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Learning Objectives

• What is known so far?
• What do we need to know?





Map of Distribution of “Cases” Across Affected 

Mucke and Zeuzem, J Hep 2022 [in press]



Based on Case Definitions 

Case Definition WHO ECDC Scotland
Confirmed N/A at present A person presenting with an acute 

hepatitis (non hepA-E) with serum 
transaminases >500 IU/l (AST or ALT), 
who is 10 years old and under, since 
1 January 2022

A person presenting with a serum 
transaminases >500 IU/l (AST or ALT) 
without any known cause, who is 10 
years and under or a contact of any 
age of a possible or confirmed case, 
since 1 January 2022

Probable A person presenting with an acute 
hepatitis (non hepA-E*) with serum 
transaminase >500 IU/L (AST or ALT), 
who is 16 years and younger, since 1 
October 2021

A person presenting with an acute 
hepatitis (non hepA-E) with serum 
transaminases >500 IU/l (AST or ALT), 
who is 11 to 16 years old, since 1 
January 2022

A person presenting with jaundice 
without any known cause, who is 10 
years and under or a contact of any 
age of a possible or confirmed case, 
since 1 January 2022

Epi-Linked A person presenting with an acute 
hepatitis (non hepA-E*) of any age 
who is a close contact of a probable 
case, since 1 October 2021.

A person presenting with an acute 
hepatitis (non hepA-E*) of any age 
who is a close contact of a confirmed 
case, since 1 January 2022

As per the Ministry of Health, Ontario is following the WHO’s Case definitions to identify patients.



Known Etiologies
• Infectious

• Hepatotropic Viruses – A to E
• Nonhepatotropic viruses – Adenovirus, Coxsackie, CMV, EBV, enteroviruses, 

parvovirus, SARS-CoV 19 (MIS-C), Herpes viruses (HHV-1,2,6, 7)
• Bacterial, Fungal, Parasitic 

• Non-infectious
• Drug-induced liver injury

• Dose-dependent - acetaminophen
• Non-Dose-Dependent
• Non-prescription, Complementary, Herbal, OTC, etc

• Immunologic/Inflammatory – AIH, HLH, PSC
• Metabolic – Wilson Disease, A1AT deficiency, Tyrosinemia
• Vascular/Ischemic – hypotension/shock, Budd-Chiari, etc
• Miscellaneous – Oncologic*, post-LT specific etiologies

• Indeterminate – complete negative vs incomplete investigations



How does Acute Hepatitis present in children?
• Asymptomatic to PALF
• Concerning – jaundice, scleral icterus, confusion, abdominal distention, 

unexplained bruising  seek medical attention immediately
• Other (common) symptoms – non-specific

• GI symptoms – Vomiting/Nausea, Diarrhea, Loss of Appetite, Abdominal Pain
• Myalgia, Lethargy, not always Fever
• Viral Prodrome including URTI

• 1st Clinician to see
• CBC+ differential, ALT/AST/GGT + fractionate bilirubin
• MUST include an INR



Thus far, no signal for increased PALF-
indeterminate cases or increased need 
for LTx for the indication of PALF
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CDC May 6th Reporting



Order by Chief Medical Officer of Health for Mandatory Reporting of Cases as of 2022/05/03

Given the international concern:

o A person who is 16 years and younger presenting with clinical evidence 
of severe acute hepatitis requiring hospitalization,

AND
o With elevated serum transaminase >500 IU/L (AST or ALT) or 

uncorrectable INR>2.0 

AND
o Excluding hepatitis caused by hepatitis virus (A, B, C, D, E1), 

hepatotropic viruses (HSV, VZV, EBV, CMV), known hepatotoxic drug or 
medication; a genetic, congenital, or metabolic condition; oncologic,
vascular or ischemia related condition; or an exacerbation of chronic 
hepatitis.

• Check Boxes for each of AIH and HLH





Current Hypotheses – UK Health Security Agency

• Adenovirus infection, due to one of:
• Abnormal susceptibility or host response allowing adenovirus infection to progress more frequently to hepatitis (whether 

direct or immunopathological)
• An exceptionally large wave of normal adenovirus infections, causing a very rare or under-recognized complication to 

present more frequently
• Abnormal susceptibility or host response to adenovirus due to priming by a prior infection with SARS-CoV-2 (including 

Omicron restricted) or another infection
• Abnormal susceptibility or host response to adenovirus due to a coinfection with SARS-CoV-2 or another infection
• Abnormal susceptibility or host response to adenovirus due to a toxin, drug or environmental exposure

• A novel variant of adenovirus, with or without a contribution from a cofactor as listed above
• A post-infectious SARS-CoV-2 syndrome (including an Omicron restricted effect)
• A drug, toxin or environmental exposure
• A novel pathogen either acting alone or as a coinfection
• A new variant of SARS-CoV-2

• No evidence of link to SARS-CoV-2 vaccine

UK Health Security Agency. Acute hepatitis: technical briefing. https://www.gov.uk/ government/publications/acute-hepatitis-technical-briefing 



Evidence for 
Adenovirus

• UK case series1

• 126 / 163 cases tested for adenovirus
• 91 (72%) positive; 18/18 serotype 41 F

• Alabama case series2

• all 9 patients positive for adenovirus in blood 
• 5/5 41 F

1. UK Health Security Agency. Acute hepatitis: technical briefing. https://www.gov.uk/ government/publications/acute-hepatitis-technical-briefing 
2. Baker et al. 2022 https://www.cdc.gov/mmwr/volumes/71/wr/mm7118e1.htm



Adenovirus serogroups and serotypes



Evidence for Adenovirus - Summary
• Adenovirus has been found in some but not all children with acute 

severe hepatitis of unknown etiology

• Infection with AdV is very common in children - detected by PCR in up 
to 11% of healthy, asymptomatic children from throat samples  

• Relying on AdV detection by PCR in children (often incidental due to 
persistence and shedding) can falsely attribute AdV as the cause of a 
disease for which the clinician may have no other proper explanation

• Alabama case series: 
• Liver biopsies (n=6) - no viral inclusions observed, no 

immunohistochemical evidence of adenovirus, or no viral particles 
identified by electron microscopy. 



Evidence for SARS-
CoV-2

• UK case series1:
• 132 / 163 cases tested for SARS-CoV-2; 24 (18%) positive. 

• England case series1: 
• 11 / 97 cases (11%) 

• India case series2: 
• 37/37 cases (100%) had infection or evidence of prior infection

• Association between increased # Omicron cases and hepatitis reports3

1. UK Health Security Agency. Acute hepatitis: technical briefing. https://www.gov.uk/ government/publications/acute-hepatitis-technical-briefing 
2. Ratho et al. 2021. https://www.medrxiv.org/content/10.1101/2021.07.23.21260716v7
3. Nishiura et al. 2022. High population burden of Omicron variant (B.1.1.529) is associated with the emergence of severe hepatitis of unknown 

etiology in children. doi: https://doi.org/10.1016/j.ijid.2022.05.028



High Affinity of SARS-CoV-2 to liver 



Multisystem inflammatory syndrome in children with COVID-19

Multisystem inflammatory syndrome in children (MIS-C) is a severe potential complication of COVID-19 
that most frequently occurs among children aged 5–11

• MIS-C is an inflammatory condition that has been associated with SARS-CoV-2 infection

• Symptoms occur 2-6 weeks after acute SARS-CoV-2 infection and may include fever, abdominal pain, 
vomiting, diarrhea, skin rash and other signs of inflammation1

• Demographics:

• Although a rare outcome in Canada, it is severe: nearly all required hospitalization (99%) and over 
one third required admission to the ICU (36%) out of 269 cases reported to PHAC up to October 2, 
20212

o Median age is between 7 to 10 years in literature1 and 6 years old in Canada2

o More common in males (59% of reported cases in Canada)2

1. Striha et al, 2021; 2. Laverty et al, 2021; 3. Fisman et al, 2021





Yonker et al. 2021. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8279585/



• 3 year old female
• Mild COVID-19 infection                      3 weeks later severe hepatitis (ALT 939 U/L, INR 2.0))
• No other MIS-C criteria
• Anti-LKM+  (1:1280) 
• Treated with steroids with good response        



Evidence for SARS-CoV-2 - Summary
• SARS-CoV-2 PCR is often negative at time of hepatitis 

presentation

• When SARS-CoV-2 serology is done, there is often 
evidence of prior infection, but this has not been 
consistently completed / evaluated

• the significance of having evidence of prior infection is unclear 
where seroprevalence is high 

• A post-infectious process is being considered given 
inflammatory conditions are associated with SARS-CoV-2 
(MIS-C)



Broden 2022. Lancet Gastroenterol Hepatol. May 13, 2022 https://doi.org/10.1016/ S2468-1253(22)00166-2



Current Hypotheses – UK Health Security Agency

• Adenovirus infection, due to one of:
• Abnormal susceptibility or host response allowing adenovirus infection to progress more frequently to hepatitis (whether 

direct or immunopathological)
• An exceptionally large wave of normal adenovirus infections, causing a very rare or under-recognized complication to 

present more frequently
• Abnormal susceptibility or host response to adenovirus due to priming by a prior infection with SARS-CoV-2 (including 

Omicron restricted) or another infection
• Abnormal susceptibility or host response to adenovirus due to a coinfection with SARS-CoV-2 or another infection
• Abnormal susceptibility or host response to adenovirus due to a toxin, drug or environmental exposure

• A novel variant of adenovirus, with or without a contribution from a cofactor as listed above
• A post-infectious SARS-CoV-2 syndrome (including an Omicron restricted effect)
• A drug, toxin or environmental exposure
• A novel pathogen either acting alone or as a coinfection
• A new variant of SARS-CoV-2

• No evidence of link to SARS-CoV-2 vaccine

UK Health Security Agency. Acute hepatitis: technical briefing. https://www.gov.uk/ government/publications/acute-hepatitis-technical-briefing 





https://www.publichealthontario.ca/en/Laboratory-Services/Test-Information-Index/Hepatitis-of-Unknown-Origin-in-Children



Moving Forward
• Context

• Initial review of our Oct 1, 2021 to April 30, 2022 – no obvious signal, but detailed 
review is ongoing

• Working together - Ongoing surveillance important 
• PHO, MOH, PHAC

• Communication/Education 

• Open to suggestions about resources to help clinicians/families 
• Sharing resources – SickKids Clinical Pathway
• Collaborations within NASPGHAN, AASLD

• We are always available to chat about potential cases or ideas 




