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Abstract

The world has witnessed increased incidences of severe acute hepatitis in children since early 2021, in which the total number
of global cases was over 1,000 in July 2022. Those cases of severe acute hepatitis were intriguing, as they were not caused by the
common hepatitis A-E viruses. Additionally, the cause remains unknown to date, thus named as severe acute hepatitis of un-
known etiology. The World Health Organization, supported by regional and national health agencies, has issued the working
case definitions in order to closely monitor the development of this disease worldwide. As one of its member states, Indonesia
has also adopted the case definitions and subsequently issued a health decree to increase public awareness and to conduct an
early surveillance on this illness. It remains to be seen whether this updated public health policy would be successful to control

the numbers of cases of severe acute hepatitis of unknown etiology in Indonesia.

Introduction

On April 5, 2022, severe acute hepatitis of unknown etiology was
observed in 10 previously healthy children in the United King-
dom. Since then, by the time this review was written, a total of
1,010 probable cases were further reported in 35 countries, in-
cluding 18 cases in Indonesia.! Hepatitis, an inflammation of the
liver, is a serious health condition predominantly caused by a viral
infection although other triggers, such as drugs, toxins, alcohol,
and autoimmune diseases, also account for a small percentage
of the reported cases.>* Despite some similarities in the patho-
physiology of the severe acute hepatitis of unknown etiology with
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the one due to common hepatitis A-E viruses, the cause remains
elusive to date.!® This opens a possibility that the case might be
an entirely new infectious agent previously unconnected to viral
hepatitis.

As the COVID-19 pandemic remains, the elevated global inci-
dences of severe acute hepatitis of unknown etiology in children
compels the World Health Organization (WHO) and its member
states to stay on high alert in anticipating another potential out-
break. Interestingly, a similar phenomenon had been observed, in
which increased cases of hepatitis with jaundice had been reported
in New York in 1923 after the 1918 influenza pandemic. Approxi-
mately 700 cases of jaundice were reported, and most of the cases
were from children aged 5-14 years.®’ Similarly, laboratory diag-
nostics at that time had been unable to pinpoint the pathogen that
caused jaundice. It was speculated that those cases of hepatitis had
occurred due to a social containment during the pandemic, thus
leading to lower susceptibility of children against certain viruses
that in normal situations would not cause severe acute hepatitis.%’
Whether this hypothesis would be valid for the current situation as
well remains to be seen.

The WHO has issued working case definitions for monitoring
severe acute hepatitis of unknown etiology in children.! The cur-
rent definition, although is incomplete, allows the WHO member
states (including Indonesia) to monitor probable cases of severe
acute hepatitis, control its spread, design appropriate interventive
measures to minimize any associated morbidity and mortality, as
well as ultimately identify the culprit of this illness. In this review,
we aim to summarize information on known hepatitis-inducing vi-
ruses with the hope of shedding some light on this still mysterious
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Table 1. Summary of hepatitis-inducing viruses

Hokinson D. et al: Acute hepatitis of unknown cause in Indonesia

Virus Genome Route of infection Mechanism of hepatitis
Hepatitis A virus RNA Fecal-oral; exposure to contaminated Immune-mediated liver damage.
fecal matter or blood products.
Hepatitis B virus DNA Percutaneous or mucosal contact with blood Immune-mediated liver damage.
products and bodily fluids (saliva, tears, semen,
vaginal secretions, urine, or sweat).
Hepatitis C virus RNA Exposure to contaminated blood products. Immune-mediated liver damage.
Hepatitis D virus RNA Exposure to contaminated blood or through sexual activity. Direct cytopathogenicity and/or
immune-mediated liver damage.
Hepatitis E virus RNA Hepatitis E virus (HEV) 1 and 2: fecal-oral; HEV Immune-mediated liver damage.

3 and 4: zoonosis; through undercooked meat
and occupational exposure; Transfusion-related
transmission was also found in some subtypes.

Other viruses
Epstein-barrvirus DNA Body fluids.
Cytomegalovirus DNA Body fluids.

Parvovirus DNA

Adenovirus DNA

Respiratory secretion, blood and blood, products.

Respiratory secretion, infected tissue and blood, through the

Immune-mediated liver damage.
Immune-mediated liver damage.

Direct cytopathogenicity and/or
immune-mediated liver damage.

Still elusive.

mouth or eyes contact with infected objects, and fecal-oral.

DNA, deoxynucleic acid; RNA, ribonucleic acid.

disease and on how Indonesia has prepared itself in anticipating
this potential outbreak.

Viral hepatitis

Viral hepatitis is a group of diseases specifically characterized by
inflammation of the liver triggered by a viral infection. There are
five distinctly different viruses denoted as the hepatitis A, B, C, D
and E viruses, which are known to infect the liver and induce an
immunological response leading to the pathophysiology of the dis-
ease.* A detailed review and updates on the patient care of hepatitis
A-E can be found in review articles, such as the review by Almei-
da, et al.® In a less frequent occurrence, other viruses, such as the
Epstein-Barr virus, cytomegalovirus, human parvovirus B19, and
adenovirus, could also cause liver inflammation, which have been
commonly referred as X or non A-E hepatitis.®!? Several essential
information of the common hepatitis-inducing viruses are present-
ed below and summarized in Table 1.

Hepatitis A virus

Hepatitis A virus (HAV), which was first identified and character-
ized in 1973, is a non-enveloped virus of 27 nanometers in diam-
eter that belongs to the family Picornaviridae and genus Hepato-
virus.1? Molecular analysis of the HAV genome revealed a single
positive-strand RNA of 7.5 kilobases (kb) in length with a single
open reading frame (ORF) encoding a huge polyprotein.!3 There
are two forms of the infectious virion: the quasi-enveloped virions
commonly found in the blood, and naked virions usually excreted
in the feces. The quasi-enveloped virions are membranous vesicles
enveloping an RNA-containing capsid. When these virions pass
through the biliary canaliculus during hepatocyte invasion and
viral propagation, the membranous vesicles are degraded by the

action of bile salts, thus leaving a naked virion to enter the gastro-
intestinal tract and shed in the feces.!314

HAV is the primary cause of acute viral hepatitis globally and
one of the culprits in the foodborne disease outbreaks, particularly
in developing and some regions of developed countries.!3 Although
the incidence of hepatitis A greatly depends on the hygienic, sani-
tary and socio-economic status, childhood exposure to this virus in
developing countries is usually asymptomatic, consequently con-
tributing to an endemicity with less reported cases and less com-
mon outbreaks. In contrast, people in developed countries are more
commonly exposed to this virus at later stages in life and could
suffer from greater symptoms, thereby leading to more reported
cases and outbreaks.!>16 Hepatitis A outbreak has occurred several
times in Indonesia, predominantly in Java,!” in which it is the sec-
ond most common viral hepatitis after hepatitis B. It has afflicted
an estimated 19.3% of the population across Indonesia. According
to the Basic Health Research survey in 2013, three provinces in In-
donesia with the highest cases of hepatitis A were the Riau Islands,
Lampung, and Banten.'8

The high viral titers shed in feces underlies the main transmis-
sion of this virus (i.e., fecal-oral route), either directly through
contact with infected patients or indirectly through the ingestion of
contaminated food or water.!2!3 On rare occasions, transmission
could also happen through blood transfusion, sexual activities, and
organ transplantation.'> Moreover, there are specific risk groups
reported to be more susceptible to hepatitis A particularly in devel-
oped countries, such as travelers to endemic countries, men who
have sex with men, drug users, people with chronic liver disease,
and HIV patients.!>1?

HAV infection typically does not progress to chronicity. Clini-
cal symptoms are usually present on 14—50 days after infection and
resolve within 4-7 weeks.?2! Symptoms manifested in patients
are similar to other types of viral hepatitis, including fever, ab-
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dominal pain, nausea, malaise, anorexia, vomiting, elevated levels
of alanine aminotransferase (ALT) and aspartate aminotransferase
(AST), as well as jaundice in more severe cases.!!"?2 The mortality
rate of hepatitis A ranges between 0.1-2.1% with a higher inci-
dence occurring in adults over 49 years of age.?’

Hepatitis A is clinically indistinguishable from other viral hepa-
titis; thus, a specific detection approach is required to determine
the status and types of viral infection. In the presence of the symp-
toms, the most used method to detect HAV infection is a serologic
testing targeting anti-HAV immunoglobulin M (IgM) antibodies.??
These antibodies are typically detectable within 5-10 days after
infection and represent an active infection as the titers would pro-
gressively decrease until undetectable within 6 months.?3?* Anti-
HAV immunoglobulin G (IgG) antibodies typically would rise
later than IgM and stay detectable for the rest of the patient’s life,
hence could be used to assess immunity to past infection or vac-
cinations.?s Confirmation tests for patients, either asymptomatic or
symptomatic, could be performed via molecular techniques, such
as nucleic acid amplification tests (NAATSs), by detecting the pres-
ence of HAV RNA.?3

The mechanism of acute hepatitis caused by HAV remains to be
completely understood. HAV does not cause any direct cytopathic
effect, and studies done to elucidate the mechanism have pointed
toward the role of cell-mediated immune responses in causing and
worsening the hepatitis. HAV-specific CD8" T cells hold the main
role in the apoptosis of infected hepatocytes during HAV infection,
in which specific CD8" T cells are not only contributing to the viral
clearance, but also causing liver damage, particularly if this hap-
pens in an extended time and/or excessive manner.2® In addition,
elevated levels of interleukin-15 (IL-15) in the sera of hepatitis
A patients induced the cytolytic activity of non-specific CD8* T
cells toward both infected and uninfected hepatocytes.?! Genetic
variations and mutations in certain individuals also contributed to
higher levels of cytolytic activity of Natural Killer (NK) and Natu-
ral Killer T (NKT) cells against hepatocytes.??

Hepatitis B virus

Hepatitis B is caused by the hepatitis B virus (HBV), which be-
longs to the family Hepadnaviridae and genus Orthohepadnavi-
rus.*’ The genome of HBV consists of 3.2 kb partially double-
stranded relaxed circular DNA (rcDNA) with four ORFs that are
contained within icosahedral protein capsid.?”?® Covering the
nucleocapsid is a lipid bilayer membrane envelope composed of
three types of surface proteins commonly referred to as hepatitis B
surface antigen (HBsAg).?8 Unlike hepatitis A that is only associ-
ated with acute hepatitis, hepatitis B manifests as acute and chron-
ic hepatitis that can progress to life-threatening liver failure, cir-
rhosis, and hepatocellular carcinoma (HCC).2? In 2019, the WHO
estimated at least 296 million people worldwide were suffering
from chronic hepatitis B, although only 10.5% of the number were
aware of their infection due to the commonly asymptomatic and
chronic nature of the disease.?” Together with hepatitis C, hepatitis
B accounts for the majority of hepatitis deaths worldwide with an
estimation of 820,000 deaths due to hepatitis B alone in 2019.30-31
In Indonesia, HBV is the primary cause of viral hepatitis.!® Around
21.8% of the population was infected by HBV in 2013.18 In the
latest data provided by Indonesia’s Ministry of Health, Bangka
Belitung, Maluku, and West Sulawesi were the top three provinces
with the highest prevalence of hepatitis B.!

Transmission of HBV occurs through percutaneous or mucosal
contact with infectious blood or body fluids, such as saliva, sweat,
urine, vaginal secretions, semen, and tears.’?33 Vertical trans-
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mission from mothers to neonates, which constitutes the main
transmission route for this virus, could occur through the pla-
centa, during delivery, or during postpartum care and breastfeed-
ing.3* Horizontal transmission could occur from person to person
through sexual activities, administration of infected blood and its
derivatives, administration of contaminated needles in intravenous
drug injection, contaminated medical instruments, unsterile medi-
cal procedures, and sharing of personal hygienic products, such as
razors and toothbrushes. 3433

Symptoms of hepatitis B usually appear 60—180 days after in-
fection.3® Early symptoms include fever, malaise, fatigue, vomit-
ing, diarrhea, abdominal pain, nausea, and anorexia. As the hepa-
titis progresses, patients may suffer from hepatosplenomegaly
and jaundice accompanied by visibly dark urine and clay-colored
feces.3® In most cases, patients suffering from acute hepatitis typi-
cally recover within 4—6 weeks. However, 5-10% of patients, who
developed chronic hepatitis, were diagnosed through the presence
of HBsAg in the serum of the patients who had had it for at least
6 months since the infection.3%37 The risk of chronic patients to
develop severe complications, such as cirrhosis and HCC, greatly
depends on a range of host, viral, and environmental factors.”
Fulminant hepatitis, which constitutes only 1% of all hepatitis B
infections, could lead to liver failure, change in brain function, and
mortality.3¢

Clinical diagnosis of HBV infection is usually performed
through a range of serologic and molecular tests. Serologic mark-
ers used in the detection of HBV are hepatitis B antigen (HbsAg),
hepatitis B e-antigen (HBeAg), antibodies against hepatitis B sur-
face antigen (anti-HBs), antibodies against hepatitis B e-antigen
(anti-HBe), and antibodies against hepatitis B core antigen (an-
ti-HBc). The presence of HBsAg in the patients’ serum is one of
the most important indicators of active HBV infection, which can
be detected within 1-10 weeks from the onset of infection, and
persistence for more than 6 months indicates the establishment of
chronic infection.3® On the other hand, the presence of anti-HBs
antibodies imply a resolved infection or the patient has been vac-
cinated with hepatitis B vaccine.3® Molecular approaches, such as
branched-chain DNA and quantitative polymerase chain reaction
(qPCR), could specifically target HBV DNA and quantitatively
measure the viral load and replication activity of the virus. These
methods are increasingly being used in clinical settings due to their
accuracy and reliability for monitoring the progression of the dis-
ease. 383

Pathologically, HBV does not impose direct cytopathic effects,
as no hepatocyte damage is observed at the early phase of infec-
tion.*? The immune responses, especially cell-mediated immunity,
instead play a major role in causing liver damage because the in-
hibition of the cellular immune responses by certain medication
lead to the survival of hepatocytes despite high numbers of the
virus.*’ For patients with chronic hepatitis, alternating phases of
immunologic activity and inactivity could occur multiple times
during a lifetime.*! During the active phase, liver inflammation
is established and pro-inflammatory cytokines secreted by hepatic
immune cells lead to recruitment and on-site activation of other
immune effectors, such as macrophages, NK cells, and most im-
portantly CD8" T cells that directly kill infected hepatocytes and
contribute to tissue damage.*? This phase is followed by immune
downregulation and tissue repair, including the deposition of ex-
tracellular matrix (ECM). When this happens repeatedly during
the chronic HBV infection, accumulation of ECM and incomplete
wound repair due to persistence of antigenic stimuli could lead to
progressive liver fibrosis and cirrhosis. >3
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Patients with chronic hepatitis B have also been reported to
have 15-20 times greater chance of developing HCC compared
to uninfected individuals.** Similar to the hepatitis C and D vi-
ruses, progression into HCC could be mediated through several
processes, including repeated and continuous liver inflammation
and oxidative stress damage during the course of chronic infec-
tion, as well as oxidative damage and disruption of cell signaling
directly induced by viral proteins.?’ In addition, since HBV is a
DNA virus, it could integrate into the host genome and introduce
mutations that could lead to changes in the expression levels of
tumor-associated genes.?’

Hepatitis C virus

The hepatitis C virus (HCV) was first discovered in 1989 and cat-
egorized as a bloodborne hepatotropic virus that belongs to family
Flaviviridae and genus Hepacivirus.*> Ithas a 9.6 kb positive-sense
single-stranded RNA genome, which contains one long ORF.* Its
genome is located inside a nucleocapsid, which is surrounded by
a lipid bilayer membrane envelope with two subunits of viral gly-
coproteins (E1 and E2) that have important roles in viral entry.*546
In 2019, the WHO estimated that at least 58 million people world-
wide contracted chronic hepatitis C, in which 290,000 of them
died mostly due to end-stage liver diseases, including cirrhosis and
HCC.*” According to the data collected in 2013, approximately
2.5% of Indonesia’s total population were infected with HCV.!8
Despite the lower prevalence of hepatitis C as compared to hepa-
titis A or B in Indonesia, it was estimated in 2014 that 9% of those
HCV-infected patients would develop cirrhosis, HCC, or require
a liver transplantation.'®*® This number is projected to continue
increasing in the coming years and would reach 15% in 2030. The
provinces in Indonesia with the most cases of HCV infection in
2013 were the Riau Islands, West Sumatera, and Bali.18:48

Transmission of HCV occurs primarily through contamina-
tion with infected blood and its products.*® This could occur via
needle sharing and unsafe injection, both in healthcare and rec-
reational drug settings, unsterile tattoo and piercing practices, as
well as sexual activities, particularly in HIV-infected patients.
Vertical transmissions have also been reported, but in a lesser ex-
tent than HBV infection.*>-3* HCV infection can cause both acute
and chronic hepatitis, in which most infected people (60-80%)
end up with chronic infection.5! Acute HCV infection is typically
asymptomatic and only 25-30% of patients with acute hepatitis C
develop symptoms, such as jaundice, nausea, fever, vomiting, or
abdominal pain.**5? A small proportion of these acutely infected
adults (15-25%) achieved spontaneous resolution within one year
after the onset of infection, while the remainder suffered from per-
sistent infection.*3 The silent onset of the disease partly contrib-
utes to wide transmissibility within the population and delays the
appropriate treatment since many infected people are unaware of
their condition.

Similar to hepatitis B, chronically HCV-infected patients have
a much higher risk to develop fibrosis, which could progress into
cirrhosis, liver decompensation, and HCC.3" The progression rate
to fibrosis varies between patients and depends on factors, such as
age, gender, level of alcohol intake, co-infection with HIV, level
of ALT, and level of steatosis.> It has been reported that as many
as 10-20% of patients with chronic hepatitis C develop cirrhosis,
which could manifest decades after the onset of infection.3" Af-
ter the establishment of cirrhosis, the risk of HCC increases 1-5%
annually and the risk of hepatic decompensation increases 3—6%
annually, thus highlighting the importance of a timely and accurate
diagnosis as well as treatment for the disease.>?

Hokinson D. et al: Acute hepatitis of unknown cause in Indonesia

Clinical detection of HCV infection could be done either sero-
logically through detection of HCV antigens or antibodies against
HCV antigens, or molecularly through direct amplification of
HCV RNA.5* Serologic assays targeting antibodies against the
HCYV core and NS3-NSS5 viral antigens are typically used to screen
infected patients.>*35 However, due to its low correlation with the
viral load and actual HCV replication, molecular techniques, such
as qPCR, need to be conducted to confirm diagnosis as well as
to follow-up patients during treatment.>* In regions with limited
equipment, reagents and skilled laboratory staff, detection of HCV
core antigens using techniques, such as chemiluminescent micro-
particle immunoassay, automated chemiluminescent enzyme im-
munoassays and ELISA, have demonstrated good potential and
have been reported to have a good correlation with HCV RNA and
was slightly less sensitive than qPCR.5%

HCYV does not only replicate within the liver, but could also be
inside the lymphatic system, which would mediate its effects on the
immune cells and facilitate its escape from immune surveillance
and elimination.3® HCV is not known to be cytopathic; hence, the
induction of liver damage would be largely due to the action of
the immune responses and the stress imposed on the hepatocytes
over the course of infection.5” Additionally, continuous secretion
of pro-inflammatory cytokines secreted by activated immune cells
at the site of the infection would maintain the state of liver in-
flammation and contribute to the formation of liver fibrosis.5! With
their cytolytic nature, NK and CD8* T cells play a major role in
hepatitis C pathogenesis by directly targeting the infected hepato-
cytes and inducing their apoptosis.® It has also been reported that
during chronic HCV infection, multiple cell-death-related factors,
including Fas ligand and TNF-related apoptosis-inducing ligand
(TRAIL), were upregulated.! Furthermore, the ability of HCV to
induce metabolic reprogramming could lead to the promotion of
steatosis, which in turn would support the development of fibrosis
and HCC.”

Hepatitis D virus

In 1977, Rizzetto et al.>® observed a novel antigen dubbed as delta
antigen in patients with chronic HBV infection. It was subsequent-
ly found that the delta antigen originated from the hepatitis D virus
(HDV), which belongs to the genus Deltaviridae.®® HDV is a sin-
gle-stranded RNA virus, which contains around 1,700 nucleotides
and six ORFs.%"-62 Until now, only ORF1 has been known to be
translated. ORF1 encodes the hepatitis D antigen (HDAg) that ex-
ists in two isoforms, i.e., small HDAg (HDAg-S; 195 nucleotides)
and large HDAg (HDAg-L; 214 nucleotides).?!-6> While HDAg-S
is important for viral replication, HDAg-L inhibits the replication,
but it is important for viral morphogenesis by anchoring the HDV
ribonucleoprotein to the HBV surface antigen (HBsAg).%2 This
mechanism explains how HDV uses HBsAg as its envelope and
also why HDV cannot replicate without HBV.61:62 Therefore, HDV
infection could only occur while a person is actively infected by
HBV.

There are eight different subtypes of HDV that are found in
various parts of the world.®"-63 HDV-1 is the most predominant
strain in the world, which it is found in Europe, the Middle East,
Asia, Africa, North America, and South America. HDV-2 is found
primarily in Asia and Russia. HDV-3 is mainly found in South
America and some parts of Asia. HDV-5 is found in Europe and
Africa. HDV-4, 6, and 8 are found exclusively in Africa. In ad-
dition, HDV-8 is also found in some parts of South America.®!:63

Stockdale et al. estimated that there were 12 million people
around the world who were infected with HDV.%* Based on their
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findings, Mongolia has the most prevalence of HDV infection, and
the regions with the most prevalence of HDV in consecutive or-
der were the WHO Regions of Africa, the Americas, the Eastern
Mediterranean, Europe, Southeast Asia, and the Western Pacific.3
Unfortunately, there are no data on the prevalence of HDV in Indo-
nesia, but estimation could be calculated based on the latest data on
hepatitis B. Based on national research by Indonesia’s Health Min-
ister in 2013,'8 there was 21.8% of the total Indonesian population
or around 18 million people aftlicted with hepatitis B and by using
data from Stockdale et al.,%* the prevalence of HDV in Indonesia
in 2013 would be approximately 126,000 people.

HDV is a bloodborne virus. It is transmitted parenterally, for
example through shared injection or blood products and through
sexual activity.** Acute HDV infection has an incubation period
of around one month.% After the incubation period, clinical symp-
toms, such as fatigue, nausea, loss of appetite, and jaundice, may
arise in patients with hepatitis D.®5 HDV infection causes a very
high mortality rate of around 2-20%.among viral hepatitis suf-
ferers.®¢ Chronic infection of HDV is the most dangerous of all
chronic viral hepatitis, in which 70-80% of patients develop cir-
rhosis within 5-10 years, and once cirrhosis been developed, their
mortality rate is between 51-60%.%

Clinical diagnosis of HDV is initially performed by detecting
HBsAg serologically. Subsequently, patients are tested serologi-
cally for anti-HDV IgG antibodies.®1:%5 As positive results of this
test could not inform whether HDV infection is still active, the
infection would be confirmed by using a molecular approach, i.e.,
gPCR for HDV RNA.61:65

The pathogenicity of acute hepatitis D has not been thoroughly
elucidated. Cole et al. reported through an in vitro study that by
using HDAg-S, HDV could directly induce cytopathic activity in
hepatocytes.®” However, the majority of other studies supported
the notion that HDV did not cause direct cytopathy, but drove im-
mune-mediated cytotoxicity.®®%° In addition to cytotoxic CD8" T
cells in mediating the cytolysis of hepatocytes, perforin-expressing
CD4" T cells have also been reported to play an important role in
aggravating liver damage, in which their presence was found to be
higher in the peripheral blood of HDV patients compared to the
ones of HCV or HBV patients.%%° Therefore, more studies would
be required to determine the exact mechanism of HDV pathophysi-
ology and the interplay between HDV and HBV in mediating the
disease progression. %867

Hepatitis E virus

Hepatitis E virus (HEV) is a single positive-strand RNA virus that
belongs to the genus Orthohepevirus.™® There are four species of
known Orthohepevirus, i.e., Orthohepevirus A-D. Most HEV in-
fection cases in humans are caused by Orthohepevirus A, which
contains eight different genotypes.”” The genome of Orthohepe-
virus A consists of 7,200 bp nucleotides containing three ORFs.”"
ORF1 encodes a polyprotein that is important for virus replication.
ORF2 encodes the viral capsid. ORF3 encodes a multifunctional
protein that is involved in the morphogenesis and pathogenesis of
HEV.”! An additional ORF4 has been found to overlap with ORF1
in genotype 1 of Orthohepevirus A. This ORF would only be trans-
lated in the event of endoplasmic reticulum stress, in which its
function would be to help facilitate viral replication.”?74
According to the WHO, there are approximately 20 million
cases of hepatitis E annually in the world, and among those, 3.3
million cases are estimated to be symptomatic hepatitis E.”> Gen-
otypes 1 and 2 are found predominantly in Mexico, Africa, and
South and Southeast Asia.”7¢ Both genotypes are waterborne
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and transmitted through the fecal-oral route. Genotypes 3 and 4
are found predominantly in Asia and Africa.”"7¢ Both genotypes
mainly infect animals, such as pigs, and are transmitted to humans
through undercooked meat and occupational exposure. Geno-
type 6 only infects animals and no record yet shows any human
infection.”’7¢ Genotypes 5, 7, and 8 are known to infect humans
through animals similar to genotypes 3 and 4.7:7¢ While genotype
5 is found in wild boars in Japan, genotypes 7 and 8 are found in
camels in the Middle East and China, respectively.”!7¢ Although
it has been hypothesized that HEV is transmitted exclusively by
the fecal-oral route and zoonosis, a recent investigation has proved
that transfusion-related transmission could occur.7>7

The first documented outbreak of HEV in Indonesia was in
West Kalimantan in 1987, in which Corwin ef al. found that HEV
persisted in the area two years later with 59% of the population
testing positive for anti-HEV IgG antibodies.”” The primary rea-
son for this endemicity was how most of the population used the
river water to cook and drink, wash clothes, bathe, and to dispose
of their excretes.”””’® The most recent documented outbreak was
in Bondowoso Regency in Java in 1998.7° Based on the investi-
gation completed in 2002 by Sedyaningsih-Mamahit et al., 59%
of the tested population were either positive for anti-HEV anti-
bodies when tested using an immuno-based assay or positive for
the HEV gene when tested using PCR. They also discovered that
people in that area primarily used the river as their water source
similar to what had happened in West Kalimantan.” A study to de-
termine the prevalence of genotype 3 HEV in Indonesia was done
in 2013 by Widasari et al., in which they observed that in a subset
of the population in Java, there was a 5.1% prevalence of HEV and
among those, 66.67% were swine farmers.8! They also noted that
high numbers of swine (70.3% in Java and 81.5% in Bali) tested
positive for HEV.

Common clinical symptoms of hepatitis E include fatigue, nau-
sea, vomiting, and jaundice.”>8! These symptoms may appear after
an incubation period of 1.5-8 weeks.”?>8! These symptoms may
resolve after a few days or weeks. Acute HEV has a low mortal-
ity rate of 0-10%, but this rate increases among pregnant and im-
munocompromised individuals.”>8! Additionally, HEV may cause
chronic infection in HIV patients, leukemia patients, lymphoma
patients, solid organ transplant recipients, and other immunocom-
promised patients.”?82 Among these patients, an infection of HEV
can lead to a 60% chance of chronic hepatitis E. Moreover, chronic
hepatitis E may even develop into cirrhosis, HCC, and lead to
death7%82

HEV infection can be detected clinically through serological
and molecular approaches. Serological diagnosis of HEV uses
ELISA to detect HEV antigens (encoded by ORF2 and/or ORF3)
and anti-HEV IgG or IgM antibodies.”® Detection of antigens
encoded by ORF2 has 100% specificity but lower sensitivity, as
compared to the detection of anti-HEV IgM antibodies.”® There-
fore, detection of anti-HEV IgM is the main serological method for
HEV diagnosis in resource-limited countries.”® NAATs using pa-
tients’ blood and stool are sensitive and reliable, as they can detect
HEV as low as 7 IU/mL.7® There are many available reagents for
NAATs, and the WHO has established an international standard for
the molecular testing of HEV. In many places, both the serologi-
cal and molecular approaches are used concurrently to diagnose
hepatitis E.”

HEV causes hepatocellular injury by increasing numbers and
activities of CD4" T cells, CD8" T cells, NK cells, and monocytes,
which in turn damage the liver tissue.®® Furthermore, it has been
found that HEV through its ORF2 is capable of inhibiting the
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Table 2. The working case definitions of the WHO/ECDC for acute hepatitis of unknown aetiology’>°°

Parameter Case definition
Confirmed Not available at present.
Probable Presenting acute hepatitis with elevated levels of AST or ALT more than 500 IU/L: (ii) Negative

for hepatitis A-E; (iii) Subject is 16 years old or younger; (iv) Since October 1, 2021.

Epidemiologically linked

Presenting acute hepatitis with elevated levels of AST or ALT more than 500 IU/L: (ii) Negative for hepatitis

A-E; (iii) Subject of any age with a history of close contact with a probable case; (iv) Since October 1, 2021.

Pending classification

Presenting acute hepatitis with elevated levels of AST or ALT more than 500 IU/L; (ii) Waiting for

laboratory results of hepatitis A-E; (iii) Subject is 16 years old or younger; (iv) Since October 1, 2021.

Discarded

Having other explanations for the severe acute hepatitis.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECDC, European Center for Disease Prevention and Control; WHO, World Health Organization.

NF-«B pathway. Specifically, ORF2 inhibits the ubiquitination of
IkBa, thereby inhibiting its degradation and the subsequent activa-
tion of NF-kB.%4 Various in vivo experiments in a murine model
have analyzed the link between the significant downregulation of
NF-«B and hepatic injury, including HCC.35-87

Other hepatitis-inducing viruses

Viral hepatitis is the most common cause of acute hepatic failure
(ALF).288 Data has shown approximately 20% of ALF was due
to non-hepatitis A-E, in which most of those cases were caused
by a viral infection.>%8 There are a few other viruses that are able
to induce hepatitis, such as the Epstein-Barr virus, cytomegalovi-
rus, parvovirus, and adenovirus.>%® Unfortunately, there is a lack
of data to describe the whole epidemiology of these hepatitis-in-
ducing viruses partly due to hepatitis being a rare manifestation of
these viral infections.

Epstein-Barr virus (EBV) belongs to the family Herpesviri-
dae and its infection is commonly asymptomatic but, in several
cases, it may lead to acute or chronic hepatitis.?*-*! The common
symptoms of EBV-induced hepatitis, include fever, sore throat,
and adenopathy (i.e., infectious mononucleosis).?*-! Other symp-
toms may also be exhibited by those patients, such as jaundice
(<5%), abdominal discomfort, and nausea (2-15%).8°-%! Elevation
of hepatocellular enzymes up to three times higher than the normal
value may also be detected.®*-*! Hepatitis by EBV can also cause
ALF in immunocompromised individuals.?*-! EBV infection may
progress to chronicity and could lead to severe, fatal liver dis-
ease.?? Hepatic injury due to EBV infection is immune-mediated
and mostly caused by CD8" T cells.?%%!

Cytomegalovirus (CMV) is a common pathogen that also be-
longs to the family Herpesviridae and has broad cellular tropism
and can infect many types of cells, including hepatocytes.?? In cer-
tain cases, CMV infection can cause acute and chronic hepatitis. In
immunocompetent people, CMV-induced hepatitis is asymptomat-
ic and only 10% of patients would develop some symptoms.®? In
immunocompromised patients, however, particularly liver trans-
plant recipients, the rate of infection could reach up to 32.5%.%
Common symptoms of CMV-induced hepatitis, both in immu-
nocompetent and immunocompromised patients, are fever and
malaise.”? Additionally, immunocompetent patients may develop
rash, jaundice, and abdominal discomfort. CMV-induced hepatitis
can cause indirect cytopathogenicity in the liver because of the
accumulation of cytotoxic CD8" T cells.”? Furthermore, infection
of CMV in hepatocytes may lead to direct cytopathogenicity in
the liver as was shown in the in vitro culture and murine experi-
ments.??

Parvovirus B19 of the family Parvoviridae is a DNA virus that
can infect children and adults. This viral infection is known to be
more severe in children than in adults.”? It is transmitted through
respiratory droplets, household contacts, and blood products.?® It
can infect all cells that have globosides and glycosphingolipids on
their cellular membrane, including hepatocytes.”® Even though it
could infect hepatocytes, only around 4% of patients developed
hepatitis.®* It can cause both acute and chronic hepatitis.’® Parvo-
virus B19-induced hepatitis could lead to ALF through direct and
indirect cytopathogenicity.”

Adenovirus (AdV) is a human pathogen that belongs to the
family Adenoviridae, and it is transmitted through the respira-
tory route, blood products, and exposure to infected organs. Most
AdV infections occur in children and are self-limited. However, in
some rare cases, AdV infection has been known to cause hepatitis.
AdV-induced hepatitis in immunocompromised individuals car-
ries a higher risk with a fatality rate of 85%. Common symptoms
of AdV-induced hepatitis are fever, malaise, diarrhea, and jaun-
dice. %

Investigating severe acute hepatitis of unknown etiology in
children

Between October 2021 and February 2022, nine immunocompe-
tent pediatric hepatitis patients were admitted in Alabama, United
States of America.’® The patients developed severe hepatitis with
symptoms of vomiting, fever, diarrhea, and high levels of transam-
inase. In the first nine cases in Alabama, it was reported that the
range of ALT was 603-4,696 U/L, while the range of AST was
447-4,000 U/L.% All patients managed to survive, but two patients
required liver transplantations. Upon closer examination, the hepa-
titis was not caused by hepatitis A-E viruses, but of another yet
unknown virus.”® On March 31, 2022, five children in Scotland
aged 3-5 years were found to be inflicted with severe hepatitis.®’
It was noticed that the symptoms were similar to the cases in Ala-
bama,”” including jaundice (74.1%), vomiting (72.8%), pale stools
(58%), diarrhea (49.4%), nausea (39.5%), lethargy (55.6%), fever
(29.6%), and other gastrointestinal symptoms (19.8%).%8

As of June 9, 2022, the WHO, in conjunction with the European
Centre for Disease Prevention and Control (ECDC), had been noti-
fied of 402 cases of unknown severe hepatitis in Europe, includ-
ing Israel.”” The WHO/ECDC subsequently issued working case
definitions to help identify and report the cases of acute hepatitis
of unknown etiology."*® The working case definitions are shown
in Table 2.1:5%9

As of July 18, 2022, there has been no clue as from where this
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illness originated initially. The majority of probable cases came
from Europe, specifically the United Kingdom. Cases have also
been found in the United States, Singapore, Maldives, Qatar,
Brazil, Canada, Argentina, Colombia, Costa Rica, Mexico, Pan-
ama, Guatemala, Hong Kong, India, United Arab Emirates, and
Japan.1?8:100 There were 484 probable cases in Europe, of which
three were found in Austria, 14 in Belgium, one in Bulgaria, two
in Cyprus, eight in Denmark, eight in France, 12 in Greece, 17 in
Ireland, five in Israel, 36 in Italy, one in Latvia, one in Luxem-
bourg, 15 in the Netherlands, five in Norway, 11 in Poland, 19
in Portugal, one in the Republic of Moldova, one in Serbia, 40
in Spain, 12 in Sweden, and 272 in United Kingdom."** In the
United States of America, 355 probable cases have been reported
nationwide with exceptions in Alaska, Montana, Wyoming, lowa,
Kansas, West Virginia, District of Columbia, South Carolina, New
Hampshire, and Vermont.!"! Based on the data from the WHO and
ECDC,9%:192 most of the children that were being infected were
aged 6 years or younger (76%). In European countries, of the 473
cases, 221 patients recovered, 20 needed a liver transplant, and
one died.*”

The main cause of this acute hepatitis is still elusive; thus,
there has been no confirmed case so far. In Alabama, all nine
cases were reported to be positive when tested against AdV, in
which five of them were confirmed to be AdV type 41.%¢ Even
though these results suggested a probability of AdV type 41 as
the cause, reports from European countries indicated that this did
not represent the whole picture. Data from 293 patients in Europe
had shown that only 53.9% of patients tested positive on AdV.
Furthermore, AdV type 41 was only found on 50% of the AdV-
positive patients and the remaining 50% were linked to AdV type
40 and other types of AdV equally.!*® Interestingly, AdV type 41
has never been reported to cause hepatitis.’® Thus, it is still not
conclusive yet whether AdV is the culprit of the acute hepatitis
of unknown etiology.

In the process of writing this review, two preprints were made
available that might explain the perpetrator of this unknown hepa-
titis. Both articles utilized metagenomic and real-time PCR ap-
proaches in both the blood sample and liver biopsies. They found
adeno-associated virus 2 (AAV2) in all of the liver biopsies.!03:104
AAV?2 is known to be able to cause respiratory infection; however,
it needs a helper virus to replicate.!®3 In both studies, the authors
discovered that the main helper viruses were human ADV F41 and
human herpes virus (HHV6).19%1%4 Interestingly, one of those stud-
ies failed to detect viral proteins of AAV2, ADV F41, and HHV6
in their liver biopsies, but found high titer class II human leuko-
cyte antigens (HLA) alleles, which suggested that the hepatic in-
jury was not because of the direct cytopathic effect of the viral
infection but rather because of the host immune response.!’* Both
studies also described the association of class Il HLA alleles with
a susceptibility to the unknown hepatitis; namely, DRB1*04:01,
DQA1%03:03, and DQB1%03:01.103.104

A relationship between several acute hepatitis of unknown
etiology with COVID-19 had also been investigated. Data from
the WHO/ECDC reported that only 10.9% of the patients were
actively infected with SARS-COV-2 and that only 63.9% of the
patients showed positive results in the serology test against SARS-
COV-2.2 Moreover, in Alabama, all nine cases were reported
to be negative against SARS-COV-2.%¢ A relationship with the
COVID-19 vaccination had been assessed as well, in which the
data showed that most cases (75%) were not yet vaccinated against
SARS-COV-2, as the majority of the cases were children under
the age of 5 years who had not received a COVID-19 vaccina-
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tion.?®?? Taken together, this did not support a causal relationship
between SARS-CoV-2 infection or COVID-19 vaccination and se-
vere acute hepatitis of unknown etiology.

Indonesia’s experience against a potential outbreak of acute
hepatitis

It had been reported that three pediatric patients (aged 2, 8 and 11
years) deceased in Jakarta, Indonesia during April 16-30, 2022,
presumably due to severe acute hepatitis of unknown etiology.
All patients exhibited jaundice, fever, nausea, vomiting, severe
diarrhea, convulsion, and loss of consciousness. The Ministry of
Health of the Republic of Indonesia subsequently conducted a sur-
veillance of severe acute hepatitis of unknown etiology following
the recommendation of the WHO.!

The COVID-19 pandemic has provided an important learning
for the Indonesia’s Ministry of Health on designing and imple-
menting an effective public health policy on early surveillance and
emergency response against a potential outbreak of an infectious
disease. Pertaining to severe acute hepatitis of unknown etiology,
the Indonesia’s Ministry of Health is conducting a nationwide sur-
veillance on cases with acute jaundice and is continuously moni-
toring cases that match the working case definitions as stated by
the WHO. Furthermore, the Indonesia’s Ministry of Health has is-
sued its decree on April 27, 2022, to four relevant parties (i.e., pub-
lic health bureau, port health office, public health laboratories, and
hospitals) to increase their awareness and participation in screen-
ing and monitoring potential cases of acute hepatitis.!’5 This joint
effort is expected to be able to respond to any probable case and to
contain possible pathogen(s) effectively in Indonesia. The decree
is summarized in Table 3.

The Ministry of Health also conducted a routine press release
on the recorded cases related to the severe acute hepatitis of
unknown etiology across 37 provinces of Indonesia since early
May 2022.19¢ The data transparency was intended to facilitate
the raising of the general awareness as well as minimize circulat-
ing fake news of this disease.!?” As shown in Table 4,108-111 there
were 28 probable and five pending classification cases by the
end of July 2022 in Indonesia. Among those cases, 11 patients
were reported as deceased (i.e., 10 from probable and one from
pending classification).!”® Furthermore, metagenomic sequenc-
ing analysis was already performed in 15 probable cases by end
of June 2022.1"2 The CMV genome was detected in four probable
cases, rendering it to be the most found virus among the cases in
Indonesia thus far. It is still elusive, and still unknown whether
the CMV infection caused severe acute hepatitis in those Indo-
nesian children.

However, it is difficult to conclude whether the nationwide sur-
veillance and related interventions by the Ministry of Health of
the Republic of Indonesia were successful to control the incidence
of severe acute hepatitis of unknown etiology. The number of re-
ported cases also did not increase substantially between April and
July 2022 and to the best of our knowledge, there was no press re-
lease on the cases in Indonesia within August and September 2022.
This unfortunate change occurred as well at the international level,
as the latest news by the WHO of this disease was publicized on
July 12, 2022." This hindered a sufficient comparison on the ef-
fectiveness of public health interventions by Indonesia and other
countries. In addition, while the public health authority in Indo-
nesia and multiple countries follow the case definitions stipulated
by the WHO/ECDC, the United Kingdom Health Security Agency
(UKHSA) and the Centers for Disease Control and Prevention
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Table 3. Public health policy of Indonesia to anticipate severe acute hepatitis of unknown etiology

Public health bureau

Port health office

Public health laboratories Hospitals

Monitoring and reporting
any case with acute jaundice
into the Early Warning

and Response System.

Providing relevant
communication-information-
education to the public and
related preventive measures
of clean and healthy lifestyle.

Informing the public
to immediately visit
healthcare facilities if
contracting jaundice.

Establishing and
strengthening the disease
surveillance network together
with the Education Bureau
and the Ministry of Religion.

Notifying the Disease
Prevention and Control
Bureau immediately through
the Public Health Emergency
Operation Centre if there

is an increase in cases with
acute jaundice or if there

is a case matching the
working case definition.

Investigating related reports
from healthcare facilities.

Increasing the follow-up on travelers
and cabin crew (particularly

from countries with related

cases), vehicles, luggage, disease
vectors, as well as surroundings

of seaports and airports.

Increasing health promotional
approaches for the border
communities.

Coordinating health services
with the public health bureau
and local hospitals.

Coordinating with the Immigration
Authority if there is a suspected
case among foreign visitors.

Coordinating with the
airlines in detecting travelers
with acute jaundice.

Notifying the Disease Prevention and
Control Bureau immediately through

the Public Health Emergency
Operation Centre if there is an

increase in cases with acute jaundice

or if there is a case matching
the working case definition.

Increasing the awareness by
observing all cases of acute
jaundice with unknown causes,
managing them according to
the guidelines and conducting
the laboratory testing.

Coordinating with the

public health bureau,
reference hospitals, and
port health office to perform
blood and throat swab

tests in individuals with
suspected acute hepatitis

of unknown etiology.

Conducting an independent
assessment on the
capabilities and resources
of laboratories to perform
the required tests.

Conducting a hospital record
review on acute hepatitis

of unknown etiology cases
from January 1, 2022.

Notifying the Disease
Prevention and Control
Bureau immediately through
the Public Health Emergency
Operation Centre if there is a
case matching the operational
definition of acute hepatitis
of unknown etiology.

(CDC) of the United States utilize different case definitions. For
example, the UKHSA has a working definition of a confirmed
case, while the WHO/ECDC does not have this.!%7 Next, while
the UKHSA and US CDC consider it as a case if the child is aged
younger than 10 years, the WHO/ECDC consider it as a case if the
child is aged 16 years or younger.!%” These differences could im-

pede a proper calculation of the cases of the severe acute hepatitis
of unknown etiology worldwide. Furthermore, an elucidation of
the cause of this severe acute hepatitis of unknown etiology would
be even more challenging, arguably, as this disease gradually dis-
appears worldwide, and as it is no longer a focus of public health
authorities in multiple countries.

Table 4. Number of putative cases of severe acute hepatitis of unknown etiology in Indonesia

Parameter End of April 20221%° End of May 2022110 End of June 20221 End of July 2022108
Probable 3 5 16 28
Epidemiologically linked 0 0 0 0
Pending Classification 0 15 18
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Future directions

The sudden appearance of severe acute hepatitis of unknown
etiology during the COVID-19 pandemic has further implied
the importance of health security. Several measurements could
be done in Indonesia to reduce the risk of this illness becom-
ing endemic. Firstly, increase the numbers of trained personnel
who could screen people at entry points. Secondly, expand the
testing sites and increase the trained personnel who could per-
form the testing. Thirdly, initiate research activities in Indone-
sia on this disease to help the world uncover the mystery and
possibly find a cure. Finally, create the transparency of relevant
information from the government. As was shown in this article,
information regarding the severe acute hepatitis of unknown eti-
ology was sparse and was suddenly stopped in August 2022. This
also applied to other diseases, as there was a lack of informa-
tion regarding them in Indonesia, and it is difficult to investigate
them. Nonetheless, the COVID-19 pandemic demonstrated that
Indonesia was able to provide continuous and transparent public
health data that could be useful for the world. We therefore hope
that after experiencing the COVID-19 pandemic and several mul-
tinational outbreaks, such as severe acute hepatitis of unknown
etiology and monkeypox, Indonesia would invest substantially in
the public health and life science sectors in order to increase its
national health security.

Conclusions

Thirty-five countries within five WHO Regions (i.e., America, the
Eastern Mediterranean, Europe, Southeast Asia, and the Western
Pacific) have reported 1,010 probable cases of acute hepatitis of
unknown origin among children as from July 8, 2022.! The etiol-
ogy remains unknown and is currently being investigated. Fortu-
nately, there is a declining trajectory in the number of cases glob-
ally,"'3 thus suggesting that this illness would not be an imminent
outbreak. In addition, the current multi-country outbreak of monk-
eypox has appeared to shift the public health attention from severe
acute hepatitis of unknown etiology to the monkeypox disease.!!#
Indonesia had followed the WHO’s recommendation and modi-
fied its early surveillance network and public health emergency
responses in anticipating severe acute hepatitis of unknown eti-
ology. However, it remains to be seen whether this effort would
be sufficient to screen, monitor, and control the transmission of
emerging diseases in Indonesia.
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