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Abstract

Background—Adenovirus is a known cause of hepatitis in immunocompromised children, but 

not in immunocompetent children. In April, 2022, following multiple reports of hepatitis of 

unknown aetiology and adenovirus viraemia in immunocompetent children in the USA and UK, 

the US Centers for Disease Control and Prevention (CDC) and jurisdictional health departments 

initiated national surveillance of paediatric acute hepatitis of unknown aetiology. We aimed to 

describe the clinical and epidemiological characteristics of children identified with hepatitis 

of unknown aetiology between Oct 1, 2021, and Sept 30, 2022, in the USA and to compare 

characteristics of those who tested positive for adenovirus with those who tested negative.

Methods: In this national surveillance investigation in the USA, children were identified for 

investigation if they were younger than 10 years with elevated liver transaminases (>500 U/L) who 
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had an unknown cause for their hepatitis and onset on or after Oct 1, 2021. We reviewed medical 

chart abstractions, which included data on demographics, underlying health conditions, signs 

and symptoms of illness, laboratory results, vaccination history, radiological and liver pathology 

findings, diagnoses and treatment received, and outcomes. Caregiver interviews were done to 

obtain information on symptoms and health-care utilisation for the hepatitis illness, medical 

history, illness in close contacts or at school or daycare, diet, travel, and other potential exposures. 

Blood, stool, respiratory, and tissue specimens were evaluated according to clinician discretion 

and available specimens were submitted to CDC for additional laboratory testing or pathology 

evaluation.

Findings: Surveillance identified 377 patients from 45 US jurisdictions with hepatitis of 

unknown aetiology with onset from Oct 1, 2021, to Sept 30, 2022. The median age of patients 

was 2·8 years (IQR 1·2–5·0) and 192 (51%) were male, 184 (49%) were female, and one patient 

had sex unknown. Only 22 (6%) patients had a notable predisposing underlying condition. 347 

patients (92%) were admitted to hospital, 21 (6%) subsequently received a liver transplant, and 

nine (2%) died. Among the 318 patients without notable underlying conditions, 275 were tested 

for adenovirus. Of these 116 (42%) had at least one positive specimen, and species F type 41 was 

the most frequent type identified (19 [73%] of 26 typed specimens were HAdV-41). Proportions 

of patients who had acute liver failure, received a liver transplant, and died were similar between 

those who tested positive for adenovirus compared with those who tested negative. Adenovirus 

species F was detected by polymerase chain reaction in nine pathology liver evaluations, but not 

by immunohistochemistry in seven of the nine with adequate liver tissue available. Interviews with 

caregivers yielded no common exposures.

Interpretation: Adenovirus, alone or in combination with other factors, might play a potential 

role in acute hepatitis among immunocompetent children identified in this investigation, but the 

pathophysiologic mechanism of liver injury is unclear. To inform both prevention and intervention 

measures, more research is warranted to determine if and how adenovirus might contribute to 

hepatitis risk and the potential roles of other pathogens and host factors.

Funding: None

Introduction

Severe acute hepatitis is a rare condition in young children that can result in acute liver 

failure, need for liver transplantation, and in rare instances, death.1,2 There are multiple 

known causes of paediatric acute hepatitis, including infectious (eg, hepatitis viruses A–E), 

immunological, metabolic, vascular, and toxin-related or drug-related causes.3 However, it is 

not unusual for the causes of hepatitis in children to remain unknown, with some estimates 

suggesting that a third of children with acute liver failure have no identified cause.4,5 

Because paediatric acute hepatitis is rare, advancing our understanding of the causes has 

historically been challenging.

In late 2021 and early 2022, a cluster of previously healthy children with hepatitis of 

unknown aetiology, a high proportion of whom tested positive for adenovirus, was identified 

in the USA.6 Concurrently, additional clusters in the UK7 drew international attention 

because adenovirus, a known cause of hepatitis in immunocompromised children, is not 
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known to cause hepatitis in previously healthy children.8,9 On April 21, 2022, the US 

Centers for Disease Control and Prevention (CDC) issued a health advisory requesting that 

clinicians report patients younger than 10 years with hepatitis of unknown aetiology to 

public health authorities.10 Similar investigations were also initiated internationally.11

By early July, 2022, 35 countries reported 1010 probable cases of severe acute hepatitis 

of unknown aetiology in children aged 16 years or younger.12 Although adenovirus, 

particularly human adenovirus type 41 (HAdV-41), was the most detected pathogen among 

patients under investigation globally (ranging from 9% to 66%),12,13 whether it caused these 

illnesses remains unknown. Other potential contributing factors, such as coinfections or 

host factors, could also have had a causal role. More data are needed to further describe 

the clinical and epidemiological characteristics of paediatric acute hepatitis of unknown 

aetiology, particularly among previously healthy children with no known predisposing 

factors for hepatitis.14

The main objective of this study was to describe the clinical and epidemiological 

characteristics of children identified with hepatitis of unknown aetiology between Oct 1, 

2021, and Sept 30, 2022, in the USA to provide a thorough overview of the clinical course 

and potential exposures. We also aimed to compare characteristics of those who tested 

positive for adenovirus compared with those who tested negative.

Methods

Study design and participants

Children were reported and investigated as part of this national surveillance investigation 

if they were younger than age 10 years with acute hepatitis of unknown aetiology and had 

hepatitis onset on or after Oct 1, 2021, in the USA. This investigation was reviewed by CDC 

and was conducted in accordance with applicable federal law and CDC policy 45 C.F.R. part 

46.102(l)(2). Because this project was determined to be public health surveillance and not 

human subject research, neither consent nor ethical approval were required.

Acute hepatitis was defined as elevated (>500 U/L) aspartate aminotransferase (AST) or 

alanine amino transferase (ALT). Treating clinicians determined whether the acute hepatitis 

was of unknown cause on the basis of diagnostic investigations. Patients with a confirmed 

cause determined by a clinician (eg, hepatitis A–E, drug-induced liver injury, or definitive 

autoimmune hepatitis) were not included in this investigation. Patients were reported by 

clinical providers to health departments and subsequently to CDC or identified by health 

departments using electronic queries of syndromic surveillance or electronic health records, 

and were confirmed by clinical providers. This analysis included patients identified both 

retrospectively and prospectively.

Procedures

Investigations included medical chart abstractions, caregiver interviews, laboratory testing, 

and pathological evaluation of liver tissue specimens. Medical chart abstractions were 

completed by clinicians and jurisdictional health departments and included data on 

demographics, underlying health conditions, signs and symptoms of illness, laboratory 
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results, history of SARS-CoV-2 testing, vaccination history, radiological and liver pathology 

findings, diagnoses and treatment received, and outcomes. Interviews were conducted 

by jurisdictional health departments with a parent or guardian to obtain information on 

symptoms and health-care utilisation for the hepatitis illness, medical history, illness in close 

contacts or at school or daycare, diet, travel, and other potential exposures. Interviews were 

only conducted for caregivers of children with hepatitis onset before Aug 15, 2022. For 

patients with onset on Aug 15, 2022, or later, interview data were not collected because 

of a drastic decline in case counts and preliminary data analysis suggested no common 

exposures.

Clinical diagnostic investigations for infectious and non-infectious causes of hepatitis in 

patients were based on clinician discretion and was not standardised (ie, testing varied based 

on the individual patient and clinical judgement). In accordance with the CDC-issued health 

advisory, adenovirus nucleic acid amplification testing (eg, PCR) of blood, respiratory, or 

stool samples from patients was requested at the discretion of the treating clinician and 

conducted at a diagnostic or reference laboratory.

Residual adenovirus positive specimens were typed at select reference laboratories or the 

CDC laboratory using Sanger sequencing of the six hypervariable regions of the hexon 

gene. A phylogenetic tree was constructed to compare sequences of the hexon hypervariable 

region of HAdV-41 detected in these specimens to sequences from representative HAdV-41 

sequences. Formalin-fixed, paraffin-embedded (FFPE) liver biopsy, explant, or autopsy 

tissue specimens underwent routine evaluation at the clinical institutions and data from 

pathology reports were abstracted using a standardised form. Any available residual FFPE 

tissue specimens were submitted to CDC for further pathological evaluation and infectious 

disease testing.

Current SARS-CoV-2 infection was defined as a positive real-time RT-PCR or antigen test 

within 14 days of hepatitis onset, while history of SARS-CoV-2 infection was defined 

according to serology, medical record documentation of a positive real-time RT-PCR or 

antigen test more than 14 days before hepatitis onset, or parental report of previously 

confirmed COVID-19. For applicable cases, acute infections were defined on the basis of 

real-time RT-PCR or serology indicators of acute infection (eg, immunoglobulin M result).

Two CDC paediatricians (HLK and PAG) independently reviewed the medical conditions 

noted in the chart abstraction to assess whether patients’ underlying medical conditions 

might have contributed to the development of hepatitis. All patients were categorised as 

follows: (1) no underlying medical conditions or underlying medical conditions that were 

unlikely to contribute to hepatitis; (2) underlying medical conditions that, in the right clinical 

circumstance, could possibly contribute to hepatitis; and (3) notable or specific underlying 

conditions that probably directly caused or contributed to hepatitis (hereafter described as 

patients with notable underlying medical conditions). Immunocompromising conditions, 

such as previous liver transplant and immunosuppressive therapy, were categorised 

as notable conditions that probably contribute to hepatitis. All other conditions were 

reviewed individually to determine the appropriate category (appendix p 2). Discordant 

categorisations were resolved after discussion and consensus between the two paediatricians. 
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Patients in categories 1 and 2 are hereafter described as immunocompetent patients without 

notable underlying conditions.

Statistical analysis

Demographic characteristics and clinical outcomes were summarised for patients and 

stratified by underlying condition categories. Detailed clinical and exposure descriptions 

were restricted to immunocompetent patients without notable underlying conditions. The 

reason for excluding children with notable underlying conditions was, first, that the 

relationship between hepatitis and the various factors explored in the analyses might be 

confounded by underlying conditions and, second, adenovirus (a focus of this investigation) 

is a rare but recognised cause of hepatitis in immunocompromised children. Categorical 

variables were described using proportions and compared between strata using Fisher’s 

exact test or Yates’ continuity adjusted χ2 test and continuous variables were described 

using medians and IRQs and compared using Wilcoxon rank sum test. Select demographics, 

clinical features, and exposures were stratified by adenovirus viraemia (positive vs negative 

in any blood specimen) and any adenovirus test results (positive vs negative in any 

specimen). The expected proportion of Hispanic or Latino patients was calculated using 

the state-based proportions of Hispanic or Latino people younger than 10 years from the 

population estimates from the US 2020 bridged-race vintage postcensal file15 and weighting 

by the number of patients reported by state. The proportion of Hispanic or Latino patients 

was compared with the expected proportion of Hispanic or Latino patients using χ2 test. 

Deaths were defined as any death related to the hepatitis episode, regardless of the time 

between hepatitis onset and death. Missing data were excluded from analyses. REDCap 

electronic data tools16,17 hosted at CDC were used for data management and SAS (version 

9.4) was used for statistical analyses.

Role of the funding source

There was no funding provided for this investigation.

Results

A total of 377 children younger than 10 years with hepatitis of unknown aetiology with 

onset from Oct 1, 2021, to Sept 30, 2022, were reported to CDC from 45 US jurisdictions. 

The number of children presenting with hepatitis of unknown aetiology peaked during the 

week of May 1, 2022, near the time that the CDC health advisory was issued on April 

21, 2022, with a subsequent steady decline in reported cases (figure 1). The median age 

among patients was 2·8 years (IQR 1·2–5·0; table 1). 192 (51%) patients were male and 

184 (49%) were female (one patient had sex unknown). There were 347 (92%) patients 

who required hospital admission, 21 (6%) who received a liver transplant, and nine (2%) 

who died. Among 352 patients with known race and ethnicity, 153 (43%) were Hispanic 

or Latino, 130 (37%) were non-Hispanic White, and 38 (11%) were non-Hispanic Black. 

The proportion of reported Hispanic or Latino patients was significantly higher than the 

expected proportion of Hispanic or Latino patients based on census estimates (43% vs 

24%; p<0·0001). 259 (69%) of 377 patients had no underlying conditions or had underlying 

conditions that were unlikely to contribute to hepatitis, while 59 (16%) had underlying 
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conditions that possibly contributed to their hepatitis, and 22 (6%) patients had notable 

underlying medical conditions that probably contributed to their hepatitis; 37 (10%) had 

unknown underlying conditions. Among 332 patients with completed chart abstraction, 279 

(84%) patients reported at least one sign or symptom of gastrointestinal illness, including 

vomiting (211 [64%] of 332) and diarrhoea (160 [48%] of 332) during their illness or before 

hepatitis onset.

Patients with notable underlying medical conditions were younger (median age 1·7 years 

[IQR 0·5–3·0] vs 2·9 years [1·5–5·1]), had lower AST and ALT concentrations, and reported 

fewer gastrointestinal, systemic, and hepatitis signs and symptoms compared with patients 

with no underlying conditions. The proportions of patients who were admitted to hospital, 

received a liver transplant, or died were not significantly different by underlying condition 

group. The median number of days from onset of gastrointestinal, respiratory, or systemic 

signs or symptoms to presentation for hepatitis illness was shorter, although not statistically 

significant, among patients with notable underlying conditions than in patients with no 

underlying conditions (median 2·0 days [0·0–10·0] vs 4·0 [2·0–8·0]). All further analyses 

were restricted to the 318 patients without notable underlying medical conditions.

Adenovirus testing was conducted in 275 (86%) of 318 patients without notable underlying 

medical conditions with 116 (42%) of the 275 positive in at least one specimen type (table 2; 

figure 2; appendix p 3). Among 275 patients without notable underlying medical conditions 

who had any adenovirus testing performed, 35 (13%) had only blood specimens tested, 59 

(21%) had only respiratory specimens tested, and three (1%) had only stool tested, while 

the remaining 178 (65%) had a combination of different specimen types tested (appendix 

p 5). 15 patients had concurrent whole blood and plasma tested, among whom 14 (93%) 

had concordance of adenovirus results between the two specimen types (appendix p 6). 

Among patients without notable underlying conditions, 19 (73%) of 26 typed specimens 

were HAdV-41 and 17 (94%) of 18 whole blood specimens were HAdV-41 (appendix p 7). 

Phylogenetic analysis of HAdV-41 sequences from the 19 specimens suggests differences 

in the HAdV-41 hexon sequences associated with these cases (appendix p 8). The median 

(IQR) adenovirus viral load was slightly higher among eight patients with acute liver failure 

and available viral load data than in 25 patients without acute liver failure (15 854 copies per 

mL [1782–57 376] vs 5132 copies per mL [500–11 060]).

Adenovirus was the most prevalent pathogen detected (table 2, figure 2). 290 (91%) of 318 

patients were tested for acute SARS-CoV-2, of whom 24 (8%) had a current SARS-CoV-2 

infection. Of 304 patients tested for at least one pathogen, 88 (29%) tested positive for 

multiple concurrent pathogens. Only 88 (27%) of the 318 patients were age-eligible18,19 to 

receive the COVID-19 vaccine and nine (3%) had received at least one dose before illness 

onset.

Among liver biopsy specimens from 79 patients without notable underlying conditions 

who underwent routine evaluation at the clinical institutions, 53 (67%) had findings of 

acute or active hepatitis, and none had viral or intranuclear inclusions or smudge cells 

(appendix p 9). There were findings potentially consistent with autoimmune hepatitis in 

eight (10%) patients, fibrosis in 18 (23%) patients, and portal inflammation in 31 (39%) 
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patients. FFPE liver tissue specimens from 25 patients without notable underlying conditions 

were submitted to CDC. Adenovirus species F was detected in liver tissue from nine patients 

by conventional PCR20 and confirmed by sequencing, eight of which also had detection of 

adenovirus from one or more other specimens. Of these nine patients, seven had adequate 

liver tissue that was available for performance of immunohistochemistry and adenovirus 

was not detected by immunohistochemistry in any of these specimens. Liver tissue samples 

from patients without notable underlying conditions examined at CDC demonstrated varying 

degrees of active hepatitis; changes were non-specific and not typical for adenovirus 

hepatitis, with no viral inclusions observed. Electron microscopy was performed on liver 

tissue specimens from six of these patients as previously reported, and no viral particles 

were observed.14,20

Among 314 patients without notable underlying conditions with hepatitis onset before 

Aug 15, 2022, 192 (61%) had a caregiver interviewed. No common exposures related 

to travel, family structure, diet, water source, or toxins were identified (appendix p 10). 

Acetaminophen use (known to cause liver injury at high doses) in the 2 months before 

hepatitis onset was the most frequently reported medication used (18 [16%] of 112; 

appendix p 10). However, 161 patients had medical record documentation of acetaminophen 

drug level testing and only one patient was identified with potential acetaminophen toxicity. 

83 (44%) of 187 patients attended a daycare or school during the month preceding the 

hepatitis illness. Among patients born prior to 2021, the median number of months of 

in-person child-care was zero (IQR 0–4) in 2020 compared to 5 months (4–9) in 2021. 

85 (48%) of 176 caregivers reported that the patient had another acute illness, primarily 

respiratory or gastrointestinal, in the 2 months before hepatitis onset. 92 (63%) of 146 

caregivers sought medical care with the patient’s primary care provider for their hepatitis 

illness.

A higher proportion of patients who tested positive for adenovirus were Hispanic or Latino 

compared with those who tested negative (table 3). Compared with patients who tested 

negative, more patients who tested positive for adenovirus reported diarrhoea and jaundice 

(table 3). Among patients who tested positive for adenovirus, 46 (63%) of 73 had a caregiver 

report of another acute illness, primarily respiratory or gastrointestinal, in the 2 months 

before hepatitis onset and 27 (42%) of 65 had reports of acute illness, primarily respiratory 

or gastrointestinal, in household members or other close contacts in the 2 months before 

hepatitis onset. Among patients who tested negative for adenovirus, fewer had a reported 

acute illness in the 2 months before hepatitis onset (30 [35%] of 85; p=0.0008) and 39 

(47%) of 83 had a reported acute illness in a household member or other close contact in 

the 2 months before hepatitis onset. The proportion of severe outcomes, including hospital 

admission, liver transplant or death, and markers of hepatitis severity, including acute 

liver failure and hepatic encephalopathy, were similar among patients who tested positive 

for adenovirus and those who tested negative. Findings were similar when stratified by 

adenovirus viraemia. The proportion of severe outcomes and markers of hepatitis severity 

were similar between patients with detection of HAdV-41 and patients with non-HAdV-41 

hexon sequence detected, although the small sample size limits robust comparisons between 

sequence types (appendix p 7). The higher proportion of transplant recipients among patients 

who had HAdV-41 (four [22%] of 18) and non-HAdV-41 (one [14%] of seven) sequences 

Cates et al. Page 7

Lancet Child Adolesc Health. Author manuscript; available in PMC 2024 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



detected than among the overall population (21 [6%] of 377) is probably biased by higher 

proportions of specimens available for sequencing among patients who received a liver 

transplant.

Discussion

We describe detailed clinical and epidemiological data from children with acute hepatitis 

of unknown aetiology in the USA, who were reported to CDC between Oct 1, 2021, and 

Sept 30, 2022. Overall, findings were consistent with preliminary evaluations of the US 

interim data published in June, 2022.14 Most children were previously healthy, with only 

6% of patients having a notable predisposing underlying condition. Adenovirus was the most 

commonly detected pathogen among those tested, although it remains unclear if adenovirus 

was the causative agent for hepatitis in these children. Children who tested positive for 

adenovirus were similar to those who tested negative for adenovirus for most demographic 

characteristics and markers of hepatitis severity. Diagnostic testing for pathogens varied, but 

co-detection of pathogens was documented in almost a third of patients. No other common 

exposures were identified. Future case–control, pathophysiological, and immunological 

evaluations are warranted to elucidate the role of adenovirus, alone or in conjunction with 

other co-factors, in the development of paediatric acute hepatitis.

Hispanic or Latino children were overrepresented when compared with the 2020 US census. 

The reason for this overrepresentation is unclear; it could be related to an unidentified 

exposure, socioeconomic health disparities that might have increased the risk for infection 

or decreased access to primary care among Hispanic or Latino populations, or host factors 

that predispose some children to more severe hepatitis than others. One small study among a 

White ethnicity population in the UK found that genetic markers known as human leukocyte 

antigen (HLA) alleles could be associated with increased susceptibility to hepatitis.21 More 

research is needed to elucidate the relationship between HLA alleles and paediatric hepatitis 

of unknown aetiology, especially in diverse populations.

Adenovirus was the most commonly detected pathogen among patients in this investigation, 

consistent with findings globally.12 HAdV-41, which typically causes gastrointestinal 

symptoms, remains of particular interest. HAdV-41 was the most frequent genotype 

detected, consistent with genotyping done in the UK.22 Although most adenovirus-positive 

specimens were not available for genotyping in our investigation, the high proportion of 

diarrhoea among patients who tested positive for adenovirus is further suggestive of enteric 

HAdV-41. These HAdV-41 strains cluster closely to known HAdV-41 hexon sequences in 

phylogenetic analysis, suggesting that these infections were not caused by a new adenovirus 

strain.20 Children who tested positive for adenovirus were similar to those who tested 

negative for adenovirus for most characteristics and did not have more severe illness than did 

those who tested negative for adenovirus.

The high prevalence of adenovirus and HAdV-41 in this study alone does not implicate this 

pathogen as a causative agent. However, a case–control investigation in the UK found a 

strong association between adenovirus and paediatric hepatitis of unknown aetiology, and 

there has been ecological evidence of a correlation between adenovirus and hepatitis.22,23 
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Taken together, these findings suggest some role for this pathogen; however, potential 

mechanisms of action remain poorly understood. There was detection of adenovirus by 

conventional PCR in the liver, but pathological evaluations of liver specimens among 

immunocompetent patients without notable underlying conditions in this investigation 

generally did not show classic features of adenovirus hepatitis seen in immunocompromised 

individuals.20,24 Detection of adenovirus by conventional PCR in the liver does not 

differentiate between liver cell infection versus viraemia from blood in the liver. The lack of 

direct cytopathic effect of HAdV-41 on the liver in the subset of patients with liver pathology 

evaluations suggests that if HAdV-41 plays a role in acute hepatitis in immunocompetent 

children, it might be indirectly involved in liver injury. There is growing evidence of 

the role of co-factors, including HLA alleles and adeno-associated virus 2 (AAV2), in 

the association between adenovirus and acute hepatitis of unknown aetiology.21,25,26 As 

previously reported, a subset of 14 patients from this US investigation underwent more 

advanced metagenomic testing, of whom 13 (93%) had AAV2 detected, a significantly 

higher proportion of AAV2 detection than the control group.25 These findings have been 

corroborated by two independent UK studies.21,26

At least one pathogen was detected in two thirds of previously healthy patients and co-

infections were identified in almost a third of patients. The significance of these detections 

and their contribution to hepatitis are difficult to interpret. Several detected pathogens (eg, 

rhinoviruses and enteroviruses) are common among children, especially since COVID-19 

social distancing and masking restrictions were no longer routinely recommended in many 

settings in late 2021 and 2022, leading to increases in pathogen detections to equal to 

or higher than pre-pandemic levels.27 Other pathogens (eg, cytomegalovirus, Epstein-Barr 

Virus, or human herpesvirus 6) are known potential contributors to liver disfunction, but it 

is unclear if these infections contributed to hepatitis in patients in whom these pathogens 

were detected.3,28 Current or previous infection with SARS-CoV-2, part of an autoimmune 

and superantigen-mediated immune-cell activation hypothesis early in this investigation,29,30 

was not common among US patients and was not significantly associated with hepatitis in 

UK investigations.22

A caregiver interview was completed for most patients. No common exposures or risk 

factors were identified among children with acute hepatitis of unknown aetiology included 

in this report. COVID-19 vaccination is unlikely to be related to these hepatitis illnesses, 

given the low percentage of children who had received the vaccine and that only a quarter 

of children were age-eligible to receive the COVID-19 vaccine by the time of their illness. 

Findings from caregiver interviews show that children had opportunities for exposures to 

infectious pathogens in the 2 months before illness onset, following periods of reduced 

potential exposures during the COVID-19 pandemic. Acetaminophen toxicity was not 

a common finding, although acetaminophen use was frequently reported by caregivers. 

Another finding from these interviews was the high proportion of caregivers who sought 

care for their child’s illness from their primary care providers. Although not unexpected 

given the vital role of paediatricians, it warrants a reminder for general paediatric clinicians 

to remain aware of acute hepatitis of unknown aetiology and provide education to caregivers 

about the potential escalation to severe illness and the need for prompt clinical care if 

symptoms worsen.
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Although this investigation was initiated on the basis of concerns of an outbreak or 

unexplained increase in paediatric acute hepatitis of unknown aetiology, and a potential 

association to adenovirus, it was not possible to directly compare the 377 children with 

acute hepatitis of unknown aetiology identified through this newly initiated surveillance 

to cases from previous years because historical data are scarce. A previous evaluation of 

trends in hepatitis-associated emergency department visits and hospital admissions, liver 

transplants, and adenovirus stool testing results among children in the USA from 2017 to 

2022 did not suggest an increase in paediatric hepatitis of unspecified cause or detection 

of adenovirus types 40 or 41 in children above pre-COVID-19 pandemic baseline levels.23 

The UK did see an increase in hepatitis and adenovirus-positive stool specimen test results 

among children aged 1–4 years when comparing 2022 with previous years, although similar 

trend analyses were inconclusive in other countries.22,31,32 Evidence of adenovirus detection 

in banked liver specimens from UK immunocompetent children with acute liver failure in 

2017–19 suggest that the potential association between adenovirus and acute hepatitis might 

have existed previously and been unrecognised until this more recent 2021–22 investigation. 

As of Aug 30, 2023, the USA continues to receive reports on only a small number of 

children with hepatitis of unknown aetiology since Oct 1, 2022,33 and other countries have 

not reported new cases since July, 2022.12,22 This decrease in cases might support one 

hypothesis that the peak in cases in the USA and globally in April–May of 2022 might have 

partially been related to changes in exposure patterns to adenovirus or other co-factors such 

as AAV2 following a lifting of COVID-19-related non-pharmaceutical interventions in many 

settings. Additionally, increased reporting in April–May of 2022 and the subsequent decline 

cases reported over the following months might have been due to variability in clinician 

engagement and reporting patterns.

This investigation was subject to several limitations. The method for identification of 

patients varied over time and across jurisdictions. Patients with hepatitis onset before April, 

2022, were identified retrospectively and some jurisdictions used syndromic surveillance34 

to identify patients, in addition to clinician reporting, or had more engaged clinicians 

reporting from specialty transplant or liver and digestive centres. Although all patients were 

identified with acute hepatitis based on the treating clinician’s diagnostic investigations, 

patients presenting due to an underlying chronic liver disease might have been included 

in this investigation. Clinicians might also have reported patients with some evidence of 

potential alternative cause, for which evidence was suggestive but not sufficient to confirm 

these as definitive causes. There might have been underreporting of less severe illnesses, 

limiting generalisability of our findings. Tests done to detect pathogens were influenced 

by the health advisory, clinical presentation, and clinician judgment, thus not all patients 

received diagnostic tests for the same spectrum of pathogens. Finally, the findings reported 

here are limited by the lack of a comparison group. A case–control evaluation in the USA 

is underway to prospectively identify matched controls to evaluate unresolved questions 

related to adenovirus, SARS-CoV-2, AAV2, and host factors such as HLA type.

In summary, the cause of hepatitis in these children remains unknown. The high prevalence 

of adenovirus detection aligns with other studies suggesting a potential role of adenovirus, 

particularly type HAdV-41; however, the mechanism of action is unclear. To inform both 

prevention and intervention measures, more research is warranted to determine if and how 
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adenovirus might contribute to hepatitis risk and the potential roles of other pathogens 

and host factors such as AAV2 and HLA. Further investigations should include diverse 

populations, particularly those of Hispanic or Latino ethnicity, given the overrepresentation 

of this population seen in our investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Paediatric acute hepatitis can commonly have no known cause. In-depth investigations 

into paediatric acute hepatitis of unknown aetiology began in 2022 when clusters of 

children with hepatitis of unknown aetiology and adenovirus viraemia were identified 

in multiple countries. We searched PubMed for original research articles published 

on paediatric hepatitis of unknown aetiology between Oct 1, 2021, and May 17, 

2023, using the terms (hepatitis) AND (unknown cause OR unknown etiology OR 

adeno OR adenovirus) AND (pediatric OR children) in the title or abstract with no 

language restrictions. The search returned 90 publications, of which 17 were unrelated to 

paediatric acute hepatitis of unknown aetiology, 35 were editorials or commentaries, 

12 were reviews, and 26 were relevant studies. As of July, 2022, a global report 

summarising recent investigations reported on 1010 children identified from 35 countries, 

that showed adenovirus as the most commonly detected pathogen (range 9–66%). 

Several studies reported on small numbers of children (eg, case reports, case series, 

or single-centre retrospective reviews). Comprehensive clinical and epidemiological data 

from large-scale investigations were limited to an interim analysis of patients under 

investigation in the USA and four technical briefings from the UK’s investigation. Three 

studies identified other potential contributing factors in paediatric hepatitis of unknown 

aetiology, including adeno-associated virus 2 and human leukocyte antigen alleles.

Added value of this study

To our knowledge, no comprehensive surveillance for paediatric acute hepatitis of 

unknown aetiology has been done in the USA before this investigation. This study 

provides updated and detailed information on children with acute hepatitis of unknown 

aetiology in the USA, encompassing a year of data from Oct 1, 2021, to Sept 30, 

2022, obtained through extensive medical chart abstractions, detailed interviews, and 

additional laboratory and pathological evaluations of available residual specimens. This 

is the first study to broadly describe clinical and epidemiological findings in US children 

with hepatitis of unknown aetiology, including frequency in which they tested positive 

for adenovirus. It also is the first US study to compare children with hepatitis of 

unknown aetiology who tested positive for adenovirus with those who tested negative 

for adenovirus.

Implications of all the available evidence

These data support the growing evidence that adenovirus is a frequently detected 

pathogen among previously healthy children with hepatitis of unknown aetiology, 

although there is little evidence to indicate direct viral cytopathic effect on the liver. 

These data suggest that children with hepatitis of unknown aetiology who tested positive 

for adenovirus did not have more severe illness than those who tested negative for 

adenovirus. Further research is needed to confirm the role of adenovirus and of other 

potential contributing factors, such as coinfections and genetic host factors, and to 

elucidate the exact pathophysiological mechanism of liver injury.
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Figure 1. 
Epidemiologic curve of reported children with acute hepatitis of unknown etiology in the 

United States from October 1, 2021 – September 30, 2022, stratified by adenovirus testing 

results among any blood specimen type (N=377). The trend in cases should be interpreted 

in the context of potential reporting bias, given the cluster in identified children around the 

time the health advisory was issued.
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Figure 2. 
Absolute numbers (A) of single detection, co-detection, and negative test results for 

pathogens tested for and proportions (B) of patients with a positive single detection or 

co-detection result, among patients without significant underlying conditions (N=318).

Abbreviations: EBV=Epstein-Barr Virus; HHV=human herpes virus.

* Among any specimen type

† Combines testing for rhinovirus/enterovirus via multiplex panel as well as testing via 

enterovirus specific NAAT

‡ Current SARS-CoV-2 infection defined as a positive PCR or antigen test within 14 days of 

hepatitis onset.

§ Acute CMV based on clinical diagnosis, verified by PCR IgM result.

# Acute EBV defined as positive EBV viral capsid antigen (VCA) immunoglobulin M (IgM) 

or early antigen (EA) immunoglobulin G (IgG) test result, or diagnosis of primary EBV in 

the medical chart.

** HHV-6 defined as positive PCR or IgM; IgG antibody results were not included.
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