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During October 2021 and February 2022, nine pediatric
patients with acute hepatitis of unknown origin were identi-
fied in Children’s of Alabama [1]. These patients were tested
negative for hepatitis viruses; and several other etiologies
of hepatitis in children including autoimmune hepatitis
were ruled out [1]. In a short period of time, the number of
cases has surged in many countries; importantly, the rate
has exceeded past annual incidence in various regions [2—4].
On 23 April 2022, World Health Organization (WHO) has
issued a warning on severe hepatitis of unknown origin in
children [5]. As of May 18, 575 suspected cases have been
identified in Europe, United States of American (USA),
Israel, India, Japan, and other countries; 35 children required
liver transplantation and 11 died [6].

No cases have been reported from the Mainland of China.
However, considering the uncertain etiology and high
percentage of severe pediatric cases [4], we should take
measures against the possible outbreak of acute hepatitis
of unknown origin in China. China has a high number of
pediatric population, therefore, it is pressing to establish an
integrated early warning system for severe acute hepatitis of
unknown origin in children.

Epidemiology of reported cases
As of May 18, 2022, 575 cases of severe acute hepatitis of

unknown origin in children have been reported from 25
countries worldwide [7]: 180 cases in the USA (5 deaths),
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176 in the UK, 125 cases in the European Union in the eco-
nomic zone, 44 in Brazil, 21 in Indonesia (5 deaths), 21 in
Mexico, 12 in Japan, 8 in Argentina, 7 in Canada, 2 in Costa
Rica, 1 in Romania, 12 in Israel, 1 in Panama, 1 in Pales-
tine, 1 in Serbia, 1 in Singapore, 1 in South Korea and 1 in
Malaysia. Cases currently reported in various countries are
based on the revised WHO definition of acute severe hepa-
titis of unknown origin in children on 23 April 2022. Most
cases were identified in Europe and the USA. Epidemiologi-
cal characteristics are as follows [4]: (1) patients were aged
from 1 month to 16 years (most aged 1-5 years); and they
were otherwise healthy; (2) the cases were sporadic, from
different countries or different regions of the same country;
and most patients lacked epidemiological correlation, and no
travel history was related to the place where the epidemic
occurred, and (3) cases appeared at a concentrated time-
point; for example, all the 13 patients initially reported in
the UK were identified in March. The association between
severe acute hepatitis and COVID-19 vaccination could be
preliminarily ruled out.

Underlying causes

The etiology of the current onset severe acute hepatitis
cases is still under investigation. Hepatitis may have mul-
tiple causes, including infection, autoimmunity, drugs and
genetic metabolic factors. Considering the epidemiological
and clinical features of this unexplained severe hepatitis, as
well as clustered cases in the United Kingdom and USA,
researchers believe that viral infection is most likely [1, 2,
8, 9]; however, until now no sufficient evidences are avail-
able for human-to-human transmission. No common hepa-
titis viruses (hepatitis A, B, C, D and E) have been detected
in existing cases. So what is the cause of these children's
sudden hepatitis? Based on the current global case investi-
gation and comprehensive information from the European
Centers for Disease Control and Prevention (ECDC), the UK
National Health Security Agency, and the USA Centers for

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12519-022-00577-7&domain=pdf

526

World Journal of Pediatrics (2022) 18:525-528

Disease Control and Prevention (CDC), potential causes are
speculated including adenovirus (HAdV) infection (normal
adenovirus or new variant adenovirus), SARS-CoV-2 virus
post-infection syndrome or SARS-CoV-2 new variant strain
infection, drug, toxin or environmental exposures, unknown
pathogens alone or coinfection [1, 8—13].

Adenovirus infection

HAdV was detected in 72% (91/126) of the UK cases, with
18 identified as subgenus F HAdV-41 [14]. US detects
HAAV in more than 50% of cases [15]. Similar reports have
been reported in other countries; however, the role of HAdV
infection in the current outbreak of hepatitis in children is
unknown. Recently, all countries have required screen-
ing for HAdV infection in patients with acute hepatitis of
unknown cause, exploring the best methods for specimen
collection and detection, investigating the trend of HAdV
infection in recent years (including before the SARS-CoV-2
epidemic), and predicting the risk of HAdV infection in the
future. However, literatures revealed that hepatitis caused
by HAdV infection in the liver is relatively rare [16, 17]. In
immunocompetent patients, HAdV infection is usually self-
limiting; only a few cases reported that HAdV causes acute
hepatitis in immunocompetent adults and infants. HAdV-41
often causes gastrointestinal infection and diarrhea in infants
and young children [18, 19], and no cases of severe acute
hepatitis caused by HAdV infection have been reported.
Although liver cell damage or necrosis and immunoreactiv-
ity to HAdV in the liver sinusoids were found in 8 cases of
liver histologically, no adenovirus was detected in the liver
tissue or liver cells [2, 10, 14]. Moreover, adenovirus load
titers in the blood samples of some cases were low. There-
fore, whether adenovirus is a potential infectious pathogen
remains to be verified.

SARS-CoV-2 infection

Available reports indicate that 11 UK cases were positive
for SARS-CoV-2 on admission (11%), 3 were positive for
SARS-CoV-2 eight weeks before admission, and 1 Japa-
nese case was found to have SARS-CoV-2 tested positive
(14%) on admission [4, 14]. Of the 12 cases identified in
Israel, 11 had been infected with SARS-CoV-2 in the past
year (91.7%), and most of those infected were not vacci-
nated against SARS-CoV-2 [4]. In previous reports, SARS-
CoV-2 infection can induce hepatitis, which can manifest
as an elevation of alanine transaminase (ALT), aspartate
aminotransferase (AST), lactate dehydrogenase (LDH) and
direct bilirubin, which may be caused by direct attack or the
bloodstream spread of the virus and retrograde infection to
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the biliary tract [20]. This unexplained hepatitis may be one
of the long-term symptoms of COVID-19.

Recently, Brodin et al. hypothesized that occurrence of
acute hepatitis of unknown cause is related to the superpo-
sition of the new coronavirus superantigen and adenovirus
41 [10]. SARS-CoV-2, such as recently infected strains of
Omicron, may change tissue tropism, becoming enterotropic,
and persist in the gastrointestinal tissue of children for longer
periods of time, thus allowing persistent infection [21]. Pre-
vious studies have shown that children infected with SARS-
CoV-2 form a viral reservoir (i.e., SARS-CoV-2 is continu-
ously released from host cells). Persistence of SARS-CoV-2
in the gastrointestinal tract can lead to the continuous release
of virus from intestinal epithelial cells, leading to immune
activation, which may be mediated by the superantigen
motif in the SARS-CoV-2 spike protein [10]. Adenovirus
41 drives a type I immune response and amplifies SEB-
mediated hyperimmune pathology [10]. These conclusions
are speculative, without scientific conclusions, which need
to be confirmed further.

Other speculations about etiology include the possible
presence of a novel yet unidentified hepatotropic virus, a
novel pathogen that can be infected alone or with other
pathogens, infection with a novel variant of human adeno-
virus, infection with a novel variant of the novel coronavi-
rus strains, factors such as drugs, toxins or environmental
exposure and immune liver damage caused by one or more
of the above factors.

Clinical features and diagnostic strategies

Clinical manifestations of severe acute hepatitis of
unknown origin reported in different countries are similar,
mainly acute hepatitis with markedly elevated transami-
nases (AST or ALT > 500 IU/L), accompanied by jaundice,
lethargy, fatigue, nausea, and gastrointestinal symptoms
such as abdominal pain, diarrhea, vomiting, etc. A report
of nine children by the US CDC showed that some chil-
dren had symptoms such as vomiting, diarrhea, and upper
respiratory tract infection appearing before admission,
and signs such as jaundice and hepatomegaly occurring
after admission [1]. According to the statistics of 163 chil-
dren reported by the British Health Service, the common
clinical presentations were jaundice (71.2%), vomiting
(62.7%), lethargy (50.0%), light-colored stools (50.0%),
diarrhea (44.9%), abdominal pain (41.5%), fever (30.5%),
nausea (30.5%), and less commonly respiratory symptoms
(18.6%) [6]. Unexplained severe acute hepatitis is highly
detrimental to the liver of children. As of May 10, 11 of
the 450 children reported died, and 35 (7.8%) received liver
transplantation [6].
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On April 23, 2022, the diagnostic criteria for severe acute
hepatitis of unknown cause in children issued by the WHO
are as follows [5]: 1) confirmed cases are not available at
present; 2) suspected cases present with hepatitis (non-A,
B, C, D and E hepatitis viruses) with serum transaminase
(ALT or AST)> 500 U/L and are 16 years or younger, since
October 1, 2021, and 3) epi-linked cases are persons with
acute hepatitis (non-A, B, C, D and E hepatitis viruses) of
any age who have been in close contact with suspected cases
since October 1, 2021. If hepatitis A, B, C, D, and E testing
results are pending but other criteria are met, these results
can be reported and classified as “pending classification”.
Cases with other explanations for their clinical manifesta-
tions are ruled out.

WHO recommends that blood, serum, urine, fecal and
respiratory samples, and liver biopsy samples, if applicable,
should be tested [4]. Further strengthening of viral testing
(genome sequencing and classification) is recommended,
along with a thorough investigation of other infectious and
noninfectious causes. The European CDC recommends var-
ious testing modalities for different samples and expands
the scope of pathogen screening, for blood, feces, urine,
throat swabs and anal swabs and other samples, conduct
A, B, C, D and Hepatitis E virus, adenovirus, Epstein—Barr
virus, cytomegalovirus, chickenpox, HIV, SARS-CoV-2,
herpes virus, enterovirus (including norovirus, entero-
virus, rotavirus, astrovirus, and sapovirus) and common
bacteria (including Campylobacter, Salmonella, Shigella,
and Escherichia coli) and other routine clinical pathogen
screening [4].

Considerations on prevention and control
strategies

The etiology of severe acute hepatitis is still unclear, so
health organizations in various countries have no specific
treatment methods. In view of some critically ill patients
who need liver transplantation or even die, health depart-
ments of many countries have called for more attention on
this disease. The National Health Commission of China
(NHCC) attaches great importance to this issue, and has
organized experts to pay close attention on the global trend.
On May 7, NHCC published a guidance entitled “Answer to
Questions about Acute Hepatitis in Children of Unknown
Cause” on its official website.

There are no confirmed cases of severe acute hepatitis
of unknown etiology at present. The definition of severe
acute hepatitis of unknown origin in children is mainly
used for disease monitoring. For suspected cases, epide-
miological characteristics investigation and tracking are
required, and isolation measures may be taken if neces-
sary. Clinicians should be alert to unexplained, increasing

cases of acute severe hepatitis, and to children with signs
or symptoms associated with hepatitis including dark urine
and/or pale stools, jaundice, pruritus, arthralgia/myalgia,
fever, nausea, vomiting or abdominal pain, drowsiness or
loss of appetite. Liver function tests should be performed
in time. If patients had serum ALT or AST > 500 IU/L, we
should pay close attention on the disease progression and
the occurrence of life-threatening events. Intense clini-
cal management and pathogenic investigation should be
started as soon as possible. Treatment should be carried
out to relieve symptoms by supportive treatment, rational
feeding, and maintain the cellular metabolism and homeo-
stasis. Comprehensive management through multidiscipli-
nary cooperation is recommended. It is necessary to assess
indications for blood purification and liver transplantation
at any time. Treatment strategies include bed rest, nutrition
support, symptomatic treatment, prevention and treatment
of hepatic encephalopathy, artificial liver treatment, liver
transplantation, prevention and treatment of secondary
biliary infection or spontaneous peritonitis.

Overall prevention and control is challenging for indi-
vidualized treatment. How to timely identify critically ill
children and establish optimal diagnosis and treatment for
children is crucial. To assess the potential risk of acute
severe hepatitis in children of unknown etiology, risk
assessment, clinical, epidemiological and virological sur-
veillance are pressing. We should establish a long-term
monitoring system and an early warning system based on
clinical symptom monitoring in hospitals or institutions
with pediatric health service.

There is no need to panic, however, we should establish
a practical emergence response plan. In view of the sever-
ity of this disease, it is necessary to evaluate the current
status of safety and accessibility of pediatric liver trans-
plantation in China. Clinical, epidemiological and virolog-
ical surveillance data need to be collected timely to assess
the potential risk of acute severe hepatitis in children of
unknown origin. It is important to educate families and the
public that children with symptoms such as jaundice and
diarrhea should seek medical attention in time and abide
by the quarantine requirements for infectious diseases.
Suspected cases should be reported, investigated, moni-
tored, isolated or transferred to tertiary hospitals as soon
as possible. Clinicians should be educated and trained
to be capable of identifying the disease at their earliest
onset. Multidisciplinary cooperation among pediatrics,
emergency, infectious disease, gastroenterology, inten-
sive care, transplantation, as well as laboratory should be
highlighted. Diagnosis and treatment guidance should be
issued. International information exchange and coopera-
tion will be benefit to global public health security.

In conclusion, data on etiology of this disease are still
lacking. Articles on the etiology, pathogenesis, clinical
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presentations, diagnosis and treatment strategies would be
welcomed by World Journal of Pediatrics.
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