Immune pathology in paediatric acute
hepatitis of unknown origin —
uncovering the link to COVID-19
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Starting in late 2021, cases of paediatric
acute hepatitis of unknown origin (AHUO)
surged in frequency, coinciding with a
reduction in  pandemic  lockdown
measures. Patients tested negative for
hepatotropic viruses A-E and lacked other
common causes of acute hepatitis." The
highest incidence was reported in the UK,
Europe and the USA, particularly among
children under the age of 6 years.! A
subset of patients developed acute liver
failure, with around 6% of children
requiring transplantation.”

The search for a causative agent sparked
controversy, as multiple viral candidates
were identified alongside potential trig-
gers and co-infections. Early reports of
paediatric AHUO highlighted a high
prevalence of human adenovirus 41
F (HAdV-F41) infection." Subsequent
studies discovered high hepatic and
systemic levels of the dependoparvovirus
adeno-associated virus 2 (AAV2), which
requires co-infection with a helper virus
for replication.”® Co-infection with a
variety of respiratory and enteric viruses,
including enterovirus, cytomegalovirus,
Epstein-Barr virus and human herpes-
virus (HHV)-6 was commonly observed.®
IgG antibodies against SARS-CoV2 were
detected in approximately half of the
AAV2-associated AHUO cases.” A recent
meta-analysis found that the prevalence of
acute SARS-CoV2-positivity ranged from
8% to 15% and was associated with more
severe clinical AHUO outcomes.”

Human  adenovirus, AAV2 and
SARS-Cov2 are hepatotropic viruses but
only rarely cause severe hepatic inflam-
mation or liver failure.® It is hypothesised
that the rise in AHUO cases may be linked
to aberrant immune responses triggered
by a period of reduced pathogen exposure
during the pandemic lockdown.” Notably,
over 90% of children with AAV2-positive
AHUO (compared with approximately
16% in controls) carried the HLA-
DRB1*0401 allele,*’ which is associated
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with increased susceptibility to autoim-
mune responses. Acute AAV2 infection has
previously been associated with increased
CD8" T-cell infiltration with an acti-
vated phenotype, as well as inflammatory
and T-cell response-associated cytokine
profiles.* While proteomic analyses found
increased HLAII profiles in liver tissue
of AAV2-associated AHUO (consistent
with antigen-presenting cell infiltration or
antigen presentation), cellular interactions
remained to be determined for AHUO.*
In Gut, Roétterle et al® undertook a
rigorous examination of hepatic and
systemic immunology of AHUO, inves-
tigating it as a post-acute sequela of
COVID-19. The authors analysed a multi-
centric, international, adenovirus-negative
cohort. Most children had a history of
SARS-CoV-2 infection, but no acute viral
infections were detected, and no viral
replication in the liver was found.®
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Multiplexed imaging of liver biopsies
showed that higher immune cell infiltra-
tion, particularly CD8* T cell, neutrophil
and myeloid cell infiltration, was associ-
ated with the severity of hepatitis and liver
damage. A highly activated, exhausted
CDS8™ T-cell phenotype was found in the
liver and blood. Parenchymal cells adja-
cent to damaged regions demonstrated
regenerative changes, with upregulated
hepatocyte proliferation and increased
markers of liver sinusoidal endothelial
cell (LSEC) capillarisation. A higher LSEC
density was associated with lower AST,
bilirubin and histological liver injury.®

Immune-infiltrated areas were close
to loci with high SARS-CoV-2 spike
antigen positivity. Myeloid cells and
LSECs expressed angiotensin-converting
enzyme 2 (ACE2),® an enzyme and cell
surface receptor through which the
SARS-CoV-2 virus gains cellular entry.’”
Close cellular interactions were found
between CD8' T cells, SARS-CoV-2
spike+myeloid cells and SARS-CoV-2
spike+LSECs (figure 1). These CD163"
CD204" Tim-3+ myeloid cells were less
frequent compared with hepatic macro-
phages in classical autoimmune hepatitis®,
suggesting a rather regulatory immune
phenotype after infection or phagocytosis
of SARS-CoV-2.
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Figure 1  Spatial interaction of liver-resident cells and leucocytes in paediatric AHUO. Rétterle

et al® analysed paediatric adenovirus-negative AHUO, finding that SARS-CoV-2 spike protein
co-localised with LSECs, M2-like myeloid cells and hepatocytes and with the expression of the
ACE2 receptor. Livers had a high number of infiltrating activated CX3CR1* CD8" T cells, which co-
localised with the Spike-protein-positive cells and correlated to the degree of liver injury. Figure
created with Biorender.com. ACE2, angiotensin-converting enzyme 2; AHUO, acute hepatitis of
unknown origin; LSEC, liver sinusoidal endothelial cell.
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Previous studies in AHUO were able to
confirm hepatotropism of the causative
agent but no immunogenic persistence
beyond acute stages: in acute AAV2-
associated AHUQ, active viral replication
indicated by AAV2-RNA was sporadically
observed in hepatocytes and in arterial
endothelial cells® while liver RNA-Seq
data indicated active replication in the
liver*. At the same time, AAV2 or HAdV
viral proteins were not detected using
proteomics on explanted livers.* There-
fore, Rotterle et al have made a unique
observation regarding an immunogenic
chronic SARS-CoV-2 protein persistence
in the liver—one that has not previously
been identified in other viral causes of
AHUO.

The study’s findings indicate that post-
COVID-19 AHUO may involve autoim-
mune mechanisms. The present cohort
had an excellent transplantation-free
response to steroids, 25% tested posi-
tive for the autoantibodies anti-LKM1 or
anti-SMA and had a trend towards female
predominance (8/12 females). Both post-
COVID-19 AHUO and classical autoim-
mune hepatitis exhibit liver inflammation
with lobular infiltration and concurrent
hepatocyte injury. However, an additional
control group with autoimmune hepatitis
in this study had a markedly different
immune cell composition, with increased
levels of inflammation and prominent
plasma cell infiltration.®

The authors propose that paediatric
AHUO may be a post-COVID-19 sequela,
arguing that viral persistence likely trig-
gers and sustains inflammation. Notably,
most post-acute sequelae of COVID-19
are significantly more pronounced in
adults requiring hospitalisation during the
acute phase of infection. A recent analysis
of US national healthcare data demon-
strated that the risk of liver abnormalities

was substantially higher in hospitalised
individuals within the first 90 days post-
infection (relative risk 6.27, compared
with 1.55 when non-hospitalised, and
1.58 after more than 90 days)."” Although
the median time from COVID-19 history
to AHUO onset was similar (2 months),
children generally exhibit minimal symp-
toms, and no COVID-19 hospitalisations
were reported in this study.®

The study by Rétterle et al suggests that
hepatic persistence of SARS-CoV-2 may
act as a triggering or sustaining factor in
AHUQO. A key finding is the spatial inter-
action between leucocytes, SARS-CoV-2
remnants and endothelial cells. This
research lies at the intersection of auto-
immunity, COVID-19-related patholo-
gies and shared features with other viral
AHUO causes. It raises important ques-
tions for future investigation: Which
immunological aspects represent liver-
specific immune responses, and which
reflect broader mechanisms of host-SARS-
CoV-2 interactions that could apply to
other pathologies? In addition, the poten-
tial consequences for monitoring children
post-COVID-19 as well as for optimised
treatment strategies (eg, early steroid
induction, antiviral therapy) remain to be
clarified in future studies.
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