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COVID-19 ISSUES RELATED TO LIVER DISEASE IN PEDIATRIC POPULATION (Abstract): 
Objective: Coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 has had a significant 
impact on global health, economy, and society. While COVID-19 primarily affects older indi-
viduals and those with underlying health conditions, children generally experience milder symptoms 
or are asymptomatic. Liver injury caused by COVID-19 is a common complication, but often goes 
unnoticed in children. This review aims to analyze published studies on liver injuries related to 
COVID-19 specifically in pediatric patients. Material and Methods: A comprehensive search of 
medical databases was conducted to identify relevant articles published up to May 2023. Results: 
A total of 141 articles were identified, and 21 articles were included in this review after careful 
selection. COVID-19-related liver injury can occur during the disease progression or as a result 
of treatment. Discussions: The mechanisms underlying liver injury include direct toxic effects  of 
COVID-19 on liver cells, inflammatory immune response, hypoxia-mediated injury, and drug-
induced liver injury. Abnormal liver enzyme levels, such as elevated ALT, AST, ALP, GGT, TBIL, 
and reduced albumin, indicate liver injury in COVID-19 patients. Autopsy findings in pediatric 
cases reveal specific pathological changes associated with COVID-19, including lung abnormalities 
and liver congestion. Conclusions: Liver damage in children with COVID-19 is often underesti-
mated, and further research will enhance our understanding of these aspects is crucial for effective 
prevention and management strategies in pediatric cases of COVID-19. Key-words: COVID-19, 
SARS-COV-2, LIVER ISSUES DAMAGE, CHILDREN, PATHOGENESIS

INtROduCtION
Coronavirus disease 2019 (COVID-19) is a 

serious condition defined by World Health Or-
ganization as an infectious disease caused by 
Severe Acute Respiratory Syndrome CoronaVi-
rus-2 (SARS-Cov-2) (1). This pandemic had a 
catastrophic impact on world health,  econom-
ic stability (2), social consequences and is still 
causing effects in population of all ages, includ-
ing the pediatric one. COVID-19 primarily af-
fects older individuals and those with underly-
ing health conditions (3). The severity of the 
infection shows a logarithmic and linear rela-

tionship with age for individuals over 30, mean-
ing the risk of fatality increases significantly 
with each passing year. Instead, children have 
a lower likelihood of contracting the virus and 
typically experience either no symptoms or 
mild to moderate illness (4). 

An additional concern arises of the clinical 
effects of COVID-19, that are variable in pa-
tients that can be asymptomatic, to the ones that 
develop the severe forms of disease (5) and 
progressively encompassing more than just res-
piratory manifestations, extending to systemic 
diseases as well. Apart from triggering acute 
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respiratory distress syndrome (6), COVID-19 
also causes damage on vital organs like the 
liver, gastrointestinal tract, kidney, heart, and 
nervous system and can determine fatal out-
comes (7). While the primary target of SARS-
CoV-2 is the respiratory tract, the liver is often 
significantly affected, particularly in severe and 
critical cases (8). Because of the general pre-
disposition of severe cases in adults, the exist-
ing studies does not detail many information 
regarding pediatric cases. Nevertheless, there 
were a global widespread and the infections of 
children was through family contacts, which 
played a crucial role in disease transmission. 
Meta-analyses have revealed that liver damage 
is prevalent in children, but frequently goes 
unnoticed (9). Numerous studies have high-
lighted that children with COVID-19 may ex-
perience gastrointestinal symptoms such as 
vomiting, nausea, diarrhea, abdominal pain and 
elevated liver enzymes, mirroring the symp-
toms observed in adults with gastrointestinal 
involvement (9). However, it is important to 
note that variations exist in pediatric digestive 
tract involvement and liver injury across differ-
ent age groups, countries, and regions (9). The 
aim of this review is to analyse the actual pub-
lished studies in the scientific literature and 
focus directly towards pediatric patients with 
liver injuries related to COVID-19. Also, our 
main objective is to summarize the most rele-
vant information about the clinical, the inves-
tigations and the pathogenesis of COVID-19 
related liver issues in children and to under-
stand the possible complications that can affect 
children’s quality of life.

MAtERIAL ANd MEtHOdS
Within this review, we conducted a meticu-

lous analysis of the most significant published 
studies, encompassing original research papers 
and reviews, present in the scientific literature. 
The literature search process involved querying 
electronic internationally recognized databases, 
PubMed, Medline, and Web of Science, to iden-
tify relevant articles for our analysis. The pa-
pers published up to May 2023 in each author’s 
field of expertise were searched with the fol-
lowing keywords: COVID-19, SARS-CoV-2, 
liver issues, children, pathogenesis. The result-
ing draft was discussed among authors to pro-
vide a theoretical point of view and the final 
version was then communicated and approved 
by all the co-authors.

RESuLtS 
A total of 141 articles were identified through 

databases. The articles in extenso were studied 
and analyzed to be according to the topic of 
this review. After a careful survey we identified 
21 articles with the specific subject, which were 
included in this review. 

dISCuSSIONS
COVID-19-related liver issues or injury re-

fers to the occurrence of hepatic damage in 
patients infected with SARS-CoV-2, whether it 
develops during the progression of the disease 
or as a result of treatment, regardless of the 
patient’s pre-existing liver injury status (10). 
As stated by Sivandzadeh GR et al. (11), there 
is an observed higher risk of liver injury in 
adult men compared to women, while the cu-
mulative incidence of liver injury tends to be 
lower in pediatric patients.

Yun YF  et al. (12) classified the etiology 
of COVID-19-related liver injury into three cat-
egories: 
• The direct pathway encompasses the binding 

of SARS-CoV-2 to angiotensin-converting 
enzyme 2 (ACE2) receptors present in the 
liver or bile duct, leading to direct toxic 
effects.

• The indirect pathway involve an inflamma-
tory immune response and hypoxia, which 
contribute to liver injury in COVID-19 
cases.

• Additionally, liver injury can also arise as a 
result of COVID-19-related treatments, such 
as mechanical ventilation and the use of 
antiviral drugs. 
In the direct pathophysiological mechanism, 

according to the recent studies, genomic se-
quencing, as well as phylogenetic and struc-
tural analyses, have provided confirmation that 
SARS-CoV-2 possesses the capability to bind 
to the  ACE2 present on host cells. This bind-
ing process, facilitated by the spike protein of 
the virus, enables membrane fusion and subse-
quent viral invasion (13). While ACE2 is prom-
inently expressed in alveolar cells, it is also 
distributed across various organs in the body, 
including the liver (14). Consequently, the di-
rect pathological mechanism underlying COV-
ID-19-related liver injury is attributed to the 
virulence of SARS-CoV-2, wherein the virus 
can bind to ACE2 receptors on liver endothe-
lial cells, leading to toxicity and subsequent 
damage to hepatocytes (15,16).
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In contrast to adults, children tend to ex-
hibit milder symptoms of liver injury related to 
COVID-19, possibly due to lower ACE2 ex-
pression, less maturity, and weaker functional 
affinity (i.e., binding capability) to SARS-CoV-2. 
However, it has no value that ACE2 expression 
decreases with age, resulting in higher levels of 
ACE2 in children compared to adults (12). 
Therefore, apart from its ability to facilitate 
viral infections, further investigation is required 
to explore the distribution of ACE2 in different 
age groups and the organ damage (12). Chai et 
al. (17) found that ACE2 expression is higher 
in cholangiocytes than hepatocytes, implying 
that SARS-CoV-2 may preferentially bind to 
ACE2 on cholangiocytes, potentially impacting 
liver health and suggesting that COVID-19-re-
lated liver abnormalities may be influenced by 
cholangiocyte damage rather than hepatocyte 
injury (18).

Indirect pathophysiological mechanisms that 
contribute to liver injury in COVID-19 patients 
are: inflammatory immune response (dysfunc-
tion of innate and adaptive immune responses, 
multisystem inflammatory syndrome in chil-
dren, complement dysfunction) and hypoxia-
mediated liver injury. The immune response 
plays a vital role in protecting the body from 
damage, but an excessive inflammatory immune 
response (IIR) can lead to systemic diseases. 
Studies have shown that the systemic IIR in-
duced by SARS-CoV-2 is intricately linked to 
liver injury (12). Dysfunctional innate (natural 
killer cells and natural antibodies) and adaptive 
immune responses (memory T and B cells) 
mediate the liver damage caused by COVID-19. 
The innate immune system detects the virus 
through pattern recognition receptors, trigger-
ing the production of interferons and pro-in-
flammatory cytokines. However, the virus can 
block innate immune signaling, leading to ex-
cessive cytokine production and inflammation 
(19-22). Multisystem inflammatory syndrome 
in children (MIS-C), a complication of SARS-
CoV-2 infection, can lead to liver injury. MIS-
C presents with various symptoms (persistent 
acute fever, abdominal pain, diarrhea, rash, 
lymphadenopathy, appendicitis, peritonitis) with 
the risk of progression to multiorgan dysfunc-
tion (23,24). Complement dysfunction is an-
other mechanism of liver injury in COVID-19. 
The complement system, part of the immune 
system, can become overactive or dysfunction-

al during SARS-CoV-2 infection, leading to 
systemic inflammation, contribute to the hyper-
coagulable state and damage to other organs 
(25). Additionally, hypoxia-mediated liver in-
jury can occur due to the decreased oxygen 
supply caused by acute respiratory distress syn-
drome and respiratory failure in patients with 
SARS-CoV-2 (6,26). 

The treatment of COVID-19 can sometimes 
lead to liver injury in patients, particularly in 
pediatric cases. Mechanical ventilation, which 
is often required in severe COVID-19 cases 
(27), can contribute to liver injury. The use of 
ventilation support may lead to increased pul-
monary vascular resistance and reduced right 
ventricular activity, causing liver congestion 
and ischemic hepatitis (28). Additionally, drug-
induced liver injury is another concern in COV-
ID-19 treatment. Drugs used to treat COV-
ID-19, such as remdesivir, lopinavir/ritonavir, 
dexamethasone, tocilizumab, and hydroxychlo-
roquine, can potentially cause liver enzyme 
elevation in pediatric patients (29). Monitoring 
liver function and considering the impact of 
these drugs on the liver are crucial in the treat-
ment of children with COVID-19. Further re-
search is needed to develop more suitable and 
safer treatment options for pediatric cases.

An investigation by Xu Y et al (30). con-
ducted on children with COVID-19 and liver 
injury revealed that, when compared to adults, 
these young patients manifest a less severe clin-
ical progression and fewer noticeable radio-
logical and laboratory alterations.

COVID-19 can lead to varying degrees of 
liver injury, which can be observed through 
abnormal increases in alanine aminotransferase 
(ALT> 40 U/L) and aspartate aminotransferase 
(AST> 40 U/L) levels, accompanied by mild 
elevations in alkaline phosphatase (ALP> 135 
U/L), gamma-glutamyl transferase (GGT> 49 
U/L), total bilirubin (TBIL> 17.1 μmol/L), 
and a decrease in albumin levels (< 3 g/dL) 
(31-32). 

Examining autopsy findings in pediatric cas-
es is crucial for gaining insights into the patho-
physiology and clinical manifestations of COV-
ID-19. According to a recent study, overall 
observations revealed the presence of pericar-
dial and pleural effusion, hepatosplenomegaly, 
cardiomegaly, enlarged kidney, and enlarged 
brain (7). The lungs displayed various abnor-
malities, including diffuse alveolar damage 
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(78.3%), fibrin thrombi (43.5%), hemorrhage 
(30.4%), pneumonia (26%), congestion and 
edema (26%), an angiomatoid pattern (17.4%), 
and the presence of alveolar megakaryocytes 
(17.4%). In the liver, centrilobular congestion 
was observed in the majority of cases (60%), 
along with micro/macrovesicular steatosis (30%) 
and arterial/venous thrombi (20%) (7). These 
autopsy findings shed light on the specific path-
ological changes associated with COVID-19 
infection in pediatric patients.

CONCLuSIONS
Given the ongoing rapid global spread of 

SARS-CoV-2, it is imperative to enhance our 
comprehension of the fundamental aspects of 
transmission, the severity of infection and how 
to prevent the evolution towards serious forms 
of the disease or long-term sequelae. This know-

l edge plays a vital role in informing and guiding 
effective measures in response to the pandem-
ic. To summarize, our review indicates that 
digestive system symptoms and liver damage in 
children are frequently underestimated. Conse-
quently, additional clinical and experimental 
research is warranted to gain a deeper under-
standing of the impact of digestive system in-
volvement on the progression of COVID-19 in 
children and the underlying mechanisms in-
volved. 
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