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InTroduCTIon
Six hundred and fifty probable cases of acute hepati-

tis of unknown etiology in children have been reported 
to the World Health Organization (WHO) between 5 April 
and 26 May 2022 [1]. The absence of any link between 
these cases and the currently known hepatitis agents 
has prompted the investigation of this emergent condi-
tion to elucidate its possible etiology, pathogenesis, and 
outcome. One of the alarming features of acute non-
HepA-E hepatitis in children appears to be the unusually 
high proportion of severe cases that necessitated liver 
transplantation in a fraction of the affected cases [1]. 
In this editorial, we summarize the latest evidence on 
this topic and discuss the most possible pathogenetic 
mechanisms.

Timeline
During October 2021–February 2021, clinicians at a 

children’s hospital in Alabama identified nine pediatric 
patients with severe hepatitis of unknown etiology and 
adenovirus viremia upon admission. Three patients de-
veloped acute liver failure, two of whom were transferred 
to a different medical facility and underwent liver trans-
plantation [2]. On 31 March 2022, Public Health Scotland 
was notified of 5 cases of acute hepatitis of unknown 
origin, which were referred to the Glasgow children’s 
hospital within a period of 3 weeks [3]. Apparently, this 
cluster significantly exceeded the expected number 
of cases of pediatric hepatitis of unknown etiology, 
which was estimated to be fewer than 4 per year across 
Scotland [4]. Subsequently, the WHO was notified of 10 
cases of severe acute hepatitis of unknown etiology in 

previously healthy children in Scotland, on 5 April 2022 
[5]. A multi-disciplinary team of experts was formed to 
review the epidemiological and clinical data of this initial 
cohort. All children required hospitalization, while one 
patient underwent liver transplantation [3]. Additional 
investigations identified 64 further cases (i.e., a total of 
74 cases) across the UK from 1 January up until 8 April 
2022. In light of this evidence, the WHO published an 
alert, regarding cases of severe acute hepatitis of un-
known origin in children, on 15 April 2022 [5]. 

definitions and current status
Following this announcement, an increasing number 

of cases has been reported in several countries across 
the globe. The WHO and the European Centre for Disease 
Prevention and Control (ECDC) elaborated the currently 
applied working case definitions: (i) Confirmed case: 
not available at present; (ii) Probable case: a person 
presenting with an acute hepatitis (non-hepatitis viruses 
A, B, C, D, E) with serum transaminase >500 IU/L (AST 
or ALT), who is 16 years and younger, since 1 October 
2021; Epi-linked case: a person presenting with an 
acute hepatitis (non-hepatitis viruses A, B, C, D and E) of 
any age who is a close contact of a probable case, since 
1 October 2021. If the criteria are fulfilled but serology 
results for hepatitis A-E are awaited, these cases can be 
reported and shall be classified as “pending classifica-
tion”. Cases of hepatitis with a known underlying condi-
tion should not be reported under this protocol. Cases 
with other explanations for their clinical presentation 
are discarded [1,6,7]. 

According to the aforementioned criteria, 650 prob-
able cases and 99 cases pending classification from 
33 countries have been reported to the WHO as of 26 

Key words: Acute hepatitis; hepatitis of unknown etiology; 
hepatitis in children; adenovirus; SARS-CoV-2 

1 Division of Gastroenterology, Department of Internal 
Medicine, University Hospital of Patras, Patras, Greece

Received: 07 Jun 2022; Accepted: 17 Jun 2022



62 Efthymios P. Tsounis, Christos Triantos

ACHAIKI IATRIKI April - June 2022, Volume 41, Issue 2

May 2022. The majority of them have been identified 
in European countries (n=374; 58%) and, particularly, 
in the UK and Northern Ireland (n=222; 34%), while 
probable cases have also risen in USA (n=216; 33%) [1]. 
In Greece, at least 9 probable cases have been reported 
according to the National Public Health Organization 
[8]. Most of the reported cases are not epidemiologi-
cally linked and thorough investigations are ongoing 
to recognize common exposures, risk factors, or links 
between patients.

Clinical Presentation and Associated Pathogens
The mainly affected population are young children 

with no comorbidities. The majority of the cases reported 
through the European Surveillance System (TESSy) 
are children <5 years of age (75.4%), while the median 
age of the patients is 3 years according to reports from 
case series in the US and the UK [2,9]. The most com-
mon manifestation appears to be jaundice (68.8%), 
followed by vomiting episodes during the preceding 
weeks (57.6%). The presence of pale stools (42.7%) and 
lethargy (48.6%) are also frequently reported symptoms. 
At presentation, many children experience gastrointes-
tinal symptomatology, such as diarrhea (43.1%), nausea 
(25.7%), or abdominal pain (36.1%). Interestingly, fever 
(28.5%) or respiratory symptoms (18.1%) are less com-
monly recognized [9]. 

Out of the 650 probable cases, at least 38 (6%) chil-
dren required liver transplantation and 9 (1%) died 
according to the WHO [1]. Out of 156 cases registered 
via TESSy with hospitalization data available, 13.6% of 
the children were admitted to intensive care unit and 
10.7% underwent liver transplantation [7]. Intriguingly, 
positive testing for human adenovirus (HAdV) infection 
among affected patients was reported to be as high as 
68.6% in whole blood specimens, suggesting a potential 
role for HAdV in disease pathogenesis. Adenovirus char-
acterization in a subgroup of 35 patients revealed that 
HAdV serotype F 41 was the predominant type (77%) 
[9]. Most of the patients had not received COVID-19 
vaccination (84.7%), while SARS-CoV-2 was detected in 
11.8% of the cases [7]. A range of other pathogens of 
uncertain significance, including adenovirus-associated 
virus (AAV) and human herpes virus 6 (HHV6), were 
identified in a low proportion of children [9].

Working hypotheses: Spotlight on Adenovirus 
Although hAdV infection alone is rarely associated 

with fulminant hepatitis in immunocompetent patients, 

the most plausible hypothesis continues to encompass 
the role of adenovirus, considering its high prevalence 
among affected children [6,9]. hAdVs are nonenveloped, 
double-stranded, linear DNA viruses, and consist of 7 
different species (HAdV A–G); they can be further clas-
sified into >100 types using whole-genome sequenc-
ing [10]. Inhalation of aerosolized droplets, fecal-oral 
spread, and direct exposure to infected tissue or blood 
represent the principal routes of transmission. The most 
common method to establish diagnosis is polymerase 
chain reaction (PCR) testing of respiratory secretions, 
plasma, stool, or urine samples [6]. Adenovirus infections 
can occur throughout the year. Following an incubation 
period that ranges from 2 to 14 days, hAdVs typically 
cause self-limited infections, which, depending on the 
cell tropism of the serotype, can affect the upper or 
lower respiratory tracts (mainly serotypes 1-5, 7, 14, 
and 21), the conjunctiva (serotypes 8, 19, and 37), or 
the GI tract (notably serotypes 40 and 41) [11]. Indeed, 
5-10% of pediatric febrile illnesses have been attributed 
to hAdV-associated infections [6]. In addition, hAdVs 
have been reported to cause disseminated infection 
or acute hepatitis, leading to increased mortality, in im-
munocompromised patients [12,13]. Supportive care is 
the main therapeutic option for hAdV infections, while 
evidence supporting the administration of antivirals is 
scarce [11].

In the UK, the number of adenoviral infections among 
children aged 1 to 4 years from November 2021 to April 
2022 has not only returned to pre-pandemic levels, but 
has spiked drastically and surpassed the expected num-
ber as estimated from the reported cases in the previ-
ous 5 years [9]. Interestingly, this period coincides with 
the emergence of cases of acute hepatitis of unknown 
origin in children, implicating a detrimental effect of 
adenovirus in this setting [6,14,15]. Indeed, hAdV 41 is 
associated with GI-related symptoms, such as vomiting, 
nausea, or abdominal pain, which are consistent with 
the symptomatology preceding the manifestation of 
acute hepatitis. However, even though adenoviruses 
may induce liver injury in immunosuppressed or less 
frequently in healthy children, hAdV 41 is not among 
the serotypes exhibiting features of hepatotropism 
[11,16]. In addition, histopathologic examination of liver 
biopsies in 6 cases did not yield findings indicative of 
adenovirus or other viral hepatitis [2].

It is hypothesized that other contributing factors, 
which undermine the host’s defense mechanisms and 
alter the course of a typical hAdV infection, could induce 
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occurs as a consequence of a “double-hit” process, in 
which adenovirus infection imparts a detrimental role. 
However, the association between cases and hAdV 
could be overestimated due to increased community 
transmission and enhanced laboratory testing. Out-
break risk assessment requires further epidemiological, 
clinical, laboratory, histopathological, and toxicological 
investigations of all the possible cause(s) of these cases. 
A methodical approach using standardized definitions, 
common diagnostic algorithms, and exchange of in-
formation as well as multinational collaboration need 
to be implemented to achieve a rapid and effective 
global response.
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ConCluSIonS
The etiology of this seemingly rare but threating 

condition remains elusive. It is possible that liver injury 
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