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On April 29, 2022, this report was posted as an MMWR Early 
Release on the MMWR website (https://www.cdc.gov/mmwr). 

During October–November 2021, clinicians at a children’s 
hospital in Alabama identified five pediatric patients with 
severe hepatitis and adenovirus viremia upon admission. In 
November 2021, hospital clinicians, the Alabama Department 
of Public Health, the Jefferson County Department of Health, 
and CDC began an investigation. This activity was reviewed 
by CDC and conducted consistent with applicable federal law 
and CDC policy.*

Clinical records from the hospital were reviewed to identify 
patients seen on or after October 1, 2021, with hepatitis and 
an adenovirus infection, detected via real-time polymerase 
chain reaction (PCR) testing on whole blood specimens, and 
no other known cause for hepatitis. An additional four chil-
dren were identified, for a total of nine patients with hepatitis 
of unknown etiology and concomitant adenovirus infection 
during October 2021–February 2022. On February 1, 2022, 
a statewide health advisory† was disseminated to aid in the 
identification of cases at other facilities in Alabama; no addi-
tional patients were identified.

All nine children were patients at Children’s of Alabama. 
These patients were from geographically distinct parts of the 
state; no epidemiologic links among patients were identi-
fied. The median age at admission was 2 years, 11 months 
(IQR = 1 year, 8 months to 5 years, 9 months) and seven patients 
were female (Table). All patients were immunocompetent with 
no clinically significant medical comorbidities.

Before admission, among the nine patients, vomiting, diar-
rhea, and upper respiratory symptoms were reported by seven, 
six, and three patients, respectively. At admission, eight patients 
had scleral icterus, seven had hepatomegaly, six had jaundice, 
and one had encephalopathy (Table). Elevated transaminases 
were detected among all patients§ (alanine aminotransferase 
[ALT] range = 603–4,696 U/L; aspartate aminotransferase 
[AST] range = 447–4,000 U/L); total bilirubin ranged from 

* 45 C.F.R. part 46.102(l)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. 
Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

† https://www.alabamapublichealth.gov/bcd/assets/adph_han_report_
adenovirus_020122.pdf

§ Normal ranges are ALT = 9–25 U/L; AST = 21–44 U/L; total bilirubin = 
0.1–1.0 mg/dL.

normal to elevated (range = 0.23–13.5 mg/dL, elevated in eight 
patients). All patients received negative test results for hepa-
titis viruses A, B, and C, and several other causes of pediatric 
hepatitis and infections were ruled out including autoimmune 
hepatitis, Wilson disease, bacteremia, urinary tract infections, 
and SARS-CoV-2 infection. None of the children had docu-
mented history of previous SARS-CoV-2 infection.

Adenovirus was detected in whole blood speci-
mens from all  patients by real-time PCR testing 
(initial viral load range = 991–70,680 copies/mL). Hexon gene 
hypervariable region sequencing was performed on specimens 
from five patients, and adenovirus type 41 was detected in all 
five specimens. Low viral loads precluded sequencing among 
three patients, and residual specimens were not available for 
sequencing for one patient. Seven patients were coinfected 
with other viral pathogens (Table). Six received positive test 
results for Epstein-Barr virus (EBV) by PCR testing but nega-
tive test results for EBV immunoglobulin M (IgM) antibodies 
(one patient did not have IgM testing), suggesting that these 
were likely not acute infections but rather low-level reactiva-
tion of previous infections. Other detected viruses included 
enterovirus/rhinovirus, metapneumovirus, respiratory syncytial 
virus, and human coronavirus OC43. 

Liver biopsies from six patients demonstrated various degrees 
of hepatitis with no viral inclusions observed, no immunohisto-
chemical evidence of adenovirus, or no viral particles identified 
by electron microscopy. Three patients developed acute liver 
failure, two of whom were treated with cidofovir (off-label use) 
and steroids, and were transferred to a different medical facility 
where they underwent liver transplantation. Plasma specimens 
from these two patients were negative for adenovirus by real-
time PCR testing upon arrival at the receiving medical facility, 
but both patients received positive test results when retested 
by the same real-time PCR test using a whole blood specimen. 
All patients have recovered or are recovering, including the 
two transplant recipients.

Adenovirus type 41 is primarily spread via the fecal-oral 
route and predominantly affects the gut. It is a common 
cause of pediatric acute gastroenteritis typically with diar-
rhea, vomiting and fever, often accompanied by respiratory 
symptoms (1). Adenovirus is recognized as a cause of hepatitis 

https://www.alabamapublichealth.gov/bcd/assets/adph_han_report_adenovirus_020122.pdf
https://www.alabamapublichealth.gov/bcd/assets/adph_han_report_adenovirus_020122.pdf
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TABLE. Demographics, clinical characteristics, laboratory testing 
results, and clinical outcomes in a cluster of pediatric patients 
with acute hepatitis and adenovirus infection (N = 9) — Alabama, 
October 2021–February 2022

Demographic No. 

Age at admission, yrs
0–2 5 
3–4 1 
5–6 3 

Sex
Female 7 
Male 2 

Race
White 9 
Other 0 

Ethnicity
Hispanic 6 
Non-Hispanic 3 

Initial sign/symptom
Vomiting 7 
Diarrhea 6 
Fever 5 
Upper respiratory symptoms* 3 

Initial physical exam
Scleral icterus 8 
Hepatomegaly 7 
Jaundice 6 
Hepatic encephalopathy 1 
Splenomegaly 1 
Ascites 0 

Liver function testing on admission, median (range)†

ALT (U/L) 1,724 (603–4,696)
AST (U/L) 1,963 (447–4,000)
Total bilirubin (mg/dL) 7 (0.23–13.5)

Pathogen testing performed
Blood viral PCR 9 
Hepatitis A/B/C 9 
Epstein-Barr Virus, blood viral PCR 9 
Epstein-Barr Virus, IgM 8 
Respiratory panel testing§ 8 
Blood culture 4 
Urine culture 4 
Stool culture 1 

TABLE. (Continued) Demographics, clinical characteristics, laboratory 
testing results, and clinical outcomes in a cluster of pediatric patients 
with acute hepatitis and adenovirus infection (N = 9) — Alabama, 
October 2021–February 2022

Demographic No. 

Pathogen testing result, no. positive/total no. 
Adenovirus (whole blood) 9/9 
EBV¶ 6/9 
Enterovirus/Rhinovirus 4/8 
Metapneumovirus 1/8 
Respiratory syncytial virus 1/8 
Human coronavirus OC43 1/8 
SARS-CoV-2** 0/9 
Hepatitis A/B/C 0/9 

Outcome
Recovered without transplant 7 
Required transplant and recovered 2 
Died 0 

Abbreviations: ALT = alanine aminotransferase; AST = aspartate aminotransferase; 
EBV = Epstein-Barr virus; IgM = immunoglobulin M; PCR = polymerase chain reaction.
 * Upper respiratory symptoms were identified when taking the patient’s history 

and conducting an initial physical exam. Upper respiratory symptoms can 
include nasal congestion, nasal discharge, cough, sore throat, wheezing, and 
dyspnea, among other symptoms.

 † Normal ranges are ALT = 9–25 U/L; AST = 21–44 U/L; total bilirubin = 0.1–1.0 mg/dL.
 § The respiratory viral panels (ePlex Respiratory Pathogen Panel [GenMark] or 

BioFire Respiratory Panel [Biomérieux]) were used to test for adenovirus, 
coronavirus 229E, coronavirus HKU1, coronavirus NL63, coronavirus OC43, 
human metapneumovirus, human rhinovirus/enterovirus, influenza A, 
influenza A/H1, influenza A/H1–2009, influenza A/H3, influenza B, 
parainfluenza 1, parainfluenza 2, parainfluenza 3, parainfluenza 4, respiratory 
syncytial virus A, respiratory syncytial virus B, Chlamydia pneumoniae, 
Mycoplasma pneumoniae, Bordetella parapertussis (BioFire only), and 
Bordetella pertussis (BioFire only).

 ¶ Positive EBV test results were based on PCR testing, but all patients received 
negative test results for EBV IgM antibodies (except one patient who did not 
have IgM testing) suggesting that infections were likely not acute but rather 
potential low-level reactivation of previous infections.

 ** All patients received testing for SARS-CoV-2 using nucleic acid 
amplification tests.

among immunocompromised children (2). It might be an 
underrecognized contributor to liver injury among healthy 
children (3); however, the magnitude of this relationship 
remains under investigation.

This cluster, along with recently identified possible cases in 
Europe (4–6), suggests that adenovirus should be considered 
in the differential diagnosis of acute hepatitis of unknown 
etiology among children. Clinicians and laboratorians should 
be aware of possible differences in adenovirus test sensitivity 
for different specimen types; tests using whole blood might 

be more sensitive than those using plasma. CDC is monitor-
ing the situation closely to understand the possible cause of 
illness and identify potential efforts to prevent or mitigate ill-
ness. Enhanced surveillance is underway in coordination with 
jurisdictional public health partners. Clinicians are encouraged 
to report possible cases of pediatric hepatitis with unknown 
etiology occurring on or after October 1, 2021, to public health 
authorities for further investigation.¶

¶ https://emergency.cdc.gov/han/2022/pdf/CDC_HAN_462.pdf

https://emergency.cdc.gov/han/2022/pdf/CDC_HAN_462.pdf
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