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Abstract 

Background: Autoimmune encephalitis (AE) is a type of encephalopathy mediated by an antigenic immune 
response in the central nervous system. Most research related to autoimmune encephalitis (AE) is focused on early 
diagnosis, treatment and prognosis analysis; there has been little research conducted on the characteristics of 
immune function, and the relationship between immune function and prognoses of patients with autoimmune 
encephalitis needs to be studied further.

Methods: A total of 33 children with autoimmune encephalitis were identified through the clinic database and inpa‑
tient consults at Tianjin Children’s Hospital from January 2013 to January 2021. Based on the one‑year follow‑up and 
the modified Rankin Scale (mRS) prognosis score, they were divided into a good prognosis group and a poor progno‑
sis group. The immune function characteristics of the two groups of children with autoimmune encephalitis (AE) were 
compared using Spearman correlation to analyse the mRS score and immune function indicators (IgA, IgG, IgM, CD4, 
CD8, CD4/CD8), and binary logistic regression was used to analyse the independent risk factors of the prognoses in 
patients with autoimmune encephalitis (AE).

Results: The differences in abnormal mental disorders and limb dyskinesia, cognitive impairment, onset types, modi‑
fied Rankin Scale (mRS) scores at admission, and immune function status during remission between the two groups 
were statistically significant (p < 0.05).

Conclusion: There is a close correlation between modified Rankin Scale (mRS) scores and the immune function 
index CD4/CD8 in children with autoimmune encephalitis (AE) when they are admitted to the hospital. A young age, 
disturbance of consciousness, limb dyskinesia, abnormal immune function in remission and anti‑NMDAR encephalitis 
are risk factors for poor prognoses in children with autoimmune encephalitis (AE). Clinical treatment requires more 
attention.
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Introduction
Autoimmune encephalitis (AE) is a type of encepha-
lopathy mediated by an antigenic immune response in 
the central nervous system [1]. AE is the third most 
common cause of encephalitis; the first and second are 
infectious encephalitis and acute disseminated enceph-
alomyelitis [2]. Most patients with AE have a cognitive 
impairment, acute or subacute seizures and other clini-
cal manifestations [3]. The clinical presentations are 
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complex and diverse. For example, magnetic resonance 
imaging (MRI) can reveal that some patients have no 
obvious abnormalities in radiological features [4]. Fur-
thermore, AE has currently become a common cause 
of paediatric encephalopathy, and it usually occurs in 
younger females [5]. However, the diagnosis and treat-
ment of children with AE is still an enormous chal-
lenge, and it may cause adverse effects on the recovery 
and prognoses of patients [6]. At present, the pathogen-
esis of AE is not clear. Some mathematicians propose 
that the occurrence of AE is related to immune func-
tion. Patients’ clinical brain injuries cause irreversible 
damage, and the prognoses are poor. Most research 
related to AE is focused on early diagnosis, treatment 
and prognosis analysis; there has been little research 
conducted on the characteristics of immune function, 
and the relationship between immune function and 
prognoses of patients with AE needs to be studied fur-
ther [7]. Therefore, this study aims to analyse the clini-
cal features, humoral immunity, cellular immunity and 
short-term prognosis of AE in children to provide more 
reference for clinical prognosis evaluation.

Methods
Patients
This was a retrospective case series of paediatric patients 
(< 18 years old), who met the national diagnostic criteria 
of AE, at the Tianjin Children’s Hospital (238 Longyan 
Road, Beichen District, Tianjin, China) between January 
2013 and January 2021. Cases were identified through 
the clinic database and inpatient consults. Informed 
consent from the parents and assent from the patients 
were obtained. This study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013) and 
approved by the ethics committee of Tianjin Children’s 
Hospital.

Inclusion criteria
The included patients fulfilled the diagnostic criteria for 
AE in paediatric patients [8–10]. A diagnosis of AE com-
prised a combination of clinical features, cerebrospinal 
fluid examination, neuroimaging and electroencephalo-
gram examination; positive anti-neuronal antibody was 
the main basis for diagnosis.

(1) Clinical features included the following: more acute 
onset, mental behaviour changes, abnormal posture 
or movements (mouth and face and limb move-
ment abnormalities), seizures and autonomic nerve 
dysfunction.

(2) Auxiliary examination consisted of the following:

a. A cerebrospinal fluid examination showed a lympho-
cyte increase in cerebrospinal fluid and a positive oli-
goclonal zone.

b. In the electroencephalography (EEG), epileptic dis-
charge was not common, but slow waves were com-
mon, and sometimes rhythmic electrical activity 
unrelated to abnormal movement was seen.

c. Head MRIs showed most patients were normal, but 
some patients had transient abnormal signals on 
FLAIR phases or MRIs.

(3) Patients had one or more positive anti-neuronal anti-
bodies in serum or cerebrospinal fluid.

Exclusion criteria
The exclusion criteria were as follows: encephalitis 
caused by other diseases; a history of glucocorticoids 
and other immunomodulators or immunosuppressants 
before observation; condition was complicated with 
blood, presence of tumours and allergic diseases; severe 
hepatic and renal insufficiency; failure to cooperate with 
treatment.

Procedures
Data recorded included demographic characteristics, 
clinical presentation, diagnostic workup that included 
laboratory studies, course and duration of treatment, 
response to treatment and short-term outcome.

Immune therapy is divided into first-line immuno-
therapy, second-line immunotherapy and long-term 
immunotherapy. First-line immunotherapy includes glu-
cocorticoids, intravenous immunoglobulin and plasma 
exchange. Drugs used in second-line immunotherapy 
include rituximab and intravenous cyclophosphamide, 
etc., which are mainly given to patients who experi-
ence poor first-line immunotherapy results. Drugs used 
in long-term immunotherapy include mycophenolate 
mofetil and azathioprine, etc., which are mainly used in 
relapse cases, but can also be given to patients who expe-
rience poor first-line immunotherapy results and patients 
with negative anti-NMDAR encephalitis.

The antibody detection method is an indirect immuno-
fluorescence assay. According to antigen substrates, it can 
be divided into two kinds: a cell-based assay (CBA) and a 
tissue-based assay (TBA). CBA and TBA transfected cells 
expressing neuron cell surface antigens use animal brain 
tissue sections as antigen substrates. CBA has high speci-
ficity and sensitivity. Matching cerebrospinal fluid and 
serum samples from patients should be fully tested. The 
initial dilution titres of cerebrospinal fluid and serum are 
1:1 and 1:10, respectively.
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The auxiliary examination was made as follows: the 
blood of the empty abdomen vein was 3 ml; the serum 
was separated by centrifugation for 30 min at 3000 r/
minutes and the supernatant was taken. The serum IgA, 
IgG and IgM were measured by immunoturbidimetry. 
The levels of T lymphocyte subsets (CD3, CD4, CD8, 
CD4/CD8) in the peripheral blood were measured by 
flow cytometry. According to the modified Rankin Scale 
(mRS), patients were divided into two groups at the 
one-year follow-up: patients with an mRS score < 3 were 
placed in the good prognosis group, and patients with an 
mRS score ≥ 3 were placed in the poor prognosis group.

Statistical analysis
Data processing and descriptive statistical analysis were 
performed using the SPSS version 22.0 software. Accord-
ing to the normality test, the results were described as 
mean ± standard deviation (x ± s) or median (interquar-
tile range). The comparison between the groups was 
completed using the Student’s unpaired t-test. Categori-
cal data were described as n (%), and the comparison 
between the groups was performed using the χ2 test or 
exact probability test. The influencing factors of progno-
ses were analysed by a binary logistic regression model. 
Spearman correlation analysis was used to analyse the 
relationship between the mRS prognosis score and an 
immune function index. A p value of < 0.05 indicated sta-
tistical significance.

Results
Comparison of clinical data between the two groups
We identified 33 patients who presented features con-
sistent with AE, of which 16 (48.5%) were male. These 
features were based on the proposed diagnostic criteria 
for AE in children and the mRS scores. There were 28 
patients in the good prognosis group with a mean age of 
7.7 ± 3.7 years; 15 (53.6%) were male. In the poor prog-
nosis group, there were 5 patients with a mean age of 11.2 
± 5.8 years; 1 (20.0%) were male.

The clinical presentation of patients was different, with 
16 patients (57.1%) suffering from limb dyskinesia. The 
poor prognosis group had a higher proportion of limb 
dyskinesia than the good prognosis group (100.0% vs 
42.9%, p = 0.044). The most common presenting symp-
toms were mental seizures (63.6%). Eight patients had 
symptoms accompanied by cognitive impairments; all 
were in the poor prognosis group. In the good progno-
sis group, 50.0% of the patients had an infection onset, 
followed by fever, vomiting, headache and cough, which 
accounted for 42.9%, 14.3%, 25.0%, and 21.4%, respec-
tively. In terms of the types of disease,  26  patients had 
an acute onset while 7 patients had a subacute onset. It 
seemed that the patients in the poor prognosis group 

suffered from a longer course of disease than the patients 
in the good prognosis group.

After the diagnosis, 16 patients received first-line 
immunotherapy. A total of 10 patients received second-
line immunotherapy. There were 7 patients treated 
with long-term immunotherapy. Except for second-line 
immunotherapy, the good prognosis group tended to 
have a higher but comparable  proportion of  first-line 
immunological therapy than the poor prognosis group (p 
= 0.387) (Table 1).

Comparison of AE type and antibody type 
between the two groups
The are four types of AE among the included patients 
were anti-NMDAR encephalitis, Hashimoto encephali-
tis and anti-AMPA-R encephalitis and clinical diagnosis 
of AE. Most of the patients (51.5%) had anti-NMDAR 
encephalitis, and the proportion of patients with anti-
NMDAR encephalitis in the good prognosis group was 
less than in the poor prognosis group (46.4% vs 80.0%). 
Then good prognosis group had 14 cases with clinical 
diagnosis of autoimmune encephalitis that was absent in 
the poor prognosis group. The type of antibody was dis-
tributed differently within the groups with a borderline 
p-value of 0.056.

Comparison of mRS scores at admission between the two 
groups
The mRS score of the good prognosis group at admission 
was significantly lower than that of the poor prognosis 
group (1.14 ± 0.65 vs. 3.20 ± 0.45), and the difference 
was statistically significant (p < 0.05) (Fig. 1).

Comparison of immune function indices at admission 
between the two groups
There was no significant difference in CD8 between the 
two groups. IgA, IgG and IgM in the good prognosis 
group were significantly lower than in the poor progno-
sis group (p < 0.001, p = 0.001, p < 0.001), while CD4 and 
CD4/CD8 were significantly higher than in the poor 
prognosis group (p < 0.001, p = 0.001) (Table 2).

Correlation analysis between immune function indices 
and mRS scores at admission between the two groups
Spearman correlation analysis was used to analyse the 
relationship between the mRS score at admission and 
immune function indices with a statistical difference. 
The results showed that in 78 patients, the mRS score 
at admission was significantly negatively correlated 
with CD4/CD8 (r = − 0.775, p < 0.001). The mRS score 
at admission was negatively correlated with CD4/CD8 
in the good prognosis group (r = − 0.834, p < 0.001) and 
in the poor prognosis group (r = − 0.470, p = 0.043). For 
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different samples, there was no significant correlation 
between the mRS scores and IgA, IgG, IgM and CD4. 
Spearman correlation analysis showed that the mRS 
score at admission was significantly negatively correlated 

with CD4/CD8 (p < 0.05) but not significantly correlated 
with other immune function indices (Table 3).

Table 1 Comparison of demographic and clinical Features of AE patients between the two groups

Abbreviations: mRS modified Rankin Scale, MRI magnetic resonance imaging, CSF cerebrospinal fluid, EEG Electroencephalogram

Variables Good prognosis group 
(n = 28)

Poor prognosis group 
(n = 5)

P value

Age, x ± s  7.7 ± 3.7 11.2 ± 5.8 0.086

Gender, n (%) 0.335

  Male 15 (53.6) 1 (20.0)

  Female 13 (46.4) 4 (80.0)

Clinical features, n (%)

  Abnormal mental behaviors 12 (42.9) 5 (100.0) 0.044

  Seizures 18 (64.3) 3 (60.0) 1.000

  Limb dyskinesia 16 (57.1) 1 (20.0) 0.175

  Sleep disorders 11 (39.3) 4 (80.0) 0.152

  Autonomic nervous Dysfunction 5 (17.9) 3 (60.0) 0.078

  Language barrier 13 (46.4) 4 (80.0) 0.335

  Memory loss 3 (10.7) 1 (20.0) 0.500

  Cognitive impairment 6 (21.4) 2 (40.0) 0.574

Premonitory symptom, n (%)

  Infection 14 (50.0) 3 (60.0) 1.000

  Fever 12 (42.9) 2 (40.0) 1.000

  Vomiting 4 (14.3) 1 (20.0) 1.000

  Headache/dizziness 7 (25.0) 3 (60.0) 0.149

  Cough 6 (21.4) 3 (60.0) 0.111

  Stomachache/diarrhea 5 (17.9) 2 (40.0) 0.282

Onset type, n (%) 1.000

  Acute 22 (78.6) 4 (80.0) 0.008*

  Subacute 6 (21.4) 1 (20.0)

mRS score at admission, n (%) <0.001

  ≥ 3 score 0 (0.0) 5 (100.0)

  <3 score 28 (100.0) 0 (0.0)

MRI abnormalities, n (%) 15 (53.6) 1 (20.0) 0.335

CSF abnormalities, n (%) 14 (50.0) 5 (100.0) 0.057

EEG abnormalities, n (%) 21 (75.0) 5 (100.0) 0.559

Disease subtypes 0.056

  Anti‑AMPAR encephalitis 1 (3.6) 0 (0.0)

  Anti‑NMDAR encephalitis 13 (46.4) 4 (80.0)

  Hashimoto encephalitis 0 (0.0) 1 (20.0)

  Clinical diagnosis of autoimmune encephalitis 14 (50.0) 0 (0.0)

Immune function status in remission, n (%) 0.304

  Normal 8 (28.6) 3 (60.0)

  Abnormal 20 (71.4) 2 (40.0)

Immunological therapy, n (%) 0.387

  First‑line immunotherapy 15 (53.6) 1 (20.0)

  Second‑line immunotherapy 8 (28.6) 2 (40.0)

  Long‑term immunotherapy 5 (17.9) 2 (40.0)
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Analysis of influencing factors for poor prognoses 
in paediatric patients
Analysis of influencing factors for poor prognoses in chil-
dren with acute disturbance syndrome consisted of inde-
pendent variables: age, consciousness disorder (1 = yes, 
2 = none), limb motor disorder (1 = yes, 2 = none), cogni-
tive impairment (1 = yes, 2 = none), mRS score at admis-
sion, immune function state (1 = normal, 2 = abnormal) 
after admission and AE type (1 = anti-NMDAR encepha-
litis, 2 = anti-GABA-B encephalitis, 3 = anti-AMPA-R 
encephalitis). There was a correlation between the mRS 
score and immune function index CD4/CD8 in chil-
dren with AE when they were admitted to the hospital. 

Multivariate analysis showed that mRS score at remission 
was risk factors for poor prognoses in children with AE 
(Table 4).

Discussion
Children in need of clinical treatment for viral encepha-
litis has been a common occurrence for quite some time 
[4, 11]. Clinical presentation has mainly been classified by 
type; types include mental symptoms, epileptic seizures, 
motor disorders, language disorders, sleep disorders, 
autonomic nervous dysfunction and ventilation disorders 
[12]. The duration of the disease could be several months 
or more, which is costly, and the lesions often involve the 
limbic system, mainly the cingulate gyrus, hippocampus 
and frontal lobe [13, 14]. Previously, it was diagnosed as 
sporadic encephalitis. However, in recent years, studies 
have found that the disease is closely associated with a 
variety of autoantibodies, which has been regarded as a 
common autoimmune disease. The involved part of the 

brain parenchyma went beyond the limbic system and 
was later called AE. It involved many parts of the central 
nervous system [15].

Compared with adult patients with AE, there were sig-
nificant differences in clinical presentation, antibody lev-
els, treatment and prognoses of children with AE [16]. 
The children with AE showed different types of clinical 
presentation, as mentioned above [12]. Infection and 
fever were mainly prodromal symptoms. As research 
suggests, neuroimaging, EEG, lumbar puncture and sero-
logic testing is necessary for children with clinical pres-
entations of AE [5]. In this study, more than 80% of the 

Fig. 1 Comparison of mRS scores at admission between the two 
groups

Table 2 Comparison of immune function indexes at admission between two groups

Group n IgA(g*L−1) IgG(g*L−1) IgM(g*L−1) CD4(g*L−1) CD8(g*L−1) CD4/CD8

Good prognosis group 59 0.61 ± 0.19 8.17 ± 1.12 1.01 ± 0.26 36.35 ± 8.74 22.38 ± 7.65 1.68 ± 0.32

Poor prognosis group 19 0.87 ± 0.25 9.02 ± 1.39 1.23 ± 0.33 23.89 ± 6.97 22.73 ± 6.36 1.01 ± 0.24

Value – 5.855 3.367 3.703 7.881 0.249 3.446

P value – < 0.001 0.001 < 0.001 < 0.001 0.804 0.001

Table 3 Spearman correlation analysis between immune function indexes and mRS scares at admission among two group

Immune function index 78 children with AE The good prognosis group The poor prognosis group

r value P value r value P value r value P value

IgA 0.221 0.052 0.117 0.377 0.127 0.605

IgG 0.131 0.253 −0.013 0.920 −0.001 0.995

IgM 0.172 0.132 0.178 0.176 0.148 0.545

CD4 0.013 0.097 0.184 0.163 0.093 0.704

CD4/CD8 −0.775 < 0.001 − 0.834 < 0.001 − 0.470 0.043RETRACTED A
RTIC
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EEGs were abnormal; they showed unilateral or bilateral 
epileptic activity focus and focal/extensive slow waves. 
Cerebrospinal fluid examinations showed that about 60% 
of the children with AE had a mild increase of lympho-
cytes, but the total number of lymphocytes was usually in 
the range of 100 /ul and no more than 150 mg/dl. The pro-
tein content may increase slightly, but the sugar content 
still maintains a normal level. For patients with or with-
out inflammatory changes in cerebrospinal fluid, 70–80% 
showed a high signal intensity, asymmetry and unilateral 
abnormal lesions on the FLAIR or T2 images, and other 
parts could have been involved. AE refers to a disease in 
which the immune system responds to the antigens and 
antibodies produced by central nervous system antigens, 
resulting in central nervous system damage. With the 
increasing understanding of AE, related reports are pre-
sent from time to time. For children with suspected AE, 
serum and cerebrospinal fluid antibody tests, brain MRIs, 
EEG examinations and systemic tumour screenings 
should be carried out as soon as possible. Suitable treat-
ment should be implemented immediately to obtain a 
good prognosis. For example, some studies reported that 
surgery was performed on children who were diagnosed 
with paediatric autoimmune neuropsychiatric disorders 
associated with streptococcal infections. A tonsillectomy 
was reported to resolve the neuropsychiatric symptoms 
in children with AE. However, the prognosis is still con-
troversial, highlighting the need for further research in 
this area [17]. Our research showed that after hospitali-
sation, 75.64% (59/78) of the patients basically recovered 
and were discharged normally according to the one-year 
follow-up and the mRS score. This was consistent with 
80% of the expert consensus [16].

The pathogenesis of AE is not clear. Previous studies 
have shown that AE is associated with viral infections, 
tumours or autoimmunity [18, 19]. Since the concept 
of ‘borderline encephalitis’ was put forward in 1968, 
researchers from home and abroad have found related 
autoantibodies, such as the Hu antibody and anti-gluta-
mate dehydrogenase antibody. In addition, some studies 
pointed out that the occurrence of AE was also associ-
ated with antithyroid antibodies [20]. It is suggested that 
the pathogenesis of AE is closely related to autoimmune 
dysfunction. Therefore, this study reviewed the clinical 
data of 33 children with AE, according to the one-year 
follow-up mRS score (prognosis), to explore the rela-
tionship between humoral immune function, cellular 
immune function and the short-term prognoses of chil-
dren with AE.

Humoral immunity is a specific immunity, mainly 
caused by the production of corresponding antibodies by 
B lymphocytes under the stimulation of antigens. When 
an antigen enters the body, B lymphocytes will be sensi-
tised under its stimulation, accelerating the value added 
and differentiation, and producing corresponding anti-
bodies; this is referred to as immunoglobulin. Accord-
ing to the composition and structure, immunoglobulins 
are divided into five categories: IgA, IgM, IgG, IgD and 
IgE. Among them, IgA, IgM and IgG levels can be used 
as important indicators to evaluate humoral immune 
function [21, 22]. T lymphocytes mainly mediate cellular 
immunity, and at the same time, can regulate humoral 
immunity. There are many CD molecules on the surface 
of T cells, such as CD3, CD4 and CD8, which are widely 
involved in the whole process of T cell recognition, acti-
vation, proliferation, apoptosis and elimination of alloge-
neic antigen [23]. The surface antigen of T lymphocytes 

Table 4 Multivariate logistic regression analysis for prognosis at 1‑year follow‑up in children with AE

McFadden R square = 1.000; Cox & Snell R square = 0.568; Nagelkerke R square = 1.000

Variables Regression 
coefficient

SEM Z statistic Wald χ² P value Adjusted OR 95% CI for OR

Abnormal men‑
tal behaviors

‑0.16 54.069 ‑0.003 0.000 0.998 0.852 0.000 ~ 
8.989612261124401e+45

Autonomous 
nervous symp‑
tom

0.683 41.307 0.017 0.000 0.987 1.981 0.000 ~ 
2.869549942681655e+35

mRS score at 
admission

‑16.925 52.675 ‑0.321 0.103 0.748 0.000 0.000 ~ 
3.0643722280150913e+37

CSF abnormal‑
ity

‑0.983 4794920591 0.000 0.000 1 0.374 0.000 ~ null

Positive 
antibody in CSF 
and blood

‑0.983 4794920591 0.000 0.000 1 0.374 0.000 ~ null

Constant 27.909 76.974 0.363 0.131 0.717 1.32077E+12 0.000 ~ 
4.379670937915056e+77
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is divided into the CD4 subgroup and the CD8 subgroup. 
CD4 and CD8 cells coordinate and restrict each other 
under normal physiological conditions, and the ratio of 
CD4/CD8 is in dynamic equilibrium. When the dynamic 
balance is broken, the ratio of CD4/CD8 is decreased, 
which indicates that the immune regulatory network is 
out of balance and the immune function is decreased. 
In a low immune state, the decrease of CD4 content and 
CD4/CD8 ratio can further stimulate B lymphocytes to 
secrete antibodies, form immune complexes and activate 
complements, which may cause a variety of diseases [24].

In this study, humoral immunity and cellular immune 
levels of the two groups of children with AE found that 
there were great differences in remission immune func-
tion. Abnormal immune status in the poor AE progno-
sis group (40.0%)  tended to be lower  than in the good 
AE  (71.4%) but without significant difference. The IgA, 
IgG, IgM, CD4 and CD4/CD8 levels in patients with 
good prognoses were significantly better than in patients 
with poor prognoses. It was suggested that overall hyper-
thyroidism of humoral immunity in AE in patients with 
poor prognoses was more obvious than in patients with 
good prognoses. There was a significant negative correla-
tion between mRS scores and CD4/CD8 levels at admis-
sion, which suggested that there was a close relationship 
between immune function and prognosis. In addition, 
this study analysed the factors affecting the prognoses in 
children with AE and found that a young age, disturbance 
of consciousness, limb movement disorders and abnor-
mal immune function in remission stage were the risk 
factors for poor prognoses in children with AE [25–27]. 
Other risk factors were consistent with previous studies 
except for the younger age. However, there is no statisti-
cal data on the population and age of children with high 
incidence. In this study, a young age was the primary risk 
factor considered in the conclusion. The possible rea-
sons for this are as follows: (1) AE accounted for about 
10–20% of all encephalitis cases, and this study had a 
small sample size, resulting in inconsistent conclusions; 
(2) compared with older children, the immune function 
of young children is weaker, and the immune network 
is more likely to be unbalanced, which leads to a poor 
prognosis. Because of the small sample size, the varied 
response to therapy in our study could be explained with 
different autoimmune encephalitis antibodies, making it 
difficult to draw conclusions from each group.

Conclusion
There is a close relationship between immune function 
and the prognoses in children with AE. A higher mRS 
score in the remission stage was an independent risk fac-
tors for poor prognoses for children with AE.
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