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Abstract
Purpose of review Autoimmune encephalitis (AE) is increasingly recognized as a treatable 
cause of encephalitis in children. While prior observational studies demonstrate improved 
motor outcomes with early immunotherapy, less is known about long-term management and 
treatment for relapsing disease. In this review, we present current treatment approaches 
to pediatric AE, in particular relapse risk and treatment for relapsing AE in children.
Recent findings A recent meta-analysis of anti-NMDAR encephalitis demonstrated that 
disease onset in adolescence was associated with an increased odds of relapse whereas 
treatment with rituximab and IVIG for 6 months or longer were associated with a non-
relapsing course. However, no specific pediatric sub-analyses were reported. A single-center 
study on adult and pediatric AE showed that rituximab use was associated with a reduction 
in time to relapse and recurring relapses although the data for the pediatric cohort did 
not achieve statistical significance.
Summary The use of second-line immunotherapy during the initial attack may reduce the 
risk for relapsing disease in pediatric AE. Larger studies are needed to investigate relapse 
risk and treatment in both anti-NMDAR and non-NMDAR encephalitis in children.
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Introduction

Autoimmune encephalitis (AE) is an inflammatory 
brain disease that affects both adults and children. 
Antibody-associated encephalitis encompasses a 
broad spectrum of diseases affecting the central nerv-
ous system (CNS). In this review, the term “autoim-
mune encephalitis” refers to those AE associated with 
auto-antibodies directed at the cell surface or synaptic 
proteins such as ion channels or synaptic receptors, or 
directed at intracellular antigens in the central nervous 
system. Each autoantibody associates with a specific 
clinical syndrome. In general, antibodies that target the 
cell surface or synaptic proteins have been shown to 
be pathogenic and may be paraneoplastic or non-par-
aneoplastic in origin [1]. Patients with these antibod-
ies often have good treatment response to immuno-
therapy [2]. Antibodies targeting intracellular antigens 
are not typically directly pathogenic and are almost 
always a paraneoplastic phenomenon. Disorders asso-
ciated with intracellular antigens generally have poorer 
immunotherapy response. However, these disorders 
rarely occur in children.
While the overall prevalence for AE is 13.7/100,000, 
similar to that of infectious or viral encephalitis, 
when subcategorizing for definite antibody positive 
AE (including intracellular, synaptic receptors, ion 
channels, and cell surface antibodies), the preva-
lence is lower and closer to 6.5/100,000 [3]. A study 
on pediatric antibody-mediated AE from the Nether-
lands showed a prevalence of 1.18–1.54/1,000,000 
between 2015 and 2018 that included anti-N-methyl-
D-aspartate receptor (NMDAR), anti-α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptor 

(AMPA), and anti-leucine-rich glioma-inactivated 
protein 1 (LGI1) encephalitis [4]. NMDAR encepha-
litis (NMDARE) is the most common AE subtype in 
children, typically presenting in early to mid-adoles-
cence [5, 6••]. Approximately 20% of anti-NMDARE 
cases are associated with ovarian teratomas, but this 
frequency is less in children [6••, 7]. In anti-NMDAR 
encephalitis, the auto-antibodies crosslink the NMDA 
receptor causing receptor internalization and subse-
quent changes in synaptic transmission [8]. Glutamic 
acid decarboxylase 65 (GAD65) is another common 
antibody in pediatric AE [1]. However, it should be 
noted that GAD65 antibodies may be mildly ele-
vated non-specifically in the serum [1]. In such cases, 
the presence of a specific clinical syndrome (limbic 
encephalitis, cerebellitis, or stiff person syndrome) 
along with an elevated GAD antibody titer in CSF is 
helpful to determine the relevance for the antibody 
positivity. Other antibodies reported in children 
are more rare, including metabotropic glutamate 
receptor 5 (GluR5), γ-aminobutyric acid A receptor 
(GABAAR) and AMPA receptor, GFAP, and Ma2 [1, 
2, 9–15]. Symptoms for AE vary depending on the 
antibody subtype, but most commonly, patients pre-
sent with acute to subacute onset of neuropsychiatric 
symptoms, altered mental status, sleep disturbances, 
seizures, and/or movement disorders. Unlike adult 
onset AE, pediatric AE typically do not present with 
discrete clinical syndromes such as limbic encephalitis 
or cerebellar ataxia but rather with symptoms related 
to neuropsychiatric complaints or developmental 
regression [1].

Diagnostic evaluation

Pediatric AE differs from adult onset AE in clinical findings, comorbidities, 
prognosis, and treatment response [1]. Current diagnostic evaluation for pedi-
atric AE is based on a consensus statement from an expert panel and includes 
symptom time course (acute vs subacute), clinical evidence of neurologic 
dysfunction, and paraclinical evidence of neuroinflammation (cerebrospinal 
fluid (CSF) analysis, magnetic resonance imaging (MRI), positive serology 
in serum and/or CSF, and exclusion of alternative causes) [1]. Other diag-
nostic evaluations including brain biopsy can be considered if the diagnosis 
remains uncertain or concerning for an alternative neoplastic or autoimmune 
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process, as the diagnosis for AE does not require brain biopsy [1]. Cellucci 
et al. proposed a diagnostic classification for pediatric AE which includes 
possible AE, probable antibody-negative AE, or definite antibody-positive AE 
[1]. This criteria [1] includes myelin oligodendrocyte glycoprotein (MOG) 
antibody associated with AE phenotype. However, since these guidelines were 
published, separate criteria for MOG antibody-associated disease (MOGAD) 
was published by Banwell et al. in 2023 which defined MOGAD as a distinct 
entity for which cortical cerebral encephalitis is a rare subtype [16].

Diagnosing AE in pediatric patients necessitates a broad differential 
consideration for potential mimickers. The timing of symptom onset and 
a thorough review of systems along with salient features on diagnostic test-
ing can help narrow the diagnosis. Differential diagnoses include infectious 
meningitis/encephalitis, CNS demyelinating disorders (acute disseminated 
encephalomyelitis, MOGAD, and multiple sclerosis), rheumatologic diseases 
(systemic lupus erythematous, neurosarcoidosis, primary CNS vasculitis, 
and systemic vasculitis), malignancy (gliomas, lymphoma), metabolic or 
mitochondrial disease, and primary psychiatric disease [5]. Work up should 
include blood tests, CSF evaluation, neuroimaging (MRI brain and spine), 
and EEG if clinically relevant. Laboratory testing should be broad to screen for 
infection (meningoencephalitis panel including enterovirus, herpes simplex 
virus, varicella zoster virus, West Nile virus), CSF cell counts and differential, 
oligoclonal bands, inflammatory markers (C-reactive protein, sedimentation 
rate), C3 and C4 complement, anti-nuclear antibody, metabolic screening 
(vitamin B12 level, vitamin D level, lactate, thyroid function, and copper/
ceruloplasmin), and autoimmune encephalopathy antibody panels from 
serum and CSF [1, 5]. A malignancy screening should be pursued, depend-
ing on the antibody subtype. If anti-NMDAR antibody is found, an abdomi-
nal and pelvic MRI or pelvic/transvaginal/testicular ultrasound should be 
performed to evaluate for ovarian teratoma in female patients and testicular 
tumors in male patients [5]. Other than anti-NMDAR antibody AE, paraneo-
plastic syndromes are less frequent than in adults.

Relapsing autoimmune encephalitis
Clinical relapsing AE is defined as a return of previously resolved symptoms 
or new or acute worsening neuropsychiatric symptoms, seizures, or other 
neurologic symptoms after at least 1 month of clinical stability [6••, 7]. 
Relapses in pediatric AE are mostly reported as frequencies. In children with 
AE, relapses occur in approximately 10–30% of patients, which varies depend-
ing on antibody subtype [6••, 7, 17–23, 24••, 25, 26]. A retrospective cohort 
study on pediatric and adult AE found that among 30 pediatric patients with 
AE, frequency of at least one relapse in antibody positive AE was 31% [6••]. 
For anti-NMDARE (adult and children), relapse frequency range from 8.3 to 
32.6% [17–19]. In a study of pediatric anti-NMDARE only, 21% had a relapse, 
and the median time to first relapse was 31.5 months [10]. A meta-analysis 
found that adolescent age at disease onset was associated with relapsing dis-
ease [27]. While most relapse data are from anti-NMDARE cohorts, there are 
published cases of relapses in other types of AE. Combining pediatric and 
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adult cases, relapse frequencies are 15.4–40% for LGI-1, 25% for CASPR2, 
and 9% for GABAR, and while the focus of this chapter is antibody positive 
AE, relapses have also been reported for antibody negative AE at frequency 
of 11.8–35.1% [6••, 19, 24••, 28, 29]. Relapse frequencies appear to decrease 
in more recent years likely due to earlier disease recognition and diagnosis as 
well as more aggressive early immunotherapy [19, 30].

Current treatment strategies

Immunotherapy should be started as soon as the diagnosis is suspected with 
reasonable exclusion of other etiologies (Fig. 1). First-line immunotherapies 
include intravenous (IV) steroids, intravenous immunoglobulins (IVIG), 
and plasma exchange (PLEX) [2, 28, 31–33]. Up to half of patients may not 
respond to first-line treatment within the first month. Therefore, second-line 
treatment should be considered if there is no improvement within 10–14 days 
of initiating first-line therapy [34].

Second-line immunotherapies include disease-modifying therapies (DMT) 
such a rituximab and cyclophosphamide. Steroid-sparing oral DMTs such as 
mycophenolate mofetil or azathioprine are also used in the outpatient set-
ting and should be considered for patients where risk of relapse is high [2, 
28, 32–34, 38].

One of the most common DMTs is rituximab, an anti-CD20 monoclonal 
antibody that binds to CD20 expressing B cells causing complement and cell-
mediated destruction of B cells [34, 35]. Side effect includes infusion reactions, 
hypogammaglobulinemia, and liver enzyme elevation [34, 36, 37]. Induction 
dosing is typically 500–750 mg/m2 (max 1000 mg) for two doses spaced 14 days 
apart or 375 mg/m2 once weekly for 4 doses [5, 7]. Maintenance immuno-
therapy is not usually required. If repeat dosing is indicated, subsequent dos-
ing is generally 350–750 mg/m2 (max 1000 mg) every 6 months or based on 
CD19 counts [34]. Another B cell depleting agent is inebilizumab, an anti-CD19 
monoclonal antibody. The ExTINGUISH Trial of Inebilizumab in NMDAR 
Encephalitis (ExTINGUISH) is underway (clini caltr ials. gov, NCT04372615) to 
investigate the safety and efficacy of inebilizumabin adult patients with anti-
NMDARE. Cyclophosphamide, an alkylating agent that inhibits DNA synthesis 
affecting both B and T cell populations [34], is another second-line DMT used 
in AE. Although rituximab is generally preferred over cyclophosphamide due 
to its safety profile, cyclophosphamide is used for cases that are refractory to 
rituximab. Side effects of cyclophosphamide include infections, malignancy 
and fertility risks [34]. For cyclophosphamide, the intravenous formulation is 
preferred over oral due to fewer side effects. Induction dosing is 500–1000 mg/
m2 (max 1500 mg) monthly for 3–6 months depending on severity and therapy 
response [7, 34].

Safety monitoring is recommended prior to starting all DMTs. Prior to 
starting B-cell depleting agents, patients should be screened for tuberculosis, 
hepatitis B and C infections, varicella IgG, liver enzymes, complete blood 
count, and baseline immunoglobulins levels (IgA, IgM, and IgG) and B and 
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T cell counts. If re-dosing is warranted, CD19 counts should be obtained 
3 months after initial dose and repeated every 3–6 months to determine 
timing of the next dose. Infusion reactions are often mitigated with pre-
hydration, anti-pyretic therapy, anti-histamines, and IV steroids. Monitoring 

Fig. 1  Proposed treatment algorithm

143



Curr Treat Options Neurol (2024) 26:139–149

for cyclophosphamide include complete blood counts and urinalysis. All 
DMTs are immunosuppressive; thus, patients should take extra precaution 
with infection exposures and stay to date on routine and seasonal vaccina-
tions except live vaccines during the treatment period.

Treating refractory cases
Several hypotheses exist on the pathophysiology of refractory AE. Long-lived 
plasma cells that do not express CD20 and produce autoantibodies even 
after pre-B cell and mature B-cells depletion are thought to be involved [31]. 
Drug penetration is another consideration. Rituximab does not cross the 
blood brain barrier and may not target immune cells in the CNS compart-
ment [31]. AE subtypes with intracellular-targeted antibodies often lead to T 
cell mediated cytotoxicity. This subtype of AE is typically not responsive to 
immunotherapy with the exception of anti-Ma2 [2]. In these cases, treatment 
with cyclophosphamide or oral agents should be considered earlier. If the AE 
is paraneoplastic, treatment of the primary tumor (surgical removal and/or 
chemotherapy) should be initiated as soon as possible. However, even if there 
is tumor resection, acute immunotherapy is still recommended.

Third-line immunotherapy includes tocilizumab and bortezomib. Tocli-
zumab is a monoclonal antibody directed at interleukin(IL)-6 involved in 
both T and B cell signal pathways [39], though it should be noted that data 
is limited for tocilizumab use in pediatric AE. In children, most published 
literature regarding tocilizumab use is in patients with anti-NMDARE [7, 
40]. Lee et al. published an institutional cohort study of adult AE refractory 
to rituximab treatment comparing next steps in treatment with tocilizumab, 
additional rituximab and observation. The results showed that tocilizumab 
produced favorable mRS scores 2 months from treatment and at follow-up, 
and the majority of patients maintained a long-term favorable response. In 
this study, 28.6% of patients had antibodies to NMDA receptors, 3.3% to 
LGI-1, and 2.2% to amphiphysin [39]. Jaafar et al. published a case of an 
8-year-old with refractory anti-GAD65 AE who responded well to tocilizumab 
[41]. The CIELO trial (clini caltr ials. gov, NCT05503264) is an ongoing Phase 
3 study on the efficacy of satralizumab, a monoclonal antibody directed at 
soluble and membrane bound IL-6 receptors, for adults with NMDAR or LGI1 
AE. Pending the results of these adult clinical trials, anti-IL6 therapy may be 
recommended earlier in the AE treatment algorithm.

Bortezomib is a proteosome inhibitor targeting plasma cells. Its use in 
pediatric patients is mostly published in refractory anti-NMDARE cases [7, 
42–48]. In a study of both pediatric and adult patients (n = 5) treated with 
bortezomib for refractory NMDARE, all patients had symptom improvement 
and at 1-month follow-up improved modified Rankin Scale (mRS) scores. 
One patient reported mild diarrhea [45]. Cordani et al. published a case of 
an 8-year-old female with relapsing NMDARE and relapsing status epilepticus 
who received bortezomib and had symptom resolution 18 months after the 
initial attack [42]. Other disease-modifying therapies that have been used for 
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refractory AE with very limited pediatric data include daratumumab, tofaci-
tinib, inebilizumab, intrathecal methotrexate, natalizumab, and rapamycin 
[31, 39, 49]. Schiebe et al. described a 16-year-old patient with refractory 
anti-NMDARE who was treated with daratumumab with improvement in 
mRS score although with side effects of fever and tracheobronchitis [50].

Chronic immunotherapy and treating relapsing disease
The decision to start maintenance immunotherapy is still debated among 
experts [51]. Patients who recover well after their initial attack may be 
monitored off maintenance immunotherapy. However, for patients who 
were refractory or had a severe initial course (e.g., ICU admission), main-
tenance immunotherapy may be considered immediately following the 
initial attack to reduce the risk for relapse regardless of tumor status [7]. 
While there are case reports of relapses occurring up to 13 years after the 
initial episode [17], most occur within 2–3 years and less commonly earlier 
[6••, 17, 18]. Thus, chronic immunotherapy may not be necessary beyond 
the first 2–3 years. However, more research is needed to identify patients 
at risk for relapsing disease.

It should be noted that data for treating relapsing disease in children is 
limited. Relapse treatment follows a similar algorithm as acute treatment and 
refractory disease (Fig. 1). Current international consensus recommendations 
for treatment of NMDARE based on expert opinion recommend a similar 
treatment approach in both relapsing and refractory disease [7]. If a patient 
relapsed on a particular maintenance therapy, an alternative immunosuppres-
sion agent with a different mechanism should be used. Third-line agents can 
again be considered if a patient fails to improve within 1–3 months. Patients 
with relapses are likely to require a longer course of chronic immunotherapy, 
generally at least two years [7].

Several studies suggest that a lower relapse rate is observed in patients who 
receive earlier second-line treatment [17, 19, 30]. A more recent study using 
a survival model demonstrated that rituximab treatment during the initial 
attack reduces the risk of relapse by 51%, combining pediatric and adult cases 
[6••]. In the pediatric population, rituximab was associated with a reduced 
hazard ratio of 0.30 (95% CI 0.05–1.69) for time to first relapse after adjust-
ing for age of onset, sex and presence of tumor. Rituximab was associated with 
a lower HR of 0.37 (95% CI 0.09–1.50) for recurring relapses after adjusting 
for IV steroid use, time to treatment and presence of tumor. The large con-
fidence intervals for the pediatric population is likely due to lower sample 
size (n = 30) and the fact that 76% of the pediatric antibody-positive cases 
were anti-NMDARE [6••]. A meta-analysis of NMDARE (adult and pediatric 
combined) demonstrated a lower odds of relapse in patients who were treated 
with rituximab (OR 0.17, 95% CI 0.05–0.42) and IVIG for > 6 months (OR 
0.16, 95% CI 0.07–0.33) [27].
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Treatment outcomes

Treatment outcomes in pediatric cohorts are largely published in the con-
text of anti-NMDARE. Studies with both pediatric and adult patients with 
NMDARE demonstrate improved outcomes with early immunotherapy [17, 
19]. In a study evaluating prognosis in patients with anti-NMDARE within 
the first 24 months of diagnosis, 78.6% of patients had an mRS of 0–2, 
though 5.9% died from the disease [19]. Patients continued to improve for 
18 months. Predictors of good outcome in patients with NMDARE included 
no intensive care unit admission and early treatment in both pediatric and 
adult patients [19]. A recent multi-center study on MRI features and correla-
tion to clinical outcomes in pediatric NMDARE demonstrated that patients 
with T2-hyperintense lesions on initial MRI particularly in the frontal and 
occipital lobes had poorer outcomes (mRS greater than or equal to 3) at 
1-year follow-up [52]. The same study showed that poorer outcomes at 1 year 
were associated with prolonged hospital stay, ICU admission, intubation, 
gastrostomy placement, treatment with PLEX, and/or with second-line thera-
pies (rituximab, cyclophosphamide) and no improvement < 4 weeks from 
symptom onset.

Tumor risk varies depending on the type of autoantibody and overall is 
lower in children than adults. For example, anti-Ma2 AE caused by antibodies 
directed at an intracellular antigen is commonly a paraneoplastic syndrome in 
adults [53]. However, pediatric cases do not have a strong paraneoplastic asso-
ciation and may have partial response to immunotherapy [54]. Nevertheless, 
if a pediatric patient has a clinical relapse, even if no primary malignancy or 
growth was found during the initial attack, repeat tumor surveillance should 
be done 1–2 years after initial episode [5]. If found, treatment for any onco-
logic process that could be contributing should be pursued [32]. In refractory 
or severe cases, positron emission tomography (PET) scans can be considered 
in collaboration with radiology and oncology [5].

Conclusion

Pediatric AE is an increasingly recognized as a treatable cause of encephalitis 
with anti-NMDARE being the most common subtype. While there is strong 
data to support early immunotherapy to improve clinical outcomes, there 
is less data on long-term management and treatment strategies to reduce 
the risk for relapsing disease. Maintenance immunotherapy after the initial 
episode depends on severity of the clinical course, but there is evidence sug-
gesting that early treatment with second-line B cell depleting agents may 
reduce relapse risk. Additional studies with larger cohorts are needed to fur-
ther evaluate epidemiological and social risk factors for relapses in children 
as well as the impact of immunotherapy in children for both anti-NMDARE 
and non-NMDARE.
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