
Page 1/13

Immune Characteristics of Children With Autoimmune
Encephalitis and the Correlation With Short-term
Prognosis
Jin-Yue HUANG 

Tianjin Children's Hospital
Wen-Xuan FAN 

Tianjin Children's Hospital
Jing MENG 

Tianjin Children's Hospital
Chun-Quan CAI 

Tianjin Children's Hospital
Dong LI  (  huanyj99@163.com )

Tianjin Children's Hospital

Research

Keywords: autoimmune encephalitis, children, immunity, short-term prognosis, correlation

Posted Date: October 25th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-988697/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read
Full License

https://doi.org/10.21203/rs.3.rs-988697/v1
mailto:huanyj99@163.com
https://doi.org/10.21203/rs.3.rs-988697/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
Objective: To explore the immune characteristics and short-term prognosis of children with autoimmune
encephalitis (AE), then to analyse the relationship between them.

Methods: A total of 78 children with AE were identi�ed through the clinic database and inpatient consults in
Tianjin Children’s Hospital (238 Long-Yan Road, Bei-Chen District, Tianjin, China) from January 2018 to
January 2021. Based on the recent follow-up (one-year follow-up) of the modi�ed Rankin Scale (mRS)
prognosis score, they were divided into a good prognosis group (59 cases, mRS <3 points) and a poor
prognosis group (19 cases, mRS ≥3 points). The immune function characteristics of the two groups of
children with AE were compared using Spearman correlation to analyse the mRS score and immune function
indicators (IgA, IgG, IgM, CD4, CD8, CD4/CD8), and using binary logistic regression to analyse the factors
affecting the prognosis of children with AE.

Results: The differences in age, consciousness disorder, limb dyskinesia, cognitive impairment, onset type,
mRS score at admission, and immune function status during remission between the two groups were
statistically signi�cant (p < 0.05). The mRS score of the good prognosis group at admission was signi�cantly
lower than that of the poor prognosis group (2.65 ± 0.76 vs 3.05 ± 0.71, p  0.05). IgA (0.61 ± 0.19 vs 0.87 ±
0.25, p < 0.001), IgG (8.17 ± 1.12 vs 9.02 ± 1.39, p = 0.001). IgM (1.01 ± 0.26 vs 1.23 ± 0.33, p < 0.001) in the
good prognosis group were signi�cantly lower than those in the poor prognosis group, while CD4 (36.35 ±
8.74 vs 23.89 ± 6.97, p < 0.001) and CD4/CD8 (1.68 ± 0.32 vs 1.01 ± 0.24, p = 0.001) were signi�cantly higher
than those in the poor prognosis group. Spearman correlation analysis showed that the mRS score at
admission was signi�cantly negatively correlated with CD4/CD8 (r −0.775, p < 0.001), but not signi�cantly
correlated with other immune function indexes. Binary logistic regression showed that age (OR = 0.385; 95%
CI = 0.200–0.741), consciousness disorder (OR = 39.3569; 95% CI = 4.073–380.262), limb movement disorder
(OR = 17.107; 95% CI = 2.769–105.701), and abnormal immune function in remission (OR = 0.050; 95% CI =
0.007–0.372) were risk factors for poor prognosis in children with AE.

Conclusion: There is a close correlation between mRS and immune function index CD4/CD8 in children with
AE when they are admitted to the hospital. Young age, disturbance of consciousness, limb dyskinesia, and
abnormal immune function in remission are risk factors for poor prognosis of children with AE. More attention
should be paid in clinical treatment. 

Introduction
Autoimmune encephalitis (AE) is encephalopathy mediated by an antigenic immune response in the central
nervous system.[1] AE is the third most common cause of encephalitis; the �rst and second are infectious
encephalitis and acute disseminated encephalomyelitis.[2] Most patients with AE have a cognitive impairment,
acute or subacute seizures and other clinical manifestations.[3] The clinical presentations are complex and
diverse. For example, some patients have no obvious abnormalities in radiologic features, such as magnetic
resonance imaging (MRI).[4] However, the diagnosis and treatment of children with AE is still an enormous
challenge, and it may cause adverse effects on the recovery and prognosis of patients.[5] At present, the
pathogenesis of AE is not clear. Some mathematicians propose that the occurrence of AE is related to
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immune function. The clinical brain injury of patients causes irreversible performance, and the prognosis is
poor. Most of the research related to AE is focused on early diagnosis, treatment and prognosis analysis.
However, there has been little research on studying the characteristics of immune function, and the
relationship between immune function and prognosis of patients with AE needs to be studied further.[6]

Therefore, this study aims to analyse the clinical features, humoral immunity, cellular immunity, and the short-
term prognosis of AE in children to provide more reference for clinical prognosis evaluation.

Methods

Patients
This is a retrospective case series of paediatric patients (<18 years) who were evaluated for AE at the Tianjin
Children’s Hospital (238 Long-Yan Road, Bei-Chen District, Tianjin, China) between January 2018 and January
2021. Cases were identi�ed through the clinic database and inpatient consults. Informed consent from the
parents and assent from the patients were obtained. The included patients ful�lled the diagnostic criteria for
AE in paediatric patients.[7–8] 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.

Patients with cerebral haemorrhage, cerebral infarction, brain tumours, congenital brain hypoplasia and other
infectious diseases were excluded. The case de�nition was the following: diagnosed as a positive
autoimmune encephalitis-related antibody in cerebrospinal �uid; accompanied with obvious mental and
memory disorders and seizures and other symptoms or clinical syndrome; any patients with a follow-up more
than one year; auxiliary examination, treatment, and other clinical data were complete.

Procedures
Data recorded included demographic characteristics, clinical presentation, diagnostic workup including
laboratory studies, course and duration of treatment, response to treatment, and short-term outcome. We
de�ned �rst-line immunotherapy to include high-dose corticosteroids, intravenous immunoglobulin, and
plasma exchange and second-line immunotherapy as rituximab, cyclophosphamide, or mycophenolate
mofetil. The auxiliary examination was made as follows: the blood of the empty abdomen vein was 3 ml, and
the serum was separated by centrifugation for 30 minutes with 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 peripheral blood were measured by �ow cytometry. According to the
modi�ed Ranking Scale (mRS), we divided patients with a follow-up of one year into two groups: mRS <3 were
in the good prognosis group, and mRS ≥3 were in the poor prognosis group.

Statistical analysis
Data processing and descriptive statistical analysis were performed using SPSS version 22.0. According to
the normality test, the results are described as mean ± SD (x̄ ± s) or median (interquartile range). The
comparison between groups was completed by a Students’ Unpaired t-test. Categorical data were described
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as n (%), the comparison between groups was performed by χ2 test or exact probability test. The in�uencing
factors of prognosis were analysed by a binary logistic regression model. Spearman correlation analysis was
used to analyse the relationship between mRS prognosis score and an immune function index.p < 0.05
indicated statistical signi�cance.

Results
Comparison of clinical data between the two groups

We identi�ed 78 patients presenting with features consistent with AE, of which 47 (60.26%) were male. These
features were based on the proposed diagnostic criteria for AE in children and the modi�ed Ranking Scale
(mRS). There were 59 patients in the good prognosis group with a mean age of 7.29 ± 1.26 years; 34 (57.63%)
were male. In the poor prognosis group, there were 19 patients with a mean age of 5.73 ± 1.46 years; 13
(68.42%) were male.

The clinical presentation of patients was different, with 29 patients (37.18%) suffering from limb dyskinesia.
The poor prognosis group had a higher proportion of limb dyskinesia than the good prognosis group (63.16%
vs 28.81%, p = 0.007). A total of 31 patients suffered from consciousness disorder, of which 13 patients
(68.42%) were in the poor prognosis group. The proportion of consciousness disorder was higher than in the
good prognosis group with 30.51% (p = 0.003). The most common presenting symptoms were mental
behaviours (83.3%). Four patients were accompanied with cognitive impairments. All were in the poor
prognosis group. In the good prognosis group, 72.88% of the patients had an infection onset, followed by
fever, vomiting, headache, and cough, which accounted for 64.41%, 38.98%, 44.07%, and 52.54%, respectively.
In the negative antibody group, 52.54% of patients had an infection onset, followed by fever, vomiting,
headache, cough, which accounted for 52.63%, 42.11%, 36.84%, and 42.11%, respectively. In terms of the type
of disease, 55 patients had acute onset, while 23 patients had subacute onset. It seemed that patients in the
poor prognosis group suffered from a longer course of disease than patients in the good prognosis group.
After the diagnosis, 33 patients received treatment of low-dose glucocorticoid therapy. A total of 20 patients
received treatment of high-dose glucocorticoid therapy. There were 25 patients treated with gamma globulin.
Except for high-dose glucocorticoid therapy, the good prognosis group showed a higher proportion of
immunological therapy than the poor prognosis group (p = 0.761) (Table 1).
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Table 1
Comparison of demographic and clinical Features of AE Patients between the two groups

Variables Good prognosis
group(n=59)

Poor prognosis
group(n=19)

Value P value

Age, x̄ ± s 7.29±1.65 5.73±1.46 3.680 <0.001*

Gender, n (%)     0.699 0.403

Male 34(57.63) 13(68.42)    

Female 25(42.37) 6(31.58)    

Clinical features, n (%)        

Mental behaviors 48(81.36) 17(89.47) 0.682 0.409

Consciousness Disorder 18(30.51) 13(68.42) 8.626 0.003*

Limb dyskinesia 17(28.81) 12(63.16) 7.258 0.007*

Sleep disorders 18(30.51) 8(42.11) 0.870 0.351

Autonomic nervous Dysfunction 12(20.34) 6(31.58) 1.023 0.312

Language barrier 9(15.25) 5(26.32) 1.194 0.275

Memory loss 9(15.25) 4(21.05) 0.348 0.555

Cognitive impairment 0(0.00) 4(21.05) - 0.013*

Premonitory symptom, n (%)        

Infection 43(72.88) 11(57.89) 1.515 0.218

Fever 38(64.41) 10(52.63) 0.842 0.359

Esise 23(38.98) 8(42.11) 0.059 0.809

Headache/dizziness 26(44.07) 7(36.84) 0.307 0.579

Cough 31(52.54) 8(42.11) 0.626 0.429

Stomachache/diarrhea 33(55.93) 12(63.16) 0.307 0.579

Onset type, n (%)        

acute 37(62.71) 18(94.74) 7.089 0.008*

subacute 22(37.29) 1(5.26)    

mRS score at admission, n (%)     5.761 0.016*

≥3 score 28(47.46) 15(78.95)    

< 3 score 31(52.54) 4(21.05)    

MRI abnormalities, n (%) 36(61.02) 14(73.68) 1.002 0.317
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Variables Good prognosis
group(n=59)

Poor prognosis
group(n=19)

Value P value

CSF abnormalities, n (%) 33(55.93) 13(68.42) 0.926 0.336

EEG abnormalities, n (%) 47(79.66) 17(89.47) 0.940 0.332

Immune function status in
remission, n (%)

    9.749 0.002*

Normal 47(79.66) 8(42.11)    

Abnormal 12(20.34) 11(57.89)    

Immunological therapy, n (%)     0.547 0.761

a 26(44.07) 7(36.84)    

b 14(23.73) 6(31.58)    

c 20(33.9) 5(26.31)    

Abbreviations: mRS. modi�ed Rankin Scale; MRI. magnetic resonance imaging; CSF. cerebrospinal �uid; EEG.
Electroencephalographic; a. low-dose glucocorticoid therapy; b. high-dose glucocorticoid therapy; c. gamma
globulin

Comparison of mRS scores at admission between two groups

The mRS score of the good prognosis group at admission was signi�cantly lower than that of the poor
prognosis group (2.65 ± 0.76 vs 3.05 ± 0.71), and the difference was statistically signi�cant (p < 0.05) (Figure
1).

Comparison of immune function indexes at admission between two groups

There was no signi�cant difference in CD8 between the two groups. IgA, IgG and IgM in the good prognosis
group were signi�cantly lower than those in the poor prognosis group (p < 0.001, p = 0.001, p < 0.001), while
CD4 and CD4/CD8 were signi�cantly higher than those in the poor prognosis group (p < 0.001, p = 0.001)
(Table 2).

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
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Correlation analysis between immune function indexes and mRS scores at admission between two groups

Spearman correlation analysis was used to analyse the relationship between mRS score at admission and
immune function indexes with a statistical difference. The results showed that in 78 patients, the mRS score
at admission was signi�cantly negatively correlated with CD4/CD8 (r = −0.775, p < 0.001). For patients in the
good prognosis group, the mRS score at admission was negatively correlated with CD4/CD8 (r = −0.834, p <
0.001). For patients in the poor prognosis group, the mRS score at admission was negatively correlated with
CD4/CD8 (r = −0.470, p = 0.043). For different samples, there was no signi�cant correlation between mRS
score and IgA, IgG, IgM, and CD4. Spearman correlation analysis showed that the mRS score at admission
was signi�cantly negatively correlated with CD4/CD8 (p < 0.05) but not signi�cantly correlated with other
immune function indexes (Table 3).

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 0.043

 

Analysis of in�uencing factors of poor prognosis in child patients

Analysis of in�uencing factors of poor prognosis in children with acute disturbance syndrome were
independent variables: age, consciousness disorder (1 = yes, 2 = none), limb motor disorder (1 = yes, 2 =
none), cognitive impairment (1 = yes, 2 = none), mRS score at admission, and immune function state (1 =
normal, 2 = abnormal) after admission. There is a correlation between mRS and immune function index
CD4/CD8 in children with AE when they are admitted to the hospital. Young age (OR = 0.385; 95% CI
0.200~0.741), disturbance of consciousness (OR = 39.3569; 95% CI 4.073~380.262), limb dyskinesia (OR =
17.107; 95% CI 2.769~105.701), and abnormal immune function (OR = 0.050; 95% CI 0.007~0.372) in
remission are risk factors for poor prognosis of children with AE (Table 4).
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Table 4
Multivariate binary logistic regression analysis of poor prognosis in children with AE

Variables B S.E. Wald P value OR(95%CI)

age -0.956 0.335 8.159 0.004 0.385(0.200~0.741)

Disturbance-of-cosciousness 3.673 1.157 10.071 0.002 39.356(4.073~380.262)

Limb dyskinesia 2.839 0.929 9.339 0.002 17.107(2.769~105.701)

Immune function status in remission -2.999 1.026 8.538 0.003 0.050(0.007~0.372)

constant 3.648 1.957 3.474 0.062 -

Discussion
In the past, children with viral encephalitis were common in clinics.[4, 9] The clinical presentations were mainly
classi�ed into types, including mental symptoms, epileptic seizures, motor disorders, language disorders,
sleep disorders, autonomic nervous dysfunction and ventilation disorders.[10] The duration of the disease
could be several months or more, which was costly, and the lesions often involved the limbic system, mainly
the cingulate gyrus, hippocampus and frontal lobe.[11, 12] 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.[13]

Compared with adult patients with AE, there were signi�cant differences in clinical presentation, antibody
levels, treatment and prognosis of children with AE.[14] The children with AE showed different types of clinical
presentation, as mentioned above.[10] Infection and fever were mainly prodromal symptoms. EEG monitoring
is necessary for children with AE. In this study, more than 80% of the EEG was abnormal. These showed
unilateral or bilateral epileptic activity focus and focal/extensive slow waves. Cerebrospinal �uid examination
showed that about 60% of children with AE had a mild increase of lymphocytes, but the total number of
lymphocytes was usually in the range of 100 /ul and no more than 150 mg/dl. The protein content may
increase slightly, but the sugar content still maintains a normal level. For patients with or without
in�ammatory changes in cerebrospinal �uid (CSF), 70%~80% showed high signal intensity, asymmetry and
unilateral abnormal lesions on �air or T2 images, and other parts could be involved. AE refers to a disease in
which the immune system of the body 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 present from time to time. For children with suspected AE, serum and cerebrospinal �uid
antibody tests, brain MRI and EEG examinations, and systemic tumour screening should be carried out as
soon as possible. Suitable treatment should be carried out immediately to obtain a good prognosis. After
hospitalisation, 75.64%(59/78)child patients basically recovered and were normally discharged according to
the recent (one-year) follow-up according to the mRS score. This was consistent with 80% of the expert
consensus.[14]
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The pathogenesis of AE has not been clear. Previous studies have shown that AE is associated with virus
infection, tumour or autoimmunity.[15, 16] Since the concept of ‘borderline encephalitis’ was put forward in
1968, researchers from home or abroad have found related autoantibodies, such as Huanti body and anti-
glutamate dehydrogenase antibody. In addition, some studies pointed out that the occurrence of AE was also
associated with antithyroid antibodies.[17] It is suggested that the pathogenesis of AE is closely related to
autoimmune dysfunction. Therefore, this study reviewed the clinical database of 78 children with AE,
according to the recent follow-up mRS score (prognosis), to explore the relationship between humoral immune
function, cellular immune function and the short-term prognosis of children with AE.

Humoral immunity is a speci�c immunity, mainly caused by the production of corresponding antibodies by B-
lymphocyte under the stimulation of antigens. When an antigen enters the body, B-lymphocyte will be
sensitised under its stimulation, accelerating the value-added and differentiation, and producing
corresponding antibodies, referred to as immunoglobulin. According to the composition and structure,
immunoglobulins can be divided into �ve 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.[18, 19] 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, activation and proliferation, apoptosis, and elimination of allogeneic antigen.[20]

The surface antigen of T-lymphocytes can be divided into a CD4 subgroup and a CD8 subgroup. CD4 cells
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 the 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.[21]

In this study, humoral immunity and cellular immune levels of the two groups of children with AE found that
the two groups had great differences in remission immune function. Abnormal immune status in poor AE
(57.89%) was signi�cantly higher than in good AE (20.34%), and the two groups were signi�cantly different.
The IgA, IgG, IgM, CD4, and CD4/CD8 levels in children with good prognosis were signi�cantly better than in
children with poor prognosis. It was suggested that overall hyperthyroidism of humoral immunity in AE in
children with poor prognosis was more obvious than in children with a good prognosis. There was a
signi�cant negative correlation between mRS score and CD4/CD8 at admission, which suggested that there
was a close relationship between immune function and prognosis. In addition, this study analysed the factors
affecting the prognosis of children with AE and found that young age, disturbance of consciousness, limb
movement disorder and abnormal immune function in remission stage were the risk factors for poor
prognosis of children with AE.[22–24] Other risk factors were consistent with previous studies except for the
younger age. However, there is no statistical data on the population and age of children with high incidence. In
this study, young age was the risk factor for the conclusion. The reasons may be as follows: (1) AE accounted
for about 10%~20% of all encephalitis, 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 poor prognosis. Because of the small sample
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size, the varied response to therapy in our study could be explained with different autoimmune encephalitis
antibodies, making it di�cult to draw conclusions from each group.

Conclusion
There is a close relationship between immune function and the prognosis of children with AE. A younger age,
consciousness disorder, limb movement disorder and immune dysfunction in the remission stage are risk
factors for poor prognosis for children with AE. There are no age-related data in the existing epidemiology. The
younger age is a risk factor, which may be related to the weak immune status of young children.
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Figure 1

Comparison of mRS scores at admission between two groups


