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Abstract

is warranted.

The neurological complications of influenza affect mainly the pediatric Asian population. In the category of influenza-
associated encephalopathy, acute necrotizing encephalopathy (ANE) is a rapidly progressive and fulminant brain
disorder associated with significant neurological sequelae and mortality. To date, only a few adult cases of influenza-
associated ANE have been reported. We describe a 44-year-old woman who presented with rapid progression of con-
sciousness impairment and recurrent generalized convulsions. Influenza was diagnosed three days prior to presenta-
tion, and infection with influenza A (H3N2) pdm09 was subsequently confirmed. A diagnosis of ANE was made based
on the presence of characteristic brain MRI findings, the exclusion of central nervous system infection, and an ele-
vated serum interleukin-6 level. Pulse steroid therapy followed by tocilizumab was initiated, which led to clinical stabi-
lization and improvement. Genetic testing revealed that the patient carried heterozygous human leukocyte antigen
DQB1 03:03 and DRB1 09:01 genotypes. An analysis of the adult cases of influenza-associated ANE in the literature
and the present case revealed a wide range of ages (22-71 years), a short interval (median 3 days) between the clini-
cal onset of influenza and ANE, and a high overall mortality rate (32%). The thalamus was the most frequent (91%)
location of the lesions. Our report highlights the importance of identifying this devastating but treatable neurological
complication of influenza in adults, especially those of Asian descent. As a cytokine storm is the most accepted patho-
genic mechanism for ANE, cytokine-directed therapies may be promising treatments for which further investigation
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Background

Influenza is a highly contagious infectious disease that
causes a substantial burden on health services. Seasonal
epidemics of influenza lead to approximately one billion
cases worldwide, including 3 to 5 million cases of severe
illness associated with a death rate of up to 10% [1]. In
Taiwan, the Center of Disease Control noted 3.5 to 9.5
influenza cases with severe complications per 100,000
people annually during the pre-COVID-19 epidemic era
[2]. Moreover, influenza may be associated with diverse
complications along the neuroaxis. The most com-
mon neurological complications are seizure and influ-
enza-associated encephalopathy. Less common or rare
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conditions include meningitis, central nervous system
demyelination, Reye syndrome, stroke, Guillain—Barré
syndrome and myopathy [3, 4]. Influenza-associated neu-
rological complications affect mainly pediatric patients,
occurring in up to 7.6 to 16.9% of children hospitalized
with influenza [3, 5-7]. Moreover, Asian race has been
identified as a risk factor for the development of influ-
enza-associated neurological complications [3].

In the category of influenza-associated encephalopa-
thy, acute necrotizing encephalopathy (ANE) is a rare
brain disorder characterized by multiple symmetric brain
lesions, alterations in mental status with rapidly progres-
sive neurological deterioration, and a high rate of signifi-
cant neurological sequelae or mortality [8]. ANE usually
develops following infection with various viruses, includ-
ing influenza A and B, SARS-CoV-2, enterovirus, human
herpesvirus 6 (HHV-6) and dengue virus, and rarely
Mycoplasma pneumoniae [8]. However, there is little evi-
dence of direct brain invasion by infectious pathogens. In
some cases, ANE can occur spontaneously, recurs, or is
associated with a family history, suggesting an underly-
ing genetic predisposition [9]. In line with this, mutations
in RANBP2 have been found to be linked to the develop-
ment of a specific type of ANE that is named ANE1 [9].

Since it was first described in Japanese children in 1995
[10], ANE has been found to predominantly affect the
Asian pediatric population, especially those under 5 years
of age [11]. In contrast, only a limited number of adult
cases of influenza-associated ANE have been reported
to date. Here, we report the case of an adult patient with
ANE and antecedent infection with influenza A virus
who subsequently received steroid and anticytokine
treatment and survived. We also report our findings from
a review of the literature on adult cases of influenza-asso-
ciated ANE.

Case presentation

A 44-year-old Taiwanese female with a history of thyroid
goiter had headache, fever, sore throat, cough and rhinor-
rhea in August 2023. She was diagnosed with influenza A
infection through a rapid throat swab test on the third day
of symptom presentation and was treated with inhaled
zanamivir. The next day, she was sent to the emergency
service because of sudden alterations in consciousness
and recurrent tonic—clonic seizure episodes. Her Glas-
gow Coma Scale (GCS) score was E1V1M4, temperature
was 37.2 °C, blood pressure was 112/52 mmHg, and heart
rate was 95/min. Her blood leukocyte count was 7100/puL
(neutrophil percentage=87.7%), C-reactive protein level
was 7.89 mg/L (normal<5), aspartate aminotransferase
level was 41 U/L (normal < 34), alanine aminotransferase
level was 24 U/L (normal < 36), ammonia level was 72 pg/
dL (normal<96), and creatinine level was 0.61 mg/dL.
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Brain CT showed multiple subcortical hypodense lesions
in the bilateral cerebral hemispheres. Cerebrospinal fluid
(CSF) analysis revealed one monocyte/pL, 1080 erythro-
cytes/pL, an elevated protein level (77 mg/dL), and nor-
mal glucose (84 mg/dL) and lactate (18.3 mg/dL) levels.
She subsequently required endotracheal intubation for
mechanical ventilation due to respiratory failure. Loraz-
epam and levetiracetam (for status epilepticus), perami-
vir (for severe complicated influenza) and ceftriaxone
(empiric antibiotic for suspected adult bacterial meningi-
tis) were given.

She was admitted to the neurology intensive care unit
on Day 2 of the neurological episode. Electroencephalog-
raphy demonstrated generalized continuous theta activ-
ity. Her neurological condition improved only slightly
(GCS E3VeM4), although her seizure activity subsided
after treatment. Brain MRI revealed extensive T2 and
FLAIR-hyperintense lesions in the white matter of the
bilateral cerebral hemisphere, corpus callosum, thalamus,
and midbrain and the right middle cerebellar pedun-
cle (Fig. 1A-E). Some of the lesions contained areas of
restricted diffusion (Fig. 1F). Proton magnetic resonance
spectroscopy revealed increased intensity of the lactate
peaks in the white matter lesions (Fig. 1G). Autoanti-
bodies from the autoimmune encephalitis panel were
negative. For detecting pathogens, the patient’s CSF was
examined for bacterial culture, virus isolation and DNA
of herpes simplex virus (HSV) and varicella zoster virus
(VZV), and tested with a FilmArray Meningitis/Encepha-
litis Panel (bioMérieux, France) for detecting genomes
of cytomegalovirus, enterovirus, HSV-1, HSV-2, VZV,
human herpes virus 6, human parechovirus, E. coli K1,
Haemophilus influenzae, Listeria monocytogenes, Neis-
seria meningitides, Streptococcus agalactiae, Streptococ-
cus pneumonia, and Cryptococcus neoformans/gattii.
Serological tests for Japanese encephalitis virus and den-
gue viruses were negative. bacterial culture, virus isola-
tion, serological tests and PCR for genome for various
infectious pathogens in CSF were all negative. Acute
disseminated encephalomyelitis (ADEM) was initially
considered, and steroid therapy (methylprednisolone 1
g/day for five days, followed by oral prednisolone 1 g/kg
body weight/day) was initiated on Day 5. Repeated brain
MRI on Day 9 revealed similar findings. On Day 11, a
blood test revealed an increase in the interleukin-6 (IL-6)
level (46.7 pg/ml, normal <7) despite the concurrent use
of steroids. On the basis of these findings, combined with
the prodromal viral infection, the brain MRI findings and
the exclusion of infectious encephalitis, ANE related to
influenza A was diagnosed. A dose of tocilizumab 400 mg
(2 mg/kg body weight) was thus administered intrave-
nously, and oral prednisolone treatment was continued.
She soon became more awake and was able to open her
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Fig. 1 A-E Brain MRl demonstrated diffuse and generally symmetric T2 and FLAIR-hyperintense lesions in the white matter of the bilateral cerebral
hemisphere, corpus callosum, thalamus and midbrain (A, B, D, E, FLAIR; C, T2 weighted image). Small areas of restricted diffusion were present (F,
diffuse weighted image). 'H-magnetic resonance spectroscopy revealed increased intensity of lactate peaks in the cerebral white matter lesion (G,

arrow)

eyes spontaneously two days later. The endotracheal tube
and mechanical ventilation were removed on Day 17.
Urinary tract infection by Klebsiella aerogenes developed
on Day 18, which resolved with a course of treatment
with cefperazone/sulbactam. However, the residual neu-
rological deficits were severe. She presented with akinetic
mutism (GCS E4V1M4) with general spasticity, rigidity
and hyperreflexia and was wheelchair-ridden when dis-
charged one month later. She needed one-person assis-
tance to stand, had a modified Rankin scale score of 4,
and had the same neurological examination findings
three months after discharge.

Infection with the influenza A(H3N2)pdmO09 strain
was subsequently confirmed by RT-PCR. To investigate
genetic predisposition for ANE, sequence-based geno-
typing for HLA and CPT2 were performed. It revealed
that the patient carried heterozygous HLA-DQB1 03:03
and HLA-DRB1 09:01 alleles and was homozygous for
p.lle368 and p.Met647 in CPT2, all of these four vari-
ants having been associated with increased risk for
ANE [12, 13].

Discussion

Review of the literature on adult cases

of influenza-associated ANE

We searched in PubMed and Google Scholar with the
terms “acute necrotizing encephalopathy’, “influenza”
and “adult” without limitation of language from 1995
(the year ANE first described). After eliminating dupli-
cate cases and including the present case, we identified a

total of 22 adult (> 18 years of age) patients (11 males, 11

females) with influenza-associated ANE, with one patient
who experienced an ANE episode during childhood
(Table 1) [14—33]. The ages ranged from 22 to 71 (median
47) years. The influenza type was known in 20 patients,
including influenza A in 15 patients and influenza B in 5
patients. Among the 9 patients who received influenza A
virus typing, the HIN1 strain was identified in 7, and the
H3N2 strain was identified in the other 2.

The median interval between the onset of ANE and
that of prodromal influenza was 3 days (ranging from 0
to 9 days, data available in 18 patients). The leading clini-
cal manifestations were conscious impairment (68%),
altered mentality or behaviors (50%) and convulsive sei-
zures (36%). The most common neuroimaging abnormal-
ity was acute inflammation of the thalamus (91%), which
was usually bilaterally affected, followed by the cerebral
hemisphere (59%), brainstem (50%), cerebellum (36%),
basal ganglion (18%) and corpus callosum (14%). Regard-
ing CSF studies (performed in 17 patients), an increase
in protein levels (>45 mg/dl) was the most common
abnormality (14 patients, 82%), while leukocyte pleocy-
tosis (> 5/mm?®) was found in only five (29%) patients. For
immunotherapy, 9 patients received combined corticos-
teroids and intravenous immunoglobulin (IVIg) treat-
ment, 9 received corticosteroids alone, and 1 received
IVIg only. Our patient is the only one who received toci-
lizumab treatment. Seven patients died during acute
stage of the disease, with a mortality rate 32%. The sur-
vival rate was 74% for patients receiving corticosteroids,
IVIg or both and 33% for those not receiving immuno-
therapy, suggesting a statistically nonsignificant trend
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toward increased survival associated with any immuno-
therapy (odds ratio 5.6, 95% CI 0.41-76; p=0.163). It is
noteworthy, however, that the sample size was small, and
the timing, type and duration of immunotherapy were
highly variable among these patients. Compared with
pediatric cases of ANE related to influenza or other path-
ogens, there were no obvious differences in the intervals
between the onset of influenza and ANE, clinical presen-
tations, brain images, CSF profiles or mortality rate for
these adult cases of influenza-associated ANE.

Clinical manifestations of ANE

Despite the diversity of infection pathogens, the clini-
cal, radiological and laboratory presentations of parain-
fectious ANE are relatively stereotypic. Clinically, three
stages in the clinical course could be identified in most
ANE patients [34]. During the prodromal stage, the
patients presented systemic manifestations of acute viral
infections, most frequently respiratory tract manifes-
tations, as well as generalized symptoms such as fever,
headache, myalgia and malaise, but still had normal con-
sciousness. Brain imaging findings were usually normal
at this stage. The acute encephalopathy stage followed
suddenly a few days after prodromal onset. It was char-
acterized by rapidly progressive neurological dysfunc-
tion with mental and conscious deterioration, which was
often combined with seizures and focal neurological defi-
cits. The typical brain imaging findings during this stage
were multifocal and generally symmetric inflammatory
lesions of the cerebral cortex, white matter, deep gray
matter, cerebellum and brainstem, with bilateral thalamic
involvement being the most common and distinctive
presentation [35, 36]. Occasionally, petechial hemorrhage
occurred in the lesions. Acute extraneural organ injury,
such as hepatic, hematological and pulmonary dysfunc-
tion, occurred in some patients [37]. The mortality rate
could reach 25-40% [8, 38, 39]. While some patients with
catastrophic encephalopathy who survived recovered
gradually in the following several weeks, most of them
had persistent and significant neurological sequelae.

Diagnosis of ANE

The diagnostic criteria for ANE was proposed by Muzu-
guchi in 1997 [40]. Focusing on a neurological compli-
cation following viral infection and with exclusion of
several clinical mimics in mind, this criteria encompasses
the characteristic clinical presentation (rapid conscious
alternation, convulsion), brain imaging features (sym-
metric multifocal lesions with bilateral thalamic lesions),
CSF study findings (increase of protein level without leu-
kocyte pleocytosis) and systemic involvement (increase
of serum aminotransferase levels with elevation of
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ammonia). It is still widely applied to date in diagnosis of
spontaneous or infection-provoked ANE.

The differential diagnosis for ANE includes practi-
cally all of the post-infectious central nervous system
complications, with ADEM, Reye syndrome and infec-
tious encephalitis as the leading conditions to consider.
ADEM and ANE shared a lot of clinical similarities,
such as rapid development of conscious disturbance,
altered mentality, seizure and multiple brain lesions.
While ANE occurs during the early febrile period of
viral infection, ADEM typically develops up to sev-
eral (mean 12.5) days after the initial symptoms and
signs of infection subsides [41]. Different from normal
cell counts in CSF in most cases of ANE [42], ADEM
patients usually show neutrophil pleocytosis in CSF
analysis. Regarding neuroimaging findings, the multi-
ple brain lesions are generally symmetric in distribu-
tion in ANE and the bilateral thalamic involvement is
highly specific. In contrast, the bilateral brain lesions
are asymmetric and the bilateral thalamic lesion is
present only in 30—50% of ADEM patients [43]. Reye
syndrome also has similar clinical manifestations with
ANE. However, the most common laboratory finding
for Reye syndrome is hyperammonemia occurring 1
to 2 days after onset, sometimes combined with hypo-
glycemia and coagulation dysfunction. These find-
ings however are absent in ANE patients [40]. Besides,
imaging and pathology studies in Reye syndrome shows
only diffuse brain edema, in contrast that multifocal
lesions in neuroimaging are essential for diagnosing
ANE. Finally, ANE can be differentiated from infectious
meningoencephalitis through specific antibody testing,
microbial culture or isolation, or direct detection of the
pathogen genome in CSE.

Pathogenesis of ANE

Although the pathogenesis of ANE remains unclear, the
uncontrolled production of proinflammatory cytokines
by the innate immune system (“cytokine storm”) in
response to viral infection is the most commonly pro-
posed mechanism [8, 44]. The cytokines involved in
ANE may include various interleukins, interferons and
chemokines, with IL-6 and tumor necrosis factor-a
being the most prominent [8, 44]. In in vivo and in vitro
studies, the administration of IL-6 and tumor necrosis
factor-a to cerebral vessels led to vasodilation, endothe-
lial tight junction perturbation and subsequent blood—
brain barrier (BBB) breakdown [45—47]. In line with this,
brain biopsy and postmortem pathologic examinations in
ANE patients have shown minimal lymphocytic or neu-
trophilic infiltrations or demyelination, despite marked
brain parenchyma abnormalities such as hemorrhagic
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or coagulation necrosis and edema and axonal damage
[23, 24, 48-50], and CSF pleocytosis is usually absent
[42]. In addition to disrupting BBB integrity, exces-
sive cytokines also cause excitotoxic neuronal damage,
immune cell overactivation and secondary organ dam-
age. Microglial priming, a condition in which microglia
multiply and become activated, may also underlie ANE.
Priming increases the sensitivity of microglia to a sec-
ondary inflammatory stimulus (e.g., peripheral cytokine
release), which can induce an exaggerated immunologi-
cal response. This mechanism has been shown to con-
tribute to the neurological complications associated with
nonneurotropic influenza strains, such as HIN1 [51] and
H3N2 [52]. Clinically, a higher serum level of IL-6 is cor-
related with the development of brainstem dysfunction,
which has been associated with an increased risk of mor-
tality in ANE patients [53, 54].

Host genetic factors of ANE

Genetic background may contribute to the predilec-
tion of ANE in East Asian populations. The HLA DQB1
03:03 and DRB1 09:01 genotypes and the thermolabile
CPT2 variants, which have the highest frequencies in
the eastern ethnicities, have been associated with ANE
[12, 13]. Our patient carried two HLA alleles and two
homozygous CPT2 risk variants for ANE. HLA genes
govern antigen presentation and are crucial compo-
nents of the human immune system. Carnitine pal-
mitoyl transferase II, the protein encoded by CPT2, is
one of the mitochondrial enzymes essential for long-
chain fatty acid oxidation. Mitochondrial dysfunction
and energy deficiency may underlie BBB disruption
and cerebral edema in ANE [55]. On the other hand,
the relationship between ANE1l (the ANE caused by
RANBP2 mutations) penetrance and environmen-
tal triggers [9] and a case report of a Caucasian infant
who resided in East Asia for the first several months
of life and developed HHV-6-associated ANE three
months after returning to a western country [56] imply
the role of environmental factors in the predisposition
to ANE occurrence. More studies are needed to eluci-
date the complexity of interactions between infectious
pathogens and genetic or environmental factors in ANE
development.

Treatment of ANE

Although there has been no definitive guideline for
management of ANE to date, most recommended treat-
ments involve immunotherapeutic regimens which
are given early and in combinations. A retrospective
case-series study showed that administration of corti-
costeroids, either methylprednisolone or dexametha-
sone, within 24 h after onset was associated with better
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prognosis [57]. The common immunomodulatory treat-
ments combined with steroid include IVIg and plas-
mapheresis. Furthermore, regarding the potentially
pivotal role of cytokines in ANE development, anti-
cytokine therapy is considered a rational treatment
for ANE. Tocilizumab, a monoclonal antibody block-
ing the IL-6 receptor, has been shown to significantly
lower IL-6 levels and has become an emerging therapy
for ANE. Case reports and a small uncontrolled study
findings have suggested that tocilizumab may have syn-
ergistic effects with corticosteroid and may be effective
for severe ANE when administered early in the disease
course [58-61]. However, whether tocilizumab reduces
mortality or possibility of severe neurological sequelae
is still unclear.

Conclusions

In the face of the growing prevalence of re-emerging
and emerging infectious diseases in recent years, the
occurrence of neurological complications related to
viral infections, including ANE, is expected to increase.
For instance, with the pandemic of COVID-19, ANE
related to SARS-CoV-2 has been increasingly recog-
nized in recent years. SARS-CoV2-associated ANE
is similar to influenza-associated ANE in present-
ing symptoms, onset time related to prodromal infec-
tion, typical locations of brain lesions, CSF and serum
cytokine profiles, and disease outcome [62]. Remark-
ably, adult patients may account for a higher proportion
in SARS-CoV2-associated ANE, up to 80% in a case
series [62]. Our report highlights the importance of
identifying this devastating but treatable neurological
complication of viral infections in adults, especially in
East Asian populations. In addition, cytokine-inhibiting
monoclonal antibodies may be promising treatments
for ANE, for which further investigation is warranted.
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