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Hepatitis in children: aetiology
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Hepatitis in neonates Infectious

Why neonates are immunologically different

Innate Immunity Reliance

Neonatal T cells are skewed towards innate immunity as compared with adult T cells

Limited Immunological Memory

Newborns have little immunological memory and a developing immune system

Distinct T Cell Populations

γδ T cells rapidly expand and functionally develop, serving as a primary defense against pathogens. In 
contrast, αβ T cells, which are more prevalent in adults, show limited development during this period. 

Functional Differences in Immune Cells



Echovirus-11 

Euro Surveill 2023 (June);28:2300253

• 9 severe neonatal infections

• 3–5 days-old

• all were male, eight were twins 

• severe sepsis and liver failure

• fatal neonatal echovirus infections 

• 2022 - 2023: 8/496 (1.6%) 

• 2016 – 2021: 7/1,774(0.4%)



Euro Surveill 2023;28:2300253

• Echovirus-11 detected in blood, 
cerebrospinal fluid, throat, nasopharyngeal 
or rectal swabs, stool, post-mortem 
biopsies or dried blood spots

• Maternal blood samples collected during 
the peripartum period were available for 
4/5 mothers with gastrointestinal 
symptoms or fever during the 3 days before 
delivery

• All were Echovirus-11 positive

Echovirus-11 



Mother to child transmission
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Echovirus-11 

Euro Surveill 2023 Jun;28:2300289

• Echovirus-11 in a pair of twins

• severe and fulminant hepatitis



Echovirus-11 

Euro Surveill 2023 Jun;28:2300289

• The Echovirus-11 genome showed 99% 
nucleotide identity with E11 strains reported in 
the cases in France

• green: sequences from the two neonates
reported Italy

• orange: sequences from neonatal cases
reported in France 





Echovirus-11 

Euro Surveill 2025 (Jan);30:2400822

• August–November 2024

• 3 neonatal cases of acute liver failure with echovirus 11 in Tokyo

• all neonates developed irreversible multiple-organ failure and died



Echovirus-11 

Euro Surveill 2025 (Jan);30:2400822

• The Echovirus-11 strain belonged to the new lineage 1, which was the same as 
strains isolated from neonatal ALF cases in Europe in 2022–23



PALF-SG: aetiology of ALF 

Survived native liver 54%, Transplant 30%               Model: dynamic INR, Bilirubin, encephalopathy 

Squires et al. for NASPGHAN, JPGN 2022



Eur J Pediatr 2011;170:573–581



Andrea
Insufficienza epatica neonatale

 PCR HSV 1 positiva su sangue

 PCR HSV 1 positiva su liquor





2022 Outbreak
of Acute 

Hepatitis of 
Unknown origin

Adeno-associated virus

Adenovirus F41
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HLA DRB1*04:01
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infiltrate in the liver
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hypothesis

Immunological naive
children



• Italian strains belonged to genogroup D5, similarly to other E11 strains recently reported 
in France and Germany all together aggregated into separate clusters

• Echovirus 6 was identified as the major recombinant virus in 3Cpro and 3Dpol regions 

J Med Virol 2024;96:e29658
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Abstract

Echovirus 11 (E11) has gained attent ion owing to its associat ion with severe

neonatal infect ions. Due to the limited data available, the World Health

Organizat ion (WHO) considers public health risk to the general populat ion to be

low. The present study invest igated the genet ic variat ion and molecular

evolut ion of E11 genomes collect ed from May to December 2023. Whole

genome sequencing (WGS) was performed for 16 E11 strains. Phylogenet ic

analysis on WG showed how all Italian st rains belonged to genogroup D5,

similarly to other E11 strains recent ly reported in France and Germany all

together aggregated into separate clusters. A cluster‐specif ic recombinat ion

pattern was also ident if ied using phylogenet ic analysis of dif ferent genome

regions. Echovirus 6 was ident if ied as the major recombinant virus in 3Cpro and

3Dpol regions. The molecular clock analysis revealed that the recombinat ion

event probably occurred in June 2018 (95% HPD interval: Jan 2016–Jan 2020).

Shannon entropy analyses, within P1 region, showed how 11 amino acids

exhibit ed relat ively high entropy. Five of them were exposed on the canyon

region which is responsible for receptor binding with the neonatal Fc receptor.

The present study showed the recombinant origin of a new lineage of E11

associated with severe neonatal infect ions.

K EY W O RD S

Echovirus 11 (E‐11), enteroviruses, hepatit is, neonatal infection, recombinant strain
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Christian, 4 years old

• Fever for 2 days

Day 2

• AST 140 IU/L

• ALT 193 IU/L

• Fever

Day 6

• ALT 7000 IU/L

• INR 2.6

• direct bilirubin 3.9 mg/dL

Unpublished case

24 August 2024
Pediatria Medica A, Meyer IRCCS 

Meyer (8 hours)

• ALT 14.000 IU/L

• INR 3.6

Liver transplant centre
• encephalopathy
• INR 5

Supportive treatment

Plasmapheresis

Echovirus positive blood, CSF, throat



Enterovirus Infectious

Therapeutic options

• Supportive care 

• Intravenous immunoglobulin

• Experimental antiviral agents

• pleconaril (in vitro activity, not available commercially)

• Pocapavir (treatment of chronic poliovirus infection in immunodeficient patients, 
not commercially, compassionate use)

• Preventive measures

American Academy of Pediatrics. Book: 2024 Report of the Committee on Infectious Diseases. 2024



Hepatitis in children: aetiology
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Hepatitis in children: chronic infections
InfectiousWHO updated guidelines

Treat all adults and adolescents (aged ≥12 years) with chronic hepatitis AND:

• Evidence of fibrosis (≥ F2) or cirrhosis (F4) based on
• clinical criteria or 
• APRI score of ≥ 0.5 or 
• transient elastography value of ≥8.3 Kpa*, regardless of HBV DNA or ALT levels

• HBV DNA  >2000 IU/ml and an ALT level above ULN (30 U/L for men and 19 U/L for women)

• Presence of co-infections, family history of liver cancer or cirrhosis, co-morbidities

• Persistently abnormal ALT levels (in absence of access to an HBV DNA assay), regardless of APRI score



• HBV-infected infants < 1 year of age
• persistent elevation of alanine aminotransferase 

• high viral load

J Hepatol 2019;71-871-875

Cumulative rates of HBsAg loss

Month of treatment 3 6 9 12
Group I 39% 67% 78% 83%
Group II 18% 27% 27% 36%



• 306 treatment-naïve immune tolerant children with CHB
• 139 (45.4%)  1–3 years

• 79 (25.8%)  4–6 years 

• 88 (28.6%) 7–17 years

• 285 combination therapy (interferon/peginterferon 

and entecavir)

• age at treatment negatively associated with

• HBsAg loss
• 1–3 years: HR = 5.07, 95% CI = 2.91–8.82; 

• 4–6 years: HR = 2.42, 95% CI = 1.31–4.46) 

• HBeAg clearance
• 1–3 years: HR = 1.73, 95% CI = 1.18–2.53

Aliment Pharmacol Ther 2023;58:866-873

CHB, chronic hepatitis B

866  |   wileyonlinelibrary.com/ journal/ apt Aliment Pharmacol Ther. 2023;58:866–873.© 2023 John Wiley & Sons Ltd.
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Age at treatment initiation predicts response in children with 

chronic hepatitis B
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Summary

Background: Accumulat ing evidence suggests that age has a signif icant impact on 

disease progression and outcome of hepat it is B virus (HBV) infect ion. However, its 

ef fect on treatment response has not yet been fully elucidated.

Aim: To investigate the associations of age at treatment init iat ion with clinical t reat-

ment outcomes in children with chronic hepatit is B (CHB).

Methods: This study included 306 treatment- naïve children with CHB. Part icipants 

were divided into three groups based on the age at which they started ant ivi-

ral t reatment: 1– 3 years, 4– 6 years and 7– 17 years. The primary outcome of this 

study was HBsAg loss; secondary outcomes included HBeAg clearance and DNA 

undetectability.

Results: Of the 306 subjects, 200 (65.4%) were male. Median (IQR) durat ion of fol-

low- up was 26 (17, 42) months. There were 139 (45.4%), 79 (25.8%) and 88 (28.6%) 

of part icipants in the 1– 3 years, 4– 6 years and 7– 17 years groups, respect ively. Af ter 

adjust ing for other covariates, age at treatment init iat ion was negatively associ-

ated with the occurrence of HBsAg loss (1– 3 years: HR = 5.07, 95% CI = 2.91– 8.82; 

4– 6 years: HR = 2.42, 95% CI = 1.31– 4.46) and HBeAg clearance (1– 3 years: HR = 1.73, 

95% CI = 1.18– 2.53). In addit ion, we observed linear dose– responses relationships 

between age at treatment init iat ion and the probabilit y of HBsAg loss and HBeAg 

clearance.

Conclusions: In children with CHB receiving antiviral treatment, HBsAg loss and 

HBeAg clearance were frequently observed. Age at treatment init iat ion can predict 

treatment response, including HBsAg loss and HBeAg clearance.



Hepatitis C in children
Infectious

ESPGHAN updated guidelines

Treat all children (aged ≥3 years) with chronic infection

swallowability assessment is recommended before starting treatment

pangenotypic and genotype-specific DAA are equally recommended

pangenotypic, ribavirin-free and regimens with the shortest treatment duration are 
preferrable when alternatives are available



Hepatitis C in children
Infectious

Farmaci prescrivibili tramite portale AIFA >12 anni

Glecaprevir/pibrentasvir disponibile per <12 anni di età





Hepatitis in children: chronic infections
Infectious

Results of the retrospective study of the SIGENP

248 children

HBeAg+
• 209

• (83,8%) 

HBeAg+
• 129

• (52,01%)

baseline End of FU
6%

94%

TRATTATI NON TRATTATI

n 14

Indolfi G, unpublished



Conclusions

Challenges

• Complexity of the paediatric age

• clinical

• aetiological 

• epidemiological


