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C O M M E N TA R Y

Non-hepatotropic viral hepatitis and its causative pathogens: The
ongoing need for monitoring in children with severe acute hepatitis
of unknown etiology
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ELEVATED INCIDENCE OF SEVERE
ACUTE HEPATITIS OF UNKNOWN
ETIOLOGY IN CHILDREN IN 2022

As of June 22, 2022, 920 probable cases of severe acute
hepatitis of unknown etiology had been reported in 33
countries.1 The numbers of reported cases were the highest
in the United States and the United Kingdom. According
to the World Health Organization, the criteria for a proba-
ble diagnosis of severe acute hepatitis of unknown etiology
are: (1) onset after October 1, 2021; (2) aspartate amino-
transferase (AST) level or alanine aminotransferase (ALT)
level ≥ 500 IU/L; (3) age at onset ≤ 16 years; (4) exclu-
sion of hepatitis A–E and absence of clear etiology.1 Some
affected children have developed acute liver failure (ALF),
which requires more intensive care and liver transplants;
some of these children have died.

Acute hepatitis of unknown etiology in children occurs
every year, but some countries have reported elevated num-
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bers of severe cases this year; the severity in these cases
is greater than the typical severity in children with acute
hepatitis.2 It remains unclear the etiology of the affected
patients. There is also no specific link or common feature
among the reported cases. It has been suggested that the
disease is caused by human adenovirus (HAdV) type 41
(or its variants), a novel variant of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), or an unknown
pathogen; it may also be associated with autoimmune hep-
atitis caused by mRNA vaccination against SARS-CoV-2
or enhanced by a previous SARS-CoV-2 infection or other
cause.3,4

KNOWLEDGE OF LIVER DYSFUNCTION
CAUSED BY NON-HEPATOTROPIC VIRUS
INFECTION

In addition to hepatitis viruses, many non-hepatotropic
viruses can cause liver dysfunction in children. Acute hep-
atitis caused by these viruses usually manifests with or
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without jaundice, as well as minimally elevated levels of
serum transaminases. Non-hepatotropic viral hepatitis is
usually a component of the severe phenotype of the dis-
ease caused by corresponding viral infections; it results
from immune-mediated injury or is directly caused by viral
infection.

Here, we provide a summary of the etiologies and
pathogens associated with non-hepatotropic viral hepati-
tis in children, with the aim of enhancing such knowledge
among clinicians.

HERPESVIRUS

There are eight human herpesviruses, almost all of
which can cause liver damage; however, the underlying
mechanisms and clinical manifestations are different for
each virus.5 Listed below are the five major herpesviruses
that can cause liver damage.

Human cytomegalovirus

Human cytomegalovirus (HCMV) is regarded as a weak
pathogen that affects 40%–100% of the global popula-
tion. It is not strongly pathogenic in immunocompetent
individuals, and many infected individuals remain asymp-
tomatic. HCMV infection-induced hepatitis (i.e., HCMV
hepatitis) caused by primary infection mostly occurs in
infants and young children; it manifests as a subclinical ill-
ness with mild to severe elevation of serum liver enzymes,
and it is self-limiting in mild cases. HCMV hepatitis can
also occur in patients with congenital systemic dissemi-
nated HCMV infection and post-transfusion syndrome. In
immunocompromised patients, particularly liver transplant
patients, an infectious mononucleosis-like syndrome with
hepatic involvement occurs along with overt hepatitis. In
contrast, immunocompetent patients (particularly patients
aged < 7 years) develop anicteric hepatitis, but they rarely
exhibit HCMV hepatitis requiring hospitalization.6 Overall,
the degree of hepatic involvement caused by HCMV infec-
tion substantially varies according to the immune status of
the host.

Epstein–Barr virus

Similar to HCMV, Epstein–Barr virus (EBV) can cause
liver damage.7 However, unlike HCMV hepatitis, EBV-
related liver damage is mainly the result of immune-
mediated damage caused by infiltrating lymphocytes, rather
than viral infection of hepatocytes, bile duct epithelial
cells, and endothelial cells. Both primary and persis-
tent EBV infections can cause liver damage. Primary
EBV infection can manifest as infectious mononucleo-
sis or be asymptomatic. Moderately elevated AST/ALT
levels can be found in 80%–90% of patients with infec-
tious mononucleosis.8 Liver dysfunction can also occur in

patients with persistent EBV infections such as chronic
active EBV infection, autoimmune hepatitis, and EBV-
associated hemophagocytic lymphohistiocytosis. Approxi-
mately 80% of patients with chronic active EBV infection
have liver dysfunction; in such patients, chronic active hep-
atitis is diagnosed via biopsy. Liver damage in patients
with EBV-associated hemophagocytic lymphohistiocytosis
is a component of the disease spectrum. The proliferation
of EBV-infected T/natural killer cells leads to the release
of high levels of cytokines via signal amplification, which
activates macrophages to phagocytose blood cells; subse-
quent lymphocyte infiltration into various organs causes
liver dysfunction.

Human herpesvirus 6

Human herpesvirus (HHV)-6A and HHV-6B are consid-
ered distinct species. Primary HHV-6 infection mainly
manifests as exanthema, which is caused by HHV-6B.
Fulminant liver failure and acute decompensation of
chronic liver disease associated with HHV-6B infection
have been reported in children after primary infec-
tion or liver transplantation. The detection of HHV-
6B DNA in plasma and liver tissue provided reason-
able evidence to rule out chromosomal integration of
HHV-6B.9

Herpes simplex virus

The clinical manifestations of herpes simplex virus (HSV)
infection are mostly mild and self-limiting. Some neonates
and immunocompromised patients can develop life-
threatening systemic disseminated HSV infection, which
involves organs such as the brain, liver, and lungs. HSV
hepatitis is a rare but serious disease that constitutes <1%
of viral hepatitis and 2% of virus-associated ALF.10 Over-
all, the chances of recovery and survival are significantly
greater in children than in adults.9,11

Varicella zoster virus

Varicella zoster virus (VZV) infection can manifest as two
distinct diseases, namely chickenpox and shingles. Hepati-
tis after VZV infection in immunosuppressed patients is
mostly mild; this occurs in patients with leukemia, trans-
plant patients, patients with acquired immunodeficiency
syndrome, and corticosteroid users. In contrast, dissemi-
nated VZV infection results in fulminant hepatitis and liver
failure.12

In summary, herpesviruses are important pathogens asso-
ciated with non-hepatotropic hepatitis. Similar to HCMV,
DNA from EBV and HHV-6 is frequently detected
in immunocompetent children with acute liver dysfunc-
tion. Therefore, polymerase chain reaction and serological
assessments are both necessary for the accurate diagnosis
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and treatment of children with acute hepatic insufficiency
caused by primary herpesvirus infection.

HUMAN ADENOVIRUS

There are seven subgenera (A–G) and at least 113
types of HAdV, among which only HAdV-41, -40,
and -52 cause gastrointestinal symptoms.13 HAdV usu-
ally causes mild, self-limiting respiratory or digestive
tract infections in young children; liver dysfunction can
occur during severe respiratory HAdV infections, even
in healthy children. However, in immunocompromised
hosts (e.g., organ or bone marrow transplant patients
and patients with malignant tumors), HAdV infection can
trigger other severe symptoms such as fulminant HAdV
hepatitis. Histopathology analyses have shown that non-
zonal coagulative hepatocyte necrosis and characteristic
intranuclear inclusions are features of HAdV hepatitis.14

However, the association between severe acute hepatitis
of unknown etiology and HAdV infection requires further
exploration.

HUMAN ENTEROVIRUS

There are 12 groups (A–L) of human enterovirus (HEV),
among which groups A–D can infect humans. HEV infec-
tion is a rare but relevant cause of ALF in neonates.
Coxsackie virus groups A (CVA) and B (CVB), as well
as echoviruses, belong to the genus Enterovirus; infec-
tions with such viruses manifest as multisystem diseases
including myocarditis, meningoencephalitis, and (rarely)
fulminant ALF. Neonates and infants are at risk of dissemi-
nated CVB and echovirus infections. CVA4, CVA9, CVB5,
and some types of echoviruses are the most common HEVs
associated with hepatitis. Symptoms of hepatitis caused by
HEV infection are mild, with rare instances of severe jaun-
dice or elevated levels of ALT, AST, and bilirubin; affected
patients generally have a good prognosis.15 The natural
course of the disease may be prolonged in immunocom-
promised hosts. Thus, there is a need to carefully monitor
the indicators of HEV infection, considering its involve-
ment in neonatal ALF or hepatitis, to enable a more rational
diagnosis and management.

MEASLES VIRUS

Hepatitis is a rare and transient complication of measles
in childhood. The diagnosis of measles virus-related liver
damage is based on clinical features and a fourfold increase
in the hemagglutination inhibiting antibody titer, as well
as increases in liver enzymes. Hepatic involvement in chil-
dren with measles is subclinical and resolves rapidly; it is
not associated with the duration and severity of fever or the
coexistence of other complications, although such involve-

ment can be severe in children with measles who receive
hepatotoxic drugs.16

HANTAVIRUS

In parts of China and Japan, hantavirus (HV) antibodies
have been detected in serum samples from some patients
with hepatitis of unknown etiology, suggesting that HV
may be the causative pathogen in numerous cases of acute
hepatitis without concurrent hepatitis virus A–E infection,
at least in these locations.17,18 Although the relationship
between HV and hepatitis has not been confirmed, clini-
cians should not ignore cases of HV infection in patients
with clinical manifestations of acute hepatitis who lack
features suggestive of either hemorrhagic fever with renal
syndrome or hantavirus pulmonary syndrome.

ROTAVIRUS

Rotavirus infection is a major cause of gastroenteritis; mild
hepatic dysfunction has been reported in affected patients,
although it is rare and transient. Symptoms in affected
patients may include hypoglycemia, hepatomegaly, and
increased levels of serum transaminases and creatinine
kinases; these findings suggest the presence of steatosis
leading to liver dysfunction.19

FLAVIVIRUS

Yellow fever virus

Severe liver injury is associated with yellow fever virus
infection; such injury is characterized by widespread
apoptosis-induced hepatocyte death, partially because of
lytic necrosis.20 Acinar lesions in the midzone region are
associated with mild to moderate inflammatory infiltrates,
which mainly consist of monocytes. Infiltration by CD4+

and CD8+ T cells was observed in the liver parenchyma,
similar to findings in other hepatotropic viral infections,
where these cells are involved in viral clearance.21

Dengue virus

Dengue fever caused by dengue virus infection is a poten-
tially life-threatening disease with an increased risk of
severity in children.22 Hepatic involvement is character-
ized by numerous clinical manifestations, ranging from
asymptomatic elevations in serum transaminases to ALF.23

Although the pathogenesis of liver injury secondary to
dengue virus infection remains unclear, potential mech-
anisms include apoptosis in hepatocytes and Kupffer
cells, immune-mediated hepatocyte injury, and shock-
induced ischemic hepatitis.24 Currently, there is no specific
treatment for dengue-associated ALF; affected patients
receive supportive care and measures to prevent further
complications.



154 wileyonlinelibrary.com/journal/ped4

OTHER VIRUSES

In addition to the above viruses, infections with viruses
such as parvovirus B19, human bocavirus, and respiratory
syncytial virus have been reported to cause liver dys-
function or ALF in immunocompetent or immunodeficient
children; such manifestations may be a rare but common
clinical outcome of disseminated viremia.25,26

INITIATIVES

There is a need for greater attention toward non-
hepatotropic virus-induced acute liver injury and ALF
in both immunosuppressed children and immunocompe-
tent children. Thus, we propose intensive surveillance
to determine the etiology of non-hepatotropic viral hep-
atitis in children, based on the best available detection
technology and sample type (needle biopsy if neces-
sary). Additionally, the collaborations of experts from
multiple disciplines (e.g., clinical medicine, virology, and
immunology) will help to protect the health of affected
children.
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