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Abstract

Two years after the coronavirus disease 2019 (COVID-19) pandemic, acute
hepatitis of unknown etiology in children (AHUCD) began to be reported world-
wide. The novel coronavirus and adenovirus were found in pathogen and
antibody tests in AHUCD cases reported by the World Health Organization.
Children are not exposed to the viruses that children are generally exposed to
owing to COVID-19 infection preventive measures such as isolation and wearing
masks; therefore, some researchers have speculated that this disease is related to
reduced exposure to pathogens. Some scientists have also speculated that the
disease is related to liver injury and adenoviral hepatitis, which are the sequelae
of COVID-19. Some evidence also suggests a weak association between the
disease and COVID-19 vaccination. Therefore, further research and investigation
of the pathogenesis, preventive measures, and early treatment of hepatitis of
unknown etiology are required. This study aimed to synthesize available evidence
to further elucidate this disease in order to treat and prevent it effectively.
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Core Tip: In this review, we summarize the existing evidence related to the outbreak of acute hepatitis of
unknown etiology in children (AHUCD). Some scholars believe that the outbreak of AHUCD caused by
the coronavirus disease 2019 (COVID-19) pandemic is caused by immune dysfunction and liver injury
after COVID-19, and children with reduced exposure to pathogens and increased physical susceptibility
due to isolation and mask wearing. Secondly, human adenovirus or other pathogens can interact with each
other, leading to the outbreak of AHUCD. However, the relationship between COVID-19, adenovirus
hepatitis and AHUCD is still unclear. Future studies should focus on the etiology and mechanism of
AHUCD.
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INTRODUCTION

Infectious disease outbreaks have long been a major global health concern. Coronavirus disease
(COVID-19) has continued to proliferate worldwide since 2019, and the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) shows no signs of eradication. Approximately two years after
the onset of the COVID-19 pandemic, on October 1, 2021, five pediatric patients with severe hepatitis
were reported at a children's hospital in Alabama, USA, and four similar cases were reported in the
following three months[1,2]. Since April 2022, acute hepatitis of unknown etiology in children
(AHUCD) has been reported in many areas worldwide. Clinical manifestations of severe AHUCD
include acute onset, nausea, vomiting, diarrhea, abdominal pain, and other gastrointestinal symptoms,
resulting in clinical conditions such as jaundice and abnormal liver function. A small number of patients
may progress to acute liver failure within a short period, presenting with hepatic encephalopathy and
progressive exacerbation of jaundice[3]. Recent studies have not determined the etiology of this recent
AHUCD outbreak. However, it has been speculated that the outbreak was related to the sequelae of
COVID-19 or adenovirus infection. Therefore, this brief review aimed to synthesize existing clinical
evidence related to AHUCD to elucidate its origins and determine best practices for diagnosis and
treatment.

We searched databases such as Reference Citation Analysis, PubMed/Medline, Cochrane Library,
Embase, and Web of Science, and websites such as UK Health Security Agency, European Centre for
Disease Prevention and Control, World Health Organization (WHO), and others for articles with the
keyword AHUCD.

INCIDENCE OF AHUCD

According to the WHO, as of July 8, 2022, five WHO regions (Europe, the Americas, and Asia)
comprising 35 countries have reported a total of 1,010 cases of AHUCD. Of these, liver transplantation
was required in 46 cases (4.6%) and death occurred in 22 cases (2.2%). Polymerase chain reaction (PCR)
testing confirmed that 78 cases (7.7%) were positive for SARS-CoV-2 and 209 cases (20.7%) were positive
for adenovirus. Among the adenovirus positive cases, 31 (3.1%) were of adenovirus type 41F[4], as
presented in Figure 1. As of June 13, 2022, the United Kingdom reported[5] 260 cases of AHUCD in
children under 16 years of age, with serum transaminase levels > 500 IU/L, 12 of which required liver
transplantation. Adenovirus and novel coronavirus were the primary potential pathogens detected in
these cases; 64.7% of the cases were positive for adenovirus, primarily adenovirus 41F, and 17.3% of the
cases tested positive for SARS-CoV-2 upon admission. The 41F adenovirus subtype primarily affects
young children and individuals with immunodeficiency. However, there are no previous reports of
AHUCD caused by adenovirus 41F in patients who did not undergo liver transplantation.
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Figure 1 Distribution of virus testing for possible cases of severe acute hepatitis in children of unknown origin, central European
summer time, 1 October 2021 to 8 July 2022. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; PCR: Polymerase chain reaction.
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CLINICAL CHARACTERISTICS OF AHUCD

Most patients presented with jaundice, significantly elevated hepatic transaminase levels [alanine
aminotransferase (ALT) or aspartate aminotransferase (AST) levels > 500 IU/L][6,7], and severe acute
hepatitis that required hospitalization. In most cases, the onset of jaundice was preceded by abdominal
pain, vomiting, diarrhea, and fever[2,8]. Additionally, there was no history of the common hepatitis
viruses that cause acute viral hepatitis (hepatitis A, B, C, D, and E viruses) in these cases, and their tests
at presentation were negative[9]. The cases had no clear epidemiological link, occurred sporadically,
had no history of being in affected areas, and had no established exposure (such as exposure to specific
poisons, drugs, food, or water). Moreover, most children had no history of COVID-19 vaccination
because they were too young to receive them at the time[10].

THE CAUSE OF SPECULATION

During the COVID-19 pandemic, the association between liver injury and SARS-CoV-2 infection should
not be ignored. Some researchers have suggested that temporary liver damage caused by certain drugs
[11] or antigen-specific immune activation triggered by SARS-CoV-2 may lead to AHUCD[12].
Currently, the etiology of AHUCD is under investigation and research, and the association between
AHUCD and COVID-19 remains unclear and continues to attract the attention of researchers. This
review explores the underlying mechanisms of AHUCD, which are believed to have several possible
causes, as shown in Figure 2.

Adenovirus induced hepatitis in children with inmunosuppression

Adenovirus is a 70-90 nm particle with no envelope[13]. It is composed of 252 shells in a 20-hedral
arrangement, each with a diameter of 7-9 nm. Currently, adenoviruses are best known for their
potential use as therapeutic vectors, such as those processed as vectors into one of the novel coronavirus
vaccines[14,15].

Adenoviruses have rarely been reported to cause severe hepatitis in children who have not
undergone liver transplantation[7,16]. As of July 8, 2022, the WHO reported 209 cases (20.7%) of
children with AHUCD that were positive for adenovirus by PCR. In June 2022, the Lancet Infectious
Diseases[17] also reported several cases of AHUCD who tested positive for adenovirus. Therefore,
adenovirus infection is considered a potential cause of AHUCD.
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Figure 2 Speculation on the possible etiology of acute hepatitis of unknown etiology in children. AHUCD: Acute hepatitis of unknown etiology in
children; MIS-C: Multi-system inflammatory syndrome in children; COVID-19: Coronavirus disease 2019.
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Adenovirus-associated hepatitis occurs primarily in immunosuppressed patients with defective
adaptive cellular immune responses, including T cell-mediated immunity[18]. Therefore, the frequency
of adenovirus hepatitis infection in immunocompromised patients is high[19]. This finding links the
immunodeficiency status of COVID-19 patients with gastrointestinal manifestations of adenovirus
infections. Co-infection may also be a possible cause[9]. The United Kingdom Health Security Agency
[16] has also suggested that AHUCD may result from abnormal susceptibility or host response to co-
infection caused by adenovirus, SARS-CoV-2, other pathogens, toxins, drugs, or environmental
exposure. According to Brodin et al[20], the "superantigen hypothesis" suggests that a novel coronavirus
infection can lead to the formation of viral reservoirs. AHUCD may be due to viral reservoirs in the
intestines after infection with the novel coronavirus, followed by adenovirus infection and then
abnormal host immune-mediated hepatitis.

The incidence of multisystem inflammatory syndrome in children (MIS-C) combined with liver injury
in COVID-19 patients was 29.4% (5/17)[21]. This evidence supports the hypothesis of an increased
adeno-associated virus incidence of adenoviral hepatitis in children with COVID-19.

Another hypothesis is that adenoviruses evolve through molecular homologous recombination,
different tissue orientation and enhanced virulence of new viruses are generally caused by mutation,
and their virulence and clinical characteristics are obviously different from those of other adenoviruses,
which may be a causative factor of AHUCDI[22].

Immune-mediated hepatocyte injury secondary to novel coronavirus infection

Some researchers have proposed a connection between the novel coronavirus infection and MIS-C[23,
24]. Hepatitis is a common condition among children with MIS-C. According to Cantor et al[25], most
MIS-C patients were negative for novel coronavirus by reverse transcription PCR (56.8%) but positive
for novel coronavirus antibodies (92.3%). Yasuhara et al[21] conducted a meta-analysis of clinical charac-
teristics and liver injury in children with COVID-19, including 114 samples from 46 studies. The results
showed that the levels of D-dimer (52%) and C-reactive protein (40%) were elevated, and the incidence
of lymphocytopenia was 33%. Additionally, AST (22.2%) and ALT (16.4%) levels were elevated and the
incidence of MIS-C was 15%. These results suggest the presence of acute and long-term hepatic sequelae
of COVID-19 in pediatric patients. In addition, many hepatotropic viruses can cause hepatocyte injury
through immune-mediated inflammation[10]. Therefore, it cannot be ruled out that pathological
changes caused by novel coronavirus-related inflammation are cofactors or that the virus is an
independent factor in children with AHUCD.

In patients with uncertain pediatric acute liver failure, when liver failure occurs, tissue resident
memory CD8+T cells infiltrate mainly abnormally immunoactivated leukocytes. SARS-CoV-2-specific
CD4+ and CD8+ memory T cells were positive in close contacts and recovered patients with COVID-19
[26]. Therefore, some researchers have speculated that AHUCD may have memory T-cell responses due
to close contact with COVID-19 patients. During reinfection with the novel coronavirus, abnormal
immune responses can lead to acute liver injury and even liver failure[27].
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Table 1 Possible causes of acute hepatitis of unknown etiology in children

Etiological speculation Possible causes Ref.

Association with adenovirus infection

Adenovirus infection Adenovirus was detected by PCR in 209 (20.7%) patients with AHUCD. World Health
Organization[4]
Adenovirus mutation Adenoviruses generate new viruses exhibiting various tissue tropism and increased virulence Tian X et al[22]

through molecular mutations of homologous recombination.

Secondary adenovirus Viral reservoirs emerge in the intestine after COVID-19 infection, followed by adenovirus infection, ~ Brodin P et al[20]
infection "superantigen which triggers aberrant host immune-mediated hepatitis.
hypothesis"

Association with COVID-19 infection

COVID-19 infection SARS-CoV-2-specific CD4+ and CD8+ memory T cells can be detected not only in patients Wang Z et al[26]; Zhu
recovering from COVID-19, but also in close contacts. Memory T-cell response after close contact M et al[27]
with SARS-CoV-2 infection. During reinfection with SARS-CoV-2, a dysregulated immune response
leads to rapid liver damage and acute liver failure.

Secondary multisystem Hepatitis is common in children with multisystem inflammatory syndrome, and MIS-C appears after Cantor A et al[25];
inflammatory syndrome ~ COVID-19 infection, resulting in liver sequelae. Yasuhara ] et al[21]
in children

Pathogen exposure Children are not exposed to the viruses that children are generally exposed to; therefore, when they =~ Samarasekera U[28]
reduction are first exposed to these viruses, it has an unexpected and serious impact.

Association with Vaccination against COVID-19 induces antigen-specific immune responses in children. Sergi CM[29]
vaccination against

COVID-19

Adenovirus and SARS-CoV-2 co-infection

Co-infection ofadenovirus Adenovirus-associated hepatitis mainly occurs in immunosuppressed patients. Co-infection with Lion T[18]; Li L et al
and SARS-CoV-2 or other adenovirus and SARS-CoV-2 or other pathogens leads to immune dysfunction, increasing the [19]; Mendez-Sanchez
pathogens likelihood of adenovirus-associated hepatitis infection. N et al[9]

AHUCD: Acute hepatitis of unknown etiology in children; MIS-C: Multi-system inflammatory syndrome in children; COVID-19: Coronavirus disease 2019;
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; PCR: Polymerase chain reaction.

In Israel, hepatologists have suggested that 5 of 12 cases of AHUCD were classified as sequelae of
COVID-19. The interval between infection with novel coronavirus and hepatitis onset was approx-
imately 3.5 mo. These cases resembled autoimmune hepatitis; however, there were no positive results.
Recently, researchers speculated that the VVVNASN mutation in a novel coronavirus strain infected
with ORFlab may lead to autoimmune T-cell responses with "molecular mimicry" and that there is a
connection to AHUCDJ[10].

In addition, owing to COVID-19 restriction measures, for example maintaining social distance,
children may not be exposed to pathogens. Samarasekera believed that these children were not exposed
to these childhood viruses at a normal age; therefore, when they were first exposed, it had an
unexpected and serious impact[28], suggesting that COVID-19 may have altered their immunity to these
viruses.

Hypothesis of immune induction triggered by COVID-19 vaccination

Some researchers[29] believe that vaccination with mRNA vaccines and prolonged exposure to
pathogenic bacteria cannot be excluded to reduce resistance in some children. Researchers have also
estimated that in 84% of reported cases of AHUCD, children were too young to be vaccinated[30]. On
July 23, 2022, the COVID-19 immunization rate in China was 92.1% for the first dose, 89.7% for the full
course, and 71.7% for the booster[31]. The age range of AHUCD is generally 3-5 years[6], and the
reported rate of AHUCD in China was 0. Therefore, it can be inferred that vaccination is not associated
with AHUCD (Table 1).

RECOMMENDATION

The association between COVID-19, adenovirus hepatitis, and AHUCD remains unclear, and further
research is required to understand the etiology, mechanism, pathophysiology, and other aspects related
to this evolving outbreak. Currently, there is an urgent need to improve AHUCD control and
prevention. Healthcare workers, especially pediatric providers, should pay close attention to WHO
reports and be on high alert for clinical signs of hepatitis in children.
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CONCLUSION

Overall, no evidence of an association between medical activity and human-to-human transmission of
AHUCD has been found; however, a possible association cannot be ruled out. Existing evidence for the
cause of AHUCD outbreaks tend to point to the sequelae of COVID-19, immunocompromised patients,
patients with liver damage, reduced exposure to pathogens, and increased susceptibility in children due
to isolation and mask wearing. Therefore, it is possible that adenoviruses or other pathogens interact
with each other, leading to an outbreak of AHUCD. However, there is no direct evidence of an
association between COVID-19 vaccination and AHUCD.
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