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Acute severe hepatitis of unknown origin in children, since
it was firstly reported in Scotland on March 31, 2022, has
become an international concern with a high risk of acute
liver failure requiring liver transplant. The typical causes
for hepatitis have been ruled out and investigations revealed
possible relationship between the disease and two potential
pathogens, a special form of human adenovirus (HAdV) and
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). Acute hepatitis has been reported in children with
multisystem inflammatory syndrome (MIS-C) and incorpo-
rating insights from the immunology perspective is neces-
sary to fully understand this disease.

Overview of the situation

On 31 March 2022, Public Health Scotland (PHS) was
alerted about five children aged 3-5 years presenting to a
hospital with severe hepatitis of unknown aetiology within a
3-week period [1]. On 15 April 2022, World Health Organi-
zation (WHO) published the WHO Disease Outbreak News
on “Acute hepatitis of unknown aetiology—the United King-
dom of Great Britain and Northern Ireland”. Since then,
there have been continuing further reports of cases. As of 31
May 2022, at least 746 cases of acute hepatitis of unknown
origin have been reported from 36 countries and regions
(Fig. 1), including the United Kingdom of Great Britain
and Northern Ireland (the UK) (222), the USA (216), Brazil
(72), Japan (31), Spain (29), Italy (27), Indonesia (16), Bel-
gium (14), The Netherlands (14), Israel (12), Portugal (11),
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Canada (10), Mexico (10), Argentina (9), Sweden (9), Den-
mark (7), Ireland (7), Norway (5), Greece (3), Austria (2),
Costa Rica (2), Cyprus (2), France (2), Panama (2), Malaysia
(1), Moldova (1), Palestine (1), Poland (1), Romania (1),
Serbia (1), Singapore (1), South Korea (1), Bulgaria (<5),
Maldives (< 5), Slovakia (< 5), and Slovenia (< 5) (Fig. 1).

According to published data, all cases were aged between
1 month to 16 years, with clinical characteristics of abdomi-
nal pain, diarrhoea and vomiting, followed by severe acute
hepatitis with increased levels of liver enzymes and jaun-
dice, of which more than 6% children have received liver
transplantation, and more than 9 deaths have been reported
[2-7]. WHO has updated the definition of acute severe hepa-
titis of unknown origin in children on 23 April (Table 1)
and proposed further work on identifying additional cases,
common measures of management or prevention, collection
of epidemiology and risk factor information, etc. [8].

The etiology of this outbreak of acute severe hepatitis in
children remains unknown. There is no evidence of typical
viral infections that are known to cause acute viral hepatitis
(hepatitis A, B, C, D or E virus) being detected in any of
the affected cases, nor have any notable exposures to ani-
mals, toxicants or polluted diet and water source been found.
Recent studies have shown that half to two-thirds of patients
tested positive for HAdVs, dominantly belonging to type 41
in group F in England [9], and SARS-CoV-2 was detected in
some cases, revealing that acute severe hepatitis in children
may be related to HAdVs or SARS-CoV-2 infection [8].

Human adenovirus: an old bottle with new
wine

HAdVs, common pathogens with more than 50 immuno-
logically distinct serotypes and a worldwide distribution,
usually cause self-limited infections in the healthy popula-
tion. More than 5-10% of all febrile illnesses in infants and
young children are caused by HAdVs and nearly all adults
have serologic evidence of past infection with one or more
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Fig. 1 Distribution of cases of acute severe hepatitis of unknown origin in children in various countries, as of 31 May 2022

Table 1 Case definition updated by WHO on 23 April [2]

Cases Definition
Confirmed Not available at present
Probable A person presenting with acute hepatitis
(non-hepA-E*) with serum transami-
nase > 500 IU/L (AST or ALT), who is
16 years and younger, since 1 October 2021
Epi linked A person presenting with acute hepatitis (non-

hepA-E) of any age who was in close contact
with a probable case, since 1 October 2021

HAdVs. However, only a few cases of severe acute hepa-
titis or even liver failure have been described in immuno-
competent children due to HAdV infection [10]. Severe or
disseminated HAdV infections may occur in immunocom-
promised patients, especially in those with cellular immu-
nodeficiencies, notably caused by serotypes 1, 3, 5 and 7. In
these patients, hepatitis or an obvious complication could be
observed especially in neonates. Additionally, HAdV reac-
tivation may occur in immunocompromised patients [11,
12]. Primary adenovirus infection of serotype 31 in group
A and several serotypes in group B and C can cause serious
diseases such as fatal pneumonia and hepatitis in children
with immunodeficiency syndrome, such as severe combined
immunodeficiency disease (SCID) [13]. Adenovirus type 41
infections typically present with diarrhoea, vomiting and
fever, frequently accompanied by respiratory symptoms. It
was not until recently that adenovirus type 41 was reported
to be a cause of hepatitis in healthy children, with many of
them showing severe hepatic manifestations and even liver
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failures necessitating liver transplantation. The most likely
assumption supported by the current data is that the normal
HAGJV infections aere rendered more severe by an additional
cofactor such as drugs or secondary immunodeficiencies
resulting from other pathogens [14].

There is, of course, another possibility which has been
suggested recently: that the outbreak is caused by the emer-
gence of a new HAdV with altered characteristics with or
without a contribution of one of the cofactors [14].

SARS-CoV-2: superpower to trigger
the immune cascade or just a coincidence?

The relationship between hepatitis and severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2) infection
should not be neglected during the coronavirus disease
2019 (COVID-19) pandemic. In fact, hepatic involvement
has been described in children with COVID-19 [15]. Mean-
while, SARS-CoV-2 has been identified in 15% of reported
hepatitis cases in the UK including 16 (12.8%) of 125 cases
in England with available data [4, 9]. A few cases of severe
hepatitis have been described in the literature that may occur
as part of multisystem inflammatory syndrome in children
(MIS-C) with COVID-19 [16]. However, the peak of MIS-C
occurs 3—4 weeks later than the peak of COVID-19, and
60% of children with seropositive MIS-C have no detect-
able virus, which indicate that MIS-C may be caused by
an untimely immune response in different individuals after
infection, instead of being caused by SARS-CoV-2 itself
[17].
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Recent studies have shown that SARS-CoV-2 viral per-
sistence in the gastrointestinal tract can lead to continued
release of viral proteins across the intestinal epithelium,
giving rise to repeated or persistent immune-cell activation,
which might be mediated by a superantigen motif within
the SARS-CoV-2 spike protein that bears resemblance to
staphylococcal enterotoxin B, triggering broad and non-spe-
cific T-cell activation [18, 19]. A similar study also showed
that MIS-C associated with SARS-CoV-2 exhibited higher
number of mucosal homing T cells and higher expression
of IL-17, suggesting that the development of MIS-C may
be a post-infectious, immunologically mediated sequel of
COVID-19 [20]. Of course, it cannot be completely excluded
that as part of the ongoing pandemic, SARS-CoV-2 infec-
tions may just be a coincidence.

Previous animal experiments have also shown that adeno-
virus infection sensitizes subjects to subsequent staphylo-
coccal enterotoxin B-mediated toxic shock, leading to liver
failure and death, possibly explained by adenovirus-induced
type-1 immune dysregulation with excessive IFN-y produc-
tion and IFN-y-mediated apoptosis of hepatocytes [21]. So
it has been speculated that acute severe hepatitis in children
could be a consequence of adenovirus infection with intesti-
nal trophism in children previously infected by SARS-CoV-2
and carrying viral reservoirs. Based on this hypothesis, it is
suggested that children with acute hepatitis should be inves-
tigated for SARS-CoV-2 persistence in stool, T-cell receptor
skewing and IFN-y upregulation [22].

Autoimmune hepatitis: something to keep
in mind

For acute hepatitis of unknown cause, the possibility of auto-
immune hepatitis (AIH) should also be considered, although
it is a rare progressive liver disease manifesting as acute
hepatitis in 40%—50% of paediatric cases with a few of cases
fulfilling the criteria for acute liver failure (ALF) [23].

AIH is characterized by elevated IgG level with various
types of autoantibodies present in patients’ sera, including
antinuclear antibody (ANA), anti-smooth muscle antibody
(ASMA), anti-actin antibody (AAA), anti-mitochondrial
antibody (AMA), etc. [24]. It is also histopathologically
characterized by mononuclear cell infiltrations in the portal
area or around the portal vein (generally lymphoplasmacytic,
and often accompanied by a small number of eosinophils),
forming a well-defined hepatocyte plate (boundary plate),
that is, interfacial hepatitis, which can be distinguished from
other acute hepatitis [25].

Although the pathogenesis of AIH is not clear, it is rec-
ognized that AIH is induced by environmental factors in
genetically susceptible individuals. Antigens, major histo-
compatibility complex (MHC) and T-cell receptor (TCR)

are involved in the genetic background, while viruses,
drugs and vaccination are all considered to be inducing
factors [26]. Most evidence support that the functional
change of T cells plays a central role in the pathogenesis
of AIH, in which abnormal regulatory T cells (Treg) lead
to persistent inflammation and necrosis of hepatocytes
[27]. HLA serotype differs among ethnic groups and ter-
ritories. For example, AIH is closely related to HLA-DR3
and HLA-DR4 serotypes in Caucasian, to HLA-DRB1*03
homozygous in Nordic children and to DRB1#0405 and
DQB1%*0401 serotypes in Japanese [28]. Is this the reason
for the characteristic distribution of acute severe hepatitis
in children from different regions?

SARS-CoV-2 infections may also cause chilblains, also
known as “COVID toes” that have been reported in chil-
dren and young adults infected with COVID-19. Chilblains
in COVID-19 probably result from vasculitis characterized
by endothelial necrosis, lymphocytic infiltration of CD4*
and CD8™" T cells and B cells, as well as IgA, IgM and C3
deposition in the vascular wall, which mimic the vasculitis
of autoimmune-related chilblains with positive antinuclear
antibodies (ANA) [20].

Based on the evidence of superantigen-mediated
immune activation, immunomodulatory therapies could be
considered in children with severe acute hepatitis. It has
been previously reported that JAK1/2 inhibitor barictinib
may diminish the excessive inflammatory response caused
by cytokine storm in patients with COVID-19 [29].

Additionally, two points deserve more research attention.
First, why did most severe hepatitis occur in young infants?
Second, is the disease related to the imperfect immune func-
tion of children at these ages or associated with the genetic
background of primary immunodeficiency?

On all accounts, it should be speculated reasonably
that children with acute severe hepatitis may have under-
lying immunodeficiencies, which can be a genetic defect
or transiently secondary to infection of other pathogens
or other factors. Accordingly, genetic test (whole exome
sequencing if necessary), MHC molecular phenotying
and immune functional assays including humoral immu-
nity, cellular immunity and innate immune response of
these children should be performed, so that the real
cause of the disease could be found. The confirmation of
pathological changes and pathogens in the liver biopsy
tissue is the gold evidence to determine the pathogenesis
and the disruptive process in the liver. This will also
provide strong support on the suspected immunologic
pathways.
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