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Acute Hepatitis of Unknown Origin: 
the Outbreak
WHO/ECDC Surveillance Summary (25 November 2022)

- 572 cases of acute hepatitis of unknown aetiology reported by 22 countries

- 100 (27% of 371 cases with available information) admitted to ICU

- 24 (7.5% of 320 cases with available information) received liver transplant

- 7 (1.7% of 405 cases with available information) died

US CDC (17 August)

- 358 patients under investigation

- 22 (6%) received liver transplant

- 13 (4%) died

WHO (12 July)

- 1010 cases from 35 countries in five WHO Regions 

- 46 (5%) received liver transplant

- 22 (2%) died



Definitions

Acute hepatitis

inflammation of the liver biochemically characterized by the steep rise of aspartate 
aminotransferase(AST) and alanine aminotransferase (ALT)

Acute hepatitis of unknown aetiology 

is a diagnosis of exclusion where known viruses (including but not limited to hepatitis A 
to E) and other aetiologies such as autoimmune, toxic and metabolic diseases have 
been excluded

Acute liver failure

INR ≥ 1.5 in encephalopathic patients or INR ≥ 2.0 in non-encephalopathic patients with 
no known evidence of chronic liver disease not improving on parenteral administration 
with vitamin K



Acute Hepatitis of Unknown Origin and ALF

• In children presenting with acute liver failure acute hepatitis 
of unknown origin is responsible for 45-50% of the cases

• Acute hepatitis of unknown aetiology can be associated with 
a high mortality and needs urgent referral to a specialist 
service with access to liver transplantation



WHO/ECDC Case definition hepatitis of 
unknown origin
Probable

A person presenting with an 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, 
since 1 October 2021.

Epi-linked 

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.

Discarded

A subject previously classified as case, that following further investigations did not meet the 
case definition criteria.

*Cases of hepatitis with known aetiology such those due to specific infectious diseases, drug toxicity, metabolic 
hereditary, or autoimmune disorders should not be reported under this protocol



Epidemic curve by date of onset of symptoms or date of 
hospitalisation, reported from countries in the WHO European 
region as of 24 November, 2022

Source: Cases reported from countries in the WHO European region according to the WHO/ECDC case definition to the ECDC European Monitoring System (TESSy)*. Note that the 
UK local case definition includes only cases younger than 16 which means cases aged 16 are unlikely to be reported to TESSy from the UK



Source: Cases reported from countries in the WHO European region according to the WHO/ECDC case definition to the ECDC European Monitoring System (TESSy)*. Note that the 
UK local case definition includes only cases younger than 16 which means cases aged 16 are unlikely to be reported to TESSy from the UK

Epidemic curve by country in WHO European region, as of 24 
November 2022



Source: Cases reported from countries in the WHO European region according to the WHO/ECDC case definition to the ECDC European Monitoring System (TESSy)*. Note that the 

UK local case definition includes only cases younger than 16 which means cases aged 16 are unlikely to be reported to TESSy from the UK

Epidemic curve by area, as of 24 November 2022



Source: Cases reported from countries in the WHO European region according to the WHO/ECDC case definition to the ECDC European Monitoring System (TESSy)*. Note that the 

UK local case definition includes only cases younger than 16 which means cases aged 16 are unlikely to be reported to TESSy from the UK

Number of cases by age in years, reported from countries in 
the WHO European region as of 24 November, 2022

The majority (75.5%) of cases are 5 years old or younger



• 9 children

• age median 3.9 years

Before admission

• diarrhoea and vomiting  (4/4)

At admission

• jaundice (8/9)

• abdominal pain (7/9) 

• nausea and malaise (6/9)

• fever not reported

• transaminases > 2,000 IU/L

Euro Surveill 2022;27:2200318

Age «predominantly» < 5 years

144 cases

• jaundice 68.8%

• vomiting 57.6%

At presentation 

• diarrhoea 43.1%

• nausea 25.7%

• abdominal pain 36.1%

• lethargy 48.6%

• fever 28.5%

• respiratory symptoms 18.1%

Update July 2022



• October 1, 2021, and February 28, 2022

• 15 children with acute hepatitis

• 6 (40%) hepatitis with an identified cause 

• 9 (60%) hepatitis without a known cause

• 8 (89%) tested positive for human adenovirus

• median age 2 years 11 months (range, 1 - 6 years)

• before admission

• diarrhoea (6/9) and vomiting (7/9)

• upper respiratory symptoms (3/9)

• 3 acute liver failure (2 transplanted)

• The median human adenovirus viral load at 
admission was lower among patients without acute 
liver failure than among those with acute liver 
failure (9262.5 vs. 55,340 copies per milliliter)

N Engl J Med 2022;387:620-630



N Engl J Med 2022;387:611-619

• January 1 - April 11 2022

• 44 children < 10 years of age (median 4; range, 1 to 7)

• the children came to medical attention because of jaundice

• other features were present at a median of 3 days 

(range, 0 to 42) before the onset of jaundice

• 27/30 (90%) tested positive (PCR) for human adenovirus

• median viral load 2733 copies/mL in the 22 children who did not 
undergo transplantation versus 20,772 copies/mL in the 5 who did 
undergo transplantation

• 6 fulminant liver failure received a liver transplant



N Engl J Med 2022;387:611-619



Histopatology

Alabama 
• 6 liver biopsies 
• various degrees of hepatitis
• no viral inclusions, immunohistochemical 

evidence of adenovirus, or viral particles by 
electron microscopy 

Birmingham
• 6 explanted livers and 3 liverbiopsy 

specimens
• distorted architecture
• mild to diffuse inflammation
• Appropriately sized bile ducts 
• hepatocyte ballooning, canalicular 

cholestasis, and scattered apoptotic bodies

UK Health Security Agency
• 6 explanted livers, 8 biopsies
• non specific pattern (from mild hepatocellular injury 

to massive necrosis)
• adenovirus immunohistochemistry in the 

intrasinusoidal lumen (and not in hepatocytes) in 
9/14

King’s (Intensive Care Unit Patients)
• 6 explanted livers
• adenovirus immunostaining negative (6/6)
• portal and perisinusoidal fibrosis (2/6)
• inflammation and necrosis (various degree: 

moderate, moderate severe)



Aetiology

• temporal and geographical clustering

• non specific prodromal signs and symptoms

UK Health Security Agency update 28 July; 
US-CDC Technical report update 17 Aug
www.ecdc.europa.eu/en/hepatitis/joint-weekly-hepatitis-unknown-origin-
children-surveillance-bulletin update 30 Sept

SARS-CoV-2 PCR

• 34/196 (17%) UK

• 39/378 (10.3%) WHO/ECDC

SARS-CoV-2 Serology

• 68/108 (63%) WHO/ECDC
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http://www.ecdc.europa.eu/en/hepatitis/joint-weekly-hepatitis-unknown-origin-children-surveillance-bulletin


Comparison of data UK vs other countries in 
WHO European region, as of 16 June 2022

UK

Other 

European 

countries

P-value

Age 0-5 years 85.9% 80.6% 0.16

ICU/HDU admission 53% 8% <0.001

Adenovirus infection (all samples) 63.6% 35.3% p < 0.001

Euro Surveill 2022 Aug;27(31):2200483



Pathogenesis

Exposure

1. Do some children, due to age or other factors, exhibit an atypical response to their first adenovirus (or other viral) 
infection, which results in hepatitis?

Return to regular activities may have resulted in a larger than usual number of first infections, and at an older 
age than usual

”Pathogen –specific/immune related”

2. Is acute hepatitis in children due to a combination of persistent or prior infection with SARS-CoV-2 (or other viruses) and 
adenovirus, causing an autoimmune phenomenon or superantigen reaction?

Prevalence of an active SARS-CoV-2 infection is ~10% among persons under investigations for whom data is available, 
and up to 1/3 report history of prior COVID-19 infection. 

“Multifactorial”

2. Are multiple factors contributing to the illnesses seen among reported persons under investigations, as opposed 
to one primary driver?

30–50% of liver failure in children is idiopathic; there are multiple known and unknown pathways to acute liver 
failure in children.



Exposures

Ho A, NEJM 2023, in press



The Glasgow study

Metagenomic and target enrichment sequencing and real-time PCR on all samples

• plasma (n=9), liver biopsies (n=4), throat swabs (n=6), faecal samples (n=7) and a 
rectal swab (n=1), obtained between 7 to 80 days from initial symptom onset 

The most frequently detected viral genomes

• Adeno-associated virus-2 (AAV2) in 9/9 patients and in NONE of the 12 controls 
(adenovirus + but no hepatitis)

• Adenovirus-F41 or -C  in 6/9 patients – low reads

• HHV6-B at low level in the liver biopsy samples of 2/4 and 3/4 but in 0/9 in plasma

• 6/9 (67%) of the children displayed evidence of prior exposure to SARS-CoV-2

Ho A, NEJM 2023, in press



The Glasgow study

HLA typing

• allele  positivity in the nine cases plus an additional 11 ISARIC CCP-UK study patients

• compared to 64 Scottish platelet apheresis donor controls

DRB1*04:01 is the primary HLA associated allele

• In patients the frequency was 0.50 vs 0.078 in local controls 

• In 599,410 British/Irish North-West European (BINWE)  on the Anthony Nolan register, the frequency of 

DRB1*04:01 is 0.114.10 

• Of the nine patients: 8/9 carried the HLA-DRB1*04:01 and 1/9 carried the DRB1*04:07 

T helper cell-mediated pathological response triggered  by exposure to adenovirus and/or AAV2 
infection 

Adenovirus related pathology and AAV2 a biomarker of adenovirus infection

SARS-CoV-2 related post infectious pathology
Ho A, NEJM 2023, in press



The London study

Morfopoulou, NEJM 2023, in press



The London study

Extensive investigation of 28 cases and 136 control subjects

• Adeno-associated virus-2 (AAV2) present in 94% (16/17) of cases (high viral 
loads in 91%)

• AAV2 was present less commonly and at much lower titres in controls (6% of 
100 immunocompetent and 31% of 32 immunosuppressed controls)

• No evidence by electron microscopy, immunohistochemistry or proteomics of 
adenovirus or AAV2 viral particles or proteins in explanted livers

Morfopoulou, NEJM 2023, in press



The London study

• Adeno-associated virus-2 (AAV2) at high titre in blood or liver tissue, a 
biomarker for cases of unexplained hepatitis? 

• Adenovirus-F41 a necessary but not sufficient for development of the 
unexplained hepatitis

• Hepatic pathology is not due to direct lytic infection by either virus

• High expression of Class II HLA alleles in transplanted cases; increased genetic 
risk 

Adenovirus-F41 outbreaks that followed lifting of restrictions may also have 
resulted in AAV2 infection, with either or both viruses triggering an immune-

mediated hepatitis in genetically susceptible children

Morfopoulou, NEJM 2023, in press



Brodin, Lancet Gastroenterol Hepatol 2022

Immune-mediated liver damage



Lessons Learned.. 

• In the winters of 1921–1922, sporadic cases of hepatitis were recorded in 
children from various US states, with jaundice raising the alarm for liver 
disease

• Sanitary supervisor Huntington Williams described an increase in such cases in 
New York State in young children

• 700 cases with fever, anorexia, nausea, vomiting, abdominal pain, 
constipation, clay-coloured stools and bile-stained urine lasting 3 days to 1 
week, followed by a decrease of abdominal symptoms and onset of jaundice 
that resolved over several weeks 

• 5/700 had ALF and died..

Huntington W JAMA 1923 , Kelly and Stamataki 2022



Conclusions

• The new cases of acute hepatitis and acute liver failure of unknown origin are not 
a new clinical phenotype

• The temporal and geographical clustering suggests a possible epidemiological 
phenotype

• Adenovirus and adeno-associated virus could have a role in the pathogenesis of 
the disease but still a cause-effect correlation should be demonstrated



J Pediatr Gastroenterol Nutr 2022;75:543-548


