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Severe acute hepatitis of unknown aetiology
in children—what is known?
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Abstract

The ongoing investigations into clusters of children a ected by severe acute hepatitis of unknown aetiology have
put our global capacity for a coordinated, e ective response to the test. The global health community have rapidly
convened to share data and inform the response. In the UK, where most cases were initially identified, a coordinated
public health and clinical research response was rapidly initiated. Since then, cases have been reported from other
countries, predominantly from higher-income countries. While agencies are keeping an open mind to the cause, the
working hypothesis and case notifications raise important questions about our capacity to detect emerging cases

in lower-resourced settings with a recognised lack of access to diagnostics even for commonly circulating viruses
such as hepatitis A. The limited capability to generate integrated global pathogen surveillance data is a challenge for
the outbreak investigations, highlighting an urgent need to strengthen access to diagnostics, with a focus on lower-

resourced settings, to improve the capacity to detect emerging diseases to inform care and to improve outcomes and

outbreak control.
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Background

On 31 March 2022, Public Health Scotland (PHS) was
alerted to an increase in severe hepatitis of unknown
aetiology among children in Scotland [1]. e UK
National Health Boards (NHS) were alerted on 1 April
and the World Health Organization (WHO) on 5 April
[1, 2]. e severity of the cases, a ecting young, previ-
ously healthy children, some experiencing fulminant hep-
atitis and liver transplants and within the context of the
pandemic, rapidly raised concerns internationally. Cases
were initially predominantly identified in the United
Kingdom (UK) but have since been reported in multi-
ple countries [2—4]. e WHO reported 650 probable
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cases from 33 countries worldwide (as of 26 May 2022)
[4]. irty-eight (6%) of these cases have received a liver
transplant, and 9 (1%) have died [4]. Most cases identi-
fied are in children without underlying medical condi-
tions under the age of 5 years (median 3 years) [5]. Early
data from Glasgow, Scotland, indicated that the number
of children presenting with abnormal liver function tests
was higher-than-expected only in children under 5 years
of age [1]. In the UK, most children (86.0%) a ected were
of white ethnicity and 50.0% females [5]. Most children
identified presented with jaundice, preceded by gastroin-
testinal symptoms including abdominal pain, diarrhoea,
pale stools and vomiting and with increased levels of liver
enzymes (aspartate transaminase (AST) or alanine ami-
notransaminase (ALT)) [5]. e most common viruses
that cause acute viral hepatitis (hepatitis A, B, C, D and
E) were not detected.  ere has not been any toxicologi-
cal, environmental or other exposure identified as a caus-
ative agent, although investigations continue [5].
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Pathogen testing identified adenovirus in blood sam-
ples in 75% of the children tested in the UK [5]. Adenovi-
rus is ubiquitous globally with infections most commonly
identified in young children due to a lack of humoral
immunity [6]. Adenovirus commonly causes an asympto-
matic or mild, self-limiting disease with gastrointestinal
or respiratory symptoms [4]. In immunocompromised
patients, human adenovirus can sometimes cause severe
infections such as cystitis, gastroenteritis, pneumonia,
encephalitis, hepatitis or disseminated disease, result-
ing in significant morbidity and also mortality [7], but
it has not been associated with severe hepatitis in chil-
dren without any predisposing comorbidities [8]. For the
severe acute hepatitis in children with unknown origins,
the UK Health Security Agency (UKHSA) has published
current working theories in order of likelihood. e main
working hypotheses include an adenovirus infection
plus a co-factor such as abnormal susceptibility or host
response due to priming by prior SARS-CoV-2 infection
or an exceptionally large wave of adenovirus infections
causing a rare consequence to present more frequently
[5]. Additional working hypothesis includes a post-SARS-
CoV-2 syndrome and/or drug/toxin/environmental fac-
tor [5].

In the UK, the UKHSA is coordinating ongoing public
health investigations including case-control studies and
is collaborating with international public health agencies
such as the European Centre for Disease Prevention and
Control (ECDC), the WHO and with clinical researchers
[1, 5].

Clinical presentation

UKHSA conducted an analysis of 144 confirmed and
possible cases presenting with severe acute hepatitis of
unknown aetiology (Fig. 1) [5]. ey found the median
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age of patients to be 3 years old (IQR 2—4 years old) [5].

e majority (86.3%) were of white ethnicity, and 50%
were females [5]. Onset typically starts with nausea and
diarrhoea followed by jaundice, which is the most com-
mon feature at presentation. Vomiting, lethargy and pale
stool are also common features. Fever and respiratory
symptoms were less commonly reported [5]. Blood work
shows high transaminases (> 500 IU/L (normal range
10-40 1U/L)), with some cases in Scotland reporting lev-
els higher than 2000 IU/L [1, 5]. As of 16 May, UKHSA
reported that 53.3% of the children had fully recovered or
been discharged from hospital in England [5]. By 27 May,
globally, 38 (6%) of 650 children had reportedly received
a liver transplant and 9 (1%) children had died [4].

Working case definitions

Early during the investigations, there were di erent case
definitions used by di erent public health organisations,
which may have impacted the identification of cases and
numbers. Whereas early on, some organisations only
included cases with a confirmed adenovirus infection,
the case definitions have since been aligned more across
organisations, to include any cases of severe acute hepa-
titis of unknown origin in children. However, there are
still di erences to consider, such as variation in the age
cut-o and time frame for case inclusion (Table 1). e
UKHSA case definition is the only one identified that
defines a confirmed case [5]. e United States Centers
for Disease Control and Prevention (US CDC), WHO
and ECDC have defined cases as those presenting since 1
October 2021, but the UKHSA only includes cases from
1 January 2022 [4, 5, 9, 10]. e UKHSA and US CDC
define cases as children below the age of 10, whereas the
WHO and ECDC definition include children up to the
age of 16 years old [4, 5, 9, 10] e di erences between

Signs & symptoms
Jaundice ( 68.8%)
Vomiting ( 57.6%)
Pale stool ( 42.7%)

Lethargy (48.6%)
Diarrhoea ( 43.1%)
Abdominal pain
(36.1%)

Fever (28.5%)
Nausea ( 27.5%)

England presenting up until 16 May [5]

Age: 3 years old

Bloods: Raised
transaminases (>500 IU/L)

Outcome:

Discharged = 53.3%
Hospitalised (including
those hospitalised with
discharge status unknown)
=38.1%

Liver transplants = 5.6%
Deaths = 0.0%

Fig. 1 Summary of clinical presentation of children with acute hepatitis with unknown aetiology. Adapted from UKHSA analysis of 144 cases in
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Table 1 Severe hepatitis of unknown origin working case definitions
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Organisation

Working case definitions

Timeframe for
retrospective case
definition

UKHSA [5] (England, Wales, Northern Ireland)

UKHSA [5, 11] (Scotland)
Note: Scotland is working toward aligning
their case definition with the rest of the UK.

US CDC [9]

WHO [4]

Confirmed: acute hepatitis which is not due to hepatitis A-E viruses, or an
expected presentation of metabolic, inherited or genetic, congenital or mechani-
cal cause with serum transaminase greater than 500 IU/L who is 10 years old and
under

Possible: a person presenting with acute hepatitis not due to hepatitis A-E
viruses or an expected presentation of metabolic, inherited or genetic, congeni-
tal or mechanical cause with serum transaminase greater than 500 IU/L, who is
11 to 15 years old

Epi-linked: a person presenting with acute hepatitis (non-hepatitis A-E) who is a
close contact of a confirmed case

Confirmed: a person presenting with a serum transaminase greater than 500
IU/L (AST or ALT) without any known cause (excluding hepatitis A-E, cytomeg-
alovirus and Epstein-Barr virus), who is 10 years of age and under or a contact of
any age of a confirmed case

Person under investigation: a child < 10 years of age with elevated aspartate
aminotransferase (AST) or alanine aminotransferase (ALT) (>500 U/L) who have
an unknown aetiology for their hepatitis (with or without any adenovirus testing
results, independent of the results)

Confirmed: N/A at present

1 January 2022

1Jan. 2022

10ct. 2021

10ct. 2021

Probable: a person presenting with acute hepatitis (non-hep A-E) with serum
transaminase > 500 |IU/L (AST or ALT), who is 16 years and younger
Epi-linked: a person presenting with acute hepatitis (non-hep A-E) of any age
who is a close contact of a probable case

ECDC [10] Confirmed: N/A

10ct 2021

Probable: a person presenting with acute hepatitis (non-hepatitis viruses A, B, C,
D and E) with aspartate transaminase (AST) or alanine transaminase (ALT) over
500 IU/L, who is 16 years old or younger

Epi-linked: a person presenting with acute hepatitis (non-hepatitis viruses A, B,
C, D and E) of any age who is a close contact of a probable case

Abbreviations: UKHSA UK Health Security Agency, US CDC United States Centers for Disease Control and Prevention, WHO World Health Organization, ECDC European

Centre for Disease Prevention and Control

case definitions may impact the number of cases reported
nationally and globally. Harmonisation of case definitions
is recommended, including a standardised definition for
inclusion in international research studies.

Preliminary investigative findings
Hepatitis strains A—E were not identified in any of
the cases [5]. As of 25 April, none of the 145 identified
confirmed cases under 10 years old in the UK was vac-
cinated against COVID-19 [12]; globally, 10 (25.9%) of
the 63 probable cases with known vaccination status had
received a COVID-19 vaccine [4, 5]. Early investigations
detected SARS-CoV-2 in 16 out of 125 (12.8%) cases in
England, and 7 (5.6%) of these cases had an adenovirus
co-infection [5]. WHO reported that 19 of 169 (11.2%)
cases identified up until 21 April were SARS-CoV-2-pos-
itive with an adenovirus co-infection [13]. No links to
international travel have been reported, except for a case
in Spain where a child had travelled from the UK [14].
e UKHSA technical briefing illustrates the multiple
pathogens tested for [5]. Adenovirus was the leading
pathogen identified in 116 of 179 (64.8%) cases tested [5].

Of the 35 cases that were sub-typed, 77% (n = 27) of these
were identified as adenovirus type 41 [5]. e virus was
reported more commonly in blood/serum samples than
in stool/respiratory samples [5]. Of the 31 cases where
adenovirus was not detected, 13 had no testing on blood
reported. Blood appears to be the most relevant sample
type for the syndrome, and the presence of adenovirus
cannot be definitively excluded in other sample types if
not detected [5]. WHO reported that of the 181 cases
tested globally, 110 (60.8%) tested positive for adenovirus
[4]. In the past, adenoviruses have occasionally caused
hepatitis in children in children with underlying condi-
tions/immunosuppression [15]. Adenovirus continues to
be the most frequently detected pathogen among cases
with available data. WHO reports that adenovirus was
detected in 55% of cases in the European region and in
45% of cases in the US. SARS-CoV-2 was detected in 15%
of cases with available data in the European region and
10% of cases in the US (as of June 2022) [16].

Since December 2021, there has been a wide range
of viruses detected in children under 10 years old, par-
ticularly in children aged 1 to 4 years old, including



Khader et al. BMC Medicine (2022) 20:280

adenovirus, enterovirus, human metapneumovirus,
rhinovirus and norovirus [5]. Adenovirus is endemic
globally, with more than 50 serotypes identified [6].
Different serotypes display different tissue tropisms
that correlate with clinical manifestations of infections.
The predominant serotypes circulating at a given time
differ among regions and countries and change over
time [6]. When comparing adenovirus trends over the
last 5 years, there was a notable increase in positive
cases detected in 2022 in the UK [5]. However, it is not
clear if this is related to an increase in circulation, the
easing of pandemic restrictions, changes in social mix-
ing patterns or an incidental finding due to enhanced
testing [4, 5, 14].

So far, toxicology investigations have not revealed
any specific toxicological or other environmental fac-
tors as the cause of the severe acute hepatitis in chil-
dren detected in multiple countries, but public health
investigations are ongoing [5]. The Emerging Infec-
tions Task Force (EITaF) from the European Society of
Clinical Microbiology and Infectious Diseases earlier
queried whether aflatoxins produced by certain Asper-
gillus fungi, present in multiple foods, may be linked
to the hepatitis cases [17]. The UK investigations have
not identified aflatoxin as a source, nor any other
sources to date. A food-borne toxin or other source is
still a working hypothesis under investigation [5]. The
current working hypotheses defined by the UKHSA (as
of 19 May 2022) are presented in Table 2.

WHO risk assessment

e UK has reported a recent unexpected significant
increase in cases of severe acute hepatitis of unknown
aetiology in young children [13]. Although the poten-
tial role of adenovirus and/or SARS-CoV-2 in the

Table 2 UKHSA working hypotheses in order of likelihood
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pathogenesis of these cases is one hypothesis, other
infectious and non-infectious factors need to be fully
investigated [13] to properly assess and manage the risk.
As there is an ongoing increasing trend in cases in the UK
over the past months together with more extensive case
searching, it is very likely that more cases will be detected
before the aetiology has been found and corresponding
appropriate control and prevention measures have been
taken [13]. e WHO is closely monitoring the situation
with member states and partners for cases with similar
profiles [4]. e WHO has assessed the public health risk
at a global level as moderate [4]. is is taking into con-
sideration that (i) the aetiology remains unknown and
cases are clinically severe; (ii) there is limited epidemio-
logical, laboratory and clinical information; (iii) limited
surveillance capacity may mean that case numbers are
underestimated in certain settings; (iv) the likelihood of
spread has not been established due to a lack of transmis-
sion information; and (v) human-to-human transmission
is yet to be ruled out [4].

Public health response and geographical spread

On 31 March 2022, Public Health Scotland (PHS)
was notified of an increase in hepatitis cases with an
unknown aetiology a ecting children [1] (Fig. 2). On 5
April 2022, the International Health Regulations (IHR)
National Focal Point (NFP) for the UK notified the WHO
of ten cases of severe acute hepatitis of unknown aetiol-
ogy in previously healthy young children (age range 11
months to 5 years old) across central Scotland [13]. Of
these, nine had onset of symptoms in March 2022 and
one in January 2022 [13]. In Glasgow, the number of chil-
dren presenting with abnormal liver function tests was
confirmed higher-than-expected only in children under
5 years old [1]. A National Incident Management Team

1. A normal adenovirus infection, due to one of the following:

(a) Abnormal susceptibility or host response which allows adenovirus infection to progress more frequently to hepatitis (whether direct or immu-
nopathological), for example, from lack of exposure during the coronavirus (COVID-19) pandemic

(b) An exceptionally large wave of normal adenovirus infections, causing a very rare or under-recognised complication to present more fre-

guently

(c) Abnormal susceptibility or host response to adenovirus due to priming by a prior infection with SARS-CoV-2 (including omicron-restricted) or

another infection

(d) Abnormal susceptibility or host response to adenovirus due to a coinfection with SARS-CoV-2 or another infection
(e) Abnormal susceptibility or host response to adenovirus due to a toxin, drug or environmental exposure

2. A novel variant adenovirus, with or without a contribution from a cofactor as listed above

3. A post-infectious SARS-CoV-2 syndrome (including an omicron-restricted e ect)

4. A drug, toxin or environmental exposure
5. A novel pathogen either acting alone or as a coinfection
6. A new variant of SARS-CoV-2

Source: Reproduced from the UKHSA technical briefing 3, 19 May 2022 [5]
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recommendations for 190 cases identified. 111 ay
WHO notified of 10 geecting adenovirus and in UK and 40 in UKHSA published 3rd
hepatitis cases in states a cluster of cases  European countries. 17 technical briefing. 197
Scotland between indenitified in Alabama liver transplants have cases as of 16th May. 11
ages 11 months to from October 2021 to been conducted and liver transplants. No
5 years old February 2022 there has been 1 death deaths
31st March 12th April 25th April 19th May 27th May
KHSA lish . .
PHS was notified of ECDC issues alert UT : ) pllij'S _fs a 614 cases worldwide. 650 cases in 33
increase in severe echnica r_el ing 313 detected outside of countries identified
hepatitis cases Report with Europe. 14 deaths in between 5th April to 26th
affecting children analys.,es d?he Oh total May. 6% required liver
less than 10 years cases |dent|f|.ed till transplants and 1% have
old 20th April died. 74.5% of cases are
in children <5 yerars old
Fig. 2 Timeline of the public health response to severe, acute hepatitis of unknown aetiology among children. Image created using Canva [18]

was established to retrospectively identify cases present-
ing from 1 January 2022 [1]. ECDC put out an alert on
12 April, and currently, PHS, UKHSA, WHO, ECDC and
other public health organisations are collaborating [13].

e WHO has been supporting information sharing with
professional networks and is in the process of developing
further guidance for member states on diagnostics, case
investigation and clinical management [4].

As of 26 May 2022, the WHO has reported a total of
650 cases across 33 countries dating back to 1 October
2021 (Fig. 3) [4]. e highest numbers have been detected
in the UK (n = 222), followed by the USA (n = 216),
Japan (n = 31), Spain (z = 29) and ltaly (» = —27) [4].
Of the 33 countries reporting detection of cases, two are
low- and middle-income: Indonesia and the Occupied
Palestinian Territories [4]. e exact number of cases
is uncertain, due to the variations in case definitions
used and ongoing investigations.  ere are di erences
between the epidemiological updates provided by di er-
ent public health organisations, which may be partly due
to the di erent case definitions and di erent reporting
systems and timeframes for updates. e requirement for
access to diagnostics for defining a case may impact the

identification of cases in settings with limited access to
diagnostics and a high burden of hepatitis viruses, which
means that the total number of cases globally is largely
unknown. e emerging data in this evolving situa-
tion highlight a need to support investigations in lower-
resourced settings to fully understand the global burden,
to inform targeted public health and clinical management
strategies globally.

Public health investigations and research

Public health agencies are leading the responses and pro-
ducing regular updates. e UK has activated enhanced
paediatric surveillance of severe acute hepatitis in chil-
dren and investigations of liver tissue to explore mecha-
nisms behind liver injury (e.g. histopathology, T cells
review) [5]. Matched case-control studies with sampling
are ongoing under the lead of public health organisations
(UKHSA) in order to test the associations with potential
factors including adenovirus, co-infections and other risk
factors for severe hepatitis observed [5]. e UK Clini-
cal Characterisation Protocol (CCP) has been activated
across the National Health Service (NHS) in the UK, to
document standardised patient data and samples for
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unknown aetiology in children—multi-country [4]

Fig. 3 Data on the distribution of cases globally (as of 26 May 2022). Data source: World Health Organization (27 May 2022). Acute hepatitis of

Powe!
© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, OpenStreetMaj

research, including meta-genomics (Table 3) [5]. e
WHO is collaborating with other organisations in the
coordination of investigations. For cases in Europe, joint
WHO/ECDC data collection will be established using the
European Surveillance System (TESSy) [19]. Guidance
derived by the UKHSA [20] has been issued to a ected
countries to support a thorough investigation of sus-
pected cases. A survey of paediatric and liver centres, to
establish if severe acute hepatitis is above previous back-
ground rates, has been expanded and implemented in
multiple countries [4].

Conclusion
ere are significant challenges remaining in identify-
ing the cause of the observed increase in cases of severe
hepatitis of unknown aetiology in children.  ere are
challenges in ascertaining whether it is a true increase or
partly an e ect of easing of earlier pandemic restrictions
together with increased identification of cases. Di ering
case definitions used early on, and limited access to sur-
veillance data on the circulation of non-notifiable viruses,
such as adenoviruses adds to the complexity. Although
there is a range of working hypotheses, there are yet no
confirmative evidence.
e investigations are led by public health authorities
in a ected countries, as is the norm for clusters of cases,

or outbreaks of unknown aetiology of this nature. e
fact that we are still responding to the SARS-CoV-2 pan-
demic may have contributed to the heightened response
and alert of global organisations. e rapid identification
and notification to the global community via WHO and
the IHR mean that global health agencies have rapidly
convened to help coordinate investigations and step-up
preparedness in other regions.

Although the notification of cases shows collaborative
coordination between organisations globally, it has also
raised important issues around the capacity to detect
cases if they were to emerge in lower-resourced settings,
where access to the required diagnostics is limited.

e early and ongoing response highlights that
the global capability for a coordinated response has
improved, through timely notifications and sharing of
protocols and data between health and public health
agencies, and close collaboration between microbiolo-
gists, clinicians, researchers and public health experts,
informing an appropriate response. It also however
highlights the known gap in surveillance data and a
need to strengthen the capacity for detection, diagnos-
tics and surveillance in many settings worldwide [10].
Moreover, there is a need for harmonisation of case
definitions for case detection and for research. Further-
more, coordination of information and channels for
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conveying data to the public prevent fake news, with
a wider impact on health systems, responses and indi-
vidual health decisions.  ere has already been remark-
able cross-organisational collaboration, nationally
and internationally. e speed of the initial response
potentially reflects lessons learnt during the COVID-
19 pandemic, reflecting once again the importance of
sustaining an integrated, multidisciplinary approach
to outbreak response. e severity of the cases and the
fact that they are a ecting young children add to the
importance of keeping an open mind to the aetiology
and the urgency of identifying and controlling the cor-
rect source to prevent exposure, identify appropriate
treatments, reduce morbidity and improve outcomes
for those a ected.
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