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Abstract

BACKGROUND—Human adenoviruses typically cause self-limited respiratory, gastrointestinal, 

and conjunctival infections in healthy children. In late 2021 and early 2022, several previously 

healthy children were identified with acute hepatitis and human adenovirus viremia.

METHODS—We used International Classification of Diseases, 10th Revision, codes to identify 

all children (<18 years of age) with hepatitis who were admitted to Children’s of Alabama hospital 

between October 1, 2021, and February 28, 2022; those with acute hepatitis who also tested 

positive for human adenovirus by whole-blood quantitative polymerase chain reaction (PCR) were 

included in our case series. Demographic, clinical, laboratory, and treatment data were obtained 

from medical records. Residual blood specimens were sent for diagnostic confirmation and human 

adenovirus typing.

RESULTS—A total of 15 children were identified with acute hepatitis — 6 (40%) who had 

hepatitis with an identified cause and 9 (60%) who had hepatitis without a known cause. Eight 

(89%) of the patients with hepatitis of unknown cause tested positive for human adenovirus. These 
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8 patients plus 1 additional patient referred to this facility for follow-up were included in this case 

series (median age, 2 years 11 months; age range, 1 year 1 month to 6 years 5 months). Liver 

biopsies indicated mild-to-moderate active hepatitis in 6 children, some with and some without 

cholestasis, but did not show evidence of human adenovirus on immunohistochemical examination 

or electron microscopy. PCR testing of liver tissue for human adenovirus was positive in 3 children 

(50%). Sequencing of specimens from 5 children showed three distinct human adenovirus type 

41 hexon variants. Two children underwent liver transplantation; all the others recovered with 

supportive care.

CONCLUSIONS—Human adenovirus viremia was present in the majority of children with 

acute hepatitis of unknown cause admitted to Children’s of Alabama from October 1, 2021, to 

February 28, 2022, but whether human adenovirus was causative remains unclear. Sequencing 

results suggest that if human adenovirus was causative, this was not an outbreak driven by a single 

strain. (Funded in part by the Centers for Disease Control and Prevention.)

Human adenoviruses are double-stranded DNA viruses that cause a range of illnesses 

in humans, including upper respiratory symptoms, fever, pneumonia, gastroenteritis, and 

conjunctivitis.1 A total of 51 serotypes of human adenoviruses are recognized, and more 

than 85 genotypes (or “types”) have been described.2 Different types of human adenovirus 

have different tissue tropism, meaning that a specific type may cause more focal illness 

by targeting certain organs or organ systems. In immunocompetent patients with human 

adenovirus infection, liver involvement is typically limited to subclinical acute hepatitis, 

although severe hepatitis or acute liver failure is sometimes seen in immunocompromised 

patients.3–6 Published reports of severe hepatitis or acute liver failure associated with human 

adenovirus in immunocompetent children remain limited.7,8

Clinicians at Children’s of Alabama hospital noted five patients with acute hepatitis who 

had been admitted in October 2021 and were found to have human adenovirus viremia. On 

recognition of these patients, in November 2021, clinicians alerted the Alabama Department 

of Public Health, the Jefferson County Department of Health, and the Centers for Disease 

Control and Prevention (CDC). This prompted prospective monitoring of additional children 

who were evaluated for hepatitis and had human adenovirus viremia; four additional patients 

with acute hepatitis and human adenovirus viremia were identified by February 28, 2022.

To further understand the etiologic and pathophysiological factors contributing to 

development of hepatitis in these nine patients, we evaluated the demographic, clinical, and 

virologic characteristics of these patients, including histopathological and molecular findings 

from liver biopsies and human adenovirus partial hexon genomic sequencing (typing) results 

from blood specimens.

Methods

Oversight

This investigation was approved by the institutional review board of the University 

of Alabama, Birmingham, with an approved waiver of informed consent. Nevertheless, 

informed consent granting permission to publish case information was obtained from the 

families of the prospective cohort and was documented in the electronic medical records. 
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This investigation was reviewed by the CDC and was conducted in accordance with 

applicable federal law and CDC policy (see the Supplementary Appendix, available with 

the full text of this article at NEJM.org).

Patients

From October 1, 2021, to February 28, 2022, clinicians at Children’s of Alabama 

prospectively identified nine children with acute hepatitis (as defined below) of unknown 

cause and human adenovirus viremia. To put these patients into epidemiologic context and 

capture any additional, missed patients, we conducted a systematic, retrospective review of 

all patients younger than 18 years of age who were admitted with acute hepatitis (defined 

on the basis of admission International Classification of Diseases, 10th Revision, codes 

for hepatitis [K75.9], transaminitis [R74.01], elevated liver enzymes [R74.8], liver failure 

[K72.9], and acute liver failure [K72.00]). All children who were identified as having 

hepatitis were then assigned to one of two categories: those with an identified cause of their 

hepatitis and those with an unknown cause. Those with an unknown cause were further 

categorized on the basis of quantitative polymerase-chain-reaction (qPCR) testing for human 

adenovirus. Patients with acute hepatitis and human adenovirus viremia (without another 

cause identified) were included in this case series.

Definitions and Testing

To provide additional epidemiologic context, all children who had whole blood tested for 

human adenovirus by qPCR at Children’s of Alabama during the period from October 1, 

2021, to February 28, 2022 (i.e., the same period), were reviewed by the laboratory, and the 

percentage of children who tested positive was calculated. In addition, a second retrospective 

systematic chart review was performed to identify all patients with acute hepatitis who had 

been admitted to Children’s of Alabama from October 1, 2020, to September 30, 2021 (the 

year immediately preceding the identification of the cases described in this case series; see 

the Supplementary Appendix).

Clinicians involved in the medical care of patients included in this case series reviewed 

electronic medical records and extracted demographic and clinical information. Diagnostic 

testing for acute hepatitis was not standardized.

Acute hepatitis was defined as levels of alanine aminotransferase (ALT) or aspartate 

aminotransferase (AST) that were elevated to at least 10 times the upper limit of the normal 

range (>250 U per liter for ALT and >440 U per liter for AST). Pediatric acute liver failure 

was defined as an international normalized ratio (INR) of at least 1.5 with documented 

hepatic encephalopathy or an INR of at least 2.0 regardless of hepatic encephalopathy, no 

history of liver disease in the previous 8 weeks, and no improvement in the INR after 

parenteral vitamin K treatment.9

Human adenovirus viremia was defined as a positive human adenovirus viral load detected 

in whole blood on qPCR testing performed at the University of Alabama at Birmingham 

Diagnostic Virology Laboratory. The same laboratory also performed human adenovirus 

PCR on available fresh-frozen liver tissue following a protocol similar to that used for whole 

blood (additional details are provided in the Supplementary Appendix).
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The CDC received formalin-fixed, paraffin-embedded (FFPE) liver-biopsy specimens and 

completed immunohistochemical analysis for human adenovirus and conventional human 

adenovirus–specific PCR with an assay targeting the hexon gene, followed by Sanger 

sequencing of amplicons10,11; this laboratory also completed reverse-transcriptase (RT)–

PCR assays for enterovirus and severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) on RNA extracted from FFPE liver tissue.12,13

Available residual blood specimens were sent to the Wadsworth Center, New York State 

Department of Health (Albany), for human adenovirus typing performed by amplifying and 

sequencing a portion of the hexon gene.14 Sequences generated in this study were deposited 

in GenBank, and phylogenetic trees were constructed to superimpose sequences from human 

adenovirus isolated from patients with hepatitis on other background human adenovirus 

sequences (additional details are provided in the Supplementary Appendix).

Results

Patients Included in Case Series

Between October 1, 2021, and February 28, 2022, a total of 15 patients younger than 

18 years of age with acute hepatitis were admitted to Children’s of Alabama. In 6 of 

these patients (40%), the underlying cause of hepatitis had been identified; the causes 

included cholangitis associated with complications from biliary atresia (1 patient), newly 

diagnosed autoimmune hepatitis (2 patients), shocked liver after a code event (1 patient), 

acetaminophen overdose (1 patient), and complicated urinary tract infection (1 patient). Five 

of the patients with identified underlying causes of their hepatitis also had whole blood 

tested by qPCR for human adenovirus, and none had positive results (Fig. 1).

In 9 patients (60%), the primary cause of hepatitis had not been determined. All 9 patients 

were tested for human adenovirus by qPCR on whole blood, and 8 (89%) tested positive. For 

context, during this same period, the virology laboratory used by Children’s of Alabama (the 

University of Alabama at Birmingham Diagnostic Virology Laboratory) tested 106 children 

for human adenovirus by whole-blood qPCR, and 10 (9%) were positive.

Clinical Presentation and Diagnostic Testing

Eight of the children with acute hepatitis and human adenovirus viremia were originally 

admitted to Children’s of Alabama; one additional child with acute hepatitis and human 

adenovirus viremia was initially admitted to a different hospital but later underwent 

hepatology follow-up at Children’s of Alabama. All nine children had previously been 

healthy. The median age at admission was 2 years 11 months (range, 1 year 1 month to 

6 years 5 months). Additional demographic characteristics are listed in Table 1. The nine 

children resided in different areas of Alabama, and none of the children were related to one 

another; all resided in different households, none attended the same day care facility or had 

known contact with each other, and no shared exposures were identified.

Symptoms were reported to have begun days to weeks before admission and are described 

in Table 1. At admission, all nine children had elevated aminotransferase levels (median 

ALT level, 1724 U per liter; median AST level, 1963 U per liter) and eight had 
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hyperbilirubinemia (median total bilirubin level, 7.0 mg per deciliter [120 μmol per liter]; 

median direct bilirubin level, 5.5 mg per deciliter [94 μmol per liter]). The initial INRs were 

variable (median, 1.2; range, 1.0 to 7.3). Three of the patients met criteria for pediatric acute 

liver failure.

Human adenovirus whole-blood qPCR was performed with specimens obtained from all 

nine children on the first day of hospitalization, and the median initial human adenovirus 

viral load was 11,060 copies per milliliter (range, 991 to 70,680). Respiratory specimens 

tested positive for human adenovirus in one of eight patients tested, and stool specimens 

tested positive in one of three patients tested. All the children tested negative for hepatitis 

A, B, and C viruses. Six of the nine children tested positive for Epstein–Barr virus (EBV) 

on whole-blood qPCR (viral load range, 80 to 2240 IU per liter). EBV IgM titers and 

EBV nuclear antigen (EBNA) levels were available for five patients in this subcohort; 

all five patients were negative for EBV IgM, and four (80%) were positive for EBNA, 

which suggested previous infection. Seven of the nine children (78%) had respiratory 

viral coinfections diagnosed by multipathogen PCR respiratory panel testing; four of 

eight children were found to be infected with rhinovirus or enterovirus, and one of the 

children was infected with human metapneumovirus, respiratory syncytial virus, and human 

coronavirus OC43.

All nine children tested negative for SARS-CoV-2 by nucleic acid amplification testing, and 

none of the children had received a SARS-CoV-2 vaccine before admission. No patients 

underwent SARS-CoV-2 antibody testing. None of these children were reported to have 

had past SARS-CoV-2 infections or met criteria for multisystem inflammatory syndrome in 

children (MIS-C).15

Five children had elevated total IgG levels (median total IgG level, 1468 mg per deciliter; 

range, 875 to 2198), and four had autoantibodies (antinuclear antibodies or smooth-muscle 

antibody; titer range, 1:40 to 1:80). None of the children met scoring criteria for a probable 

or definite diagnosis according to the autoimmune hepatitis simplified scoring system.16 

Further details regarding other diagnostic testing are provided in the Supplementary 

Appendix.

Liver biopsies were performed in six of the children — two of whom had progression to 

acute liver failure (biopsy performed on mean hospital day 1.5 [one on hospital day 1 and 

the other on hospital day 2]) and four of whom did not have progression to acute liver 

failure (biopsy performed on median hospital day 4.5; range, 2 to 8). The liver biopsies 

showed variable degrees of chronic and acute portal and lobular hepatitis (Fig. S1 in the 

Supplementary Appendix) characterized by mixed inflammation, consisting of lymphocytes, 

histiocytes, and neutrophils with interface activity in the majority of cases. Inflammation in 

the lobules was associated with extensive hepatocyte damage and foci of apoptosis. No viral 

cytopathic effect or characteristic viral inclusions were identified. Immunohistochemical 

testing for human adenovirus was negative in all six patients, and none of the six patients 

had viral particles identified on electron microscopy. However, FFPE liver-tissue specimens 

from two of the six children (33%) were found to be positive for human adenovirus (species 

F) by human adenovirus PCR and Sanger sequencing. Two of three children (66%) were 
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found to be positive for human adenovirus by PCR performed on fresh-frozen liver tissue. 

Combined, three of the six patients (50%) were positive for human adenovirus on PCR 

testing of FFPE or fresh-frozen liver-tissue. In contrast, FFPE biopsy specimens from all 

six children were found to be negative for enterovirus and SARS-CoV-2 by RT-PCR. Liver 

biopsies in all six children were negative for EBV-encoded small RNAs (EBERs).

Patients with Acute Liver Failure

Three children had acute liver failure, as defined above. All three children tested positive 

for enterovirus or rhinovirus on the viral respiratory panel, two were positive for EBV on 

whole-blood qPCR, and none were positive for autoantibodies.

One child had been brought to an outside hospital in acute liver failure (INR, >2.0) 

and was subsequently transferred to another quaternary children’s hospital because of 

concerns about hepatic encephalopathy. After transfer, within 3 days this patient recovered 

spontaneously through supportive measures only. Testing indicated human adenovirus 

viremia and positivity for human adenovirus in PCR analysis of stool. This patient has 

since been followed up in an outpatient liver clinic and, at the time of this report, was doing 

well.

Two children who presented with acute hepatitis and an INR of less than 2 had progression 

to acute liver failure, with a mean peak INR of 8.8 and a mean peak ammonia level of 169.6 

μmol per liter, and both patients eventually underwent liver transplantation. The median 

human adenovirus viral load at admission in these two children who subsequently underwent 

liver transplantation was substantially higher than that in the children who did not undergo 

transplantation (63,010 vs. 7465 copies per milliliter).

One of the two children received high-dose glucocorticoid treatment for possible immune 

dysregulation on hospital days 3 to 6; however, this treatment was stopped when the human 

adenovirus viral load was not decreasing. Cidofovir was given on hospital days 1 (5 mg 

per kilogram of body weight), 7 (1 mg per kilogram), and 9 (5 mg per kilogram), and 

intravenous immune globulin (500 mg per kilogram) was given on hospital days 3 to 5; 

despite treatment, the human adenovirus viral load remained persistently elevated. Ascites 

and hepatic encephalopathy developed, leading to the initiation of a continuous infusion of 

furosemide.

The second child received cidofovir (5 mg per kilogram) on hospital days 2 and 8 and 

intravenous immune globulin (2 g per kilogram) on day 4; similarly, the human adenovirus 

viral load remained persistently elevated. Ascites and hepatic encephalopathy developed. 

Continuous renal replacement therapy was initiated for hyperammonemia, and total plasma 

exchange was performed because of worsening coagulopathy and active bleeding. This 

patient received etoposide and dexamethasone on hospital day 9, after meeting criteria for 

secondary hemophagocytic lymphohistiocytosis.

Both children had persistent viremia and deteriorating clinical status and were transferred to 

a quaternary care center for potential initiation of extracorporeal liver support as a bridge 

to liver transplantation. On transfer, both children tested negative for human adenovirus by 
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plasma qPCR. Repeat testing of the same specimens by whole-blood qPCR was positive. 

Because of further clinical deterioration, both children underwent liver transplantation. At 

the time of this report, both were doing well without recurrence of human adenovirus 

viremia.

Patients without Acute Liver Failure

The six children without acute liver failure recovered with supportive therapy. As compared 

with the three patients who had liver failure, these six patients had a lower median ALT level 

(912 vs. 3854 U per liter) and AST level (1626 vs. 4000 U per liter); the median INR and 

total bilirubin level did not differ significantly from those of the children who had acute liver 

failure (median INR, 1.2 among children without liver failure and 1.6 among children with 

liver failure; median total bilirubin level, 6.9 and 13.2 mg per deciliter, respectively [118 and 

226 μmol per liter, respectively]). The median human adenovirus viral load at admission was 

lower among patients without acute liver failure than among those with acute liver failure 

(9262.5 vs. 55,340 copies per milliliter). The median length of hospitalization (counted as 

the total days before either discharge or transfer to a quaternary care center) among the 

six children who did not have acute liver failure was 3 days, as compared with 10 days 

for the three children with acute liver failure. At clinic follow-up, human adenovirus was 

detected in three of five patients (4200, 2970, and 3140 copies per milliliter at 47, 42, and 

25 days after discharge, respectively). One patient did not have human adenovirus quantified 

at follow-up. At the time of this report, all six children were doing well, with four patients 

having complete normalization of liver-enzyme levels at first follow-up at a median of 27 

days after discharge (range, 14 to 47 days).

Human Adenovirus Hexon Gene Molecular Typing

Residual blood specimens obtained from eight patients were typed by human adenovirus 

hexon gene sequencing. Five specimens generated sufficient-quality sequence for typing, 

and the sequences in all five were identified as human adenovirus 41; these specimens 

had been obtained from two patients with acute liver failure and three patients with acute 

hepatitis without acute liver failure. Low viral loads in specimens obtained from three 

patients did not produce quality sequence, and residual specimens were unavailable from 

one patient.

Phylogenetic analysis of the sequences obtained showed that human adenoviruses in the 

five patients consisted of three distinct hexon variants (Fig. 2). Sequences from the two 

patients with acute liver failure (GenBank accession numbers, ON565007 and ON565008) 

and from one of the patients without acute liver failure (GenBank accession number, 

ON565009) were identical to each other and to a strain isolated from the Netherlands 

in 1981. A fourth sequence (GenBank accession number, ON565010), from one of the 

patients without acute liver failure, was identical to previously identified background strains 

in circulation, including the human adenovirus 41 prototype strain (GenBank accession 

number, DQ315364), which was isolated in the 1970s. The last sequence (GenBank 

accession number, ON565011), from one of the patients without acute liver failure, had 

one amino acid change (G697R [amino acid numbering from sequence DQ315364]) relative 

to the sequences from other countries within the same cluster.
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Acute Hepatitis Cases during the Previous Year

From October 1, 2020, to September 30, 2021, eight patients younger than 18 years of age 

were admitted to Children’s of Alabama with acute hepatitis. Five of the patients (62%) had 

an underlying cause of hepatitis identified, and three (38%) had acute hepatitis of unknown 

cause. Seven of the children were tested for human adenovirus by whole-blood qPCR, and 

all were negative. Additional details about this cohort are provided in the Supplementary 

Appendix.

Discussion

We describe nine previously healthy children who, during a 5-month period, received care 

at a single hospital in Alabama for acute hepatitis and were also found to have human 

adenovirus viremia. Although we do not know whether human adenovirus infection was the 

cause of their hepatitis, the remainder of the diagnostic investigations did not identify other 

common possible causes. Although six of the children were found to be positive for EBV by 

qPCR, EBV IgM negativity and EBNA positivity suggest that these patients had past EBV 

infection (i.e., not acute infection). This was further validated by negativity for EBER in 

the liver biopsies, providing further evidence against EBV-driven hepatitis. Although several 

patients had other viral infections detected in a respiratory panel, no clear pattern was found 

because of the diversity of the other viruses identified in patients. Other common causes 

of acute hepatitis in children, including autoimmune hepatitis, were ruled out. The median 

human adenovirus viral load was substantially higher in patients with acute liver failure 

than in those without acute liver failure. Although we cannot determine whether human 

adenovirus caused acute hepatitis, the diagnostic results and the clinical courses of these 

nine children suggest a possible association.

In our patients, liver biopsies showed different degrees of inflammation, which could be 

seen in the context of an infection; however, the liver-biopsy specimens were negative for 

human adenovirus on immunohistochemical testing, no viral inclusions were observed, and 

human adenovirus was also not observed by electron microscopy. Similar biopsy findings of 

inflammation and negative results on human adenovirus immunohistochemical testing have 

been described in immunocompetent children with acute hepatitis and human adenovirus 

viremia.7,8 It is unclear whether these biopsies merely missed evidence of a direct viral 

cytopathic effect because of sampling error or whether a human adenovirus infection could 

have played an indirect role (e.g., by triggering a dysregulated immune response that 

resulted in liver injury). It is also possible that human adenovirus was not the cause of 

hepatitis in these patients but instead was only an incidental finding. PCR testing for human 

adenovirus in FFPE tissue-biopsy specimens or fresh-frozen liver tissue was positive in three 

of our patients. However, this finding does not differentiate between the presence of human 

adenovirus DNA within liver cells and contamination with viremic blood during the biopsy 

procedure. In addition, no substantial histopathological differences were noted between the 

liver-biopsy specimens obtained from two of the patients with acute liver failure and those 

obtained from four of the patients with acute hepatitis without liver failure.

The differences observed in the hexon hypervariable region sequences in the five patients 

with human adenovirus 41 suggest that at least three known and distinct human adenovirus 
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41 hexon variants infected these patients. This observation is important because it suggests 

that if human adenovirus was causative in this group of patients with hepatitis, it was not 

an outbreak driven by a single new strain of human adenovirus 41. In addition, the partial 

genomic sequencing results are consistent with background circulating strains of adenovirus 

that were available in GenBank, at least preliminarily suggesting the viruses associated with 

these hepatitis cases are probably not new strains.

The time frame in which hepatitis developed in these patients warrants consideration of 

whether SARS-CoV-2 may be playing a role. SARS-CoV-2 is known to cause elevation 

of liver-enzyme levels17 and has also been associated with case reports of acute liver 

failure.18 MIS-C after SARS-CoV-2 has also been associated with liver involvement.19 

However, the children in this study were found to be negative for SARS-CoV-2 by nucleic 

acid amplification testing, hence ruling out acute infection, and they also did not meet 

criteria for MIS-C. These children did not have antibody testing performed, and therefore it 

remains unclear whether past SARS-CoV-2 infection played a pathophysiologic role in their 

hepatitis.

A limitation of this study was the lack of standardization of diagnostic testing. Diagnostic 

studies completed for each patient differed on the basis of their clinical presentations, 

treating clinicians, and the different times in which they received medical care. Although 

genotyping was completed, direct whole-genome sequencing was not possible because of 

the low viral loads. As a result, genetic variation across the full genome is unknown. 

Although the hexon protein contains the majority of the antigen determinants, it is unknown 

whether recombination in other portions of the genome, such as the fiber gene, could have 

resulted in a change in the tissue tropism of human adenovirus 41. Finally, the small sample 

of nine patients prevented a larger epidemiologic interrogation of other possible exposures or 

cofactors that may have caused these cases of hepatitis.

We have described a cohort of nine children with acute hepatitis in the context of 

human adenovirus viremia. Although these findings do not prove causality, they mirror 

what has recently also been identified in Europe20 and is now being reported across the 

United States.21 The World Health Organization has reported 920 probable cases from 33 

countries,22 as of the time of this report. As of June 13, 2022, the U.K. Health Security 

Agency has reported 260 cases of non-A–E hepatitis in children younger than 16 years of 

age (since January 1, 2022)23; 156 of 241 patients (64.7%) tested for human adenovirus 

were positive, and 27 of 35 patients (77%) with available typing by partial hexon gene 

sequencing have had results consistent with human adenovirus 41.24 In addition, 44 children 

with acute hepatitis of unknown cause were reported in a single-center study from the 

United Kingdom, and 27 of 30 patients (90%) were positive for human adenovirus.25 

Moreover, numbers of cases of acute hepatitis of unknown cause were higher during 

that study period than in previous years, which parallels our experience at Children’s of 

Alabama.

It remains unclear whether human adenovirus infection — alone or in combination with 

what remains an unidentified additional cofactor — may result in development of hepatitis 

in children. It is difficult to know whether hepatitis associated with human adenovirus is 
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new or may have previously been below the threshold of recognition, or whether what we 

are observing simply represents two unrelated findings. It is also possible that immunologic 

changes in a large cohort of young children may have occurred because of a lack of exposure 

to adenovirus and other common childhood viral illnesses during the coronavirus disease 

2019 pandemic and, as a result, some children may have a dysregulated response to their 

first human adenovirus infection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Acute Hepatitis Cases Identified by Retrospective Review.
Patients younger than 18 years of age with the following International Classification of 
Diseases, 10th Revision, codes at admission were included in the case series: hepatitis 

(K75.9), transaminitis (R74.01), elevated liver enzymes (R74.8), liver failure (K72.9), and 

acute liver failure (K72.00). Identified causes of hepatitis included cholangitis associated 

with complications of biliary atresia (1 patient), autoimmune hepatitis (2 patients), liver 

shock after a code event (1 patient), acetaminophen overdose (1 patient), and complicated 

urinary tract infection (1 patient). A total of 9 patients with acute hepatitis and human 

adenovirus viremia were included in this case series.
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Figure 2. Phylogenetic Analysis.
Results of the analysis of human adenovirus 41 hexon hypervariable regions 1 through 6 in 

specimens obtained from five patients in this study and representative sequences available 

in GenBank are shown. Sequences obtained in this study are marked with solid circles; 

red circles indicate specimens obtained from two patients with acute liver failure who 

underwent liver transplantation, and blue circles indicate specimens obtained from three 

patients with acute hepatitis who did not have acute liver failure. The tree was constructed 

by the maximum-likelihood method with a Kimura two-parameter model of nucleotide 

substitution and five rate categories of gamma distribution, and bootstrap resampling values 

(1000 replicates) of at least 70% are indicated above the respective nodes. The scale bar 

indicates genetic distance in nucleotide substitutions per site.
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