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The Lancet child and adolescent health recently
published an editorial on severe acute hepatitis
in children [1]. World Health Organization
(WHO) was first notified of 10 cases of severe

acute hepatitis of unknown origin (AHUO) by Inter-
national Health Regulations (IHR) of the United Kingdom
in previously healthy young children on 5 April, 2022 [2].
Laboratory testing excluded Hepatotropic A, B, C, D and E
cases, while SARS-CoV-2 and/or adenovirus (HAdVs)
were detected in several cases. The proposed case
definition of AHUO by the WHO is summarized in Box I. As
of 8 July, 2022, five WHO regions comprising 35 countries
had reported 1010 cases fulfilling the WHO case definition
with 22 deaths [3]. The proposed case definition of AHUO
by WHO is summarized in Table I.

Delta testing is not required, as it is only undertaken in
persons who are HBsAg positive to establish the presence
of coinfection.

Acute non-A-E hepatitis is a well-known entity for
years and has been described earlier from Europe and India
accounting for 5-10% of all acute hepatitis in children [4,5].
A retrospective German study over 30 years observed a
rising incidence of non-A-E in their cohort from 2019
onwards with stable numbers for Hepatitis A-E [6]. How-
ever, the recent reports of increase in the number of severe
acute hepatitis reported by some European countries and
WHO was not substantiated by a question-naire based
survey across several European countries conducted in
April and May, 2022 [7,8]

A Mixed Basket

HAdVs are non-enveloped double-stranded DNA viruses
with a worldwide distribution and usually cause self-

limited infections in the healthy population. However,
severe or disseminated HAdV infections may occur in
some immunocompromised individuals. The transmission
mode consists of fecal-oral spread, conjunctival inocu-
lation or inhalation of aerosolized droplets. The poly-
merase chain reaction from respiratory material, stool,
blood or urine samples is the most common method to
establish the diagnosis. Symptoms often reported are
related to respiratory tract infections (e.g., pharyngitis,
coryza or pneumonia), keratoconjunctivitis, gastro-intes-
tinal symptoms (diarrhea, abdominal pain and vomiting,
notably with serotype 40 and 41, but possible as conco-
mitant symptoms for all serotypes, particularly in young
children) or genitourinary tract infections [9]. Approxi-
mately 60% of United Kingdom (UK) cases and 45% of
tested samples in the United States were positive for
HAdVs. The precise role of HAdV induced acute severe
hepatitis in immunocompetent individuals remains elusive.
HAdV41 has tissue tropism to invade the gastrointestinal
tract with clinical symptoms of diarrhea, vomiting, and

Acute hepatitis of unknown origin in children has been recently described in the literature, and a case definition has also been proposed
for this condition. The exact etiology is unknown and exclusion of infectious, metabolic, autoimmune and toxin mediated injuries is
essential. Management for this condition is supportive, but some may require liver transplantation. Infection prevention and control
practices are important as the etiology remains unidentified.
Keywords: Adenovirus, Pediatric acute liver failure, Liver transplantation.

Box I WHO Working Group Proposed Case Definition of
Severe Acute Hepatitis of Unknown Origin

Confirmed: Not available at present.
Probable: A person presenting with acute hepatitis (non-
hepatitis A-E)a with serum transaminase >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-
hepatitis A-E)a of any age who has been in close contact with a
probable case since 1 October, 2021.

aIf hepatitis A-E serology results are awaited, but other criteria
are met, these can be reported and classified as “pending
classification.” Cases with other explanations for their clinical
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fever [10]. However, HAdV41 is not known to cause acute
liver failure in immunocompetent children. Enhanced
HAdV surveillance in pediatric hepatitis cases as well as in
animals and environments combined with specific labo-
ratory and clinical investigations are urgently required to
improve our knowledge of the impact and the spread of this
new human threat [11]

CLINICAL PRESENTATION

Acute Hepatitis of Unknown Origin

Kelgeri, et al. [12] described the Birmingham liver
transplantation (LT) unit, United Kingdom, experience in
44 children with acute hepatitis of unknown cause. The
confirmed case definition for AHUO by the UK Health
Security Agency (UKHSA) was utilized, i.e., acute
hepatitis that is not due to hepatitis A through E viruses or
a metabolic, inherited or genetic, congenital, or mechanical
cause, with a serum aminotransferase level >500 IU per liter
in a child who is ≤10 years of age presenting after 1 January,
2022 [13]. Most children were healthy before the illness,
and only 3 had unrelated chronic health conditions.
Jaundice in 93% was the most common condition, followed
by vomiting in 54%, diarrhea in 32%, abdominal pain in
27%, and lethargy in 23%. The peak ALT levels ranged
from 603-6279U/L (Normal 0-41U/L). The liver biopsy was
performed in 9 children, but none had viral inclusions and
immunohistochemical tests positivity for human adeno-
virus. Of these 44 children, 38 survived with the native
liver; however, 6 (14%) children required liver trans-
plantation [12].

Acute Hepatitis With Human Adenovirus Viremia

Gutierrez, et al. [14], in 2022, reported a case series of acute
hepatitis in 15 children from United States, of whom 9
(60%) had no identifiable cause. Of these 9 non-identified
cases, 8 were positive for HAdV infection. All nine children
had been previously healthy. The symptoms began days
to weeks before admission. The symptoms at admission in
decreasing order were emesis, diarrhea, fever, fatigue, upper
respiratory symptoms, poor appetite, and dark urine. The
physical findings in 9 children included scleral icterus in 8,
hepatomegaly in 7, hepatic encephalopathy, and spleno-
megaly in one each. The clinical symptomatology was
similar to the above mentioned UK study. ALTs and ASTs
ranged from 602-4696U/L and 447-4000U/L, respectively.
The liver biopsy in six children revealed degrees of
chronic and acute portal and lobular hepatitis characterized
by mixed inflammation, consisting of lymphocytes, histio-
cytes, and neutrophils with interface activity in the
majority of cases. Inflammation in the lobules was associa-
ted with extensive hepatocyte damage and foci of apop-
tosis. 3 of these 6 samples were positive for HAdVs by

PCR, but none tested positive for immunohistochemical
tests and viral inclusions for HAdVs. The INR ranged from
1.0-7.3, and three children met the criterion for pediatric
acute liver failure (PALF). Two children with PALF
required liver transplantation, and one recovered spon-
taneously. The remaining six children recovered with
supportive treatment.

SARS-CoV-2 and Hepatic Involvement

Gastrointestinal tract involvement in severe acute res-
piratory syndrome coronavirus (SARS-CoV-2) infection
has been described in adults and children. However,
children with chronic liver disease, including autoimmune
liver disease and liver transplant, do not fare poorly in the
course of SARS-CoV-2 infection. A case series described
severe hepatitis as a primary manifestation of SARS-CoV-2
infection, with two children out of four fulfilling the clinical
definition for PALF [15]. The WHO also mentioned 78
cumulative SARS-CoV-2 positivity by PCR in severe
hepatitis cases, with many having HAdV coinfection [2].

POSSIBLE HYPOTHESES

Several working putative mechanisms have been sugges-
ted for this enigmatic entity. The first multipronged hypo-
theses were suggested by the UKHSA [13] and endorsed
by the ESPGHAN working group [16]. The working mecha-
nisms proposed are a typical HAdV infection with abnor-
mal susceptibility or host response which allows adeno-
virus infection to progress more frequently to hepatitis, a
considerable number of typical adenovirus infections,
uncovering a very rare or under-recognized complication,
abnormal susceptibility or host response to adenovirus
due to priming by prior infection or coinfection with SARS-
CoV-2 (including Omicron restricted) or another infection
or abnormal host response to a toxin, drug or an environ-
mental agent. Other hypo-theses suggested by the same
bodies include a novel variant adenovirus, with or without
a contribution from a cofactor, a post-infectious SARS-
CoV-2 syndrome (inclu-ding an Omicron restricted effect),
drug, toxin or environ-mental exposure, a novel pathogen
either acting alone or as a coinfection and new variant of
SARS-CoV-2. Toxico-logic investigations have not
revealed any specific toxico-logical or other environmental
factors as the cause of the severe acute hepatitis in
children detected in multiple countries, but public health
investigations are ongoing.

Another interesting proposed hypothesis is that the
SARS-CoV-2 infection can lead to a viral reservoir in the
gastrointestinal tract and the repeated release of viral
proteins can lead to immune activation. Immune activation
might, in turn, be initiated by a superantigen motif within
the SARS-CoV-2 spike protein that bears a resemblance to
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staphylococcal enterotoxin B, triggering broad and non-
specific T-cell activation. Adenovirus-induced type-1
immune skewing, which, upon subsequent staphylococcal
enterotoxin B administration, led to excessive IFN-γ pro-
duction and IFN-γ-mediated apoptosis of hepatocytes in
mouse models [17]. Fortunately, no link with COVID-19
vaccination has been found as most children were un-
vaccinated.

MANAGEMENT
As the etiology of this condition is still not understood
fully, the mainstay of therapy for severe acute hepatitis of
unknown etiology in children is supportive. Patient con-
sciousness, volume status, urine volume, blood electro-
lytes, liver function, and coagulation function should be
closely monitored during the entire treatment period, as
should maintenance of water, electrolyte and acid-base
balance [18]. Approximately 6-10% of children require liver
transplantation and liver transplantation is necessary for
children with ALF who fail to improve with supportive
measures. There are no well-defined and universally
consistent indications for liver transplantation in ALF
children. Treatment with cidofovir in HAdV infection has
also been described in [19]. The role of steroids in treating
this condition needs to be studied by clinical trials in the
future [20].

Prevention
WHO advises general infection prevention and control
(IPC) practices as the etiology is unknown. These include
hand hygiene, physical distancing, good ventilation when
indoors, use of masks, adopting safe and hygienic food
measures and home isolation when unwell. Health facilities
should adopt droplet precautions for suspected and
probable cases [3].

RESEARCH AGENDA FOR SEVERE ACUTE
HEPATITIS
The ESPGHAN Hepatology Committee has set a research
agenda for this condition [16]. It stresses the need for
running prospective, multicenter studies to collect data on
the incidence of this cluster of acute hepatitis and acute
hepatitis in general. It also recommends advanced
virological, including metagenomic (from blood, serum,
urine, stool, respiratory and liver samples) and toxicology
(including environmental and food toxicity) testing should
be undertaken. Ideally, DNA, blood samples, nasal and
throat swabs and fecal samples should be stored for future
centralized testing. It suggests a battery of investigations
for the work up for infectious diseases of children with
acute hepatitis as summarized in Table I.

Concurrently, excluding non-infectious etiologies,
including autoimmune, metabolic and drug-related causes

of severe acute hepatitis, is also essential. Histopathology
results from a larger patient cohort would provide additio-
nal insights into the possible viral origin. Finally, there is a
need to investigate the underlying susceptibility of a dys-
regulated immune response. The high cost of the detailed
workup is the main limiting factor especially in lower-
middle income countries (LMICs).

Whether this entity is a new disease condition or a
rediscovery of an already existing condition due to heigh-
tened surveillance and diagnostic measure is not known at
present. Non-Hep-A-E were described in Indian children
in earlier hospital based case series and its proportion
ranged from 3.5-22 % [5,21-23]. The overall mortality
ranged from 39-64% in two of these earlier series with
fulminant hepatic failure but the unidentified causes
constituted a smaller proportion in these series [22,23]. In a
recently published study on 125 children with PALF, no
cause could be identified in 23% of cases and mortality/LT
was required in 41.4% of these indeterminate cases. How-
ever, the mortality/LT rates in indeterminate and infectious
causes were comparable [24].

CONCLUSIONS

Severe acute hepatitis of unknown origin is an emerging
entity with high risks to children afflicted with this disease.
Human adenovirus infection has been found in high
proportions of children, but this agent’s direct cytopathic
effect seems less likely. COVID-19 infection with immune
dysregulation coupled with antigenic stimulation by
HAdV or another infectious agent is another possibility.
The majority of children recover with conservative mea-
sures but a liver transplant is required in the rest. Globally

Table I Infectious Disease Investigations Suggested for
Children With Acute Hepatitis

Sample type Test Pathogen

Blood PCR Adenovirus, enterovirus, CMV,
EBV, HSV, hepatitis A, hepatitis C,
hepatitis E, HHV6 and 7

Blood Serology Hepatitis A, B, C, E, CMV, EBV,
SARS-CoV-2 anti-S, SARS-CoV-2
anti-N (only if locally available)

Blood Culture Standard culture for bacteria/fungi
Nasal/throat PCR Respiratory virus panel (including
swab adenovirus/enterovirus/influenza,

SARS-CoV-2)
Stool PCR, stool Adenovirus, sapovirus, norovirus,

culture enterovirus

PCR: polymerase chain reaction, CMV: cytomegalovirus, EBV:
Epstein-Barr virus, HSV: herpes simplex virus, HHV: human
herpes virus.
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coordinated multi-centric research with extensive tests for
infectious agents and immunological mechanisms is the
need of the hour.
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