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Abstract
Objective: Several autoimmune CNS in�ammatory diseases, including autoimmune glial �brillary acidic
protein astrocytopathy (A-GFAP-A), myelin oligodendrocyte glycoprotein antibody-associated disease
(MOGAD) and aquaporin-4-immunoglobulin-G-positive neuromyelitis optica spectrum disorders (AQP4-
IgG+ NMOSD) often presented initially with similar infectious meningitis-like symptoms. However, it was
not easy to differentiate them at disease onset without antibody detection. The present study aimed to
compare the clinical, immunological and radiological features among the three diseases.

Methods: In our single-center cohorts, 9 A-GFAP-A, 17 MOGAD and 11 AQP4-IgG+ NMOSD patients
mimicking infectious meningitis as initial symptoms were retrospectively included. The autoantibodies
were detected with cell-based assays. The clinical, immunological and radiological characteristics of the
three groups were summarized.

Results: AQP4-IgG+ NMOSD patients were statistically more often in men (10, 90.9%, P=0.003). Tremor
was predominated in A-GFAP-A (4, 44.4%) over MOGAD (1, 5.9%, P= 0.034) and never found in AQP4-
IgG+NMOSD (0, P=0.026). The Modi�ed Rankin Score (mRS) at the clinical nadir of diseases was lower in
AQP4-IgG+NMOSD (2.2 [IQR, 1-3]) compared to A-GFAP-A (3.7 [IQR, 3-5], P=0.04). On CSF examination,
white blood cell count (WBC) was higher in A-GFAP-A (median, 272×106/L [range, 0-1600]) compared to
AQP4-IgG+NMOSD (median, 12×106/L [range, 0-48], P=0.049). Signi�cant increase in CSF protein
(1490.7±871.2 mg/L), lactic acid (3.43±0.81 mmol/L), IgG (130.9±60.4 mg/L), IgM (8.6±6.1mg/L) and
IgA (23.0±11.4mg/L) levels in A-GFAP-A was found compared to MOGAD (CSF protein: 606.7±379.4
mg/L, P<0.001; lactic acid: 2.15 ± 0.62mmol/L, P<0.001; IgG: 77.9±71.3 mg/L, P=0.043; IgM,
2.7±2.9mg/L, P=0.002; IgA, 11.3±12.1mg/L, P=0.012) and AQP4-IgG+NMOSD (CSF protein: 441.8±178.0
mg/L, P<0.001; lactic acid: 2.40 ± 0.66 mmol/L, P=0.003; IgG, 53.2±30.3 mg/L, P=0.01; IgM, 2.1±3.9mg/L,
P=0.003; IgA, 5.2±5.0mg/L, P=0.001). Over half of the A-GFAP-A patients (5/8, 62.5%) showed small (<2
cm), symmetrical lesions in ganglia and thalamus (5/8, 62.5%), but never in MOGAD (0%, P=0.001) and
AQP4-IgG+NMOSD (0%, P=0.026). Diffuse meningeal enhancement was common in A-GFAP-A (8, 88.9%)
compared to MOGAD (5, 29.4%, P=0.011) and AQP4-IgG+NMOSD (1/6, 16.7%, P=0.011). Acute
disseminated encephalomyelitis (ADEM) -like lesions occurred frequently in MOGAD (6/16, 37.5%) but
never in A-GFAP-A and AQP4-IgG+NMOSD (P=0.02).

Conclusion: Our study demonstrated that several signs including the symptom of tremor, a more severe
disease course, higher CSF immunological pro�les and ganglia bilateral symmetrical lesions, diffuse
meningeal enhancement were distinct features in A-GFAP-A, and ADEM-like lesions occurred only in
MOGAD mimicking infectious meningitis as initial symptoms, providing possible clinical implications for
patient differential diagnosis.

Introduction
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In recent years, an autoimmune, in�ammatory disease entity of the central nervous system
(CNS), associated with the demonstration of immunoglobulin G (IgG) autoantibodies against neuronal
surface or glial antigens [1], including autoimmune glial �brillary acidic protein astrocytopathy (A-GFAP-
A), myelin oligodendrocyte glycoprotein associated disease (MOGAD) and aquaporin-4-immunoglobulin-
G-positive neuromyelitis optica spectrum disorders (AQP4-IgG+NMOSD), has quickly emerged [2-4].

MOG-IgG antibodies are exclusive to the CNS and are expressed on the outer membrane of the myelin
sheath of oligodendrocytes [5, 6]. MOGAD primarily results in demyelination. In contrastAQP4-IgG
antibodies target water channels located on perivascular astrocytic foot processes [7], and demyelination
in AQP4-IgG+NMOSD seems to be a secondary phenomenon following astrocytic damage [8, 9]. Unlike
AQP4-IgG and MOG-IgG antibodies which are locate on the cell membrane, GFAP is the primary
component of intermediate �laments, highly expressed in the cytoplasm of mature astrocytes, and plays
a vital role in modulating astrocyte shape and motility and regulating the function of synapse [10].

Although major differences among these disease entities have been highlighted in several studies [11-14],
overlapping clinical manifestations, especially meningitis-like symptoms with fever, headache, Kernig’s
sign/nuchal rigidity, and pleocytosis in the cerebrospinal �uid (CSF) [15-17], made them easy to be
confused with intracranial infections in lack of detection of antibodies, resulting in wrong management
decisions and poor prognosis. Accordingly, the differential diagnosis at an early stage is extremely crucial
for treatment choice and prognosis.  

To date, direct and comprehensive comparison of clinical, immunological, and radiological presentations
and treatment responses in the three diseases presented with meningitis-like symptoms is still lacking,
yet it is of importance to the early initiation of correct immunological treatment approaches. Here, we
reported 37 patients presented with initial symptoms of fever, headache, nuchal rigidity and high
pleocytosis in the cerebrospinal �uid (CSF), mimicking infectious meningitis, but �nally diagnosed as
distinct in�ammatory demyelinating disorders of the central nervous system (CNS) with different glial
antibodies including MOG, GFAP and AQP-4. A comparison of the clinical, immunological and
radiological features was given, aiming to provide clinical differential clues for the neurologists.

Methods
Identi�cation of cohorts

We retrospectively recruited three cohorts of patients mimicking infectious meningitis as initial
manifestation admitted to Tongji Hospital, Wuhan, China: 1) patients with A-GFAP-A consecutively seen
between March 2019 to March 2021 who were previously reported (n=9) [18]; 2) patients with MOGAD
consecutively diagnosed by positive proof of anti-MOG-IgG between May 2016 to December 2019
according to the international diagnostic criteria (n=17) [19] 3) patients with AQP4-IgG+ NMOSD from
September 2016 to June 2019 ful�lled 2015 international diagnostic criteria whose AQP4-IgG were
positive (n=11) [20]. 
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The study was approved by the Ethics Committee of Tongji Hospital (TJ-IRB-20190502). All participants
provided written informed consents for the use of their medical records, serum and CSF for research
purpose.

Collection of clinical data

Demographic and clinical data of patients regarding age, sex, disease duration, symptoms and
immunotherapy used in the acute phase and response to immunotherapies were reviewed and evaluated
by two trained neurologists (XC and YT) from the medical record reviews. Neurologic severity was
measured at the nadir of the initial attack and after the acute treatment using the Modi�ed Rankin Scale
(mRS) scores. Routine blood and CSF analysis (white blood cell counts, protein, lactate dehydrogenase,
lactic acid, oligoclonal bands, IgG index, albumin quotient, IgG, IgM and IgA) were performed prior to
immunotherapies. The detailed demographic, clinical and CSF laboratory characteristics were
summarized in Supplementary Table S1, S2 and S3.  

Autoantibody testing

All enrolled patients underwent serum autoantibody testing and all CSF autoantibody testing was
performed by all cases except for one with MOGAD at the time of the acute attack. Anti-GFAP-IgG, anti-
MOG-IgG and anti-AQP4-IgG were detected using a cell-based assay with full-length GFAP, MOG or AQP4
transfected human embryonic kidney 293 (HEK293) cells as reported. [21-23] Besides, the following
autoantibodies of serum and/or CSF were also tested: 1) neurological autoantibodies: N-methyl-D-
aspartate receptor (NMDAR), glutamic acid decarboxylase-65 (GAD65), antiganglioside 1a (GD1a),
dipeptidyl-peptidase-like protein 6 (DPPX), AMPA-type glutamate receptor (AMPAR), gamma-aminobutyric
acid receptor A (GABAAR), GABABR, contactin-associated protein-like 2 (Caspr2), IGLON5, metabotropic
glutamate receptors (mGluR1, mGluR5); 2) autoantibodies for rheumatic disorder (anti-cyclic citrullinated
peptide [CCP], antinuclear antibody [ANA], Double-stranded DNA, Sjögren’s syndrome antigen A [SSA] and
Sjögren’s syndrome antigen B [SSB]). 

MRI 

Available neuroimaging (T2-weighted/�uid-attenuated inversion recovery [FLAIR] and T1-postgadolinium
sequences of the brain, spinal cord and optic nerve) performed with a 1.5 or 3-Telsa scanner was
reviewed independently by an experienced neuroradiologist (SZ) who was blinded to the clinical
information. The following features were evaluated: presence of medulla, area postrema, brain
parenchymal T2 hyperintense lesions and diffuse T2 lesions in the brainstem (>75% of the region
involved by visual inspection on axial sequences) and the presence of enhancement in the lesions and
meninges. Detailed analysis and representative images were shown in Table 3 and Figure 2. 

Statistical analysis

Statistical analysis was performed by the SPSS Software 24.0 version. Summary statistics were reported
as median (range, minimum-maximum), median (interquartile range, IQR) or mean ± standard deviation
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(SD) for continuous variables compared by Wilcoxon rank sum test and as number (%) for categorical
variables compared by Fisher’s exact test. A two-sided P value <0.05 was considered statistically
signi�cant. 

Results
Demographic and clinical characteristics of the three cohorts

Thirty-seven patients mimicking infectious meningitis as initial manifestations were included in our
single-center cohorts (9 in A-GFAP-A; 17 in MOGAD; 11 in AQP4-IgG+ NMOSD). Their demographics and
clinical characteristics were summarized in Table 1. 

Patients with AQP4-IgG+ NMOSD were statistically less in women (1, 9.1%) than those with A-GFAP-A (6,
66.7%, p=0.017) and MOGAD (12, 70.6%, p=0.002). There was no signi�cant difference in the median age
at disease onset (A-GFAP-A, 39 years [range, 14-48], MOGAD, 32 years [range, 13-61] and AQP4-IgG+

NMOSD, 37 years [17-67] respectively, p=0.454), the median disease duration (A-GFAP-A, 93 days [range,
5-730], MOGAD, 18 days [range, 1-60] and AQP4-IgG+ NMOSD, 17 days [range, 1-60], p=0.257) and
percentage of the intense unit stay (A-GFAP-A, 2, 22.2%; MOGAD, 1, 5.9% and AQP4-IgG+NMOSD, 0, 0% ,
p=0.225) of the three cohorts. The most common symptoms included fever, headache, positive Kernig’s
sign/ nuchal rigidity and tremor. Fever was less frequent in AQP4-IgG+ NMOSD (5, 45.5%) compared to A-
GFAP-A (9, 100%; p=0.014), but not signi�cantly different in MOGAD (14, 82.4%, p=0.529). Positive
Kernig’s sign/ nuchal rigidity was less frequent in MOGAD (5, 29.4%) and AQP4-IgG+ NMOSD (2, 18.2%,
p=0.668) but common in A-GFAP-A (7, 77.8%, p=0.038). Tremor was predominated in A-GFAP-A (4, 44.4%)
over MOGAD (1, 5.9%, p= 0.034) and not found in AQP4-IgG+ NMOSD (0, p=0.026). Headache did not
differ among the three groups. 

Among them, three patients with AQP4-IgG+ NMOSD had coexisting autoimmune diseases including
Hashimoto's thyroiditis, Sjogren syndrome and rheumatoid arthritis. None of the patients had a history of
neoplasm.

The majority of the patients (33/37, 89.2%) received �rst-line immunotherapy at acute stage,
including intravenous methylprednisolone (IVMP, A-GFAP-A, 5, 55.6%; MOGAD, 12, 70.6%; AQP4-
IgG+NMOSD, 5, 45.5%, p=0.438), IVMP and plasma exchange (PLEX, A-GFAP-A, 0; MOGAD, 0; AQP4-IgG+

NMOSD, 1, 9.1%, p=0.541), IVMP and intravenous immunoglobulin (IVIG, A-GFAP-A, 4, 44.4%; MOGAD, 2,
11.8%; AQP4-IgG+ NMOSD, 3, 27.3%, p=0.199) or the 3 combined (AQP4-IgG+NMOSD, 1, 9.1%). Among 4
patients (3 with MOGAD and 1 with AQP4-IgG+ NMOSD) whom did not receive immunotherapy due to
various reasons, 3 of them remained similar mRS scores as the nadir of diseases (median mRS scores
before treatment: 2 [IQR, 0.75-2.75] , median mRS scores after treatment: 1.5 [IQR, 0-2], p=0.766). 

The disability at the nadir of disease as calculated by mRS was less severe in AQP4-IgG+NMOSD (2.2
[IQR, 1-3]) compared to A-GFAP-A (3.7 [IQR, 3-5], p=0.04), but had no signi�cant difference compared to
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MOGAD (2.4 [IQR, 1-3], p=0.704), and the majority were responded well to initial immunotherapy at acute
stage (A-GFAP-A, 9, 100%; MOGAD, 14, 82.4%; AQP4-IgG+NMOSD, 8, 72.7%, p=0.325), as the mRS score
decreased among the three cohorts (A-GFAP-A, 1.7 [IQR, 1-3]; MOGAD, 0.9 [IQR, 0-1]; AQP4-IgG+ NMOSD,
1.5 [IQR, 0.5-2.5]; p=0.326).

It should be mentioned that 10 patients (A-GFAP-A, 4; MOGAD, 5; AQP4-IgG+NMOSD, 1) were initially
misdiagnosed as tubercular or viral meningoencephalitis, resistant to empiric anti-tuberculosis or anti-
viral treatment, and were in partial or complete remission to the immunotherapy.  

Laboratory and CSF analysis in the three cohorts

CSF was available in 34/37 (91.9%) patients with meningitis as initial manifestations (A-GFAP-A: 9;
MOGAD: 16; AQP4-IgG+ NMOSD: 9), the �ndings were outlined in Table 2. All patients with A-GFAP-A and
MOGAD tested negative for AQP4-IgG, while in the AQP4-IgG+ NMOSD cohort, 5 of 9 (55.6%) were tested
negative for MOG-IgG. White blood cell count (WBC) in CSF was higher in A-GFAP-A cohort (median,
272×106/L [range, 0-1600]; reference range, 0-8×106/L) compared to AQP4-IgG+ NMOSD (median,
12×106/L [range, 0-48], p=0.049), but had no signi�cant difference compared to MOGAD cohort (median,
99×106/L [range, 0-480], p=0.133). Most patients (A-GFAP-A: 8/9, 88.9% vs AQP4-IgG+ NMOSD: 2/9,
22.2%, p=0.015; MOGAD: 12/16, 75% vs AQP4-IgG+NMOSD: 2/9, 22.2%, p=0.033) had lymphocyte-
predominant pleocytosis in CSF (>10×106/L) without evidence of bacteria and viral infection. Signi�cant
increase in CSF protein level in A-GFAP-A cohort (1490.7±871.2 mg/L) was found compared to MOGAD
(606.7±379.4 mg/L, p<0.001) and AQP4-IgG+ NMOSD (441.8±178.0 mg/L, p<0.001). All patients (100%)
suffered from A-GFAP-A had an increased protein level in CSF (>450 mg/L), and 7 of them (77.8%) had
marked highly elevated protein levels (>1000 mg/L), signi�cantly more frequent compared to MOGAD
(elevated protein level: 8/16, 50%, p=0.012; marked elevated protein level: 3/16, 18.8%, p=0.009)
and AQP4-IgG+ NMOSD (elevated protein level: 3/9, 33.3%, p=0.009; marked elevated protein level: 0/16,
0%, p=0.002). CSF lactic acid level in A-GFAP-A cohort (3.43±0.81 mmol/L; reference range, 1.1-2.4
mmol/L) was signi�cantly higher compared to MOGAD (2.15 ± 0.62 mmol/L, p<0.001) and AQP4-IgG+

NMOSD (2.40 ± 0.66 mmol/L, p=0.003). Elevated CSF LDH (>40U/L) and lactic acid (> 2.4 mmol/L) levels
in A-GFAP-A group (elevated LDH: 4/9, 44.4%; elevated lactic acid: 8/9, 88.9%) were signi�cantly more
frequent compared to MOGAD (elevated LDH: 1/16, 6.2%, p=0.040; elevated lactic acid: 3/16, 18.8%,
p=0.002), but not signi�cantly different from AQP4-IgG+ NMOSD  (elevated LDH: 2/9, 22.2%, p=0.620;
elevated lactic acid: 4/9, 44.4%, p=0.131). No signi�cant difference was observed among the three
cohorts for marked WBC count (>50×106/L, A-GFAP-A, 6/9, 66.7%; MOGAD, 9/16, 56.2%; AQP4-IgG+

NMOSD, 2/9, 22.2%, p=0.176) and LDH levels (A-GFAP-A, 53.9±37.2U/L; MOGAD, 21.7±13.4U/L; AQP4-
IgG+ NMOSD 45.9±66.2U/L; p=0.124). 

  Two of 7 (28.6%) cases of A-GFAP-A was positive for oligoclonal bands (OB), and no patients with
MOGAD (0/12 [0%], p=0.123) and AQP4-IgG+ NMOSD had OB in CSF (0/7 [0%], p=0.462). CSF analysis
showed no signi�cant differences among the three cohorts for IgG index (A-GFAP-A, 0.9±0.3; MOGAD,
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0.7±0.1; AQP4-IgG+ NMOSD 0.7±0.1; p=0.252), elevated IgG index (>0.7%, A-GFAP-A, 4/7, 57.1%; MOGAD,
4/12, 33.3%; AQP4-IgG+ NMOSD, 1/7, 14.3%, p=0.254), albumin quotient (A-GFAP-A, 13.7±7.2; MOGAD,
8.8±8.4; AQP4-IgG+ NMOSD 6.6±2.7; p=0.178) and elevated albumin quotient (>6.5%, A-GFAP-A, 6/7,
85.7%; MOGAD, 4/12, 33.3%; AQP4-IgG+ NMOSD, 3/7, 42.9%, p=0.154). 

  The CSF concentrations of IgG, IgM and IgA in A-GFAP-A cohort (IgG, 130.9±60.4 mg/L; IgM,
8.6±6.1mg/L; IgA, 23.0±11.4mg/L) were signi�cantly higher than MOGAD (IgG, 77.9±71.3 mg/L, p=0.043;
IgM, 2.7±2.9mg/L, p=0.002; IgA, 11.3±12.1mg/L, p=0.012) and AQP4-IgG+ NMOSD (IgG, 53.2±30.3 mg/L,
p=0.01; IgM, 2.1±3.9mg/L, p=0.003; IgA, 5.2±5.0mg/L, p=0.001) (see in Figure.1). Elevated IgG level
(>58.6mg/L) favored A-GFAP-A (9/9, 100%) over MOGAD (6/16, 37.5%, p=0.003) and AQP4-IgG+ NMOSD
(2/9, 22.2%, p=0.002). Elevated IgA level (>4.4mg/L) was less frequent in AQP4-IgG+ NMOSD (2/9, 22.2%)
than A-GFAP-A (9/9, 100%, p=0.002) and MOGAD (11/16, 68.8%, p=0.041). Elevated IgM level (>7.0mg/L)
did not differ among the three groups (A-GFAP-A, 4/9, 44.4%; MOGAD, 2/16, 12.5%; AQP4-IgG+ NMOSD,
1/9, 11.1%; p=0.172). 

Tests for other neural autoantibodies were detected in 4 patients (A-GFAP-A, 1, DPPX in serum; MOGAD, 2,
GD1a in serum and NMDAR-IgG in CSF; AQP4-IgG+ NMOSD, 1, GD1a in serum). Serum autoantibodies
against ANA and SSA in patients with AQP4-IgG+ NMOSD (ANA, 6/8, 75%; SSA, 5/8, 62.5%) was
signi�cantly more frequent than A-GFAP-A (ANA, 0/7, 0%, p=0.007; SSA, 0/7, 0%, p=0.026) and MOGAD
(ANA, 1/7, 14.3%, p=0.041; SSA, 0/7, 0%, p=0.026). There was no signi�cant difference in serum
autoantibodies against SSB among the three cohorts (A-GFAP-A, 1/7, 19.3%; MOGAD, 0/16, 0%; AQP4-
IgG+ NMOSD, 2/8, 25.0%; p=0.745).    

Brain MRI lesions in the three cohorts

Brain MRI was performed in 32/37 (86.5%) cases (A-GFAP-A: 8; MOGAD: 16; AQP4-IgG+ NMOSD: 8), and
contrast-enhanced brain MRI was available for all included patients with A-GFAP-A and MOGAD and 6 of
11 patients with AQP4-IgG+NMOSD. An overview of the key characteristics was shown in Table 3. 

  In A-GFAP-A cohort, over half of the patients (5/8, 62.5%, Fig 2A1, arrows) showed bilateral small (<2cm),
relatively demarcated lesions in ganglia and thalamus, which never occurred in MOGAD (0/16, 0%,
p=0.001) and AQP4-IgG+ NMOSD cohort (0/8, 0%, p=0.026), and other lesions involved the cortex (1/8,
12.5%) and brainstem (2/8, 25%, Fig 2A2, arrow). The characteristic linear radial perivascular gadolinium
enhancement was found in most of patients (6/9, 66.7%) (Fig 2A3, arrows), but not in MOGAD (0,
0%, p<0.001) and AQP4-IgG+ NMOSD (0, 0%, p=0.028). Diffuse meningeal enhancement was also more
common in A-GFAP-A (8, 88.9%) compared to MOGAD (5, 29.4%, p=0.011) and AQP4-IgG+ NMOSD (1/6,
16.7%, p=0.011).

  In MOGAD cohort, acute disseminated encephalomyelitis (ADEM)-like lesions (bilateral, asymmetrical,
large [>2 cm] and poorly demarcated, gadolinium enhancement) occurred frequently (6/16, 37.5%, Fig
2B1-B3) but not in A-GFAP-A and AQP4-IgG+ NMOSD (p=0.02). Unilateral cortical T2/FLAIR hyperintense
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lesions (6/16, 37.5%) occurred more frequently in MOGAD, but no signi�cant differences among them (A-
GFAP-A: 1/8, 12.5%, p=0.352; AQP4-IgG+ NMOSD: 0/8, 0%, p=0.066).

  In AQP4-IgG+ NMOSD cohort, there was more frequent involvement of area postrema (4/8, 50%, Fig 2C1)
and the medulla at sites of high AQP-4 expression (3/8, 37.5%, Fig 2C2) than MOGAD (area postrema:
0/16, 0%, p=0.007; medulla: 0/16, 0%, p=0.028) but not signi�cantly different from A-GFAP-A (area
postrema: 0/8, 0%, p=0.077; medulla: 2/8, 25%, p=1.000). Besides, the frequency of gadolinium
enhancement to the lesions (4/6, 66.7%, Fig 2C3) was more signi�cantly common compared to A-GFAP-A
(0, 0%, p=0.011) and MOGAD without reaching signi�cance (7, 41.2%, p=0.371).

  There was no statistical difference in lesions among the three cohorts available for spinal cord MRI (A-
GFAP-A: 4/7, 57.1%; MOGAD: 3/9, 33.3%; AQP4-IgG+ NMOSD: 8/11, 72.7%; p=0.738) and optic nerve
MRI (A-GFAP-A: 1/2, 50%; MOGAD: 3/6, 50%; AQP4-IgG+ NMOSD: 1/2, 50%; p=1.000). 

Discussion
It has recently been reported that several clinical cases in A-GFAP-A [16, 18], MOGAD [15, 24, 25],
and AQP4-IgG+NMOSD [17, 26] presented with initial symptoms including headache, fever, meningeal
irritation and prominent leukocytosis in CSF are easily misdiagnosed as intracranial infection
especially tubercular meningitis, which frequently lead to delayed autoantibody detection and initiation of
immunotherapy. Because the neural autoantibody testing is not widely applied in the clinic practice and
the available microbiological tests for the diagnosis of tubercular meningitis continue to be a clinical
challenge, clinicians meet several challenges in the diagnosis and treatment before the autoantibodies
con�rmation. Yang et al reported two A-GFAP-A cases mimicking tubercular meningitis, and considered
that the increased eosinophil count in the CSF might be related to A-GFAP-A [16]. In our experience, a
chronic, relapsing clinical course, along with CSF changes (characteristics of viral or tubercular infection)
and some MRI characteristics (such as characteristic radial enhancement, area postrema and ADEM-like
lesions) at the same time might be a clue for neural autoantibodies detection. Thus, we recommend the
routine screening of neural autoantibodies for those patients with the above suspicious situation. In our
study, we investigated clinical pro�les of the three CNS demyelinating diseases mimicking intracranial
infection as the initial presentation, tried to offer a comparison of the clinical, laboratory and MRI
attributes and treatment responses, aiming to provide several clinical implications for the differentiation.

In our study, there was no age predominance among the three cohorts, the mean ages at disease onset
were in the patients’ 30 s, consistent with previous MOGAD and A-GFAP-A reports [18, 27, 28]. However,
AQP4-IgG+ NMOSD cohorts mimicking intracranial infection were younger and more often male (nearly
90%) compared to the other two cohorts and previous AQP4-IgG+ NMOSD reports that were
predominantly female [9, 29]. We assumed that male AQP4-IgG+ NMOSD patients were more easily
initially presented with infectious meningitis-like symptoms than female ones, which need to be further
evaluated in larger populations. In addition, we found that several clinical characteristics that
distinguished A-GFAP-A from MOGAD and AQP4-IgG+NMOSD included the higher frequencies of
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presence of tremor, fever, meningeal irritation signs and a more severe disease course during the acute
attack, which might be clues for GFAP-IgG detection. In addition, the majority responded well to initial
immunotherapy at the acute stage, and there was no signi�cance in the immunotherapy strategy choices
and responses to acute-stage treatment among the three cohorts, implicating the importance of early
immunotherapy initiation. 

Upon comparison of CSF analysis in our cohorts, 22.2% of AQP4-IgG+ NMOSD cohorts had lymphocytic
pleocytosis, albeit to a lesser degree than in A-GFAP-A (88.9%) and MOGAD (75%). CSF protein level and
the proportion of elevated protein and marked elevated protein level in A-GFAP-A were signi�cantly higher
relative to the other two cohorts, similar to previously reported cases [2, 18, 30, 31]. Lactate level, a
possible marker of disease activity [32] were elevated in 88.9% of our A-GFAP-A patients, which might be
due to increased blood-brain-barrier (BBB) permeability [33]. CSF pleocytosis, elevated protein levels and
lactate levels, three CSF features of bacterial CNS infection, might lead to a misdiagnosis of infectious
disease. It was observed that marked deposits of IgM were histopathological characteristics in NMOSD
lesions [34], and IgM was generally stronger complement activators than IgG in AQP4-IgG+NMOSD, in
which tissue damage was partly exerted by complement activation [35]. In our cohorts, signi�cant
increase in CSF levels of IgG, IgM and IgA, elevated IgG levels were found in A-GFAP-A compared to
MOGAD and AQP4-IgG+ NMOSD cohorts, which might be clues for the differentiation as well, though the
speci�city of intrathecal production of IgG, IgM and IgA is still not fully elucidated. Furthermore, over half
of patients with AQP4-IgG+ NMOSD had serological signs of systemic autoimmunity in ANA and SSA,
while none was observed in A-GFAP-A and MOGAD. Given the above �ndings, we demonstrated a
differential pattern of CSF analysis by comparing to the three cohorts.

The current study also con�rmed several radiological characteristics that distinguished the three diseases
presented with infectious meningitis-like symptoms as the initial manifestation. Besides previously
reported characteristic linear radial perivascular gadolinium enhancement [2, 18], distinct small (<2 cm),
symmetrical T2/FLAIR lesions in ganglia and thalamus and diffuse meningeal T1-enhancement were
seen in over half of A-GFAP-A patients. Notably, ADEM-like lesions (bilateral, asymmetrical, large [>2 cm]
and poorly demarcated) occurred frequently in MOGAD but never in the other two cohorts, and unilateral
cortical T2/FLAIR lesions were more frequently seen in MOGAD, in line with our previous study [36],
although not statistically signi�cant due to small case numbers. The underlying reason may be due to an
abundance of MOG in these highly myelinated white matter tracts [37]. Patients in AQP4-IgG+ NMOSD
were more vulnerable to characteristic demyelinating T2-lesions in area postrema at sites of high AQP-4
expression and T1-enhancement limited to the lesions without diffuse meningeal enhancement [38, 39].
In summary, the above radiological characteristics could be differential supportive evidence and clues.

Conclusion
In conclusion, we conducted a comparison of the clinical, immunological and radiological features of 37
patients who presented with initial symptoms mimicking infectious meningitis but were �nally diagnosed
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as A-GFAP-A, MOGAD and AQP4-IgG+ NMOSD. Our �ndings for the �rst time con�rmed that the symptom
of tremor, a more severe disease course, higher CSF immunological pro�les and ganglia bilateral
symmetrical lesions, diffuse meningeal enhancement were distinct features in A-GFAP-A, while ADEM-like
lesions occurred only in MOGAD, providing supportive evidence for the differential diagnosis. Our study
has several limitations. In AQP4-IgG+NMOSD cohort, 3 of 11 patients (27.3%) were not the �rst attack and
received immunosuppressant treatment in the intermission of attack, who were prone to suffer infectious
situation. It was of di�culty to differentiate the relapse and infection caused by immunotherapy. Besides,
the study is limited by the single-center retrospective design and small sample size, and the underlying
pathogenic roles are not elucidated, prospective multi-center studies with larger sample size will be
needed. 
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Table 1 Comparison of demographic and clinical characteristics among the three cohorts
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 No. (%)

 A-GFAP-
A, n = 9

MOGAD,
n=17

AQP4-IgG +
NMOSD, n=11

P1 P2 P3

Demographics

 Median age at onset, years
(range)

39 (14-
68)

32 (13-
61)

37 (17-67) 0.251 0.766 0.377

 Female, n (%) 6 (66.7) 12
(70.6)

1 (9.1) 1.000  0.017* 0.002***

 Duration of symptoms,
days (range)

93 (5-
730)

18 (1-
60)

17 (1-60) 0.128 0.159 0.989

 Intensive care unit stay, n
(%)

2 (22.2) 1 (5.9) 0 (0) 0.268 0.189 1.000 

Clinical features

 Fever, n (%) 9 (100) 14
(82.4)

5 (45.5) 0.529 0.014* 0.095

 Headache, n (%) 6 (66.7) 16
(94.1)

8 (72.7) 0.104 1.000  0.269 

 Nuchal rigidity/ positive
Kernig sign, n (%)

7 (77.8) 5 (29.4) 2 (18.2) 0.038* 0.022* 0.668

 Tremor, n (%) 4 (44.4) 1 (5.9) 0 (0) 0.034* 0.026* 1.000 

Median mRS at attack
nadir (range)

3.7 (2-5) 2.4 (1-5) 2.2 (0-5) 0.058 0.04* 0.704

 Acute treatment

  IVMP alone, n (%) 5 (55.6) 12
(70.6)

5 (45.5) 0.667 1.000  0.248

  IVMP + PLEX, n (%) 0 (0) 0 (0) 1 (9.1) NA 1.000  0.393

  IVMP+ IVIG, n (%) 4 (44.4) 2 (11.8) 3 (27.3) 0.138 0.642 0.353

  No treatment, n (%) 0 (0) 3 (17.6) 1 (9.1) 0.294 1.000  1.000 

Outcome

  Reponses to acute-stage
immunotherapy, n (%)

9 (100) 14
(82.4)

8 (72.7) 0.529 0.218 0.653

  Median mRS after acute
treatment (range)

1.7 (0-3) 0.9 (0-5) 1.5 (0-4) 0.193 0.840  0.247

Abbreviations: A-GFAP-A, autoimmune glial �brillary acidic protein astrocytopathy; AQP-4,aquaporin-4;
IVIG, intravenous immunoglobulin; IVMP, intravenous methylprednisolone; MOGAD, myelin
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oligodendrocyte glycoprotein antibody-associated disorder; mRS, modi�ed Rankin Scale; NA, not
applicable; NMOSD, neuromyelitis optica spectrum disorders; PLEX, plasma exchange; P1, A-GFAP-A
compared with MOGAD; P2, A-GFAP-A compared with AQP4-IgG +NMOSD; P3, MOGAD compared with
AQP4-IgG + NMOSD; *, p<0.05; **, p<0.01; ***, p<0.005.

Table 2: Comparison of CSF �ndings among the three cohorts
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 No. (%)

 A-GFAP-A, n =
9

MOGAD,
n=16

AQP4-IgG +
NMOSD, n=9

p1 p2 p3

 WBC, ×106/L 272 (0-1600) 99 (0-480) 12 (0-48) 0.133 0.049* 0.446

 Elevated WBC
count, >
10×106/L (%)

8 (88.9) 12 (75.0) 2 (22.2) 0.621 0.015* 0.033*

 Marked elevated
WBC count, >
50×106/L (%)

6 (66.7) 9 (56.2) 2 (22.2) 0.691 0.153 0.208

 Protein, mg/L 1490.7±871.2 606.7±379.4 441.8±178.0 0.000*** 0.000*** 0.455 

 Elevated protein
level, > 450mg/L
(%)

9 (100) 8 (50.0) 3 (33.3) 0.012* 0.009** 0.677

 Marked elevated
protein level,
>1g/L (%)

7 (77.8) 3 (18.8) 0 (0) 0.009** 0.002*** 0.280 

 LDH, U/L 53.9±37.2 21.7±13.4 45.9±66.2 0.061 0.672 0.153

 Elevated LDH
level, > 40 U/L
(%)

4 (44.4) 1 (6.2) 2 (22.2) 0.040* 0.620  0.530 

 Lactic acid,
mmol/L

3.43±0.81 2.15±0.62 2.40±0.66 0.000*** 0.003*** 0.380 

 Elevated lactic
acid level, > 2.4
mmol/L(%)

8 (88.9) 3 (18.8) 4 (44.4) 0.002*** 0.131 0.205 

 Positive OB, n
(%)

2/7 (28.6) 0/12 (0) 0/7 (0) 0.124 0.462 NA

 IgG index 0.8±0.3 (n=7) 0.7±0.1
(n=12)

0.7±0.1
(n=7)

0.116 0.193 0.901

 Elevated IgG
index, > 0.7 (%)

4/7 (57.1) 4/12 (33.3) 1/7 (14.3) 0.377 0.266 0.603

 Albumin quotient 13.7±7.2
(n=7)

8.8±8.4
(n=12)

6.6±2.7
(n=7)

0.162 0.074 0.518

 Elevated
albumin quotient,
>6.5 (%)

6/7 (85.7) 4/12 (33.3) 3/7 (42.9) 0.057 0.266 1.000 

 IgG, mg/L 130.9±60.4 77.9±71.3 53.2±30.3 0.043* 0.01* 0.333

 Elevated IgG
level, >58.6mg/L

9 (100) 6 (37.5) 2 (22.2) 0.003*** 0.002*** 0.661
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g
(%)

 IgM, mg/L 8.6±6.1 2.7±2.9 2.1±3.9 0.002*** 0.003*** 0.745

 Elevated IgM
level, >7.0 mg/L
(%)

4 (44.4) 2 (12.5) 1 (11.1) 0.142 0.294 1.000 

 IgA, mg/L 23.0±11.4 11.3±12.1 5.2±5.0 0.012* 0.001*** 0.181

  Elevated IgA
level, >4.4 mg/L
(%)

9 (100) 11 (68.8) 2 (22,2) 0.123 0.002*** 0.041*

Abbreviations: A-GFAP-A, autoimmune glial �brillary acidic protein astrocytopathy; AQP-4,aquaporin-4;
CSF, cerebrospinal �uid; LDH, dehydrogenase; MOGAD, myelin oligodendrocyte glycoprotein antibody-
associated disorder; NA, not applicable; NMOSD, neuromyelitis optica spectrum disorders;   OB,
oligoclonal band; p1, A-GFAP-A compared with MOGAD; p2, A-GFAP-A compared with AQP4-IgG +NMOSD;
p3, MOGAD compared with AQP4-IgG + NMOSD; *, p<0.05; **, p<0.01; ***, p<0.005.

Table 3: Comparison of MRI features among the three cohorts
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 No. (%)

 A-GFAP-
A, n = 9

MOGAD,
n=17

AQP4-IgG +
NMOSD, n=11

p1 p2 p3

Brain T2 lesions

  Medulla lesion present,
n (%)

2/8
(25.0)

0/6 (0) 3/8 (37.5) 0.101 1.000  0.028*

  Area postrema lesion
present, n (%)

0/8 (0) 0/16 (0) 4/8 (50.0) NA 0.077 0.007**

  Bilateral ganglia lesion
present, n (%)

5/8
(62.5)

0/16 (0) 0/8 (0) 0.001** 0.026* NA

  ADEM-like lesion
present, n (%)

0/8 (0) 6/16
(37.5)

0/8 (0) 0.066 NA 0.066 

  Unilateral cortical
lesions, n (%)

1/8
(12.5)

6/16
(37.5)

0/8 (0) 0.352 1.000  0.066

Brain T1-enhancment
lesions, n (%)

8 (88.9) 11 (64.7) 3/6 (50.0) 0.357  0.235 0.643

  Meningeal
enhancement, n (%)

8 (88.9) 5 (29.4) 1/6 (16.7) 0.011* 0.011* 1.000 

  Partial lesion
enhancement, n (%)

0 (0) 7 (41.2) 4/6 (66.7) 0.058 0.011* 0.371

  "Radial enhancement",
n (%)

6 (66.7) 0 (0) 0/6 (0) 0.000*** 0.028* NA

Spinal cord lesion
present at attack, n (%)

4/7
(57.1)

3/9
(33.3)

8 (72.7) 0.615 0.627 0.175

Optic nerve lesion
present at attack, n (%)

1/2
(50.0)

3/6
(50.0)

1/2 (50.0) 1.000  1.000  1.000 

Abbreviations: ADEM, acute disseminated encephalomyelitis; A-GFAP-A, autoimmune glial �brillary acidic
protein astrocytopathy; AQP-4,aquaporin-4; MOGAD, myelin oligodendrocyte glycoprotein antibody-
associated disorder; MRI, magnetic resonance imaging; NA, not applicable; NMOSD, neuromyelitis optica
spectrum disorders;  p1, A-GFAP-A compared with MOGAD; p2, A-GFAP-A compared with AQP4-IgG
+NMOSD; p3, MOGAD compared with AQP4-IgG + NMOSD; *, p<0.05; **, p<0.01; ***, p<0.005.

Figures
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Figure 1

Comparative analysis of the three cohorts in terms of CSF �ndings

The CSF levels of WBC counts (A), protein (B), lactic acid (C), IgG (D), IgM (E) and IgA (F) were compared
in the three cohorts. Wilcoxon rank sum test was used for statistical analysis. * refers to p<0.05; ** refers
to p<0.01; *** refers to p<0.005.
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Figure 2

Representative examples of brain MRI lesions in A-GFAP-A (A), MOGAD (B) and AQP4-IgG +NMOSD (C). 

In patients with A-GFAP-A, axial section shows abnormal T2-FLAIR hyperintensity lesions on bilateral
basal ganglia and the posterior thalamus (A1, arrowheads), patchy T2-hyperintensity lesions in brainstem
(A2, arrowhead) and accompanied by characteristic linear radial enhancement pattern on post-
gadolinium T1-weighted images (A3, arrowheads). In patients with MOGAD, axial T2/FLAIR-weighted
section demonstrates bilateral diffuse lesions in the thalamus, corpus callosum (B1) and midbrain (B2,



Page 23/23

arrowheads), with associated enhancement on T1-weighted sequences (B3). In patients with AQP4-
IgG+NMOSD, lesions of area postrema in the dorsal medulla demonstrates in sagittal (C1, arrowhead),
axial (C2, arrowhead) T2/FLAIR-weighted section and gadolinium-enhanced T1- weighted images (C3,
arrowhead).
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