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Abstract

The COVID-19 disease was first detected in December 2019 in Wuhan, China. This
disease is currently one of the most important global health problems. The novel
coronavirus (COVID-19) is a respiratory illness, that has caused a deadly pandemic that
is spreading rapidly around the world. It is not only a respiratory system virus that
causes severe lung disease, but also a systemic disease agent that can affect all systems.
People with COVID-19 disease usually have respiratory signs, however, the liver
disorder is not an uncommon presentation. In addition, many studies around the world
have revealed that the liver is injured to various degrees in patients with SARS-CoV-2
disease. This review mainly focuses on the impact of COVID-19 on Liver Injury at

various ages.
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Core Tip: Studies have shown that neonates have rare evidence of liver damage, and in
terms of age, they show the least amount of liver damage in the face of covid-19 disease
among affected people. Also, many studies reported different patterns of liver damage
among children with Covid-19 much less than in adults, which is probably related to
differences in their innate immune system and adaptation. The highest rate of liver
damage is in adult patients and AST levels had the highest relevance with mortality

compared to other indices reflecting liver injury.

INTRODUCTION




Coronaviruses are a big family of viruses belonging to the realm Riboviria, order
Nidovirales, family Coronaviridae and subfamily Coronavirinae. This virus contains an
RNA genome and belongs to the Coronaviridae family [ 2. This virus is spread in a
wide spectrum of humans, other mammals, and avian species, also inducing acute
respiratory infections Bl. Types of coronaviruses including HCoV-NL63, HCoV-HKU1,
HCoV-229E, and HCoV-OC43 have been presented as mild virulent human viruses
worldwide [4. These viruses cause mild to severe acute respiratory illnesses in humans
Bl. Coronavirus disease 2019 was identified for the first time in December 2019, in
Wubhan, located in the capital of Hubei Province in the People's Republic of China [
Coronavirus disease 2019 is an infectious illness that has caused a lethal pandemic that
rapidly extends worldwi& [>6] The signs of COVID-19 appear approximately 5.2 days
after the disease and last for a minimum of 41 days and a maximum of 14 days until the
end of life [+7],

In the early stages of COVID-19, has been found that severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is not only a respiratory system virus that
generates severe lung disease but a systemic disease factor that can involve all systems
18 91 Some extrapulmonary involvement of SARS-CoV-2 disease is in organs like the
liver, heart, or kidneys ['?l, Many studies throughout the world have demonstrated that

e liver is injured to differing degrees in patients affected by SARS-CoV-2 disease 1591,

The liver is a vital member that is mostly responsible for the storage of glycogen and
regulation of blood glucose levels, protein synthesis, metabolism of toxic substances,
and very other physiological processes (8 9]. Liver dysfunction has been reported in 54 %
of hospitalized patients affected by COVID-19 disease, most of which are more severe in
COVID-19 [M, Liver injuries have been documented in patients affected by COVID-19,
and commonly have mild increasing liver enzymes range from 14 to 53% [12I. Patients
with severe disease, especially those hospitalized in ICU, have shown a higher increase
in transaminase enzymes than patients with mild to moderate severity [13l. Furthermore,

few studies investigated the dynamic change of liver function during the COVID-19




pandemic. Also, no study to date has documented the incidence of a simultaneous increase in
liver transaminases and total bilirubin levels in COVID-19 patients 141,
The purpose of this review is to evaluate the effect of COVID-19 on liver injury in

various ages.

DEFINITION OF LIVER INJURY

Patients who make severe acute liver injury (ALI) in the absence of preexisting chronic

liver disease, usually indicate noteworthy liver dysfunction marked with coagulopathy,
which is described as an international normalized ratio INR 21.5 and is classically
defined as acute liver failure (ALF) when any degree of hepatic encephalopathy (HE) is
existing [15l. The ALF types include 1) hyperacute: <7 days, 2) acute: 7-28 days, and 3)
subacute: 28 days to 6 mo, depending on latency between the beginning of signs and

development of encephalopathy and coagulopathy [16.17],

HOW DOES COVID-19 CAUSE LIVER INJURY?

Liver injury is seen in patients with COVID-19, and its harshness is altered depending
on the patient's age, geographical area, and disease severity 8], Viral direct damage %],
immune damage, systemic inflammatory response, drug-induced, ischemia-reperfusion
injury, mechanical ventilation, and underlying diseases may donate to liver injury [

(Figure 1).

There is much evidence that COVID-19 causes abnormal liver function experiment
outcomes with increased levels of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) in people with liver damage_[2. 22| Studies performed in
Wuhan, China, recorded mildly elevated ALT and AST lvels in 14-53% of cases, with
higher rates of both enzymes in patients with intense infection, mostly in patients
requiring admission to the intensive care unit [23l. In COVID-19 patients with injured

biliary tract were increased serum bilirubin, alkaline phosphatase (ALP), and gamma-

glutamyl transferase (GGT) levels [24l. Also, in cases where the virus causes notable liver




injury and intense clinical symptoms, varying levels of ALP and GGT along with high

levels of ALT and total bilirubin have been reported in 58-78% of patients [251.

The pathophysiology of liver damage may include the cytopathic result, in which spike
(S) protein of coronaviruses 2019 attaches to the ACE2 receptor, leading to reduced liver
function and hepatobiliary disease [20l. S protein viral entry jnto the liver cells
(hepatocytes and cholangiocytes), a process that involves binding to the surface of the
host cell t&rough binding of the surface unit (S1) to a receptor 7. 28], The virus attains
access to the host via the angiotensin-converting enzyme 2 (ACE2) receptor (a type I
integral membrane protein containing zinc, which indicates enzymatic action through
cleaving the vasoconstrictor peptide angiotensin II to angiotensin I, a strong vasodilator
peptide, therefore decreasing blood pressure). ACE2 receptor was abundantly
demonstrated in epithelial cells that line a three-dimensional network of bile ducts
named cholangiocytes (60%), hepatocytes (3%) in the liver, alveolar cells of the lungs,

and in various organs such as the pancreas, kidney, and heart [22.30].

FACTORS RELATED TO THE COVID-19 DISEASE THAT CAUSE LIVER
DAMAGE

rugs: There are several drugs that prescribed to manage the treatment of patients with
COVID-19 and associated symptoms, including therapeutic agents such as antivirals,
antibiotics, acetaminophen, immunomodulators, corticosteroids, steroids, and
antipyretics, that are metabolized through the liver and their use may lead to
hepatotoxicity P' 32, It has been reported that liver damage caused by these drugs is
reason of anomalies in liver experiments and histological variation like micro-vesicular
steatosis and liver inflammation in COVID-19 patients. Drugs like oseltamivir, arbidol,
hydroxychloroquine, as well as ritonavir, and lopinavir in the treatment of patients may
induce variable degrees of hepatotoxicity [31.
Hypoxia: Hypoxia in patients with COVID-19 is known as a major factor that causes a

decrease in oxygen saturation values and finally reduction in systemic blood pressure




134, This will ultimately cause a reduction in liver arterial perfusion via liver ischemia
and hypoxia reperfusion injury via liver cell hypoxia [35].

Cytokines storm: Another factor related to COVID-19 that causes liver damage is the
occurrence of a cytokine storm. In cases of the moderate and severe phase of the
disease, which includes endothelial damage, it is related via a strong immune response
to the SARS-CoV-2 virus B¢l This step is accompanied by_the stimulation of
inflammasomes (cytosolic multiprotein oligomers) that are responsible for the
activation of caspase-1 and the release of pro-inflammatory cytokines (IL-1f3, IL-6, and
IL-18) [¥7]. In the next step, these cytokines stimulate the expression of of genes relevant
to the immune response, and through intracellular signaling, especially using IL-6,
other_pro-inflammatory cytokine biomarkers like tumor necrosis factor-alpha (TNF-a),
IL-2, IL-8, IL-10, IL-17, granulocyte colony-stimulating factor monocyte chemoattractant
protein, and interferon-inducible protein (IP-10) B8l In addition, IL-6 activates
numerous downstream signal pathways using creating complexes with its receptor, [39],
and also the reason for raised ferritin and C-reactive protein levels, reduced
lymphocytes and enhanced neutrophils 1401,

Underlying liver diseases: Underlying liver diseases can aggravate liver damage in the
face of COVID-19. The prevalence of underlying liver diseases in patients with COVID-
19 has been reported to be between 3 -11% in large observational studies [27-41.42], From
cases of these underlying diseases can be mentioned chronic liver disease and cirrhosis,

non-alcoholic fatty liver disease, and liver transplantation 271,

THE ASSOCIATION DIFFERENT AGES AND LIVER INJURY CAUSED BY
COVID-19:

Many studies have demonstrated various patterns of disease and their outcomes
between adults and children, possibly associated with the difference in their innate and
adaptive immune systems. Children with or without chronic sickness are less likely to
have a severe illness from COVID-19 confirmed in various studies [4]. However,

children affected by COVID-19 have a milder infection than adults, possibly related to




children having preserved effector and immunosuppressive components (4. The
differences in age, gender, and population are probably due to differences in immune
responses and different variants of SARS-CoV-2 %l Furthermore, children are less
likely to have multiple chronic conditions than older people [#l. Children with a
weakened immune system, such as liver illnesses considered at higher risk of
coronavirus [, Some reports showed children to have higher ACE2 expression than
older adults, that it conversion ang I (angiotensin I enzyme) into angiotensin 1-7 (ang 1-
7) enzyme, thus ang 1-7 enzyme protecting against pulmonary capillary leak and
inflammation. This issue can be the reason why children are more resistant to COVID-
19 than adults. The mechanism of liver injury in cases by COVID- 19 is indistinct 1461,
The liver damage associated with COVID-19 is described as any liver injury happening
during the progression and treatment of this disease in cases with or without
underlying liver illness [¥7l. The most common presentation of liver damage in patients
is with COVID-19 shown by increasing liver enzymes and also decreasing Serum
albumin in severe cases. However, reports of death in affected by COVID-19 patients

due to severe liver injury rarely happen 145 491,

THE EFFECTS OF COVID-19 ON LIVER INJURY IN NEONATES

A clinical study of 10 neonates (including twins) to 9 born to mothers with COVID-19
showed that only two infants have thrombocytopenia accompanied using abnormal
liver function L. Clinical Analysis of 48 Neonates Born to Mothers with COVID-19
(confirmed or clinically diagnosed) or without it accomplished by Liu et al PCR test of
all neonates was negative. Evidence of vertical transmission and liver injury was not
observed [5U. Similarly, a clinical investigation of 19 neonates born to mothers with
COVID-19 was investigated at Tongji Hospital, China. The COVID-19 RT-PCR Test of
all neonates was negative. In this study also, vertical transfer of SARS-CoV-2 was not
found 152, Wang et al investigated a case report of neonates with positive test results for
coronavirus 36 h after birth. Nevertheless, whether this Newborn is vertical transfer

from the mother to the neonate is yet to be verified. In this case, was observed a




significant increase in AST and abnormalities in liver function tests (53l Stolfi et al
reported a neonate of vertical transmission of COVID-19 with liver injury, confirmed
using an increase in serum transaminases in Italy. The positive PCR test of COVID-19 in
a neonate less than 24 h after C-section probably indicates vertical transmission,
therefore proposing a transplacental transfer of SARS-CoV-2. Liver damage in this
neonate was created probably using a direct virus-mediated mechanism that correlated
to ACE2 receptor expression, But the details are unknown 54, Out of 33 neonates born
to mothers affected by COVID-19 in China, three cases have positive PCR tests for

COVID-19. One neonate had observed increasing transaminases [51.

THE EFFECTS OF COVID-19 ON LIVER INJURY IN ADULTS

Guan et al ¢l extracted information about 1099 patients with positive PCR tests for
COVID-19 in 30 provinces in China (from 552 hospitals). Out of 1099 patients, 112 cases
(with an average age of 47 years) had a slight increase of AST with mild illness, and 56
adults had a high increase of AST with severe illness. In 2020, in a national retrospective
cohort study in France, Mallet et al [7] examined the danger of mortality afteg COVID-19
disease in adult with chronic liver disease. The study contained 259,110 of all adults
with COVID-19 who were released from post-acute care and acute, public and private
hospitals in France in 2020. From a total of 259,110 patients who were between 54 and
83 years old (average age 70 years) and 52% were men, including 10,006 (3.9%) and
15,746 (6.0%) patients with alcohol use disorders and chronic liver disease, resgctively.
The results of this study demonstrated that patients with uncompensated cirrhosis,
primary liver cancer, and alcohol use disorde& were at high risk for COVID-19 fatality,
while patients with compensated cirrhosis, mild liver disease, organ, including liver
transplant, or acquired depressive syndrome were not at risk of COVID-19 mortality.
Overall, mortality was in 38,203 (15%) of the patients, including chronic liver disease
2,941 (19%) and 7,475 (28%) after mechanical ventilation.

In another study, Mantovani et al [42] evaluated the widespread outbreak of chronic liver

disease among patients affected by COVID-19 with a meta-analysis of data in




observational studies and investigating the association between the liver injury and
COVID-19 disease. The number of 11 observational studies included 2034 adults aged
between 45 and 54 years (average age of 49 years), and 57.2% were men. The results of
this study revealed that the widespread outbreak of chronic liver disease was 3% and
people with severe disease of COVID-19 had associated changes in liver enzymes and
coagulation profiles, which were reported to be possibly due to an innate immune
response to the virus. In addition, the findings of this study displayed that the gain in
AST level in hospitalized severe patients was more frequent and significant than the
gain in ALT, and AST levels had the highest relevance with mortality compared to
other indices reflecting liver damage, and it was reported that common factors related
with the increase in liver damage indicators were the enhance in the number of
neutrophils, the decrease in the number of lymphocytes, and male gender. The
association between liver damage and adverse events of Coronavirus disease is
indistinct. In adult studies, a higher rate of liver enzymes was reported in adults with
severe diseases than in milder diseases [43l. One of the limitations of this study is that it
is a retrospective study, which may have inadvertently missed some studies with basic
keyword searches. In addition, the mechanism of liver damage at COVID-19 patients
with different ages in used studies has not been clarified. However, this study was
summarized existing evidence on the effects of COVID-19 on the liver injury at various
ages. Furthermore, this study might have helped in clinical diagnosis and treatment for
COVID-19related liver disease.

Figure 2 shows a summary of the effects of COVID-19 on Liver Injury at various ages.

RECOMMENDATIONS AND FUTURE RESEARCHES

The mechanisms of liver damage in either adults or children with COVID-19 are not
fully unclear and the impact of liver injury caused by new variants of COVID-19 in
patients is unexplained. Furthermore, further investigation is required to determine

liver involvement and the consequence of COVID-19 on various ages with liver disease.




Also, the pathogenetic mechanisms of COVID-19 on liver injury of patients in different

age groups need to be investigated.

CONCLUSION

Liver damage is seen in patients affected by COVID-19, and factors including viral
direct damage, immune damage, systemic inflammatory response, drug-induced,
ischemia-reperfusion injury, mechanical ventilation, and underlying diseases contribute
to liver injury. The association between liver damage and adverse clinical outcomes in
patients affected by COVID-19 and the mechanism of SARS-CoV-2 in creating this
injury is also unclear. Studies have shown that neonates have rare evidence of liver
damage, and in terms of age, they show the least amount of liver damage in the face of
COVID-19 disease among affected people. Most patients with COVID-19 have
maintained their normal liver function during the disease, but patients with more
severe disease probably had an abnormal liver function. Also, many studies reported
different patterns of liver damage among children with COVID-19 much less than in
adults, which is probably related to differences in their innate immune system and
adaptation. Most patients with COVID-19 have a mild increase in aspartate
aminotransferase, alanine aminotransferase, or total bilirubin. The highest rate of liver
damage is in adult patients and AST levels had the highest relevance with mortality

compared to other indices reflecting liver injury.
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