patients and those with liver failure and NAFLD, it is typically advised that
older COVID-9 patients on hepatotoxic medication be closely followed up. Moreover,
NAFLD can make the liver more sensitive to the most recommended and widespread
antipyretic medication treatment for symptomatic diseases, such as acetaminophen[35,
36]. However, while the association of the COVID-19 with the liver steatosis disease is
still unknown, a recent histological study of a COVID-19 patient's liver revealed
microvesicular liver steatosis[19,37].

CONCLUSION

We can conclude that the pathological mechanisms of liver damage during COVID-19
confirmed that liver involvement was often observed with an increased risk for
complications and death. Furthermore, the incidence of abnormal liver enzymes,
significantly elevated AST and ALT levels were observed in patients with severe
COVID-19 than non-severe cases. Additionally, a link between liver injury and
inpatient mortality in COVID-19 patients was established. Moreover, recent studies
confirmed that if liver dysfunction, preexisting or acquired during COVID-19
treatment, is a prognostic factor for severe COVID-19, development of complications
and death.
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