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Abstract is recommended for all children aged =6 months to prevent

In January 2025, CDC received several reports of deaths influenza and associated complications, potentially including
among children aged <18 years with a severe form of influenza- severe neurologic disease such as IAE and ANE.
associated encephalopathy (IAE) termed acute necrotizing
encephalopathy (ANE). Because no national surveillance Introduction
for IAE currently exists, CDC requested notification of U.S. The 2024-25 influenza season was_historically severe with
pediatric IAE cases from clinicians and health departments the highest number of pediatric influenza-associated deaths
during the 2024-25 influenza season, a high-severity season reported during a seasonal influenza epidemic since U.S.
with a record number of pediatric influenza-associated deaths. surveillance for these deaths began in 2004 (excluding the

Among 192 reports of suspected IAE submitted to CDC, 2009-10 influenza A(HIN1)pdm09 pandemic). No U.S.
109 (57%) were categorized as IAE, 37 (34%) of which
were subcategorized as ANE, and 72 (66%) as other IAE;

82 reports did not meet IAE criteria and were categorized as INSIDE

other'inﬂuenz‘a—associated neurologic disease. The medi:.ln age 565 Influenza-Associated Pediatric Deaths — United
of children with IAE was 5 years and 55% were previously States. 2024-25 Influenza Season

healthyj 74% were ad’_nitted to an intensive care unit, and 570 Interim Effectiveness Estimates of 2025 Southern
19% dled; 41% Of chlldren Wlth ANE dled. Only 16% Of Hemisphere Influenza Vaccines in Preventing
children with IAE who were vaccination—eligible had received Influenza-Associated Outpatient and Hospitanzed
the 2024-25 influenza vaccine. Health care providers should lliness — Eight Southern Hemisphere Countries,
consider IAE in children with encephalopathy or altered level March-September 2025

of consciousness and a recent or current febrile illness when
influenza viruses are circulating. Annual influenza vaccination
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surveillance for neurologic complications of influenza exists.
Influenza-associated encephalopathy (IAE), a recognized com-
plication of influenza, refers to neurologic syndromes triggered
by influenza virus infection of the respiratory tract, resulting
in a dysregulated host inflammatory response and leading to
varying degrees of brain dysfunction (Z,2). One of the most
severe forms of IAE is acute necrotizing encephalopathy
(ANE), a condition that disproportionately affects children and
is characterized by rapid neurologic decline and neuroimaging
with evidence of necrosis or hemorrhage involving the thalami;
ANE has a poor prognosis and can result in lasting neurologic
sequelae or death (2,3).

In January 2025, CDC was alerted to several deaths of
children with influenza-associated ANE (4). In response, CDC
requested notification from clinicians and health departments
of possible cases of pediatric IAE, including influenza-
associated ANE, to better characterize these syndromes in
the U.S. during the 2024-25 influenza season. This report
describes cases reported in response to CDC'’s request.

Methods

Data Collection

On February 28, 2025, CDC released a call for cases of
IAE in persons aged <18 years via the Epidemic Information
Exchange | Epi-X, asking clinicians and health departments
to contact CDC if cases fulfilled CDC’s TAE surveillance

criteria (Box) (4). Case report forms' were completed by
clinicians, public health practitioners, and partners from

CDC-sponsored surveillance networks (i.e., FluSurv-NET
FluView, New Vaccine Surveillance Network | NVSN, and
Influenza-Associated Pediatric Mortality | CDC) if surveil-
lance criteria were met and electronic health record (EHR)
data were available.

Case Categorization

Neuroimaging findings and discharge diagnoses underwent
review by a physician to categorize cases as IAE or influenza-
associated neurologic disease. IAE cases were subcategorized
into ANE (those with compatible neuroimaging findings or
an ANE discharge diagnosis) or other IAE. ANE cases were
defined as probable if neuroimaging reports described bilat-
eral thalamic inflammatory lesions and possible if the patient
received a discharge diagnosis® of ANE without these neuro-
imaging findings. IAE cases that did not fulfill ANE criteria
were categorized as other IAE if a discharge diagnosis of IAE

T Case report form questions covered demographics, influenza testing and
vaccination status, symptoms on admission, clinical course details available in
EHR, and discharge diagnoses. Optional data elements, such as illness onset
date and findings and impressions from neuroimaging reports, were included
on the case report form and described among cases with available data.

S Patients who died had discharge diagnoses selected on the case report form;
postmortem diagnoses reported were likely derived from the death report in
the EHR, although other sources, including death certificates, might have been
reviewed to complete that section of the case report form.
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BOX. Required surveillance criteria for pediatric influenza-associated
encephalopathy investigation — United States, 2024-25 influenza season

1. Patient age <18 years

2. Admitted to a U.S. acute care hospital or
pronounced dead in a U.S. emergency department
between October 1, 2024, and May 30, 2025

3. Laboratory-confirmed influenza virus infection
within 14 days preceding hospital evaluation,
during hospitalization, or in respiratory specimens
collected postmortem

4. Documented neurologic abnormalities (meets one
or more of the following criteria):
* Diagnosis of encephalopathy or encephalitis
* Neurologic signs or symptoms, including but

not limited to

o seizures

o altered mental status

o delirium

o decreased level of consciousness
o lethargy

o hallucinations
o personality changes lasting >24 hours
* Neuroimaging abnormalities such as brain
edema, brain inflammation, or brain lesions
* Electroencephalogram abnormalities (unspecified)
* Abnormal brain autopsy findings, if available,

for children who died

was reported. All other submitted cases were categorized as
influenza-associated neurologic disease and are described
separately (Supplementary Table). Reports were excluded
if co-detection of a neuroinvasive pathogen in addition to
influenza was reported.

Demographics and clinical characteristics and outcomes were
described overall and by case categorization. Deidentified data
were collected and stored in a REDCap database (version 15.5.8;
Vanderbilt University) hosted at CDC, and SAS software
(version 9.4; SAS Institute) was used for all analyses. Missing
responses were excluded from denominators. This activity was
reviewed by CDC, deemed not research, and was conducted
consistent with applicable federal law and CDC policy.?

Results

CDC received 192 reports that met surveillance criteria (Figure).
Among those, 109 cases were categorized as IAE, 37 (34%)

945 C.ER. part46.102(1)(2), 21 C.ER. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C.
Sect. 552a; 44 U.S.C. Sect. 3501 et seq.

558

of which were subcategorized as ANE (Table). An additional
82 reports were categorized as influenza-associated neurologic
disease, a category for those cases that did not meet the IAE case
definition; demographics and clinical characteristics, influenza
antiviral treatment, and illness severity of these cases were gener-
ally similar to those of IAE cases and are described separately
(Supplementary Table). Percentages of characteristics were calcu-
lated among those patients with available information.

Characteristics of All Patients with Influenza-Associated
Encephalopathy

Among the 109 IAE cases with available data, median patient
age was 5 years (IQR = 3-10 years) (Table). Approximately
one half of patients were female (46%) and non-Hispanic
White (52%). Overall, 97 (89%) patients had influenza A
virus infection; among the 59 (61%) cases with influenza A
virus subtype available, 37 (63%) had A(HIN1)pdm09 and
22 (37%) had A(H3N2). Approximately one half (55%) of
patients were previously healthy with no underlying medical
conditions.** Signs and symptoms most commonly reported
at initial assessment were altered mental status (88%), respira-
tory symptoms (87%), and fever (85%). Among patients with
ANE, 87% had seizures at the time of admission; among the
other IAE patients, seizures were noted in 45% of cases.

Neurologic symptoms commenced a median 2 days after
illness onset’ (IQR = 1-3 days). Overall, neuroimaging was
received by 94% of IAE patients; abnormal findings were
reported for 97% of ANE patients and 49% of other IAE
patients. Influenza antiviral treatment was administered to
84% of IAE patients, beginning a median of 3 days after
illness onset, and among 90% of all IAE patients, antiviral
treatment started on or after the date of hospital admission.
Among all IAE patients, 74% were admitted to an intensive
care unit (ICU), 54% received invasive mechanical ventilation,
and 19% died. Among the 70 survivors with information on
neurologic status at discharge, 47% had not returned to their
neurologic baseline.5% Among 93 patients with information
on seasonal influenza vaccination, 15 (16%) had received
21 dose of the 2024-25 seasonal influenza vaccine 214 days
before illness onset.99

** Among all patients with IAE, 58% (63 of 109) were considered to be at
increased risk for complications of influenza based on age <2 years or age
>2 years with underlying medical conditions. People at Increased Risk for Flu
Complications | Influenza (Flu) | CDC

T Among patients with both a neurologic symptom onset date and an illness
onset date available.

S Among patients who survived, were no longer hospitalized, and for whom
survey data were available.

99 Among patients aged 26 months who were eligible for influenza vaccination.
Admission date was used for one ANE patient and four other IAE patients
with no illness onset date available.
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FIGURE. Categorization of cases of pediatric influenza-associated encephalopathy reported to CDC — United States, 2024-25 influenza season

N =192

Met CDC IAE surveillance criteria

Excluded: co-detection of

\

neuroinvasive pathogen (aspergillus)
n=1

n=191

Reviewed for neuroimaging findings consistent with ANE or
discharge diagnoses of IAE or ANE

Excluded (described separately):

Influenza-associated neurologic
disease without neuroimaging

findings consistent with ANE or discharge

diagnoses of IAE or ANE

IAE based on neuroimaging findings consistent with ANE or n =82 (43%)
discharge diagnosis of IAE or ANE
n =109 (57%)
ANE e 2thﬁr IAE y .
n =37 (34%) (based on discharge diagnosis)
n =72 (66%)
Possible ANE Probable ANE
(based on discharge diagnosis) (neuroimaging findings consistent with ANE)
n=8(22%) n =29 (78%)
Abbreviations: ANE = acute necrotizing encephalopathy; IAE = influenza-associated encephalopathy.
Characteristics of Patients with Acute Discussion

Necrotizing Encephalopathy

Among the 37 IAE cases subcategorized as ANE with avail-
able data, the median patient age was 4 years (IQR = 1-7 years).
Approximately one half (51%) of patients were previously
healthy. Four (13%) of 30 ANE patients had received >1 dose
of the 2024-25 seasonal influenza vaccine 214 days before ill-
ness onset. Among patients with data available on interventions
provided, influenza antivirals were received by 94%, systemic
corticosteroids by 88%, intravenous immunoglobulin by 67%,
other immunomodulators (e.g., tocilizumab, baricitinib, or
anakinra) by 56%, and plasma exchange by 44%. All patients
with ANE were admitted to an ICU, and 89% received inva-
sive mechanical ventilation. Fifteen (41%) patients with ANE
died. Among 13 survivors with information about neurologic
sequelae at discharge, only one had returned to neurologic base-
line. The median hospital stay was 16 days (IQR = 4-31 days)
for all ANE patients and 30 days (IQR = 18-38 days) among
survivors. ANE patients who died were hospitalized for a

median of 4 days (IQR = 3-7 days) before death.

559

During the 202425 influenza season, 109 cases of IAE in
children were reported to CDC; approximately one third of
these children (37; 34%) had ANE. These patients comprise
the largest case series of children with IAE in the United States
reported to date. Most children with IAE had fever and altered
mental status at the time of hospital evaluation, and neurologic
symptoms began shortly after influenza symptom onset. Many
children experienced critical illness: 74% were admitted to
an ICU, and 54% received invasive mechanical ventilation.
Approximately one half of these children were previously
healthy with no underlying medical conditions.

Although many children with IAE had neuroimaging
abnormalities reported, neuroimaging abnormalities might
or might not be present in patients with IAE (2,5). Influenza
virus type and influenza A virus subtype distribution in these
cases were generally consistent with national circulation of
seasonal influenza viruses.

Patients reported to CDC with ANE had more severe ill-
ness than did those with other IAE; ANE patients had high
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TABLE. Characteristics of reported pediatric influenza-associated encephalopathy cases — United States, 2024-25 influenza season

All cases ANE Other IAE
Characteristic n/N* Column % n/N Column % n/N Column %
Total (row %) 109 100 37 34 72 66
Median age, yrs (IQR) 5(3-10) — 4(1-7) — 6 (4-10) —
Age group, yrs
0-4 44/109 40 22/37 59 22/72 31
5-11 46/109 42 11/37 30 35/72 49
12-17 19/109 17 4/37 11 15/72 21
Female sex 49/107 46 18/37 49 31/70 44
Race and ethnicityt
Asian, non-Hispanic 7/102 7 4/35 1 3/67 4
Black or African American, non-Hispanic 19/102 19 4/35 11 15/67 22
Hispanic or Latino 16/102 16 8/35 23 8/67 12
White, non-Hispanic 53/102 52 18/35 51 35/67 52
Other, non-Hispanic 7/102 7 1/35 3 6/67 9
U.S. Census Bureau region$
Northeast 31/109 28 6/37 16 25/72 35
Midwest 26/109 24 8/37 22 18/72 25
South 31/109 28 14/37 38 17/72 24
West 21/109 19 9/37 24 12/72 17
Hospital admission month?
Before influenza peak (Oct-Dec) 13/109 12 5/37 13 8/72 11
During influenza peak (Jan-Feb) 71/109 65 29/37 78 42/72 58
After influenza peak (Mar-May) 25/109 23 3/37 8 22/72 31
Underlying medical conditions**1t
None 58/106 55 18/35 51 40/71 56
At least one 48/106 45 17/35 49 31/71 44
Asthma 12/106 11 3/35 9 9/71 13
Seizure disorder 10/106 9 5/35 14 5/71 7
Neurologic or neuromuscular disease 15/106 14 5/35 14 10/71 14
Signs and symptoms on admissionS$
Altered mental status'" 93/106 88 32/35 91 61/71 86
Fever 92/108 85 34/37 92 58/71 82
Headache 22/86 26 5/28 18 17/58 29
Respiratory tract symptoms 91/104 87 33/36 92 58/68 85
Seizures 56/94 60 28/32 87 28/62 45
lliness onset to neurologic symptom onset days, (IQR)*** 2(1-3) — 2(1-3) — 2(1-4) —
Influenza vaccine statusttt
Received the 2024-25 seasonal influenza vaccine 15/93 16 4/30 13 11/63 17
>14 days before illness onset
Influenza antiviral treatment
Received an influenza antiviral$5S 86/102 84 31/33 94 55/69 80
Iliness onset to antiviral start date, days (IQR)*** 3(1-4) — 2(2-4) — 3(2-4) —
Started before admission 8/80 10 2/27 7 6/53 11
Started on or after admission 72/80 20 25/27 93 47/63 89
Other treatment
Immunomodulators*** 17/80 21 14/25 56 3/55 5
Intravenous immunoglobulin*** 23/79 29 16/24 67 7/55 13
Plasma exchange*** 15/80 19 11/25 44 4/55 7
Systemic corticosteroids 52/98 53 29/33 88 23/65 35
Vasopressors*** 25/79 32 17/24 71 8/55 15
Influenza virus type or subtype
Influenza A 97/109 89 34/37 92 63/72 87
Influenza A (H1N1) 37/59 63 13/23 56 24/36 67
Influenza A (H3N2) 22/59 37 10/23 43 12/36 33
Influenza B 12/109 11 3/37 8 9/72 12
Bacterial, viral, or fungal detection 13/109 12 5/37 13 8/72 11
Neuroimaging performed****
Yes 102/108 94 37/37 100 65/71 92
No 6/108 6 0 0 6/71 8
Abnormal findingstttt 68/102 67 36/37 97 32/65 49
See table footnotes on the next page.
560
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TABLE. (Continued) Characteristics of reported pediatric influenza-associated encephalopathy cases — United States, 2024-25 influenza season

All cases ANE Other IAE
Characteristic n/N* Column % n/N Column % n/N Column %
lliness severity
Median length of hospitalization among survivors, 9(3-24) — 30(18-38) — 6(3-17) —
days (IQR)S5S
Median length of hospitalization among patients who 4(3-7) — 4(3-7) — 5(1-8) —
died, days (IQR)5558
Pneumonia diagnosis at admission 19/101 19 6/34 18 13/67 19
Admitted to an ICU 80/108 74 37/37 100 43/71 61
Invasive mechanical ventilation 59/109 54 33/37 89 26/72 36
Not at neurologic baseline at discharge1111 33/70 47 12/13 92 21/57 37
Death 21/109 19 15/37 41 6/72 8

Abbreviations: ANE = acute necrotizing encephalopathy; IAE = influenza-associated encephalopathy; ICU = intensive care unit.
* Denominators are adjusted throughout the table to exclude missing and unknown responses.
 Children with multiple races selected and non-Hispanic ethnicity selected were categorized as “Other, non-Hispanic””
8 Based on state of residence. Census regions and divisions | U.S. Census Bureau
1 Peak based on national influenza activity for the 2024-25 influenza season. Weekly US Influenza Surveillance Report: Key Updates for Week 35, ending August 30,
2025 | FluView | CDC
** Underlying medical conditions include the following categories: developmental (e.g., autism and attention deficit hyperactivity disorder), prematurity for those
aged <2 years,immunocompromising conditions, chronic metabolic disease, genetic orinborn errors of metabolism, blood disorders, lung disease, cardiovascular
disease, renal disease, gastrointestinal disease, rheumatologic disease, and obesity.
*Two children had underlying medical conditions that can predispose to encephalopathy in the setting of a systemic stressor such as influenza virus. These
conditions include an inborn error of metabolism (one) and a leukodystrophy (one).
58 Numbers are not mutually exclusive.
99 Altered mental status includes delirium, personality changes, hallucinations, and decreased level of consciousness.
*** Optional survey questions included illness onset date, neurologic symptom onset date, and use of other treatments.
Tt Among those aged =6 months and thus eligible for influenza vaccination. Admission date was used for five IAE patients for whom the illness onset date was not available.
588 Seventy-two patients received oseltamivir alone, one received oseltamivir and baloxavir marboxil, six received oseltamivir and peramivir, six received peramivir
alone, and one was missing influenza antiviral type information.
99 Co-detections were reported from any time during hospitalization for any of the following specimen sources: blood, urine, respiratory tract, peritoneal fluid, or
cerebrospinal fluid.
**** Neuroimaging performed included computed tomography of the head and magnetic resonance imaging of the brain.
Tttt percentage of patients with neuroimaging performed.
5588 To discharge (for survivors) or death; data were missing for five IAE patients (two ANE and three other IAE).
1999 Among patients who survived, were no longer hospitalized, and for whom survey data were available.

mortality (41%) and rapid progression to death, and all Since 2010, CDC and the Advisory Committee on
patients had critical illness. Hospital length of stay was pro- Immunization Practices have recommended annual influenza
longed among survivors, and only one survivor had returned vaccination for all persons aged >6 months (7). Influenza vac-
to neurologic baseline at discharge. Patients with ANE had cination can prevent influenza illness and reduce the severity
seizures at hospital evaluation almost twice as often (87%) of influenza in children who do become ill, including reduc-
as did patients with other IAE (45%). Overall, only 13% of tion in occurrence of critical and life-threatening influenza
patients with ANE reported to CDC had received influenza (CDC | Benefits of the Flu Vaccine) (8). Influenza vaccination
vaccination during the 202425 season. has also been found to reduce influenza-associated hospitaliza-
A recently published U.S. clinical case series described tion and emergency department visits in children (9). Despite
influenza-associated ANE among 41 children during the these known benefits, pediatric influenza vaccination coverage
2023-24 and 2024-25 influenza seasons and observed has declined in recent years*** and only 16% of vaccine-eligible
that only 16% of patients had received seasonal influenza IAE patients reported to CDC had received the 2024-25
vaccination among 38 with known vaccination status, 76% had influenza vaccine.
no significant medical history, and 27% died within days of Preadmission oseltamivir treatment among IAE patients was
symptom onset (6). ANE cases during the 2024-25 influenza low. Outpatients with suspected or confirmed influenza who
season might have been reported to both this investigation are at high risk for influenza complications are reccommended
and the 2023-25 case series, but the studies differed in to start influenza antiviral treatment as soon as possible after
methodology (including level of clinical detail collected and symptom onset; antiviral treatment might also be considered
reviewed, case recruitment strategies, and exclusion criteria). for patients who are not at higher risk (CDC | Antiviral

Overlap among the 37 IAE cases subcategorized as ANE Medications). Whether influenza antiviral therapy affects the
reported in this public health investigation and the 41 reported
in that case series cannot be quantiﬁed. *** Data for the 2024-25 influenza season as of April 26, 2025.
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development or progression of IAE is unknown; however, one
study demonstrated that oseltamivir treatment of influenza
in outpatients aged 5—17 years was associated with a reduced
risk for hospitalization with serious neuropsychiatric events,
including neurologic events such as seizure, altered mental
status, and encephalitis (70).

Limitations

The findings in this report are subject to at least three limita-
tions. First, included cases are a convenience sample and might
not be representative of all U.S. IAE cases during the 2024-25
influenza season. Second, categorization of IAE cases relied
partially on discharge diagnoses, which likely underrepresent
the true incidence of IAE, as IAE has no consensus standardized
diagnostic criteria and might be underdiagnosed. Finally, deiden-
tified data available for analysis were based on data abstracted
from EHRs and reported on the surveillance case report form.
Therefore, reported data did not necessarily include the complete
clinical course and all clinical or laboratory data, neuroimaging
reports, or primary neuroradiographic images.

Implications for Public Health Practice

IAE is a serious neurologic complication of influenza that can
affect healthy children as well as those with underlying medical
conditions. During influenza season, parents and caregivers of
children with neurologic signs and symptoms (e.g., seizures,
hallucinations, or altered level of consciousness) in conjunction
with fever or respiratory symptoms should seek care urgently.
Health care providers should consider IAE in children with
recent or current febrile illness with encephalopathy, monitor
these children for clinical deterioration, and initiate appropri-
ate supportive care.

Annual influenza vaccination is recommended for all chil-
dren aged >6 months to prevent influenza and associated
complications, potentially including neurologic disease such
as IAE and ANE. Early influenza antiviral treatment is recom-
mended as soon as possible for all children with influenza who
are hospitalized or at increased risk for influenza complications
because of age or presence of comorbidities.

No consensus standardized diagnostic or surveillance case
definitions for IAE currently exist. Additional measures are
needed to develop and implement surveillance to improve
understanding of the incidence, potential risk factors, severity,
and public health impact of IAE in the United States.

CDC is integrating surveillance for IAE and ANE into
existing CDC-sponsored surveillance systems for the 2025-26
influenza season to better understand these serious and poten-
tially preventable complications of influenza.
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Summary
What is already known about this topic?

Influenza-associated encephalopathy (IAE) is a rare, severe
neurologic complication of influenza.

What is added by this report?

During the high-severity 2024-25 influenza season,

109 U.S. pediatric IAE cases were identified; 55% of affected
children were previously healthy. Thirty-seven IAE cases were
subcategorized as acute necrotizing encephalopathy (ANE), a
severe form of IAE characterized by rapid neurologic decline
and a poor prognosis. Overall, 74% of |AE patients were
admitted to an intensive care unit, and 19% died; 41% of ANE
patients died. Only 16% of vaccine-eligible IAE patients had
received the 2024-25 influenza vaccine.

What are the implications for public health practice?
All children are at risk for severe neurologic complications of
influenza. Annual influenza vaccination is recommended for all

children aged =6 months to prevent influenza and associated
complications, potentially including IAE.
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