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Following the report of an excess in paediatric cases
of severe acute hepatitis of unknown aetiology by
the United Kingdom (UK) on 5 April 2022, 427 cases
were reported from 20 countries in the World Health
Organization European Region to the European
Surveillance System TESSy from 1 January 2022 to 16
June 2022. Here, we analysed demographic, epidemio-
logical, clinical and microbiological data available in
TESSy. Of the reported cases, 77.3% weres years or
younger and 53.5% had a positive test for adenovirus,
10.4% had a positive RT-PCR for SARS-CoV-2 and 10.3%
were coinfected with both pathogens. Cases with
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adenovirus infections were significantly more likely
to be admitted to intensive care or high-dependency
units (OR = 2.11; 95% Cl: 1.18-3.74) and transplanted
(OR = 3.36; 95% Cl: 1.19-9.55) than cases with a nega-
tive test result for adenovirus, but this was no longer
observed when looking at this association separately
between the UK and other countries. Aetiological stud-
ies are needed to ascertain if adenovirus plays a role
in this possible emergence of hepatitis cases in chil-
dren and, if confirmed, the mechanisms that could be
involved.
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Background

Acute hepatitis refers to a rapid onset inflammation
of the liver that can progress to acute liver failure with
significant morbidity and mortality. It may affect pre-
viously healthy individuals and can be due to several
infectious causes, hepatitis A, B and E virus, Epstein-
Barrvirus and cytomegalovirus being some of the more
common, as well as non-infectious causes. In 30-49%
of children with acute hepatitis progressing to liver fail-
ure, the disease aetiology remains unknown, although
this high proportion may be due to the lack of exhaus-
tive diagnostic testing carried out [1-3]. Severe acute
hepatitis and acute liver failure of unknown aetiology
are not under surveillance in most countries, thus
defining a baseline disease incidence is challenging.

Outbreak detection

An unusual number of severe acute hepatitis cases of
unknown aetiology in children was first detected in
Scotland and reported by the United Kingdom (UK) to
the World Health Organization (WHO) on 5 April 2022
[4,5]. Cases reported by the UK were predominantly
between 2 and 5 years-old, otherwise healthy chil-
dren who presented with jaundice, significantly ele-
vated aspartate or alanine transaminases, while being
negative for hepatitis virus A—E [6]. Investigations on
possible biological, environmental, toxicological or
drug-related aetiologies were inconclusive. The major-
ity (68%) of cases in the UK had a concomitant ade-
novirus infection. A recent increase in the community
circulation of adenovirus infections in children younger
than 5 years has also been reported from the UK, which
can, however, be partially explained by an increase in
testing [7]. Adenovirus infection is therefore one of
the main aetiological hypotheses under investigation,
although a causal relationship has not been proven
and additional cofactors are under investigation.

In addition to an increase in hospital admissions for
severe acute hepatitis to specialised liver units in
England [8], emergency inpatient admissions and syn-
dromic surveillance data from emergency departments
compiled by the UK Health Security Agency (UKHSA)
indicated a small rise in relevant diagnoses and emer-
gency room attendances, predominantly in children
aged 1-4 years. However data should be interpreted
with caution because of the absence of data from
before the pandemic and the inclusion of cases with
known causes in some analyses [9]. Surveys under-
taken in clinical centres across Europe in late April
2022 suggested possible increases in the number of
cases or transplants in some centres, but this evidence
is weak and limited by small numbers [10,11]. Further
investigations using hospital discharge data were still
ongoing in June 2022. Following the initial alert from
the UK, the European Centre for Disease Prevention
and Control (ECDC) and the World Health Organisation
(WHO) Regional Office for Europe started joint surveil-
lance of this event in the WHO European Region.

The objective of this analysis is to describe trends and
epidemiological characteristics of cases and identify
possible risk factors and aetiological hypotheses to be
tested with future analytical studies.

Methods

Case definition

We included cases submitted to The European
Surveillance System (TESSy) until 16 June 2022 using
the ECDC/WHO case definition which includes cases 16
years or younger who have presented since 1 October
2021 with an acute hepatitis (non A-E) with aspar-
tate transaminase or alanine transaminase over 500
IU/L. It excludes cases with a known aetiology such as
specific infectious diseases, drug toxicity, metabolic,
hereditary or autoimmune disorders [12]. Because of
differences in national case definitions, where several
countries did not include cases before 1 January 2022,
we restricted the analysis to cases with a date of onset
of first symptoms of the disease (where available), or a
date of hospitalisation, from 1 January to 16 June 2022.
Since, in some cases, gastrointestinal and other symp-
toms can be observed weeks before the acute hepati-
tis is diagnosed, the reporting protocol specified that
the date of onset of symptom that should be reported
referred to the one when the first symptom appeared.

Data collection and analysis

Demographic, epidemiological, clinical and microbio-
logical dataon cases arereported to TESSy. We analysed
case distribution by age and sex. We calculated mean
and median age for cases except those from Northern
Ireland, as they were reported by age group only. We
calculated unadjusted odds ratios (OR) and 95% con-
fidence intervals (Cl) using Firth logistic regression to
assess the associations between age and clinical out-
come and between age and positivity for adenovirus
and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Similarly, we assessed the associations
between positivity for adenovirus or SARS-CoV-2 with
admission to an intensive care unit or high depend-
ency unit (ICU/HDU) and with liver transplantations.
We compared case characteristics between the UK and
other countries in terms of age distribution, prevalence
of adenovirus and SARS-CoV-2 and ICU/HDU admission
using Pearson’s chi-squared test. We also calculated
the OR for the association between positivity to ade-
novirus and reporting country (UK vs other countries),
adjusting by age group to account for different testing
strategies by age. In addition, we calculated the OR to
assess the association between adenovirus positivity
and ICU/HDU admission or transplant separately for UK
and other countries.

Although previous analyses have indicated that the
positivity rate is highest in whole blood [7,13], we ana-
lysed adenovirus PCR positivity combining all sample
types (whole blood, serum, stool and respiratory, and
other/unknown sample type). Percentages of positivity
for adenovirus, SARS-CoV-2 and other pathogens were
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FIGURE 1

Distribution of cases of severe acute hepatitis of unknown
aetiology in children <16 years-old, by onset of first
symptoms or date of hospitalisation®, WHO European
Region, weeks 1-22, 2022 (n = 427)
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WHO: World Health Organization.

2 Where date of onset was not available we used date of
hospitalisation.

calculated, using as denominator the number of cases
tested for each pathogen. The diagnostic method for
pathogens other than adenovirus and SARS-CoV-2 was
not available in TESSy. Percentages are only reported
for pathogens where the test was performed in at least
15% of the cases. For the rest we only present number
of positive cases and total cases tested.

Epidemiological curves were plotted by ISO week based
on the date of onset of first symptoms of the disease
(available for 60.4% of cases) or, when unavailable, on
the date of hospitalisation.

For the country comparison, cases older than 10 years
were excluded since there was a substantial difference
in the proportion of these cases in the UK compared
with other countries (4.2% vs 13.8%).

Data cleaning, preparation and analyses were per-
formed using StataSE 17 (StataCorp, College Station,
United States).

Results

A total of 427 cases were reported by 20 countries.
More than half of the cases (59.0%) occurred between
weeks 9 and 17 of 2022. A decline in the number of
cases was observed from week 18 (Figure 1).

Among cases with at least one test result available for
any pathogen, 62.0% (233/376) were positive for at
least one, although the number of cases tested for spe-
cific pathogens was variable. Adenovirus results from
either whole blood, serum, respiratory, faecal or other/
unknown sample type were available from 325 cases.
Of these, 53.5% (n=174) had at least one sample with
a positive result.

www.eurosurveillance.org

A total of 280 children were tested for SARS-CoV-2
using RT-PCR, of which 10.4% (n=29) were positive.
Results from SARS-CoV-2 serology were available for
47 children, of whom 31 were positive. Of the 117 chil-
dren that were tested for both adenovirus and SARS-
CoV-2, 12 (10.3%) had a coinfection.

Other pathogens were also detected through PCR or
serology, presented here as percentage; cases test-
ing positive/cases tested; the exact technique used
for each sample was not known to us. Cytomegalovirus
(9.0%; 20/223), Epstein-Barr virus (18.7%; 39/209),
herpes simplex virus 1 (2.3%; 3/129), respiratory syncy-
tial virus (4.2%; 5/120), human herpesvirus 6 (24.5%;
26/106), parvovirus (2.1%; 2/97), influenza virus
(3.6%; 3/83), human herpesvirus 7 (34.2%; 25/73),
enterovirus (15.4%; 10/65), varicella-zoster virus
(1/58), Mycoplasma spp. (2/50), rotavirus (2/22), sapo-
virus (3/22), norovirus (1/22), bocavirus (1/9), rhinovi-
rus (9/14), antistreptolysin O titer (1/5). Bacterial PCR
from stool as well as stool bacterial and viral cultures
and throat bacterial cultures were performed in a small
number of cases and detected Escherichia coli o157
(1/3), rotavirus (1/3) and Streptococcus spp. (1/3).

Of 261 cases with complete information about ICU/HDU
admission, 84 (32.2%) were admitted. Of 208 cases
with complete information about transplantation, 18
(8.7%) received a liver transplant and two were on the
waiting list for transplantation.

Analysis by age

As shown in Table 1, children aged o—5 years accounted
for the majority of cases (77.3%, n=330). Children
aged 6-10 years and 11—-16 years accounted for 14.8%
(n=63) and 8.0% (n=34) of cases, respectively. The
mean age of the cases was 4.2 years and median age
was 3 years. Half of the cases were female (52.3%;
201/384) and there was no significant difference in sex
distribution between age groups (p = 0.15).

Adenovirus positivity (Table 1) was highest among
children aged o-5 years (59.8%), with an OR of 2.32
(95% Cl: 1.28-4.21) compared with the age group 6-10
years. Stratifying the analysis by sample type showed
that positivity in whole blood samples was 61.8% in
children aged o-5 years and 32.4% in children aged
6-10 years (OR =3.29; 95% Cl: 1.57-6.90). There was
no significant difference in positivity by age in respira-
tory, faecal or serum samples, although the numbers
were small. There was no statistically significant differ-
ence in overall adenovirus infection by sex. Regarding
SARS-CoV-2 test results, there were no significant dif-
ferences in PCR and serology positivity rate by age

group.

The percentage of cases admitted to ICU/HDU was
36.3% in children aged o-5 years, 21.6% in those aged
6—-10 years and 10.0% in those aged 11 to16 years
(Table 1). Sixteen of the 18 transplanted children were
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TABLE 1

Infection positivity and clinical outcome by age group for cases of hepatitis of unknown aetiology, WHO European Region,
1 January-16 June 2022 (n = 427)

Age group 0-5 years 6—10 years 11-16 years
Number of cases per age group n=330, 77.3% n=63; 14.8% n=34; 8.0%
Outcome n? N® % OR* (95% CI) Ne % a2 N %
Adenovirus (any sample) 152 | 254 | 59.8 2.32 (1.28-4.21) 21 | 54 | 38.9 Ref 1|17 | 5.9 Nc
Adenovirus (whole blood) 110 | 178 | 61.8 3.29 (1.57-6.90) 12 | 37 | 32.4 Ref o | 10 o Nc
SARS-CoV-2 (PCR) 23 | 220 | 10.5 1.30 (0.40-4.24) 3 (41| 73 Ref 3 |19 | 15.8 Nc
ICU/HDU 74 | 204 | 36.3 1.98 (0.88-4.47) 37 | 21.6 Ref 2 | 20 | 10.0 Nc
Transplanted 16 | 151 | 10.6 1.68 (0.42-6.69) 2 37| 5.4 Ref o |20 o Nc

Cl: confidence interval; HDU: high dependency unit; ICU: intensive care unit; Nc: not calculated; OR: odds ratio; Ref: reference; SARS-CoV-2:
severe acute respiratory syndrome coronavirus 2; WHO: World Health Organization.

2 Number of cases with a positive outcome (positive test result, admitted to ICU/HDU or transplanted).
® Total number of cases with complete information on this variable (pathogen or outcome).

¢The OR displayed shows the unadjusted OR of a positive test or of having the outcome in the age group o-5 years compared with the
reference group 6-10. We could not estimate OR for the group 11-16 years because of small numbers.

aged o-5 years but there was no significant difference
by age group in the odds of transplantation (OR = 1.68;
95% Cl: 0.42-6.69).

Outcome by infection status

Cases with a positive adenovirus result were statisti-
cally significantly more likely to be admitted to ICU/
HDU (42.1% vs 25.5%, OR = 2.11; 95% Cl: 1.18-3.74)
and to receive a transplant (16.7% vs 5.3%; OR = 3.36;
95% Cl: 1.19-9.55) than cases without infection (Table
2). All cases with a confirmed adenovirus infection
who required a liver transplant were aged o-5 years.
Only four cases positive for SARS-CoV-2 were admitted
to ICU/HDU and one case required a liver transplant
(Table 2). However, overall SARS-CoV-2 positivity was
low among cases with a known outcome.

Of all cases admitted to ICU/HDU, 26 were positive for
at least two pathogens. Of these, two were positive for
adenovirus and SARS-CoV-2 and 21 for adenovirus and
another pathogen. Among the transplanted cases, five
had a co-infection. One case was positive for adenovi-
rus and SARS-CoV2 and the other four cases were posi-
tive for adenovirus and at least two other pathogens.
However, complete information about testing was not
available for all these cases.

Comparative analysis of cases from the United
Kingdom and other countries in the WHO
European Region

Atotal of 393 cases 10 years and younger were reported,
of whom 63.4% were from the UK. An increase in cases
was observed earlier in the UK than in other countries
(Figure 2).

The cases in the UK were younger than in other coun-
tries (214/249; 85.9% vs 116/144; 80.6% aged o-5
years; p=0.161), although this difference was not
statistically significant. Looking at the information
available on testing for adenovirus infection, 81.1%
(202/249) of cases in the UK and 73.6% (106/144) of

cases in other countries had a test result available from
any sample type. Among cases with a result available,
prevalence of adenovirus infection was 63.6% among
the UK cases compared with 35.3% in other countries
(p¢0.001). When adjusting by age, cases in the UK
were still significantly more likely to have an adenovi-
rus infection than cases reported from other countries
(OR = 3.10; 95% Cl: 1.90-5.07). In the UK, 65.1% of the
cases (162/249) had an adenovirus test result available
from whole blood, compared with 36.8% of cases in
other countries (53/144). The adenovirus positivity rate
in whole blood samples was 63.6% in cases from the
UK and 35.9% in cases from other countries, p<o.001.
When adjusted by age, cases in the UK were still sig-
nificantly more likely to have an adenovirus infection
in whole blood samples than cases reported from other
countries (OR = 3.10; 95% Cl: 1.43—-6.52). There was no
significant difference between the UK and other coun-
tries in the positivity rate for SARS-CoV-2. A statistically
significantly higher proportion of cases from the UK
was admitted to ICU/HDU (52.9%; 74/140) compared
with other European countries (7.9%; 8/101; p<0.001).
When looking at the association between adenovirus
positivity and ICU/HDU admission separately between
UK and other countries, this association was no longer
statistically significant, with an OR of 0.82 (95% Cl:
0.38-1.75) in the UK and an OR of 3.49 (95% Cl: 0.69—
17.62) in other countries. When performing this same
analysis for adenovirus positivity and transplantation,
the OR among UK cases and cases from other countries
were both above 1, but the results were not statistically
significant because of the small number of transplant
cases in our sample.

Outbreak control measures

Following the alert from the UK to the WHO on 5 April
2022, the ECDC together with the WHO Regional Office
for Europe quickly established a case-based surveil-
lance system to enable the reporting of cases to TESSy
from countries within the WHO European Region [12].
The ECDC published a laboratory testing guidance to
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TABLE 2

Outcome by infection positivity for cases of hepatitis of unknown aetiology in the WHO European Region, 2022 (n = 427)

Adenovirus (all samples)

Positive result

Negative result

SARS-CoV-2 (PCR)

Positive result Negative result

OR¢ ORc
N® % n? NP % OR n* NP % n? Nt % OR
(95% CI) (95% CI)
2.11 0.35
ICU/HDU 51 121 42.1 25 98| 25.5 | Ref | 4 | 21 | 19.1 71 | 167 | 42.5 | Ref
(1.18-3.74) (0.12-1.02)
3.36 0.80
Transplant 13 78 16.7 5 (94| 53 | Ref | 1 |15 | 6.7 14 | 119 | 11.8 | Ref
(1.19-9.55) (0.14-4.72)

Cl: confidence interval; HDU: high dependency unit; ICU: intensive care unit; OR: odds ratio; Ref: reference; SARS-CoV-2: severe acute

respiratory syndrome coronavirus 2; WHO: World Health Organization.

2 Number of cases with a given test result that were admitted to ICU/HDU or were transplanted.
® Total cases with complete information on the outcome (ICU/HDU admission and transplantation) among cases with a given result for

adenovirus (all samples) or SARS-CoV-2 (PCR).

¢The OR displayed shows the unadjusted OR of having the outcome among cases testing positive relative to cases testing negative.

advise countries on microbiological investigation of
the cases and provided support around the molecular
characterisation and metagenomic analyses of sus-
pected cases [14]. The WHO has also developed a guid-
ance to provide testing considerations and strategies,
together with a suggested minimum set of variables
to collect and a case reporting form to support stand-
ardised data collection [15-17]. A protocol describing
a standardised process to calculate the baseline of
cases with severe acute hepatitis of unknown aetiol-
ogy using ICD-10 or ICD-9 codes was developed. Work
is ongoing to estimate whether there is an exceedance
of cases compared with this baseline in the European
Union and European Economic Area. Finally, work on
different potential study protocols is underway to iden-
tify the aetiology of the cases reported in this event.

The WHO and ECDC held webinars with countries,
research networks and various Centres for Disease
Control and Public Health Authorities, which were help-
ful in order to facilitate exchange of experiences, cur-
rent knowledge and measures taken.

Discussion

In this paper, we describe the characteristics of 427
cases of severe acute hepatitis of unknown aetiol-
ogy in children in the WHO European Region that were
reported to TESSy with date of onset or date of hos-
pitalisation from 1 January 2022 to 16 June 2022. The
data show an increase in the number of cases start-
ing in week 12, 2022; this increase was seen earlier in
the UK than in other countries in the WHO European
Region. It is uncertain whether this reflects a true dif-
ference in disease incidence or a detection and report-
ing bias as the peak of European cases coincides with
the week of the beginning of the European surveil-
lance (week 17, 2022). Our analysis indicates a possi-
ble decline in cases across the UK and other countries
from week 18, 2022. However, as severe hepatitis can
develop weeks after the onset of the first symptoms
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and as case investigations require several days or
even months to exclude specific causes, there may be
a delay in the reporting and recent trends are challeng-
ing to interpret.

Most of the cases reported were children 5 years or
younger. Our analysis suggests that cases in this age
group had a higher adenovirus positivity, however,
surveillance data of adenovirus circulation shows that
this age group is usually more affected than older
children and adults [4,7]. Children 5 years or younger
also accounted for most of the ICU/HDU admissions
and liver transplantations. These findings may indi-
cate a higher likelihood of severe disease in younger
children, but it is not clear if reported cases across all
ages share the same aetiology. It may also prove dif-
ficult to identify a definite causative agent. Previous
investigations of adult cases with acute liver failure of
unknown origin reported a variety of infectious agents
and several cases of concurrent infections with multi-
ple viruses [18].

The characteristics of the cases differed across coun-
tries. Cases in the UK were more likely to have tested
positive for adenovirus infection and more likely to
have been admitted to ICU/HDU than cases from other
countries. This may be due to differences in surveil-
lance practices, case reporting, hospitalisation or ICU/
HDU admission criteria or differences in adenovirus
assays and testing protocols used. We have attempted
to minimise these possible biases by only including
cases tested for adenovirus and by running separate
analyses for adenovirus test results from any sample
type vs whole blood samples. There may still be dif-
ferences in the assays used that could explain some
of the differences in positivity. However, the differ-
ences between cases in the UK and other countries
might also reflect differences in underlying aetiolo-
gies. Cases outside the UK may represent the baseline
cases of severe acute hepatitis of unknown aetiology
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FIGURE 2

Distribution of cases of severe acute hepatitis of unknown
aetiology in children <10 years-old, by onset of first
symptoms or date of hospitalisation®, United Kingdom
and other WHO European Region countries, weeks 1-22,
2022 (n = 393)
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a2 Where date of onset was not available we used date of
hospitalisation.

affecting a broader age group. The UK has seen both
a sharp increase in adenovirus circulation in children
younger than 5 years starting at the end of 2021, which
can be partially explained by an increase in testing and
an excess of hepatitis cases in the same age group
[4,7]. In the Netherlands, virological data from the
weekly sentinel surveillance system of Dutch medical
microbiological laboratories have shown an increase in
the number of detections of specific adenovirus types
since October 2021 (data not shown). Investigations
into adenovirus circulation and work to determine if
the number of cases reported are above what would
normally be expected are still ongoing across the
European Region.

We observed a correlation between adenovirus positiv-
ity and disease severity, with a statistically significant
association with ICU/HDU admission and liver trans-
plantation. However, this was not statistically signifi-
cant when performing the analysis separately for the
UK and other countries. The fact that an association
was seen in the pooled analysis is probably due to the
fact that cases in the UK were more likely to test posi-
tive for adenovirus because of the ongoing increased
circulation of this virus in the population and also
more likely to be admitted to ICU/HDU. Assuming that
adenovirus is involved in the disease pathogenesis, it
is plausible that younger children had been more sus-
ceptible to adenovirus infections following the reduced
circulation of common respiratory and enteric viruses
during the coronavirus disease (COVID-19) pandemic
restrictions [19,20]. However, awareness of the event
and of the possible role played by adenovirus, or ade-
novirus associated with a co-factor, might have led to a

targeted testing strategy for adenovirus, thus creating
a coincidental and not causal association.

This study has several limitations. Although all coun-
tries were asked to submit data according to the ECDC/
WHO definition, differences remained, particularly in
the selection of diagnostic tests performed to exclude
other possible causes. At the time of reporting, some
children may not have undergone the full diagnostic
screening for other possible causes of hepatitis, or
some diagnostic tests results were still pending. This
may have led to under-reporting or misclassification of
some reported cases. Similarly, the difference in the
proportion of cases older than 10 years between the UK
and other countries may be explained by differences in
case definitions.

Data completeness was low on several variables. This
can be explained by differences in testing practices
and by cases being reported retrospectively, with lim-
ited availability of stored samples for further testing.
Finally, the UK has reported large variations in detec-
tion capabilities of adenovirus assays, thus differences
in positivity between countries may be a reflection of
assay performance [7].

Conclusion

This study provides insights into the characteristics of
children with hepatitis of unknown aetiology, including
significant differences between cases in the UK and
those in other countries, which warrant further investi-
gation. Greater efforts are needed to establish whether
the reported cases are above the baseline incidence
of severe hepatitis of unknown aetiology in children
and to better define this syndrome and standardise
the diagnostic algorithms. A continuous collection of
detailed clinical, microbiological and epidemiological
data on probable cases is therefore important. Well-
designed and coordinated analytical studies are neces-
sary to identify risk factors and the aetiological agents
involved in this syndrome.
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