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 Background: Influenza-associated acute necrotizing encephalopathy (IANE) can be lethal and disabling and have a sudden 
onset and deteriorate rapidly but lacks early diagnostic indicators. We aimed to examine the early clinical di-
agnostic indicators in children with IANE.

 Material/Methods: Acute influenza patients were grouped according to their clinical manifestations: flu alone (FA), flu with febrile 
seizure (FS), influenza-associated encephalopathy (IAE), and IANE. The clinical features, biomarkers, neuroelec-
trophysiological results, and neuroimaging examination results were compared.

 Results: A total of 31 patients were included (FA (n=4), FS (n=8), IAE (n=14), and IANE (n=5)). The IANE group, whose 
mean age was 3.7 years, was more likely to show rapid-onset seizure, acute disturbance of consciousness 
(ADOC), Babinski’s sign, and death/sequela. More patients in the IANE group required tracheal intubation me-
chanical ventilation and received intravenous immunoglobulins (IVIG) and glucocorticoids. The alanine ami-
notransferase (ALT), aspartate transaminase (AST), and lactate dehydrogenase (LDH) levels in the IANE group 
were significantly higher than in the FS and IAE groups. The aquaporin-4 (AQP-4) antibody and malondialde-
hyde (MDA) levels in the serum and cerebrospinal fluid (CSF) were notably higher in IANE patients in the acute 
stage compared with FS and IAE patients. All patients in the IANE group had positive neuroimaging findings.

 Conclusions: Early clinical warning factors for IANE include rapid-onset seizures in patients under 4 years of age, ADOC, and 
pathological signs. Increased AQP-4 antibodies and MDA levels in CSF might contribute to early diagnosis. Early 
magnetic resonance venography (MRV) and susceptibility-weighted imaging (SWI) sequences, or thrombelas-
tography to identify deep vein thrombosis, might indicate clinical deterioration.
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Background

Influenza-associated acute necrotizing encephalopathy (IANE) 
is an extremely dangerous and lethal condition with acute on-
set and rapid progression [1-9]. Its diagnosis is mainly based on 
brain imaging [10-12]. Patients with IANE can miss the oppor-
tunity of neuroimaging in the acute phase because of the pa-
tients’ conditions. Because of the imaging lag of brain lesions, 
neuroimaging might not provide the clinical judgment of early 
brain lesion consistent with the actual condition. Researchers 
have constantly been trying to find biological indicators that 
are relevant to the diagnosis of IANE. Still, the pathogenesis of 
IANE has not been clear, and there has been no breakthrough 
in finding IANE-related biomarkers. After reviewing both the 
relevant reports and the brain pathology of IANE non-survi-
vors, we analyzed the clinical manifestation, biomarkers, neu-
roimaging, and neuroelectrophysiology examination results of 
patients with IANE to explore the early clinical diagnostic indi-
cators of IANE, as well as the high-risk factors.

Material and Methods

Study Site

The study was carried out in Guangzhou Women’s and 
Children’s Medical Center, Guangzhou, Guangdong Province, 
southern China, using 233 specimens collected into the 
“Guangzhou Women’s and Children’s Medical Center Biobank” 
from May 2018 to January 2019.

Among these patients, 33 were diagnosed with acute influen-
za and did not meet the exclusion criteria. They were divided 
into 4 groups: 1) the FA group (n=4) contained children with 
influenza without neurological symptoms; 2) the FS group 
(n=8) contained children with influenza and febrile seizure; 
3) the IAE group (n=14) contained children with influenza-as-
sociated encephalopathy; 4) the IANE group (n=5) contained 
children with influenza-associated acute necrotizing enceph-
alopathy. The exclusion criteria were: 1) multiple infections, 
such as combined RSV, CMV, EBV, MP, varicella, measles, and 
bacterial infection; 2) severe central nervous system deformi-
ties, such as mass, tumor, trauma, cerebral vascular malfor-
mation, meningitis, and pachygyria; 3) basic diseases that can 
cause brain lesions, such as mitochondrial brain disease, SLE 
encephalopathy, hypoxic-ischemic encephalopathy, purulent 
meningitis, brain abscess, cerebral hemorrhage; and 4) basic 
diseases such as cerebral palsy and hydrocephalus. All infor-
mation was extracted from the structured electronic medical 
record system (EMRS).

Laboratory Tests

Laboratory Tests of Influenza Virus

For influenza virus testing, real-time reverse transcription-
polymerase chain reaction (rRT-PCR) was performed using 
the influenza virus A/B dual fluorescence quantitative RT-PCR 
kit (Guangdong Guanyin Pharmaceutical Technology Co. LTD, 
China). The influenza virus A subtype identification was per-
formed using the real-time RT-PCR kit (Dan Gene Co., Ltd, Sun 
Yat-Sen University, China).

Automatic Biochemistry System

For clinical routine biochemical testing, an automatic ana-
lyzer (Automatic Analyzer 7600, Hitachi High-Technologies 
Corporation) was used.

Specific Biochemical Tests

The specimens of plasma and cerebrospinal fluid (CSF) were 
tested in the included cases. The equipment included: a mi-
croplate reader (Thermo Fisher Scientific, Multiscan MK3) 
and a fluorescence analyzer (Perkin Elmer, Victor X5). The re-
agents used were Cyt-C ELISA Kit (Cusabio, Wuhan, China, 
No: CSB-E08530h), Apo-ONE® Homogeneous Caspase-3/7 
Assay (Promega, USA, No: G7790), Amplex® Red Hydrogen 
Peroxide/Peroxidase Assay Kit (Invitrogen, USA, No: A22188), 
AA (PDGF-AA) ELISA Kit (Cusabio, Wuhan, China, No: CSB-
E17143h), VEGF ELISA Kit (MultiSciences, Hangzhou, China, No: 
70-EK1832), Human aquaporin-4 antibody (AQP-4 Ab) ELISA 
Kit (Cusabio, Wuhan, China, No: CSB-E13568h), Human anti-
NMDAR Antibody ELISA Kit (Fine Test, Zurich, Switzerland, No: 
EH4166), Human MOG (Myelin-oligodendrocyte glycoprotein) 
ELISA Kit (Fine Test, Zurich, Switzerland, No: EH0896), and Lipid 
Peroxidation MDA Assay Kit (Beyotime Biotechnology Co., Ltd., 
Shanghai, China, No: S0131).

Neuroimaging and Neuroelectrophysiology Examination

Magnetic Resonance Imaging (MRI)

MRI was performed by super-conducting 1.5-T (Achieva; Philips, 
Netherlands) and 3.0-T (Skyra; Siemens Medical Solution, 
Germany) MR units and standard head coils. Routine 1.5-T 
MR imaging included the following sequences: sagittal and 
transverse T1-weighted spin-echo (repetition time ms/echo 
time ms, 450/11; number of signals acquired, 2), transverse 
T2-weighted fast spin-echo (3200-4500/90-120; number of 
signals acquired, 3-4), and transverse fluid-attenuated inver-
sion recovery (repetition time msec/echo time msec/inver-
sion time msec, 8000/120/2300). Routine 3.0-T MRI includ-
ed the following sequences: sagittal and transverse T1-TRIM 
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dark-fluid (repetition time msec/echo time msec, 2000/9; num-
ber of signals acquired, 6), transverse T2-weighted fast spin-
echo (4200/110; number of signals acquired, 19), and trans-
verse fluid-attenuated inversion recovery (repetition time 
msec/echo time msec/inversion time msec, 8000/111/2360). 
Other pulse sequences were performed as clinically indicated.

Computed Tomography (CT)

CT imaging was performed with a 64-slice CT (Brilliance; Philips, 
Netherlands & Aquilion; Toshiba, Japan). Scan parameter: 120 
kV,100 mA, slice thinness 5 mm, slice gap 5 mm.

Electroencephalography (EEG)

Continuous EEG was recorded using a 32-channel NicoletOne 
EEG. Each subject was set with the 19 montages in the scalp 
(corresponding to the positions in the standard 10-20 mon-
tage) and was recorded for 12 h.

Statistical Analysis

SAS 9.4 for Windows (SAS Institute, Inc., Cary, USA) was used 
for data analysis. Categorical variables are presented as num-
bers (percentage) and were compared using Fisher’s exact 
test. Continuous data are presented as means (standard devi-
ation, SD) or medians (interquartile range, IQR) and were ana-
lyzed using one-way ANOVA with multiple comparisons with a 
Bonferroni adjustment or the Kruskal-Wallis test followed by 
the Dunn post-test depending on the distribution (a=0.05).

Ethics Approval and Consent to Participate

The biobank and the present study were approved by the eth-
ics committee of Guangzhou Women and Children Medical 
Center. Banking of the specimens was done after obtaining 
the written informed consent of the patients’ legal guardians.

Limitations

The study had some limitations. First, the cases were only from 
the Guangzhou Women’s and Children’s Medical Center, and the 
generalizability might be challengeable. In addition, the sample 
size was small, precluding any reliable calculation of sensitivi-
ty and specificity. Secondly, we only analyzed clinical facts and 
biomarkers associated with the disease, which might not cov-
er all possibilities. Further research will be needed to improve 
the prospective cohort design and increase the sample size.

Results

Demographic,	Clinical	Features,	and	Treatment

All patients with IANE had radiological signs of acute necro-
tizing encephalopathy on brain imaging and were positive for 
the influenza virus. In the present study, one patient in the 
IANE group died at 20 days after onset. Three patients had se-
quela, including disturbance of consciousness, language barri-
er, movement disorder, no communication, no recognition, in-
voluntary movement, and cortical tonicity. The FA group had a 
longer duration of fever than the other groups and was more 
likely to have tachycardia. The IANE group was more likely to 
have a seizure, acute disturbance of consciousness (ADOC), 
Babinski’s sign, and death/sequela (Table 1).

Routine Clinical Biochemical Testing

The levels of routine blood, CSF, electrolyte, immune indexes, 
and blood coagulation were similar among the 4 groups. The 
ALT, AST, and LDH levels in the IANE group were significantly 
higher than in the FS and IAE group (Table 2).

Specific Biochemical Tests

Serum Test

Except for PDGF-AA, the other 8 serum indicators showed dif-
ferent median variation among each group, but the differenc-
es were not statistically significant (Figure 1).

CSF Test

The CSF AQP-4 Ab and MDA levels were notably higher in IANE 
patients in the acute stage compared with FS and IAE (Figure 2). 
At the same time, concentrations of AQP-4 Ab and MDA in 
plasma were higher than in the CSF (p<0.001). Nevertheless, 
there were not enough samples to test the differences be-
tween survivors without sequela and the death/sequela pa-
tients in the IANE group.

Neuroimaging and Neuroelectrophysiology

Neuroimaging

Except for the FA group, there were 18 patients with neuroim-
aging, including 17 brain MRI and 1 brain CT, and 7 patients had 
positive discoveries. No imaging abnormalities were detected 
in the FS group. Among the IAE group, 9 patients had imag-
ing examinations, and 2 of them had abnormalities. Brain MRI 
showed a mild lesion with a reversible splenial lesion (MERS) 
without follow-up in 1 case (Figure 3). Another patient with 
brain CT over 5 days showed an increased density of the left 
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Characteristics,	n	(%)	or	as	shown FA,	n=4 FS,	n=8 IAE,	n=14 IANE,	n=5

Gender, Male  3 (75)  3 (37.5)  10 (71.4)  2 (40)

Age, years, mean (SD)  5.2 (3.6)  4.1 (2.4)  5.4 (3.3)  3.6 (1.9)

Weight, kg, median (IQR)
15.35 

(11.75, 21.85)
15.5 

(12, 18.35)
18.5 

(13.5, 26)
15 

(13, 17)

Onset date

 January  4 (100)  5 (62.5)  7 (50)  3 (60)

 December  0 (0)  1 (12.5)  4 (28.57)  1 (20)

 Others*  0 (0)  2 (25)  3 (21.43)  1 (20)

Fever, day, median (IQR)  4.5 (4, 9.5)  2 (1, 2)  1 (1, 3)*  3 (1, 4)

Temperature, °C, median (IQR)
39 

(39, 39.5)
39.5 

(39, 40)
39 

(39, 39.25)
39 

(39, 39)

Seizure

 No  4 (100)  0 (0)*  3 (21.4)#  0 (0)*, **

 1-2  0 (0)  8 (100)  4 (28.6)  1 (20)

 ³3  0 (0)  0 (0)  7 (50)  4 (80)

Cough, yes  4 (100)  7 (87.5)  9 (64.3)  3 (60)

Vomiting, yes  1 (25)  0 (0)  6 (42.9)  2 (40)

Sleepiness, yes  2 (50)  2 (25)  4 (28.6)  1 (20)

Somnolence, yes  1 (25)  1 (12.5)  1 (7.1)  1 (20)

ADOC, yes  0 (0)  0 (0)  0 (0)  3 (60)

Alalia, yes  0 (0)  0 (0)  3 (21.4)  1 (20)

Gibberish, yes  0 (0)  0 (0)  3 (21.4)  0 (0)

Babinski’s sign, yes  0 (0)  0 (0)  0 (0)  3 (60)

Tachycardia, yes  3 (75)  0 (0)  1 (7.1)  1 (20)

Etiology

 Influenza A  4 (100)  8 (100)  11 (73.3)  4 (80)

 Influenza B  0 (0)  0 (0)  4 (26.7)  1 (20)

Treatment

 Oseltamivir/peramivir  4 (100)  7 (87.5)  12 (85.7)  5 (100)

 IVIG  2 (50)  0 (0)  5 (35.7)  5 (100)

 Glucocorticoids  2 (50)  0 (0)  3 (21.4)  4 (80)

 Antibiotics  1 (25)  2 (25)  2 (14.3)  3 (60)

 Tracheal intubation ventilator ventilation  0 (0)  0 (0)  0 (0)  2 (40)

Outcome  

 Non-survivor/sequela  0 (0)  0 (0)  0 (0)  4 (80)**, ***

Table 1. Demographic and clinical characteristics.

* FA group were selected as controls and p-value <0.0083; ** FS group were selected as controls and p-value<0.0083; *** IAE group 
were selected as controls and p-value <0.0083.
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Characteristics,	mean	(SD)	or	
median	(SQR)

FA,	n=4 FS,	n=8 IAE,	n=14 IANE,	n=5

Routine blood

 WCB (109/L)  6.5 (2.3)  9.8 (4.3)  7.7 (3.9)  7.5 (3.4)

 N (109/L)  4.7 (2.2)  7.5 (4)  5.2 (3)  4.6 (2.9)

 L (109/L)  1.1 (0.7, 2)  1.7 (1, 2)  1.2 (0.7, 2.1)  1.8 (1.6, 2.1)

 M (109/L)  0.5 (0.4, 0.6)  0.8 (0.4, 1)  0.7 (0.5, 0.9)  0.6 (0.3, 0.9)

 Hb (g/L)  119.5 (113, 120.5)  118 (115, 121.5)  124.5 (114, 125)  110 (100, 115)

 Plt (109/L)  302.5 (187.5, 402)  235 (213.5, 269.5)  223.5 (200, 280)  232 (225, 271)

CSF

 WBC (106/L) –  4 (3, 5)  2 (1, 2.5)  1 (1, 2)

 HsCRP (mg/L) –  0.3 (0, 0.3)  0.2 (0, 0.3)  0.2 (0.1, 0.3)

 CL (mmol/L) –  118.2 (118, 126.9)  122.4 (120, 123.2)  123.8 (122, 125.4)

 GLU (mmol/L) –  3.5 (3.2, 3.5)  3.8 (3.4, 4.2)  3.8 (3.4, 4.1)

 MP (g/L) –  0.3 (0.1, 0.3)  0.2 (0.2, 0.3)  0.6 (0.2, 0.7)

 LDH (U/L) –  17 (14, 18)  15 (15, 17)  20 (15, 32)

Electrolyte

 Na (mmol/L)  134.2 (6.4)  132.5 (4.3)  132.1 (4.1)  132.9 (3.2)

 K (mmol/L)  3.2 (0.7)  4 (0.7)  3.6 (0.5)  4 (0.4)

 BG (mmol/L)  9.2 (6.6, 10.8)  5.6 (5.4, 5.9)  5.1 (4.8, 5.9)  6.4 (6.3, 8.3)

 Lac (mmol/L)  1.3 (1.2, 1.5)  1.7 (1.3, 2.1)  1 (0.8, 1.5)  1.5 (1.4, 2.9)

Organ biochemical

 ALT (U/L)  21 (18.5, 42)  14 (12.5, 22)  16.5 (13, 22)  89 (59, 122)**,***

 AST (U/L)  74 (41.5, 143.5)  36 (31, 43.5)  40 (30, 46)  147 (94, 205)**,***

 ALT/AST  0.4 (0.3, 0.5)  0.4 (0.4, 0.5)  0.4 (0.3, 0.6)  0.3 (0.3, 1)

 LDH (U/L)  415 (383, 508)  248 (239.5, 257)*  269 (214, 290)*  490 (366, 606)**,***

 CK (U/L)  1632 (253.5, 5235)  165 (147.5, 235.5)  144 (110, 269)  305 (131, 1340)

 CK_MB (U/L)  51 (19, 96)  23 (17, 30)  25 (15, 36)  50 (40, 58)

 Ammonia (umol/L)  58.8 (45.6)  23.2 (12.4)  29 (8.8)  24.3 (3.7)

Immune indexes

 IgG (g/L)  11.3 (5.3)  10.4 (1.5)  9.7 (2.3)  12.3 (5.7)

 IgA (g/L)  1.8 (1)  0.9 (0.3)  1.1 (0.6)  1 (0.8)

 IgM (g/L)  1.1 (0.3)  1.6 (0.9)  1.2 (0.3)  1.4 (0.5)

 C3 (g/L)  0.9 (0.1)  0.8 (0.1)  0.9 (0.2)  0.8 (0.2)

 C4 (g/L)  0.2 (0.1)  0.3 (0.1)  0.2 (0.1)  0.3 (0.1)

 IgE (IU/ML)  77 (42.5, 94.5)  60 (31.5, 120)  72.5 (26, 185)  10 (7, 15)

Table 2. Biochemical test.
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base section and the two-sided central front-back, then was 
reviewed using brain MRI that showed no abnormality after 1 
week. Imaging examinations were performed in all 5 patients 
in the IANE group; positive discoveries included 5 cases of bilat-
eral symmetrical lesions, 3 cases of thalamic swelling changes 
of different degrees, and 2 cases of classical “concentric struc-
ture” patterns, and all had multifocal lesions (Figure 4). The 
non-survivor, who had a Dandy-Walker congenital malforma-
tion, developed convulsive persistence and coma after getting 
influenza; eventually, brain stem failure and death occurred.

Neuroelectrophysiology

There were 8 patients with EEG, and 6 of them had a posi-
tive discovery. Abnormal EEG findings in the IAE group includ-
ed oligorhythmia and frontal intermittent slow waves. In the 
IANE group, the abnormal EEG showed hypoactivity and par-
tial seizure from the left posterior origin, diffuse delta waves 
in wakefulness, generalized slow waves, and electrical silence.

Discussion

High-Risk	Factors	of	IANE	in	Clinical	Characteristics

In this study, neurological symptoms/signs appeared in 27 cas-
es and persisted in the IAE and IANE groups. Within 3 days af-
ter onset, patients in the IANE group were more likely to have 
developed multiple seizures, ADOC, and Babinski’s sign, and 
these problems mostly occurred in young children, whose mean 
age was 3.6 years in our study. The clinical features above were 
similar to those in previous reports [12-15]. Therefore, age un-
der 4 years, short-term repeated seizures, ADOC, and Babinski’s 
sign might be high-risk factors for IANE [6,16,17]. As in previ-
ous reports [4,5,13,18-21], the present study did not find any 
indicators of diagnosis of IANE in routine biochemical exam-
inations, and only showed that the serum levels of ALT, AST, 
and LDH in the IANE group was significantly higher than in 

the FS and IAE groups, and none of these could help diagnose 
IANE. There was no significant difference in patients who re-
ceived oseltamivir/peramivir treatment among the 4 groups, 
suggesting that oseltamivir/peramivir is not effective in pre-
venting IAE and IANE. According to the Consensus Guide, all 
patients in the IANE group received immunoglobulins (IVIG) 
and glucocorticoids, but there still was a high mortality rate of 
20% and a sequela rate of 60%, which suggests that the diag-
nosis and treatment of IANE need further attention.

Neuroimaging	Findings,	Brain	Pathology,	and	Treatment	
Efficacy in Pathogenesis of IANE

Positive findings in brain imaging are essential indicators for 
the diagnosis of IANE, which is also known as clinicoradiolog-
ic disorder [22]. Like some other reports, our IANE patients 
also showed the classical neuroimaging, which was “concen-
tric/laminar structure” or “trilaminar pattern” or target-like 
appearance [23-25]. During the study, other clear “concen-
tric/laminar structure” ANE MRI images were acquired, from 
whom specimens were not successfully obtained for the bio-
bank, shown in Figure 5. Symmetric necrosis of the thalamus, 
brain stem, cerebellar medulla, and periventricular white mat-
ter had been found in patients with IANE.

The imaging changes in this classic “concentric/laminar struc-
ture” can be explained from the brain pathology of the pa-
tients with IANE deceased in the acute stage [12,26-28]: mod-
erately sized plasma extravasation occurring around the edge 
of the lesion, to which the arteries were generally more sus-
ceptible than veins, and lesion areas showing myelin pallor; 
the surrounding tissues of central vessels (arteries, veins, and 
capillaries) were congested; oligodendrocytes displayed acute 
swelling; cerebrovascular occlusion, microthrombus formation, 
and perivascular hemorrhage indicated the central blood ves-
sels were damaged [1,29]; and erythrocyte extravasation was 
accompanied with neuron and glial cells necrosis, without in-
flammatory cell infiltration or reactive proliferation of glial cells.

Table 2 continued. Biochemical test.

Characteristics,	mean	(SD)	or	
median	(SQR)

FA,	n=4 FS,	n=8 IAE,	n=14 IANE,	n=5

Blood coagulation

 PT (s)  12.9 (12.5, 13.2)  15.1 (14.5, 15.6)  14.5 (13.5, 15)  15.4 (15.2, 16)

 APTT(s)  41 (15.3)  46.5 (6)  43.4 (5.6)  44 (9.7)

 INR  1 (0)  1.2 (0.1)  1.1 (0.1)  1.2 (0.2)

 FIB (g/L)  3.8 (3.4, 4)  2.6 (2.5, 3.3)  2.7 (2.4, 3)  2.5 (2.1, 2.6)

* FA group were selected as controls and p-value <0.0083; ** FS group were selected as controls and p-value<0.0083; *** IAE group 
were selected as controls and p-value <0.0083.
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Cerebral hemorrhage and infarction lesions were consistent 
with autopsy studies of IANE [26,30,31], which matched the 
area of deep cerebral venous thrombosis (DCVT) shown in 
Figure 6. IANE may share the neuroimaging features of DCVT 
because thrombosis in the internal cerebral veins, the basal 
veins, and the great cerebral vein eventually leads to venous 
(hemorrhagic) infarction and bilateral thalami vasogenic ede-
ma [32]. DCVT can be shown in the magnetic resonance ve-
nography (MRV) [33,34].

Still, it is important to make a differential diagnosis between 
ANE and DCVT. The treatment for ANE, including intravenous 

steroids and immunoglobulins, can cause hypercoagulability, 
and osmotic agents recommended for decreasing intracranial 
pressure may exacerbate DCVT [20]. Therefore, the high mor-
tality and neurological sequelae after using immunoglobulins 
and steroids might be related to the absence of early identifi-
cation of cerebral vascular microembolization/infarction and 
without subsequent treatment. Bilateral thalamic lesions on 
the MRI sequence provide an important clue to the diagno-
sis of DCVT [17,35] and were observed in IANE. Therefore, is 
DCVT one of the reasons why ANE usually involves bilater-
al thalami? Do they share the same or similar mechanism? 
It is difficult to clearly distinguish ANE from DCVT on clinical 
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Figure 1.  Box and whiskers of specific biochemical serum levels (median+IQR and show all points).
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examination, particularly during influenza infection, because 
both present with nonspecific symptoms such as alteration of 
consciousness. Still, magnetic resonance venography (MRV) 
and susceptibility-weighted imaging (SWI) or T2 sequence 
can indicate the presence of DCVT [33]. There were no differ-
ences in coagulation function among the groups in our study. 
Thrombelastography (TEG) can be tried to examine the com-
bined effects of various coagulation mechanisms on throm-
bosis, including the role of blood cells such as platelets, clot-
ting factors, and fibrinolysis [36-39].

Although brain MRI is a diagnostic method for ANE, it could 
not meet early clinical diagnosis needs. Patients with IANE 
could miss the opportunity to receive neuroimaging in the 
acute phase, subject to examination conditions and patient 
conditions. Because of the imaging lag of brain lesions, neu-
roimaging cannot provide a clinical judgment of early brain le-
sions consistent with the actual condition.

Relationship	Between	Special	Biomarkers	and	IANE

The diagnosis of IANE cannot rely on conventional biochemi-
cal indicators, and neuroimaging cannot meet early diagnosis 
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Figure 2.  Box and whiskers of specific biochemical CSF levels (median+IQR and show all points).
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needs. To this end, we explored the significance of certain bio-
markers for the diagnosis of the disease. Nerve cell necrosis 
is a major pathological change in IANE, and necrosis-associat-
ed biomarkers, including lactate dehydrogenase (LDH) [40-44] 
and malondialdehyde (MDA) [45-47], are reflected in the CSF. 
The cytotoxicity is first evaluated by LDH release [48], while 
MDA is the final cell cracking process [45]. Still, elevated se-
rum LDH due to abnormal liver function common with influ-
enza may interfere with the evaluation effectiveness of CSF-
LDH levels on nerve cell necrosis. In this study, the ratio of LDH 
CSF levels to serum level in patients with IANE sequelae was 
higher than in the FS and IAE groups. This suggests the use-
fulness of the biomarker, but it requires confirmation in larger 
studies. The 4 non-survivor/sequela patients had higher MDA 
on admission, but there were not enough samples to test the 
differences between survivors without sequela and the non-
survivor/sequela patients.

Still, we found an interesting phenomenon: in the early stage, 
the ratio of LDH CSF to serum levels in patients with IANE se-
quelae was higher than the FS and IAE groups (mean=0.091, 
mean=0.066, mean=0.061, respectively), although there was no 
significant difference, which might be due to the small sample 
size. High expression of LDH can occur in cell necrosis [40-44], 
and the ratio of LDH-CSF/serum could avoid the effect of high 
LDH serum level caused by liver function damage on its CSF 

concentration, which might be used to assess whether the 
brain cell has necrosis.

The mechanism of nerve cell necrosis in patients with IANE is 
still unknown. IANE involves a cytokine storm [49,50], but in-
flammatory cell infiltration and reactive proliferation of glial 
cells are not found at pathological examination [12,26-28], and 
Dacron-active oxygen metabolite (d-ROM) and cytochrome c 
(Cyt-C) had no statistically significant differences in the IANE 
group in this study, suggesting cytokine factors might not be 
the main mechanism of IANE. Apoptosis of vascular endothelial 
cell has been found [51,52], but the level of Caspase-3/7 both in 
serum and CSF were not confirmed in this study. Studies have 
shown that both platelet-derived growth factor (PDGF) and vas-
cular endothelial growth factor (VEGF) are elevated in IAE, and 
elevation of PDGF was correlated with the incidence and prog-
nosis of IANE [53]. However, these were not confirmed in our 
study. Individuals suffering from autoimmune diseases were 
more likely to have influenza-associated brain lesions [5,54]. 
Still, we did not find significant differences between MOG an-
tibody and anti-NMDAR antibody in serum or in CSF.

In this study, the AQP-4 antibody levels in the CSF and plas-
ma were notably increased in IANE patients compared with FS 
and IAE in the acute stage. AQP-4 is a member of the aqua-
porin family and has a selective and efficient transmembrane 

A B

Figure 3.  Mild Encephalopathy with a Reversible Splenial (MERS) lesion: Fever 1 day, with 2 seizures. Axial T2WI (A) and T2WI-FLAIR (B) 
of MRI shows that the small piece of bright signal (arrow) in splenium of corpus callosum; no abnormality was found in the 
rest of the parenchyma.
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transport of water molecules [55], is predominantly distribut-
ed on the perivascular end-feet of astrocytes [31], and is tight-
ly connected to the microvessels (Figure 7) [55,56]. The cen-
ter of the trilaminar concentric circular structure seen in IANE 
brain pathology and MRI can be considered as a neurovascu-
lar unit (NVU), which consists mainly of microvessels, astro-
cytes, neurons, extracellular matrix, and other types of glio-
cytes, and is defined as a completely functional and structural 
unit of the brain [56]. The fragmented processes of astrocytes 
in IAE are closely adjacent to synapses on the dendritic spines 

A

C

B

D

Figure 4.  Acute Necrotizing Encephalitis of Childhood (ANE). Fever 1 day, convulsion 3 times. Symmetrical and multifocal involvement 
were showed in bilateral thalamus and paraventricular (A. T1WI, B. T2WI, C. T2WI-FLAIR) and radial coronal hemisovale 
center (D) white matter with bilateral thalamus swollen.

with fragmentation [31]. The anti-AQP-4 antibody can medi-
ate neurological diseases such as severe brain edema [57-60]. 
The brain cell edema rapidly appeared around the patholog-
ical microvessels in IANE patients, which might be explained 
by AQP-4 dysfunction on the astrocyte membrane, but this re-
quires further investigation.
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A

C

B

Figure 5.  Emesia, febris for 5 days, followed by coma, with throat wrap for influenza type B positive (A–C). (A) Axial T2WI MRI showed 
mildly higher focal signal intensity in the dorsal aspect of pons (arrow), and mildly higher patchy signal intensity in white 
matter at bilateral temporal lobe (arrow). (B) Axal T2WI MRI indicated symmetric swelling and higher signal intensity in 
bilateral thalami (arrow), and white matter in external capsule was involved. (C) Axial T1WI MRI indicated mildly lower signal 
intensity in bilateral thalami (arrow) with slightly higher signal intensity in center (*), involvement of white matter in external 
capsule (*) was visible; axial ADC map showed more detailed 3-layer structure of bilateral thalami in ANE (arrow).
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Figure 6.  Comparison of brain vascular innervation area and MRI of IANE.
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Conclusions

Clinical early warning factors for IANE include influenza pa-
tients under 4 years of age, rapid occur seizures, ADOC, and 
pathological signs. CSF levels of AQP-4 antibodies, MDA, and 
the ratio of LDH-CSF/serum could contribute to the identifi-
cation of IANE. Neuroimaging shows that IAE and IANE might 
be diseases with 2 different pathogeneses, and the latter 
might have the involvement of intracranial vascular factors. 

In patients with rapid progression of encephalopathic symp-
toms, an early nuclear magnetic examination of MRV and SWI 
sequences, or TEG, can be performed to identify ANE imaging 
changes caused by DCVT and to guide the clinical strategy.
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