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Hepatitis in children: aetiology
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Hepatitis iIn neonates | |

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

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

Functional Differences in Immune Cells
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Severe and fatal neonatal infections linked to a new . s
Euro Surveill 2023 (June);28:2300253

variant of echovirus 11, France, July 2022 to April 2023

Echovirus-11 1 t
'

* g severe neonatal infections * severe sepsis and liver failure
* 3—5 days-old « fatal neonatal echovirus infections

* all were male, eight were twins * 2022 -2023: 8/496 (1.6%)
* 2016 —2021: 7/1,774(0.4%)

TABLE 1
Clinical characteristics of enterovirus-associated severe neonatal infections of male neonates with acute liver failure and multivisceral failure, France, 2022-2023 (n = 9)

Maternal EV
infection (days Treatment Dialysis

Gestation
length

Patient Date of Mode of  Birth weight (e at il

(g) symptoms

Specimen  Age at diagnosis of Maternal EV

Age at death

number (weeksi+days) birth delivery (days) type EV infection (days) infection o i) [CEVD)
12 39+0 2’3;3 Vaginal 3,480 [ CSF 5 Yes (o] Pocapavir D7-D21 1VIg D5 Yes 34
2 Dec . 2,400 Blood N IVig D7, D8 Yes 19
35+4 Caesarian 5 5 Yes -3
3 2022 2,650 Blood IVig D7, D8 Yes 40
Oct 1,805 Blood No No 7
C .
1+ Vaginal - 6 NA NA
5 31+5 2022 g 2,320 5 Pos.t mqrtem No No 6
biopsies
6 ) 2,600 CSF IVIg D4 No 5
36+3 Jul 2022 | Vaginal 3 3 Yes -3b
7 2,860 CSF IVIig D3, D4 No 5
8 Mar . 2,375 CSF . Pocapavir D8-D23 IVIg D18, 19 No NA
34+0 Vaginal 4 8 Yes -1 -
9 2023 1,970 CSF Pocapavir D8-D23 IVIg D18, 19 No NA
CSF: cerebrospinal fluid; IVIg: polyvalent intravenous immunoglobulins; NA: not applicable. K »
. LR k%, | UNIVERSITA
2 From a singleton pregnancy. 4.1 ) 7 2 | DEGLI STUDI
® Days before delivery. Meyer qf@ ‘\g FIRENZE
1SN




Severe and fatal neonatal infections linked to a new . o
Euro Surveill 2023;28:2300253

variant of echovirus 11, France, July 2022 to April 2023

France 2022;2023

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

zzzzzzzzzz
China 2018; 2019

* 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
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* All were Echovirus-11 positive ==

MEGA: molecular evolutionary genetics analysis.
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Mother to child transmission

DNA Viruses
Hepatitis B Virus
Cytomegalovirus
Herpes Simplex Virus
Varicella-Zoster Virus

Human Parvovirus Big

RNA Viruses
HIV

Hepatitis C Virus
Zika Virus
Rubella Virus
Dengue Virus
SARS-CoV-2

Chikungunya Virus
Lassa Virus

HTLVa

Measles Virus
Ebola Virus




Fulminant echovirus 11 hepatitis in male non-identical

Euro Surveill 2023 Jun;28:2300289

o

twins in northern Italy, April 2023

Echovirus-11

* Echovirus-11 in a pair of twins

* severe and fulminant hepatitis

Laboratory test P1 P2 Reference range
Aspartate transaminase (mU/mL) 294 2,740 11.0-39.0
Alanine transaminase (mU/mL) 291 11,925 11.0—34.0
Gamma-GT (mU/mL) 191 202 11.0-53.0
Creatinine (mg/dL) 0.39 0.46 0.30-0.70
Total bilirubin (mg/dL) 2.11 11.28 0.2-1.1
Direct bilirubin (mg/dL) Not available 2.73 0.00-0.25
Plasma prothrombin (%) 94.00 Undetectable 70.00-120.00
Thromboplastin time (s) 42.90 Undetectable 20.00-32.00
Fibrinogen (mg/dL) 374 Undetectable 170410
International normalised ratio 1.03 Unmeasurable 0.90-1.20
Hepatic cholinesterase (mU/mL) 5,656 2,986 5,300-12,900
Plasma ammonium (pg/dL) 160 192 19.0-94.0
Ferritin (ng/mL) 2,542 124,801 8-398 7
L] 7 N BRI
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Fulminant echovirus 11 hepatitis in male non-identical .
Euro Surveill 2023 Jun;28:2300289

twins in northern Italy, April 2023

G Lineage 1
@ 0qs28001

Echovirus-11

a2z

0agssa71 FRA
MKGS2137 Echovirus E11 stain USA/2018-23090

100 00842426 Echovirus 1 solate E11/USA/1INS/2014
00842425 Echovirus EL1 isolate E11/USA/11M5/201
Echovirus €11 3

* The Echovirus-11 genome showed 99% _
nucleotide identity with E11 strains reported in =
the casesin France

MN729159 Echovins 11 strain 1051
MZ597838 Echovirus EL1 olate 50 P25
M2597839 Echovirus E11 olte 50 P3 S
MZ557840 Echovirus E11 olste Pt L

26 Echovirus £11 olae 50 VR Echot
ovius 21 solate 2017-122.02
MNSA1021 Echovirus ELL stai £-11/SWGS3/SD/CHN/2015
12451037 Echovirus L1 strin EL1/World3/China/ 2018

s €11

MINSA1020 Echovius ELLstrain E-L1/SWGS2/SD/CHN/2018
MINS97526 Echovirs EL1 olate HIMDI241.GD-CHN 2018

z

100

o
N353 it 53 et AP35 GOCH 2017
—
[ WNs979% Echorus 11 ol sewsge103 /GO GZCHNZ01S
0510575 G o 13 xOR0HEL il e
1 ot evage1s 2
1222969 et 53 e St R AN/ 2015
oS8 vezzs0s cnovus e e suap w2015
22551 e 13 e Swal 010 E/CA 2013
V22960 o 11t w140 EICHN/Z015
2220555 e 51 e w40 CH 2019
WNSS7557 o 1 olte Sevagel35-12/CDGZICHN201S
5610 Eenous €1 e 3/GECHN201S
00 MWos3s1aEcowrus 11 st 0/Ge/CN/Z025

MNS97942 Echovirs E11 olte SY3L5/GO/CHN/2019
[Ety—

* green: sequences from the two neonates
reported Italy

INS97954 Echovirus ELL solte Sewage6-1-1/GDGZ/CHN/2018

9 MWaB3611 Echovirus ELL isolae 02/G7¢

2389233 Echovirus E11stran E11/Spain LCRI059/2015

00— LTS0S Echovis €11 i € 1/SWSSS/S0/CHN 2018
s 11
L tnazssan coverovius B straimechod

100 11
L 0q791552 Echovirus E11 isolate E1L/USA/1144/2013

* orange: sequences from neonatal cases
reported in France
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Disease Outbreak News

Enterovirus-Echovirus 11
Infection - the European Region

7 July 2023

Situation at a glance See all DONs related to this event >

Since the Disease Outbreak News published on 31 May 2023 which reported enterovirus, Echovirus 11 (E-11)

infection in France, additional Member States in the European Region have notified WHO of cases of E-11

among newborns. As of 26 June 2023, Croatia, Italy, Spain, Sweden, and the United Kingdom of Great Britain Read more about >
and Northern Ireland have reported cases of E-11 infection confirmed in newborns. Further investigations and

public health responses are being implemented in each of these Member States. This Disease Outbreak News

provides updates on the event and the public health response implemented in the reporting and non-

reporting countries in the European Region. Based on the limited information available, WHO assesses the

public health risk for the general population to be low, while we continue to encourage countries to monitor

for and report on cases. Health facilities caring for newborns should familiarize themselves with the signs and

symptoms of echovirus and maintain vigilance for potential healthcare-associated infections and outbreaks.

Description of the situation

On 5 May 2023, France reported an increase in cases of severe neonatal sepsis associated with Enterovirus
(Echovirus-11 (E-11)). A total of nine cases of neonatal sepsis with hepatic impairment and multi-organ failure
with seven deaths were reported between July 2022 and April 2023 from four hospitals in three regions of
France.

As of 26 June 2023, Croatia reported one confirmed case of E-11 infection from a cluster of enterovirus
diseases in neonates detected in June 2023, Italy has reported seven cases of E-11 infection confirmed in
neonates between April and June 2023, Spain reported two cases of E-11 infection in 2023, Sweden reported
five E-11 cases with four cases of meningoencephalitis among infants due to E-11 infection between 2022 and
15 June 2023, and the United Kingdom of Great Britain and Northern Ireland (the UK) reported two cases in

UNIVERSITA
March 2023.
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Neonatal acute liver failure cases with echovirus 11 .
Euro Surveill 2025 (Jan);30:2400822

'

infections, Japan, August to November 2024

Echovirus-11

* August—November 2024
* 3 neonatal cases of acute liver failure with echovirus 11 in Tokyo

* all neonates developed irreversible multiple-organ failure and died

Characteristics Case 1 Case 2 Case 3
Clinical background

Month of onset in 2024 August August November
Age at onset (days) 7 8 8
Gestational age (weeks +days) 38+3 37+0 37+4
Birth weight (g) 2,674 2,454 2,300

Sex Male Male Male
Delivery Normal vaginal delivery Caesarean section Caesarean section
Sick contacts Father (fever) None None
Diagnosis ALF, HLH, Torsades de pointes, renal failure ALF, HLH, renal failure ALF, renal failure
Known underlying diseases None None None
Outcome Died Died Died
Laboratory results

Serum PCR? EV EV EV

EV genotype Echovirus 11 Echovirus 11 Echovirus 11
(GenBank accession number) (LC849101) (LC855180) (LC855181)
FilmArray respiratory panel® Not performed HRV/EV HRV/EV
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Neonatal acute liver failure cases with echovirus 11 .
Euro Surveill 2025 (Jan);30:2400822

'

y

* 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

infections, Japan, August to November 2024

Echovirus-11
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PALF-SG: aetiology of ALF

Etiology of 1144 PALFSG Children
A

1.3% 6.3%

—

e m Indeterminate
WAPAP
B AutoAb(+)/Autoimmune
3.0% ®Viral
# Non-APAP Drug
nGALD
Shock/ischemia
HLH
= Other Metabolic
= Wilson
® Mitochondrial
1 Galactosemia
0 Other

R

Survived native liver 54%, Transplant 30% Model

Squires et al. for NASPGHAN, JPGN 2022
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Neonatal liver failure: aetiologies and management—state
of the art

Aetiology and outcome of NLF (n = 60) at
King's College Hospital, London.

6
¢ ANTAIANIMN e @2)

Enterovirus (2)
Galactosemia (4)
Haem. Malignancy (8)
Inderminate (3)
Hypoxic/ Ischaemic (3)

Others (5)

T
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[ Alive with liver Tx & Died after liver Tx

B3 Alive with native liver [M Died without liver Tx

Tx - transplant
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Eur J Pediatr 2011;170:573-581

Death without transplantation
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A Case Series of Children with Acute
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News & views

Medical research

Teells,
robe of AAVZ in acute hepatits.

Childhood hepatitis
outbreak under scrutiny

Frank Tacke

In the also fromthe United
Kingdom, Morfopoubou et al? report high
levels of AAV2 In 27 of 28 affected children,
and only low levels of AAVZ In a control
group, whlchlncludedlmnmn:cnmpmmlsed

nwhohadac
causes, andc
o had faver. The

hat the disease

Since 2022, more than 1,000 cases of childhood hepatitis
with no known cause have been reported. The discovery of
adeno-associated virus 2 in the blood and livers of such children

might provide an explanation.

was not due to direct damage to hepatocytes
(known as hepatumxlcny} caused by AAVZ
alone. levels:
herp {HHY

ted Inthe
Ilwnn most cases, the authors speculate that
able AAV2

leading

Paediatricians first began to report a con-
ceming wave of acute severe hepatitls — a

Intheliver, but not
DllhenlsLDfdwpmpers Hcemr.‘repun

disease involving liver —n

liver samples
from 26 (81%; 'nﬂ affectedc

«children In spring 2022, This sp cases,
which now numbers more than 1000 (see
go.nature.com/42dpfv4), had no known

United Kingdom. By contrast, the research-
ers detected only low AAV2 levels In 5 (7%}
of 74 members of acontrol

cause, unllke most cases of
tis. The cases were often serious, with 7.3% of

Genomicinvestigations of unexplained
acute hepatitisin children
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Adeno-associated virus type 2in US children
with acute severe hepatitis
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venice Servellita*, Alicla Sotomayor Gonzalez ™, Daryl M. Lamson™, Ablodun Foresythe’,

Writing In Narure, three groups now inde-
pendently jprovide evidence that infection by

of healthy children, childrenwho had HADV
infection butnot hepatis, or children who
had other diseases or ather forms of acute
hepatitis. The authors found that 93% of the

lated virus 2(AAVZ his
wave’ . Thelr rkdebate, and

affected group d a gene variant that

p an

to
lls called T cells.

Two previous analyses® of this wave of

th (HAdV),

Liver blopsles were available for five Infected

In the third paper, Servelllta eral.* report.
similar findings from the United States. They
detect AAV2 In 130f 14 cases, compared with
only 4 of 113 controls. All 14 cases also tested
jpositive for HAV. In the 13 children Infected
with AAVZ, the authors found co-Infection
with a ‘helper’ virus that might promote
AAVZreplication — elther Epstein-Barr virus
{EBV)or HHV-6. Thus, most of the cases had a
tripleinfection (AAV2, HAdV and either EBV or
HHV-6). The fact that these authors examined
only children who were Infected with HAdV
‘might explain why they detected more con-
comitant viral infections than did the other
groups.

children. Analysis using a

the HAdV-F41 straln. However, this result
has puzrzled cliniclans because alﬂlmgh
duced

nomenon. it Is rane and usually restricted to

approach ( ) revealed AAVZ In

of AAV2 in children with unexplained acute

swollen lvercells ytes)

people
systems. Moreomel the studles Identifled
various HAJV strains, even in children from

H—
outbreaks. Furthermore, adenovinus-induced
hepatitis Is characterized by virus-derived
structures, called Inclusions, In the nucleus

cted

in the current outbreak”.

Controversy therefore remained around
whether the outhreak was caused by HAdV
oranother virus. The previous studies identi-
fled HAAV using targeted genetic-sequencing
approaches. By contrast, the cu rlemstud)es

o Zoo
Numbar cf casas

hepatitis. That place on two
mature of the autbreak (Fig. 1) However, anote
of cautlon ks needed — these studies were all
gobd-standard prospective trials, Inwhich sub-
Jects are sebectad for study, with data being
subsequently collected over time. The case
numbers . and

of liver samples even smaller. The studies
report limited clinical information (such as
ethnicbackground, whether the children were
‘born by caesarean section and whether they
could have been exposed toviruses during
day care), which kneeded to reveal potenttal
factors or co-factors In disease development.
Suchdata would be essentlal to exclude the

Asof July 2022, 35 countries had reparted cases af

AdvZisa
Direct evidence for huvtA.A\'I might cause
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Involved

‘genetic
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Immunological naive
children

Increased expression of
cytokines and
pathways

CD4+ and CD8+
infiltrate in the liver

HLA DRB1*04:01

2022 Outbreak
of Acute

Hepatitis of
Unknown origin

Adenovirus F4a

Adeno-associated virus

Exposure to SARS-

CoV-2 Superantigen
hypothesis




Molecular characterization of emerging Echovirus 11 (E11) J Med Virol 2024;96:29658
shed light on the recombinant origin of a variant associated
with severe hepatitis in neonates

* Italian strains belonged to genogroup Dg, 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

(A) 100-
96
925 B) 100: 0Q969171 Echovirus E11 strain PMB 23000511:’ zzzzzzzzzz -
88" 95 W w
84 - 90
80 85
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24 August 2024

C h ri St i a n’ 4 yea r's O I d Pediatria Medica A, Meyer IRCCS

* Fever for 2 days

ALT 14.000 IU/L
INR 3.6

* AST 140 IU/L
* ALT 193 IU/L

* Fever
* encephalopathy
* ALT 7000 IU/L * INR5
* INR 2.6 Supportive treatment
e direct bilirubin 3.9 mg/dL Plasmapheresis

Echovirus positive blood, CSF, throat

Unpublished case Meyer




Enterovirus [ }

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

SHE, | UNIVERSITA
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Hepatitis in children: aetiology

Syndromic Autoimmune

Haematological

Baby / Infant

Metabolic /
endocrine

Haematological Autoimmune Idiopathic
Older child
Idiopathic Drug / toxin Meta}bollc/ Genetic
Wilson
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Hepatitis in children: chronic infections

.

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

Evidence of fibrosis (= F2) or cirrhosis (F4) based on
 clinical criteria or
* APRIscore of = 0.5o0r
* 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

SHE, | UNIVERSITA
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Meyer il | FIRENZE



Early initiation of antiviral therapy contributes to a rapid
and significant loss of serum HBsAg in infantile-onset hepatitis B

Shishu Zhu', Yi Dong', Limin Wang', Weiwei Liu?, Pan Zhao'~>"*

* HBV-infected infants < 1 year of age

* persistent elevation of alanine aminotransferase

* high viral load

Hepatitis B virus-infected infants (<1 year old) with elevated

Long-term
follow-up

alanine aminotransferase and high viral DNA levels

Group |

Group Il

‘

N

Infants were aged <1 year when
antiviral treatment was initiated

Infants were aged >1 year when
antiviral treatment was initiated

l

1

Lamivudine (LAM) monotherapy

Interferon (IFN) monotherapy

Addition of IFN if
HBsAg was still
positive after 1

year of age

Stoppage of therapy in case of HBsAg

Clinical monitoring
every 3 months

Addition of LAM if
serum HBV DNA

|| declined <2log,, after

3-month treatment

seroconversion with undetectable HBV DNA

Rates of HBsAg loss at month 12 of treatment
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Age at treatment initiation predicts response in children with

chronic hepatitis B Aliment Pharmacol Ther 2023;58:866-873
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* 306 treatment-naive immune tolerant children withCHB
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» 88 (28.6%) 7—17 years oo 56.1%
* 285 combination therapy (interferon/peginterferon 00 . o
and entecavir) A
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* 1-3years:HR=1.73,95% Cl =1.18-2.53
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Hepatitis C in children

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

Meyer



Hepatitis C in children

Farmaci prescrivibili tramite portale AIFA >12 anni

Glecaprevir/pibrentasvir disponibile per <12 anni di eta
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Abstract

Hepatitis C virus (HCV) infection is a major cause of chronic liver disease
worldwide, with more than three million viraemic adolescents and children.
Treatment of adults with HCV infection and HCV-related liver disease has
advanced considerably thanks to development and improvements in therapy.
Direct-acting antiviral regimens are safe and effective. Three regimens with
pangenotypic activity (glecaprevir/pibrentasvir, sofosbuvir/velpatasvir and
sofosbuvir/velpatasvir/voxilaprevir) and three regimens with genotype-specific
activity (sofosbuvir/ribavirin, sofosbuvir/ledipasvir and elbasvir/grazoprevir)
have been approved with age-specific limitation for treatment of children with
chronic hepatitis C by the European Medicines Agency and the United States
Food and Drug Administration. The World Health Organization has set the
ambitious target to eliminate hepatitis C as a major public health threat by 2030
and based its actions against HCV on the large use of direct acting antivirals.
These updated European Society for Pediatric Gastroenterology, Hepatology
and Nutrition recommendations on treatment of hepatitis C describe the
optimal therapeutic management of adolescents and children with HCV
infection including specific indications for those living in resource-limited
settings.

Disclaimer: The Hepatology Committee of the ESPGHAN: Benno Kohimaier, Emer Fitzpatrick, Emmanuel Gonzales, Norman Junge, Sarah Mancell, Yael Mozer-
Glassberg, Tudor Pop, Marianne Samyn, Xavier Stephenne, Aglaia Zellos. Please note that all the members of the Hepatology Committe of the ESPGHAN should
be acknowledged as authors of the paper and indexed in Pubmed and other search engines.

© 2024 European Society for Pediatric Gastroenterology, Hepatology, and Nutrition and North American Society for Pediatric Gastroenterology, Hepatology, and

Nutrition.
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Hepatitis in children: chronic infections

Results of the retrospective study of the SIGENP

248 children n 14
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Conclusions

* Complexity of the paediatric age
* clinical
* aetiological
* epidemiological
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