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Background and Aim: A recent outbreak of acute severe hepatitis of unknown etiology (ASHep-UA)
among children 16 years old and younger has aroused global concern. Initially reported in central
Scotland, the disease has been notified in 35 countries and linked to 22 deaths as of 25 September
2022. This review aimed to provide current knowledge about the outbreak of ASHep-UA.

Methods and Results: The websites of the World Health Organization, the UK Health Security
Agency, the European Center for Disease Prevention and Control, the Centers for Disease Control and
Prevention, and the PubMed database were searched, based on the search term “acute severe hepatitis
of unknown etiology.” The corresponding reports or literature previously released by the mentioned
websites and database were integrated to obtain current information about ASHep-UA.

Conclusion: Even though the potential relevance between ASHep-UA and adenovirus, adeno-
associated virus 2, and human herpes viruses was revealed, the etiology of ASHep-UA is still
unknown. More effort should be made to explore whether ASHep-UA is caused by a novel virus or
other environmental factors, to generate appropriate treatment strategies.

Relevance to Patients: ASHep-UA has aroused global concern recently, which may lead to adverse
outcomes such as liver transplants and death. The present review shares current development and
information about the outbreak of acute severe hepatitis of unknown origin among children.

1. Introduction

On April 5, 2022, ten cases of acute severe hepatitis of unknown etiology (ASHep-UA)
were reported in children from 11 months to 5 years old in central Scotland. Symptoms
included abdominal pain, diarrhea, jaundice, and vomiting, independently of the time of
onset [1]. As of September 25, 2022, 1063 probable cases around the world have been
notified, and the rapid increase has caught the attention of the World Health Organization
(WHO), the European Center for Disease Prevention and Control and the United Kingdom
Health Security Agency [2-4]. To help identify the causes of the disease, these organizations
have called on health authorities to report cases and provide as detailed clinical and
laboratory data as possible.

2. Methods

The related reports or literature were searched on the websites of the WHO (https:/www.
who.int/), the UK Health Security Agency (https://www.gov.uk/government/organisations/
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uk-health-security-agency), the European Center for Disease
Prevention and Control (https://www.ecdc.ecuropa.cu/en), the
Centers for Disease Control and Prevention (https://www.cdc.
gov/), and the PubMed database (https://pubmed.ncbi.nlm.nih.
gov/advanced/), based on the search terms “acute severe hepatitis
ofunknown etiology”. Due to the limited number of corresponding
reports and literature, we integrated the information without
setting any exclusion criteria.

3. Results
3.1. Geographic distribution of cases and deaths

As of September 25, 2022, 1063 probable cases of ASHep-UA
have been notified in 35 countries [2-4]: Argentina (three cases),
Austria (6), Belgium (14), Brazil (2), Bulgaria (1), Canada (21),
Colombia (2), Costa Rica (3), Cyprus (2), Denmark (8), France
(9), Greece (12), Ireland (26), Israel (5), Italy (36), Indonesia
(18), Japan (67), Latvia (1), Luxembourg (1), Netherlands (15),
Norway (6), Mexico (69), Maldives occupied (1), Republic of
Moldova (1), Poland (18), Portugal (20), Panama (1), Palestinian
territories (1), Qatar (1), Serbia (1), Spain (46), Sweden (12),
Singapore (3), the United Kingdom (UK) (273), and the United
States of America (358) (Figure 1). At least, 46 cases require liver
transplants. Twenty-two deaths have been attributed to ASHep-
UA: Americas (13 deaths), Eastern Mediterranean (1), Europe (2),
and Southeast-Asia (6). The numbers of new cases and deaths are
expected to increase.

3.2. Definition of ASHep-UA

The European Center for Disease Prevention and Control has
released a reporting protocol for surveillance of ASHep-UA [5].
The UK and Scotland have harmonized their definition of ASHep-
UA to facilitate clinical reporting [6] (Table 1).

3.3. Clinical presentation of ASHep-UA

Among the 195 confirmed and possible cases of ASHep-UA in
England as of July 4, 2022, all were previously healthy children who
presented most often with jaundice (69.2%), vomiting (57.9%),
lethargy (47.7%), pale stool (40.5%), diarrhea (41.5%), abdominal
pain (38.5%), and nausea (26.2%). Less frequent symptoms were
fever (23.1%) and respiratory symptoms (17.9%) [6].

Cases in Scotland have not presented with fever, but have
otherwise been similar to the cases in England, including signs
of severe acute hepatitis, including jaundice and serum levels of
aspartate transaminase or alanine transaminase > 500 IU/L [6,7].

A certain number of cases with elevated ammonia, lactate,
and international normalized ratio were admitted to pediatric
intensive care unit due to hepatic encephalopathy. All cases
survived after receiving proper neuroprotected treatment and/or
liver transplantation [8].

3.4. Microbiological analyses of ASHep-UA

Blood, throat swabs, stool, rectal swabs, and urine have been
tested for adenovirus (AdV), cytomegalovirus, Epstein—Barr virus,

3501
300+
§ 2504
&
@
2
=
]
E
S 200l
Q -
S
S
5 60+
2
E
5
4
40
201
0-
R IR g g S
& Qg@d"gﬁ &S X .60‘
‘{@bb & \w@@ i
N S
Q“

S & & {xx \,\°
Qe o\ ¢ Q‘ \"
% Q Y’

S L &S P P & ST

& $§°e Q@Q

& o)
00\ Q

Figure 1. Number of identified cases of acute severe hepatitis of unknown etiology by country as of 25 September 2022. Data taken from [2-4].
*Nine countries with only one probable case including: Bulgaria, Latvia, Luxembourg, Maldives, Republic of Moldova, Occupied Palestinian

Territories, Panama, Qatar and Serbia.
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Table 1. Definitions of acute severe hepatitis of unknown etiology
(ASHep-UA) agreed by the European Center for Disease Prevention
and Control, or by the health authorities of England, Wales, Northern
Ireland and Scotland.

European Center for Disease Prevention and Control (as of May 6, 2022)

Classification Description

Confirmed Not applicable

Probable Individual 16 years old or younger who presents with acute
hepatitis (non-hepatitis A-E) and serum transaminase
(AST or ALT) > 500 IU/L after 1 October 2021

Epi-linked Individual of any age who had close contact with a confirmed

case and who presents with acute hepatitis (non-hepatitis A-E)
after 1 October 2021

Health authorities of England, Wales, and Northern Ireland
(as of May 19, 2022)

Confirmed

Individual 10 years old and younger who presents with acute
hepatitis (non-hepatitis A-E) and serum transaminase (AST or
ALT) > 500 IU/L after January 1, 2022

Individual 11 — 15 years old who presents with acute hepatitis
(non-hepatitis A-E) and serum transaminase (AST or ALT)

> 500 IU/L after January 1, 2022

Individual of any age who had close contact with a confirmed
case and who presents with acute hepatitis (non-hepatitis A-E)
after January 1, 2022

Health authority of Scotland (as of May 19, 2022)

Confirmed

Possible

Epi-linked

Individual who is 10 years old and younger or who had close
contact to a confirmed case and who presents with serum
transaminase (AST or ALT) > 500 IU/L in the absence of
infection with hepatitis viruses A-E, cytomegalovirus or
Epstein-Barr virus after January 1, 2022

ALT, alanine transaminase; AST, aspartate transaminase.

enterovirus, herpes simplex virus, hepatitis viruses A-E, human
herpes viruses 6 and 7 (HHV-6,7), influenza virus, norovirus,
sapovirus, SARS-CoV-2, and Salmonella [9]. Among 452 cases of
ASHep-UA tested for AdV, 209 were positive (by PCR), of which
31 are type 41F [2]. In the WHO European Region, AdV was
detected more often in blood or serum than in stool or respiratory
samples [3].

Seventy-eight of 612 cases were positive for SARS-CoV-2 (by
PCR) [2]. The previous report showed that eight cases in England
showed coinfection with SARS-CoV-2 and AdV [6]. Although a
Japanese study suggested a link between the “Omicron” variant of
SARS-CoV-2 and ASHep-UA, United Kingdom Health Security
Agency indicated that there was no statistical significance on
previous positive rate for SARS-CoV-2 testing between cases and
random age-weighted children [6,10].

Other reported pathogens in cases of ASHep-UA include
cytomegalovirus, Epstein—Barr virus, herpes simplex virus,
respiratory syncytial virus, parvovirus, influenzavirus, HHV-6, 7,
mycoplasma, varicella, enterovirus, parainfluenza, and bocavirus [3].

3.5. Metagenomic sequencing of ASHep-UA

Metagenomic sequencing allows for the identification
of viruses that cannot be detected by traditional diagnostic
techniques (culture, serology test, and PCR) [11]. An investigation

of University College London (UCL) and Great Ormond Street
Hospital demonstrated that adeno-associated virus 2 (AAV2)
was detected in liver and blood samples of five ASHep-UA cases
who underwent liver transplantation through metagenomics
sequencing. Helper viruses of AAV2 and HHV-6 were detected
in liver samples but at lower levels, while AdV was detected in
only one blood sample [12]. The presence of AAV2 in serum, liver
biopsies, fecal, rectal, and throat swab samples of ASHep-UA cases
detected by metagenomic sequencing was proved in the study of
University of Glasgow Center for Virus Research [13]. Consistent
with the results of UCL study, AdV and HHV-6 were detected
at lower levels. High viral titers of AAV2 in liver or plasma
samples of ASHep-UA cases were confirmed by PCR. Moreover,
comparisons between ASHep-UA cases and control subjects
showed that there were significantly higher AAV2 levels (detected
by PCR) in cases. However, the cycle threshold values of AdV
and HHV-6 were not significantly different between cases and
controls [12,13].

3.6. Epidemiology of ASHep-UA

Previously, healthy children were most under 6 years old, and
females made up more than half of cases [2]. A detailed survey
of the cases in England failed to identify common features,
such as exposure to medicines or toxins, family structure,
parental occupation, diet, or water source. Among 92 cases
who received questionnaires, 64 (70%) reported contact with
pet dogs; however, cases with or without dog contact did not
differ in the patterns of illness or presence of viruses [14]. As
of Scotland, there are two pairs of epidemiologically linked
cases|[7].

Analysis of the cases in England and Scotland failed to reveal
an association between immune suppression and ASHep-UA [7,9].

3.7. Toxicology of ASHep-UA

No obvious pattern of toxin exposure has been linked to
ASHep-UA. Detailed toxicological investigations for organic
compounds and metals are being conducted in the UK, but so far
no clear associations with ASHep-UA have emerged, including
paracetamol, fluconazole or mycotoxins [14]. Even increased
levels of metals were detected in blood and urine, they are not
likely to be causative [6].

3.8. Guidance on diagnosing ASHep-UA

On May 25, 2022, the European Center for Disease Prevention
and Control published guidance on testing suspected cases
of ASHep-UA [15]. These guidelines call for detection and
typing of both AdV and SARS-CoV-2, while recommending
whole-genome sequencing of AdV (Table 2). The guidance also
recommends investigating potential links between the disease
and liver-damaging drugs such as acetaminophen, antimicrobials,
non-steroidal anti-inflammatory drugs, and valproic acid. It
recommends metagenomic analysis to detect known and novel
pathogens.
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Table 2. Approach for testing suspected cases of acute severe hepatitis
of unknown etiology (ASHep-UA), as recommended by the European
Center for Disease Prevention and Control (as of May 25, 2022).

Sample type Test

type

Serology Hepatitis viruses A/B/C/D'/E, CMV, EBV,
Varicella, HIV, SARS-CoV-2 (if possible, IgG
and IgM against S and N proteins)

Pathogen

Blood (whole
and plasma)

Serology Brucella spp, Bartonella henselae, Borrelia
burgdorferi (if epidemiologically appropriate),
leptospira (if relevant clinical history)

Culture  Routine procedures for bacteria/fungi
(if clinically indicated, e.g., fever)
Culture>  Adenovirus, CMV, EBV, HSV, influenza virus

PCR Adenovirus®, enteroviruses, CMV, EBV, HSV, HHV
6/7, parechovirus, parvovirus B19, hepatitis viruses
A/CJE, leptospira (if relevant clinical history)

Oro/ PCR Respiratory virus screening (including but not

Nasopharyngeal limited to influenza virus, adenovirus, parainfluenza

swab virus, rhinovirus, respiratory syncytial virus,
human bocavirus 1-3, SARS-CoV-2, enteroviruses,
human metapneumovirus, parechovirus, human
coronaviruses)

Culture

Stool or rectal PCR Enteric virus screening (including but not limited
swab to adenovirus, norovirus, enteroviruses, rotavirus,
astrovirus, sapovirus, SARS-CoV-2)

Streptococcus group A

PCR Enteric bacterial pathogens (if a screening panel
is used, Salmonella spp. should be included)
Culture  Campylobacter, Salmonella, Shigella, E. coli 0157
Culture>  Adenovirus, enteroviruses, rotavirus
Urine PCR

Culture

Leptospira (if relevant clinical history), adenovirus

Routine procedures for bacterial pathogens
(if clinically indicated)

CMV: Cytomegalovirus, EBV: Epstein-barr virus, HHV: Human herpes virus, HIV: Human
immunodeficiency virus, HSV: Herpes simplex virus.

!Samples should be tested for hepatitis D virus only when HBV is present.

2Should be performed in laboratories experienced in cell culture.

*Whole blood is preferred to plasma. If quantitative assays for adenovirus are unavailable,
quantification should be conducted using cycle threshold values as a proxy for viral load.

3.9. Possible causes of ASHep-UA

Several possible causes of ASHep-UA have been proposed [14].
One is weak immune response to AdV infection that allows the
normally mild disease course to develop into severe ASHep-
UA. Possible factors contributing to this weak response include
reduced natural exposure as a result of lockdowns, coinfection
with SARS-CoV-2 or other pathogens, or the contribution of
toxins, drugs or other factors in the environment.

Other possible causes of ASHep-UA include a novel variant
AdV or hepatitis virus other than A-E, a new variant of SARS-
CoV-2, or a drug, toxin or factor in the environment acting
independently/cooperatively.

3.10. Prospects for explaining the causes of ASHep-UA

Even a report from Alabama demonstrated that there is no
immunohistochemical evidence of AdV, or no viral particles

identified by microscopy in six cases of ASHep-UA, AdV continues
to be the most frequently detected pathogen, highlighting the need
to investigate further possible links [2,16]. More than 100 subtypes
of human AdV have been described, which target different tissues
and trigger different clinical manifestations [17-19]. Known
subtypes do not typically cause hepatic injury, and cases of AdV-
associated liver injury usually involve immunoparesis caused by
chemotherapy, infection with human immunodeficiency virus, or
transplantation [20]. Therefore, whole-genome sequencing of AdV
in individuals with ASHep-UA is important to detect potentially
novel adenovirus subtypes. The study of UCL identified partial
sequences as AdV-F41 (without whole genomes as a result of high
CT values), and the study fails to find any new or specific amino
acid substitutions related to the replication of AAV2 [12].

A potential association between SARS-CoV-2 and ASHep-UA
should continue to be explored. The spike protein of SARS-CoV-2
possesses a superantigen motif similar to that of Staphylococcus
enterotoxin B, which activates T-cells strongly and non-
specifically. Persistence of SARS-CoV-2 in the gastrointestinal
tract may lead to immune activation that induces multisystem
inflammatory syndrome in children [21]. AdV infection sensitizes
Staphylococcus enterotoxin B-mediated toxic shock in mice,
leading to liver failure and death [22]. Superantigen of SARS-
CoV-2-mediated immune activation should be investigated in
cases with coinfection (SARS-CoV-2 and AdV). Moreover, some
adults developed autoimmune hepatitis after vaccination against
SARS-CoV-2 [23]. Whether such sensitization also occurs in
children is unclear.

AAV?2 belongs to the Parvoviridae family, whose replication
relies on the coinfection with AdV or herpesvirus [24]. Considering
the high abundance of AAV2 (detected by metagenomic sequencing
and PCR), hypotheses had been proposed, which suggested that
AAV?2 may be involved in the pathology of ASHep-UA, following
transmission or reactivation through coinfection with AdV and/
or HHV-6 [13]. However, AAV2 proteins were not detected by
immunohistochemistry or proteomics, and viral particles were not
identified on electron microscopy [12]. Even though the levels
of AAV2 in the controls with AdV viremia and hepatitis are still
lower than in ASHep-UA cases, the relatively higher levels when
compared with other controls may highlight the specific role
of AAV2 in AdV hepatitis [12]. The HLA-DRB1*04:01 allele
was found to be presented in the ASHep-UA cases, making the
possibility that AdV infection and/or coinfection or reactivation
of AAV?2 results in more severe clinical outcomes of susceptible
children than expected [13]. Further studies are needed to clarify
the association between AAV2 and ASHep-UA, and its potential
values as the biomarker for ASHep-UA.

4. Conclusion

Due to the unknown etiology of ASHep-UA, the WHO only
advises implementation of general infection prevention and control
practices [2]. Some treatment strategies have been proposed by
clinicians, but only emphasize on symptomatic and supportive
therapy, including management of coagulation disorders and
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hepatic encephalopathy, and liver transplantation [25]. Further
studies should also explore whether ASHep-UA is caused by a
novel hepatitis virus or other environmental factors. Identifying
the causes of this disease may facilitate the choice of the most
effective treatment.
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