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Abstract

Recent reports of acute hepatitis of unknown origin in previ-
ously healthy children have been increasing worldwide. The
main characteristics of the affected children were jaundice
and gastrointestinal symptoms. Their serum aminotransam-
inase levels were above 500 IU/L, with negative tests for
hepatitis viruses A-E. By 31 May 2022, the outbreak had
affected over 800 children under the age of 16 years in more
than 40 countries, resulting in acute liver failure in approxi-
mately 10%, including at least 21 deaths and 38 patients
requiring liver transplantation. There was still no confirmed
cause or causes, although there were several different work-
ing hypotheses, such as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), adenovirus serotype 41, or
SARS-CoV-2 superantigen-mediated immune cell activation.
Here, we review early observations of the 2022 outbreak
which may inform diagnosis, treatment, and prevention in
the context of an overlapping COVID-19 pandemic.
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Introduction

Acute hepatitis is typically caused by hepatotropic virus-
es, such as the hepatitis viruses A, B, C, D and E. Acute
hepatitis of unknown origin generally refers to liver injury
caused by exclusion of known infectious or non-infectious
factors. Recently, an outbreak of acute non A-E hepatitis of
unknown origin in children has caused widespread concern.

Public Health Scotland (PHS) was alerted to five children
aged 3-5 years who were hospitalized with severe hepa-
titis of unknown origin on 31 March 2022.1 According to
the information reported by the World Health Organization
(WHO), European Centre for Diseases Prevention and Con-
trol (ECDC) and various countries, as of 31 May 2022, at
least 813 cases of acute hepatitis of unknown origin in chil-
dren have been reported in more than 40 countries in five
WHO Regions across Europe, America, and Asia (Fig. 1).2-¢
In the UK, 222 cases have been identified, with an incidence
of 3.30 per million, and in the USA, 216 cases have been
reported, with an incidence of 0.66 per million (Table 1).
Out of the 813 cases, at least 38 (4.7%) have required a
liver transplantation (LT), and 21 (2.6%) deaths have been
reported from 8 countries, most being reported from Indo-
nesia (n=7) and the USA (n=6).

A rapid online survey was organized by a group of Eu-
ropean clinical trial networks and the pediatric gastroen-
terology-hepatology and infectious diseases societies to
examine case numbers of acute hepatitis of unknown ori-
gin among children in 24 countries from 1 January up to
18 April 2022 in comparison with the incidence during the
previous 5 years; the investigators identified 5/17 Euro-
pean and 1/7 non-European countries with an elevation in
probable cases of unexplained acute hepatitis, and severe
cases were elevated in 5 European countries, particularly
within the UK.> Based on the ECDC Communicable Disease
Threats Report (CDTR) and the Technical Briefing 3 reported
by UK Health Security Agency, there has been a surge of
new cases since the end of 2021 (Fig. 2).46 The WHO has
assessed the risk at the global level as moderate, consider-
ing that recent cases are more clinically severe and a higher
proportion develops acute liver failure compared with previ-
ous reports of acute hepatitis of unknown origin in children.
Although hepatitis of unknown origin has been reported in
the past, we still need to be more vigilant and to intensify
the investigation.
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Fig. 1. Cases of acute hepatitis of unknown origin in children reported per country since 1 October 2021, as of 31 May 2022.

Clinical settings and pathology characteristics
Symptoms

These cases occurred in a sporadic manner in countries
or regions without defined epidemiological association be-
tween cases, as only 3 had a history of close contact. No
history of travel to the epidemic area and no defined expo-
sures, such as to specific poisons, medicines, food or water,
have been identified. Few affected children had a history of
2019 coronavirus disease (COVID-19) vaccination.

Most children with acute hepatitis of unknown origin
were previously healthy children without underlying chronic
disease. Therefore, hereditary metabolic diseases or genet-
ic abnormalities may basically be excluded. These children
were aged from 1 month to 16 years-old, predominantly
aged 5 years or younger (75.4%), with a median age of
3 years (interquartile range: 2 to 4 years) and without
sex difference.” The most common presenting symptoms
were gastrointestinal, accompanied by systemic symptoms

or respiratory symptoms reported in the preceding weeks
of hospital admissions. Most of the cases sought medical
attention after presentation of jaundice (yellowing of the
eyes or skin, dark urine) (Fig. 3). Among the cases re-
ported from the UK, which has a highest incidence, the rate
of jaundice was as high as 68.8%, with pale stools reported
in 42.7%.

The second most common reported symptom was vomit-
ing (57.6%), followed by other gastrointestinal symptoms,
including abdominal pain (36.1%) and nausea (25.7%).
Other nonspecific symptoms included lethargy (48.6%),
diarrhea (43.1%), fever (28.5%) and respiratory symp-
toms (18.1%).7” Among the nine cases reported in Alabama
(USA), there were 7 cases of hepatomegaly, 1 case of sple-
nomegaly, and 1 case of hepatic encephalopathy. The tim-
ing of these nonspecific symptoms and the chronological
sequence of liver injury are quite important for etiology.
Presenting respiratory and gastrointestinal symptoms com-
monly preceded the onset of jaundice by several weeks,
although symptom onset data were reported in only 55.7%
of cases. Current evidence reveals no reproducible pattern
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Table 1. Incidence of acute hepatitis of unknown origin in children worldwide as of May 31, 2022

Continent :'Ae’:i?m Country 5ase, :ﬁﬁ;g::ion’ :r[rr\‘i‘l:lii(:)?\r:je’ [n/ LT, n Death, n
Europe EUR Austria 2 8.92 0.22

Europe EUR Belgium 14 11.56 1.21

Europe EUR Bulgaria 1 6.93 0.14

Europe EUR Cyprus 2 1.21 1.65

Europe EUR Denmark 7 5.83 1.20

Europe EUR France 2 67.39 0.03

Europe EUR Germany 1 83.24 0.01

Europe EUR Greece 5 10.80 0.46

Europe EUR Hungary 2 9.75 0.21

Europe EUR Ireland 8 6.20 1.29 1 3
Europe EUR Italy 29 59.55 0.49

Europe EUR Netherlands 14 17.44 0.80 3

Europe EUR Norway 5 5.38 0.93

Europe EUR Poland 3 37.95 0.08

Europe EUR Portugal 15 10.31 1.45

Europe EUR Republic of Moldova 1 2.62 0.38 1
Europe EUR Romania 4 19.29 0.21

Europe EUR Serbia 1 6.91 0.14

Europe EUR Slovenia 1 2.10 0.48

Europe EUR Spain 34 47.35 0.72 1

Europe EUR Sweden 9 10.35 0.87

Europe EUR Switzerland 1 8.64 0.12

Europe EUR Ukraine 6 44.13 0.14

Europe EUR UK 222 67.22 3.30 11 1
Asia SEAR India 6 1,357.18 0.00

Asia SEAR Indonesia 21 273.50 0.08 7
Asia EUR Israel 20 9.22 2.17 2

Asia WPR Japan 31 125.80 0.25

Asia WPR Malaysia 2 32.37 0.06 1

Asia EMR Palestine 1 4.80 0.21 1
Asia WPR Singapore 1 5.69 0.18

Asia WPR South Korea 1 51.78 0.02

Asia EMR United Arab Emirates 5 9.89 0.51

Americas AMR Argentina 9 45.38 0.20 1
Americas AMR Brazil 47 212.60 0.22 1
Americas AMR Canada 14 38.01 0.37 2
Americas AMR Colombia 18 50.88 0.35

Americas AMR Costa Rica 5 5.09 0.98

Americas AMR Guatemala 1 16.86 0.06

Americas AMR Mexico 25 128.90 0.19 1
Americas AMR Panama 1 3.93 0.25

Americas AMR USA 216 329.50 0.66 15 6

AMR, region of the Americas; EMR, Eastern Mediterranean region; EUR, European region; SEAR, South-East Asian region; WPR, Western Pacific region.
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Fig. 2. Total number of cases by date of onset of iliness or date of hospitalization according to the ECDC from the 39t week 2021 to the 21st week 2022.

with regard to the relationship between respiratory symp-
toms and the severity of acute hepatitis of unknown origin.
Additional studies are needed to further elucidate the patho-
physiologic origins and implications on clinical outcomes.
Furthermore, the symptoms described were quite similar

Fever

Lethargy

Respiratory symptoms

Yellowing of the eyes

Jaundice Yellowing of skin
Dark urine
Vomiting
Diarrhoea
Nausea

Abdominal pain
Pale stools

Clinic characteristics

Fig. 3. Clinical characteristics of acute hepatitis of unknown origin in
children.
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to cases of pediatric acute liver failure (PALF), which have
been reported in many countries over the past few years.8°
PALF can be precipitated by disparate etiologies that include
drug-induced, metabolic and genetic, infectious, immune-
mediated, hemodynamic, and oncologic injuries, depending
on the age of the child, and geographic and socioeconomic
factors, etc. A definitive diagnosis was not determined in
up to 50% of cases.!9:11 Although it can be said that unex-
plained hepatitis has always existed, the clusters of cases
and the higher than expected numbers in some countries
makes this outbreak concerning.

Laboratory changes

Most affected children had abnormal findings on liver func-
tion tests (LFTs), with a predominant hepatocellular pattern
and with serum alanine aminotransferase (ALT) or aspartate
aminotransferase (AST) elevations greater than 500 U/L,
with a subset associated with bilirubin elevation. This pat-
tern is consistent with virally mediated hepatocyte injury
observed with hepatotrophic and non-hepatotrophic viral
etiology seen in children, and without corresponding mark-
ers for immune-mediated, genetic, or metabolic liver injury.
The criteria of case definition is based on 500 IU/L of ALT or
AST, but the values reported are not exhaustive. In the nine
children in Alabama, serum ALT ranged from 603 to 4,696
IU/L (median: 1,724 IU/L), serum AST ranged from 447 to
4,000 IU/L (median: 1,963 IU/L), and total bilirubin (TB)
ranged from 0.23 to 13.5 mg/dL.12 This indicated that the
hepatocytes of affected children may be severely damaged.
Except for TB, indicators for liver failure have been rarely
reported - for example, albumin indicating liver synthesis,
international normalized ratio (INR) indicating coagulation
function, blood ammonia warning of hepatic encephalopa-
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thy, alpha-fetoprotein (AFP) indicating regenerative capac-
ity, etc. Routine tests such as blood routine and those for
C-reactive protein, inflammatory factors, immunoglobulin G
and other indicators at the time of onset were also rarely
reported in the literature. These indicators may help to de-
termine the etiology of infection, inflammation, immune
status, etc. The absence of these data will have a certain
impact on our ability to identify the etiology. The WHO has
advised that available samples should be processed for all
cases meeting the case definition to conduct tests for fur-
ther investigations.

Pathological changes in liver

Liver biopsies have been performed in a limited number
of cases and no detailed information have been provided,
including presentation of inflammation, degree of liver fi-
brosis, type of necrosis, infiltrating cells, rosette forma-
tion, etc. It is difficult to identify the cause based on limited
information of pathology changes. The histopathological
changes of acute viral hepatitis are generally extensive de-
generation of hepatocytes, necrosis, infiltration of inflam-
matory cells in the lobule and portal area, and cholestasis
and bile embolism. Histopathology from six patients in Ala-
bama demonstrated various degrees of hepatitis, with no
viral inclusions, no immunohistochemical evidence of hu-
man adenovirus (HAdV), and no viral particles identified on
electron microscopy.12 As so far, there has been no evidence
for direct damage of hepatotropic virus, or HAdV, or severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in
children with acute hepatitis of unknown origin. There are
a few reports of HAdV hepatitis in immunocompetent chil-
dren, but the HAdV infection was difficult to confirm by his-
topathology.13 Liver injury has been frequently observed in
patients with COVID-19 infection with a predominant hepa-
tocellular pattern of injury, but liver failure and obvious in-
trahepatic cholestasis are rare in the absence of preexisting
liver disease.'4 Pathological and electron microscopic find-
ings revealed typical coronavirus particles in the cytoplasm
of hepatocytes from two cases of COVID-19. The predomi-
nant histological features of SARS-CoV-2-infected liver were
massive apoptosis and binuclear hepatocytes, which was
inconsistent with the pathology described in recent acute
hepatitis of unknown origin.t>

Most of the pathological liver tissue was acquired several
weeks after the onset of symptoms, and it probably does
not represent the early manifestations of the injury; moreo-
ver, the destruction of enterohepatic circulation after abnor-
mal liver function may lead to the translocation of bacteria
and viruses from the colonized intestinal tract to the liver, so
it is not necessarily the virus present that caused the liver
disease. Immune impairment due to viral infection or other
etiologies often appears several weeks or months after the
recovery of infection. Liver biopsy samples from cases re-
ported by Schneider Children’s Medical Center in Israel pre-
sented inflammatory cells in the portal area of the liver, indi-
cating an interface hepatitis similar to autoimmune hepatitis
(AIH), without the characteristic of autoimmune disease ob-
served in the blood tests.1® PALF due to type 2 AIH has been
reported in the context of SARS-CoV-2 infection.1” In fact,
many hepatotropic viruses may cause hepatocyte damage
through immune-mediated inflammatory reactions. Patho-
logical changes caused by SARS-CoV-2-related immune re-
sponse cannot be excluded as a co-factor or alternatively
an independent factor for acute hepatitis of unknown origin
in children, which can be commonly seen with hepatotropic
virus infections. Since the underlying mechanisms of the
hepatitis of unknown origin remain unclear, histopathology
of liver requires detailed interpretation.

Zhang L.Y. et al: Acute hepatitis of unknown origin in children

Case definitions

The definition of acute hepatitis in children in early reports
during the 2022 outbreak have not been standardized
across countries and regions.!8 On April 23, 2022, the WHO
abolished the concept of “confirmed case” in an updated
standard and converted it into a definition of “suspected
case”.!® There are currently three main case definitions,
namely the WHO Working Case Definition, England, Wales,
Northern Ireland Case Definition, and Scotland Case Defini-
tion (Table 2). They are basically similar with a non-hepA-E
acute hepatitis of unknown cause, with serum transaminase
greater than 500 IU/L (AST or ALT), and with no consid-
eration of the value of TB. The WHO defines the onset of
hepatitis as 1 October 2021 and England as 1 January 2022.
The WHO further defines the age of onset as under 16 years
for a probable case and England as under 10 years for a
confirmed case and 11 to 15 years for a possible case. The
definition of “Epi-linked” case depends on an epidemiologi-
cal history of close contact. Scotland has removed possible
and epi-linked cases and added epidemiological history to
the definition of confirmed cases. Statistics will vary due to
case definitions. In order to obtain more meaningful statisti-
cal data, it is recommended to further unify and simplify the
case definition worldwide.

Outcomes

To date, cases of acute hepatitis of unknown origin in chil-
dren has continued to increase in some countries. Most of
these cases have required hospitalization and the overall
severe rate was as high as 10%. At least 38 children have
required a LT due to liver failure, and 21 (2.6%) deaths
have been reported. However, limited information on out-
come has been reported. The Europe region (EUR), as the
WHO region with the largest number of affected cases and
involved countries, had provided relatively more informa-
tion.

According to the latest Joint Surveillance Bulletin by the
ECDC-WHO Regional Office for Europe on cases from the
EUR which has been reported through the European Sur-
veillance System (TESSy), 180 of the 305 probable cases of
acute hepatitis of unknown origin in children aged 16 years
and below had reported information on outcome, as of 31
May 2022.% Of these, 148 have recovered, while 31 remain
under medical care. Of the 169 cases with information, 23
(13.6%) were admitted to an intensive care unit. Of the 131
cases with available information, 14 (10.7%) have received
a LT. There was one death associated with this disease. Due
to limited reports on follow-up beyond hospitalization, long-
term natural history and outcomes are poorly characterized.

Potential etiology and pathogenesis
Adenovirus-related

Previously, the UK Health Security Agency (UKHSA) sus-
pected a possible association with HAdV infection, as this
was the most frequently detected virus in tested samples.20
Experts discussed its precise role in acute hepatitis in im-
munocompetent individuals.2! According to the modified
Koch’s postulates, we may list the evidence as follows to
see whether HAdV is the underlying pathogen.

Supported evidence include the following: (1) HAdV
was detected in whole blood specimens, with the highest
positivity rate of 68.6% in the EUR, suggesting a role of
pathogenic microorganisms; (2) Although a significant in-
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Table 2. Three case definitions of acute hepatitis of unknown origin in children

WHO working case definition

Scotland case
definition

England, Wales, Northern
Ireland case definition

Confirmed N/A at present

Probable/
Possible

A person presenting with an acute
hepatitis [non-hepA-E (if hepatitis
A-E serology results are awaited,
but other criteria met, these can be
reported and will be classified as
“pending classification”. Cases with
other explanations for their clinical
presentation are discarded)] with
serum transaminase >500 IU/L

A person presenting since 1
January 2022 with an acute
hepatitis which is not due to transaminase greater
hepatitis A-E viruses, or an than 500 IU/L (AST
expected presentation of metabolic, or ALT) without any
inherited or genetic, congenital known cause [note
or mechanical cause [note 1] 3], who is 10 years
with serum transaminase greater of age and under or
than 500 IU/L (AST or ALT), who a contact of any age
is 10 years-old and under. of a confirmed case,

A person presenting
with a serum

since 1 January 2022.

A person presenting with an acute
hepatitis since 1 January 2022
with an acute hepatitis which is
not due to hepatitis A-E viruses
or an expected presentation of
metabolic, inherited/genetic,
congenital or mechanical cause
[note 1] with serum transaminase
greater than 500 IU/L (AST or

(AST or ALT), who is 16 years or
younger, since 1 October 2021.

Epi-linked A person presenting with an acute
hepatitis [non-hepA-E (if hepatitis
A-E serology results are awaited,
but other criteria met, these can be
reported and will be classified as
“pending classification”. Cases with
other explanations for their clinical
presentation are discarded)] of

any age who is a close contact of a
probable case, since 1 October 2021.

ALT), who is 11 to 15 years-old.

A person presenting since 1
January 2022 with an acute
hepatitis (non-hepatitis A
to E) who is a close contact
of a confirmed case.

crease in the rate of HAdV infection was also observed in
healthy children in this season, and HAdV detection was
significantly higher in patients than in healthy individuals;
(3) HAdV infection was detected in all nine children in Ala-
bama, with the DNA levels being 12-times higher in children
who received LT than in those who did not, and most of the
HAdV stains with typing information were confirmed to be
the same: HAdV type 41.

Unsupported evidence includes the following: (1) No
information about the levels of specific antibodies during
the outbreak; (2) No histological demonstration of pathog-
nomonic lesions, such as inclusions in liver biopsy; (3) Al-
though adenovirus has been detected, the viral load is low,
which may due to the detection techniques [such as next-
generation sequencing (NGS)]. As a result, it was impos-
sible to analyze the virus mutation or genetic recombination
by whole genome sequencing using blood or liver biopsy
tissue; (4) Adenovirus hepatitis have been mainly seen in
people in a state of immunosuppression, such as those with
malignant tumors or who have undergone organ transplan-
tation.22 Seldom cases of adenovirus infection-induced liver
failure in healthy children have been reported. However, a
vast majority of children with acute hepatitis of unknown
origin were previously healthy.

Interestingly, it has been hypothesized that adenovirus
may be responsible for severe hepatitis in children with an
auxiliary factor affecting children of specific age groups,
which might make adenovirus infection more severe or
cause some immunopathological changes. Possible ancil-
lary factors include increased susceptibility of children to
common childhood viruses due to exposure and lack of ex-

posure related to preventive measures taken during the
COVID-19 pandemic, or previous exposure to other virus-
es, including one or more variants of COVID-19. COVID-19
has exposed children to the childhood virus that “should
be exposed to” at a normal age. Some experts have sug-
gested paying attention to the impact of the “immune gap”
during the COVID-19 epidemic.?3 There were also differ-
ing opinions, however; the current protective measures,
such as wearing masks, gathering less, and using alco-
hol, do not mean that people were no longer exposed to
microorganisms, and were insufficient to affect people’s
immune system. In addition, it has been almost 2 years
since the western countries lifted the large-scale sealing
control. Therefore, additional investigation is needed to
further examine and validate the etiology, genomics, liver
pathology, and immunohistochemistry to clarify the role
of HAdV infection in the 2022 outbreak.2* We also recom-
mend conducting a cohort study for comparing the disease
manifestations between children with detectable and non-
detectable HAdV in blood.

Coronavirus-related

As of 31 May 2022, SARS-CoV-2 was detected (positive
result) in 11.8% of the 204 cases tested by PCR and in
67.6% of the 34 cases tested by serology from the EUR,
but the data for other countries are incomplete. The first
two cases reported by Israel were hospitalized for hepati-
tis as early as February 2021, and the other two were ad-
mitted from August to September 2021, even earlier than
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cases in Alabama. If the hepatitis could be explained by
viral infection, considering the span expanding 1 year, the
first consideration will be SARS-CoV-2 sweeping worldwide.
After all, the major instigating infection of the past year has
been SARS-CoV-2, and there are grounds for assuming it
is connected to these hepatitis cases. Like other RNA vi-
ruses, SARS-CoV-2 has evolved rapidly, producing mutants
that differ significantly from ancestral strains, and being as-
sociated with increased transmissibility and viral virulence,
decreased diagnostic sensitivity, and potential influence on
vaccination, such as Alpha, Beta, Gamma, Delta and Omi-
cron variants.2> The current endemic variant in Europe and
the Americas is the SARS-CoV-2 Omicron variant, which
was designated by WHO on 26 November 2021.26 The
Omicron variant has a total of 60 mutations and exhibits
a higher transmissibility than the Delta variant. At present,
the primary mutations of the Omicron variant are in the
S1 subunit of S protein, where the virus binds to the hu-
man angiotensin converting enzyme 2 (ACE2) receptor and
antibody recognition blocks viral invasion, and thus may
decrease viral infectivity and transmissibility but increase
the degree of immune escape.2’” The population infection
rate of the Omicron variant is much higher than estimated,
especially among unvaccinated children under age 5 years.
The surge of acute severe hepatitis happened to coincide
with the time when the Delta variant alternated with the
Omicron variant. Based on our clinical experience, Chinese
children infected with the Omicron variant commonly pre-
sent with gastrointestinal symptoms, such as vomiting, di-
arrhea, abdominal pain, and anorexia, potentially reflective
of gut tropism of SARS Co-V-2 and ACE2 expression within
the small intestine. However, despite high ACE2 expression
within hepatocytes and cholangiocytes, acute hepatitis and
jaundice are rare with COVID-19.28 Therefore, a direct rela-
tionship between the COVID-19 Omicron variant and acute
non-A-E hepatitis appears unlikely.

Although there is inadequate evidence to support a caus-
ative role, an intermediate link between Omicron and hepa-
tocellular injury may be considered, including co-infection
with other viruses, such as HAdV type 41. Based on the
“superantigen hypothesis” of Petter Brodin, acute hepati-
tis in children may result from the emergence of a viral
reservoir in the intestine after SARS-CoV-2 followed by ad-
enovirus infection, which in turn triggers an aberrant host
immune-mediated hepatitis.2° Interestingly, severe hepati-
tis with abdominal symptoms suggestive of a gastrointesti-
nal virus was reported in 1923 following the 1918 influenza
pandemic, which was considered to be related to increased
susceptibility to viruses persons had not been exposed to
during social containment. Based on portal vein blood flow,
directly coming from the intestine, and the described clini-
cal presentation of abdominal pain and vomiting, such a
trigger might reasonably stem from enteric viruses, such
as the adenovirus type 41.30 This parallelism supports fur-
ther investigation of a possible role for viral pathogens in
the 2022 outbreak, and may additionally account for the
absence of acute non-A-E hepatitis in countries which have
adopted strict quarantine and masking policies, such as Chi-
na. In addition, some experts hypothesize that an immune-
mediated hepatocyte injury secondary to the infection with
SARS-CoV-2 may be possible. According to an Israeli hepa-
tologist, five of the twelve cases were classified as a se-
quelae of COVID-19, with an interval of approximately 3.5
months from the new coronavirus infection to the onset of
hepatitis, which were actually an AIH without atypical sero-
logical test results. Most recently, Chinese experts hypothe-
sized that strains infected with the ORF1abVVVNASN mutation
may cause autoimmune T-cell responses in patients through
“molecular mimicry” and may be associated with the out-
break of unknown hepatitis. Generally speaking, there are
several immune-related hypotheses that need further ex-
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perimental verification in order to clarify the pathology of
the unexplained hepatitis in children.

Other infections

In addition to HAdV and SARS-CoV-2, other pathogens
were also detected and include human herpes virus (HHV)
7, HHV6, Epstein-Barr virus, cytomegalovirus, respiratory
syncytial virus, enterovirus, influenza A virus, etc. Adeno-
virus-associated virus 2 (AAV-2) has also been detected in
a small number of cases in the UK by using meta-genomic
analysis of liver and blood samples. Multiple viruses de-
tected may indicate colonization of intestinal pathogens or
infection secondary to liver failure. Some researchers have
speculated the possible emergence of an unidentified new
unknown hepatotrophic or non-hepatotrophic virus, al-
though this has not yet been reported.

Non-infectious factors

Non-infectious factors may include certain toxins, food,
drugs, or environmental exposures. However, there has been
no confirmed epidemiologic evidence among reported cases
across countries or regions. In the UK and USA, no common
exposures (such as to paracetamol) have been identified
based on toxicology studies. In these cases of hepatitis, no
family has been reported. COVID-19 vaccination was con-
sidered to have no relation with the acute hepatitis, because
the vast majority of children were not vaccinated against
COVID-19. However, the possibility of a hepatocyte damage
after natural immunity through infection cannot be ruled out.

Management

When children with jaundice or gastrointestinal symptoms
seek medical treatment, clinicians should consider prompt
laboratory evaluation with LFTs and coagulation markers
(prothrombin time/INR) to facilitate timely identification of
potential cases of acute hepatitis of unknown origin. Among
children with evidence of acute hepatitis, standard diag-
nostic testing should be pursued, including evaluation for
hepatotrophic (hepatitis A IgM antibody (Ab), hepatitis B
surface antigen (Ag), hepatitis B core Ab IgM, hepatitis C
Ab, hepatitis D Ab IgM, hepatitis E Ab IgM) and non-hepato-
trophic virus infections (e.g., cytomegalovirus, Epstein-Barr
virus, herpes simplex virus, adenovirus), as well as alterna-
tive etiologies for acute hepatitis, such as drug-induced liver
injury, ischemic hepatitis, AIH, etc. If alternative etiologies
are not identified, clinicians may consider reporting to pub-
lic health authorities for investigation of possible acute non-
A-E hepatitis of unknown origin. In children with very high
elevation of liver transaminases (ALT or AST >500 IU/L)
and/or evidence of coagulation dysfunction, consideration
should be given for timely referral to a liver specialty center,
including those with capacity for LT. Although no evidence-
based therapies have been established in the management
of acute hepatitis of unknown origin during the 2022 out-
break, supportive measures and close clinical and laboratory
monitoring are prudent, including hospitalization for those
with evidence of fulminant hepatitis or acute liver failure.
In the absence of evidence, clinicians may consider hepato-
protective drugs and/or artificial liver support systems as
a bridge to LT, which has represented the only life-saving
intervention reported to date. Unfortunately, some children
have died before an organ became available.3°

Due to incomplete understanding of the origin, transmis-
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sion, and pathogenesis of acute hepatitis of unknown origin
in children, it remains premature to provide evidence-based
guidance on preventive measures. Although a viral origin
is suspected, available data do not yet strongly support a
highly communicable infection that may be associated with
a public health epidemic. However, standard precautions
adopted from the COVID-19 pandemic are prudent, includ-
ing wearing a mask, regular handwashing, respiratory hy-
giene, and social distancing, as well as adherence to age-
appropriate childhood vaccinations. Public health authority
initiatives to educate and counsel the general public on the
2022 outbreak of acute hepatitis of unknown origin may
help minimize fear and anxiety.3!

Future perspective

The 2022 outbreak of acute hepatitis of unknown origin has
raised global public health attention due to its unusual se-
verity with high rates of hospitalization, liver failure, need
for LT, and liver-related mortality. Data emerging from the
UK, USA, and WHO confirm an ongoing expansion of cases,
with a total of 813 affected children across more than 40
countries as of 31 May 2022, and preliminary investiga-
tions have identified a potential association with infection
of HAdV, SARS-CoV-2, or other virus. International clinical,
epidemiological and virological surveillance data are being
collected and will provide vital insights into origin, patho-
genesis, natural history, and outcomes, which will collec-
tively inform future guidelines on testing, diagnosis, and
treatment. We call for the establishment of a global bio-
logical sample bank for children with acute hepatitis of un-
known origin, formulation of standardized rules and regu-
lations for the operation and management of the sample
bank, and provision of experimental samples and detailed
clinical data using standardized definitions, which will facili-
tate coordinated research across countries and regions. No
case has been reported in China to date. However, that does
not mean that no cases occurred. Experts in China have
already taken steps. On May 25, 2022, experts in mainland
China set up a collaborative group for acute severe hepatitis
of unknown origin and held a project kick-off meeting. In
cases of hepatitis in children, experts from the collabora-
tive group can be invited to consult for probable cases and
conduct related clinical examinations and laboratory tests,
including genetic tests. Meanwhile, they have complied a
guideline on diagnosis and treatment for clinicians.
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