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ABSTRACT
To explore the autoimmune response and outcome in 
the central nervous system (CNS) at the onset of viral 
infection and correlation between autoantibodies and 
viruses.
Methods  A retrospective observational study 
was conducted in 121 patients (2016–2021) with 
a CNS viral infection confirmed via cerebrospinal 
fluid (CSF) next-generation sequencing (cohort A). 
Their clinical information was analysed and CSF 
samples were screened for autoantibodies against 
monkey cerebellum by tissue-based assay. In situ 
hybridisation was used to detect Epstein-Barr virus 
(EBV) in brain tissue of 8 patients with glial fibrillar 
acidic protein (GFAP)-IgG and nasopharyngeal 
carcinoma tissue of 2 patients with GFAP-IgG as 
control (cohort B).
Results  Among cohort A (male:female=79:42; 
median age: 42 (14–78) years old), 61 (50.4%) 
participants had detectable autoantibodies in CSF. 
Compared with other viruses, EBV increased the 
odds of having GFAP-IgG (OR 18.22, 95% CI 6.54 
to 50.77, p<0.001). In cohort B, EBV was found in 
the brain tissue from two of eight (25.0%) patients 
with GFAP-IgG. Autoantibody-positive patients had a 
higher CSF protein level (median: 1126.00 (281.00–
5352.00) vs 700.00 (76.70–2899.00), p<0.001), 
lower CSF chloride level (mean: 119.80±6.24 
vs 122.84±5.26, p=0.005), lower ratios of CSF-
glucose/serum-glucose (median: 0.50[0.13-0.94] vs 
0.60[0.26-1.23], p=0.003), more meningitis (26/61 
(42.6%) vs 12/60 (20.0%), p=0.007) and higher 
follow-up modified Rankin Scale scores (1 (0–6) 
vs 0 (0–3), p=0.037) compared with antibody-
negative patients. A Kaplan-Meier analysis revealed 
that autoantibody-positive patients experienced 
significantly worse outcomes (p=0.031).
Conclusions  Autoimmune responses are found at the 
onset of viral encephalitis. EBV in the CNS increases the 
risk for autoimmunity to GFAP.

BACKGROUND
Both infectious and autoimmune aetiologies are 
associated with considerable morbidity from 
encephalitis. At the population level, the incidence 
and prevalence of autoimmune encephalitis are 
similar to those of infectious encephalitis.1 Auto-
immune encephalitis is a known complication of 
herpes simplex virus (HSV) encephalitis.2 After anti-
viral treatment, some patients without detectable 
virus but with detectable autoantibodies, such as 
anti-N-methyl-D-aspartate receptor (NMDAR) IgG 
(NMDAR-IgG), experience a relapse of encephalitis 
that improves with immunosuppression, suggestive 
of a postinfectious autoimmune process.3 4

In addition to the association between HSV 
encephalitis and NMDAR-IgG, non-HSV infec-
tions antedating autoimmune encephalitis have 
also been found. For example, varicella zoster virus 
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(VZV),5 Epstein-Barr virus (EBV),6 cytomegalovirus (CMV),7 
adenovirus,8 enterovirus,9 HIV,10 human herpes virus type 
611 and SARS-CoV-2 virus have been detected in the cerebro-
spinal fluid (CSF) of patients with NMDAR-IgG-associated 
encephalitis.12 Other autoantibodies, including those against 
α-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid 
receptor (AMPAR), gamma-aminobutyric acid-A receptor or 
gamma-aminobutyric acid-B receptor (GABABR), have also 
been detected after viral encephalitis.11 In one study of nine 
patients with HSV encephalitis, antibodies against D2-dopamine 
receptor and/or NMDAR were found.13 Interestingly, among 
intensive care patients with COVID-19 who presented with 
neurological syndromes, NMDAR-IgG or other neuronal auto-
antibodies were often detected in the CSF instead of antibodies 
against SARS-CoV-2.12

It remains unclear whether autoantibodies act in early events 
in viral encephalitis. Armangue et al reported that none of 
their 51 patients had antibodies against neuronal surface anti-
gens at the onset of HSV encephalitis, but 14 of those who 
developed encephalitis tested positive for IgG autoantibodies 
during a 3-week follow-up.4 Antineuronal surface antibodies 
and cytokines have been detected in the serum and CSF of 
patients with Japanese encephalitis (JE) >3 weeks postsymptom 
onset.14 However, autoantibodies can also be an early event 
in viral encephalitis.15 In 3 of 44 patients with HSV encepha-
litis, NMDAR-IgG was present within the first 5–9 days of the 
disease.16 Similarly, in a patient with VZV encephalitis, NMDAR 
antibodies were detected 12 days after symptom onset.5 But 
there are still few cases.

Thus, the effects of early autoimmune responses in central 
nervous system (CNS) viral infection remain unknown. Here, 
we aimed to screen patients for CSF autoantibody at the onset 
of CNS viral infection; clarify the relationship between different 
viruses and autoantibody classifications and explore the outcome 
of early autoimmune responses in CNS viral infection.

METHODS
Study design and participants
An observational study was conducted in cohort A, at only 
one centre to rule out potential confounders. This cohort was 
composed of 124 patients within 2 weeks of symptom onset, 
retrospectively recruited between 31 May 2016 and 5 October 
2021. All patients had a CNS viral infection confirmed via CSF 
next-generation sequencing (NGS) in Hugobiotech (Beijing, 
China). Their CSF samples were stored at −80°C. Three patients 
were excluded, whose length of time from symptom onset to 
first lumbar puncture was >2 weeks.

All the CSF samples with masked data were retrospectively 
screened for neuronal or glial cell-specific antibody by tissue-
based assay (TBA) and/or cell-based assay (CBA) at the Institute 
of Neuroscience and the Second Affiliated Hospital of Guang-
zhou Medical University. Investigators performing the autoan-
tibody testing were blinded to the clinical data, and the treating 
physicians were blinded to the autoantibody detection results 
until the follow-up period was completed.

Clinical information, including prodromal symptoms, neuro-
logical manifestations, comorbidities, ancillary study results, 
treatments and outcome, was obtained by the investigators. Brain 
MRI data were acquired using a 3.0 T MRI scanner (Ingenia, 
Philips Medical Systems, The Netherlands) with a 15-channel 
receiver array head coil at the Department of Radiology, Third 
Xiangya Hospital, Central South University (Changsha, Hunan, 
China). All the patient received an MRI including T1, T2, 

fluid-attenuated inversion recovery and contrast enhancement, 
before their treatment. Follow-up neurological function was 
assessed using the modified Rankin Scale (mRS). The data of 
patients with GFAP-IgG were registered on an autoimmune glial 
fibrillar acidic protein (GFAP) astrocytopathy (GFAP-A) registry 
in China (GFAP-AID, ChiCTR2000041291).17

In parallel, we obtained brain tissue from eight patients with 
GFAP-A and EBV infection confirmed via NGS, as described in 
our previous study.18 Two patients as control had GFAP-A with 
nasopharyngeal carcinoma, whose nasopharyngeal carcinoma 
tissue was obtained. These patients were enrolled as cohort B 
to detect EBV.

Determination of autoantibody in the CSF by indirect 
immunofluorescence
Antibody was detected using a TBA kit (BioSystems, Costa 
Brava, Barcelona, Spain) with a monkey cerebellum substrate. 
Briefly, each diluted CSF (1:1) sample was allowed to react with 
tissue sections on glass slides for 2 hours at room temperature. 
The slides were then rinsed twice with phosphate-buffered saline 
(PBS) before being incubated with fluorescein-conjugated goat 
antihuman IgG for 30 min. Finally, the slides were rinsed with 
PBS, and the fluorescence pattern was examined under a micro-
scope. Fluorescent results are judged by two researchers inde-
pendently (YL and PL). If there is any dispute about the results, 
it can be resolved through further discussion. The neuronal/glial 
autoantibody pattern was defined in accordance with several 
previous studies.19–21 All positive samples were given titre test. 
Briefly, no fluorescence or fluorescence in the pure vascular 
endothelial cells, dura mater, choroid plexus or non-specific anti-
nuclear antibody were judged as negative (online supplemental 
figure 1). The fluorescence in neurons were judged as positive, 
as described in a previous study.19 According to the fluorescence 
pattern,19 the antibodies that mainly bind to neuronal plasma 
membrane of the molecular layer were considered as antibodies 
targeting cell surface antigens, antibodies that bind in the nerve 
cytoplasm or nucleus are considered as antibodies targeting 
intracellular antigens, antibodies that bind to Purkinje cells (PC) 
were considered as PC-IgG. Astrocytes antibody was defined in 
our previous study21 and antibodies binding to antibody against 
myelin sheath (oligodendrocyte) are judged according to our 
previous study.22 Neuronal intermediate filament (NIF)-IgG was 
observed by another study.23

Samples with neuronal antibodies were retested by commercial 
CBA kit which included antigen to NMDAR, AMPAR, GABABR, 
leucine-rich glioma-inactivated 1, contactin-associated protein-
like 2 (Euroimmun, Germany). Samples with positive astrocyte 
antibodies were routinely retested for GFAP-IgG by in-housed 
CBA, and the CBA-positive ones were called GFAP-IgG while 
the CBA-negative ones were called astrocyte antibodies. Samples 
with positive myelin antibodies were routinely retested for myelin 
oligodendrocyte glycoprotein (MOG)-IgG by commercial CBA 
kit (Euroimmun) and the positive ones were called MOG-IgG 
while the negative ones were called oligodendrocyte antibodies. 
Samples with NIF fluorescence were retested by in-house CBA 
including the antigen to α-internexin, neurofilament light chain, 
neurofilament medium chain, neurofilament heavy chain and 
peripherin protein. However, we did not further screen those 
target antigens for other fluorescent pattern positive samples.

Pathology
Brain tissue pathology was examined in biopsies from patients 
with GFAP-A, as in our previous study.18 Tissue slices (10 µm 
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thick) were cut and serially mounted onto numbered slides to 
enable the distribution of molecules to be compared across adja-
cent serial sections. The sections were stained with H&E, and in 
situ hybridisation was performed as a routine procedure in our 
hospital.

Statistical analysis
All statistical analyses were performed using the Statistical 
Program for Social Sciences software V.11.0 (SPSS, Chicago, Illi-
nois, USA). Statistical analyses were performed with the χ2 test 
or the Fisher’s exact test for binary and categorical data. While 
for continuous variables, t-test was used for normally distrib-
uted data and Mann-Whitney U test was used for non-normally 
distributed data. A Kaplan-Meier analysis was performed to 
evaluate mRS scores. The Kaplan-Meier analysis was compared 
between groups using log rank tests. Values of p<0.05 (two-
sided) were considered to indicate a significant difference.

RESULTS
Cohort A: virus and autoantibody study
One hundred and twenty-one patients (male:female=79:42; 
median age=42 (14–78) years old) were included for analysis. 
None of them had immune diseases before and only one patient 
had a history of immunotherapy. A few of them had diabetes or 
tumour (table 1).

Virus and autoantibody classification
The causative viruses included: HSV 1 (HSV1, n=40), HSV 
2 (HSV2, n=2), EBV (n=30), VZV (n=47), CMV (n=1) and 
Torque teno virus (n=1). Autoantibody was detected in 61 
(50.4%) samples (neuronal, n=27; astrocyte, n=29; other, 
n=5).

Indirect immunofluorescence patterns of autoantibodies 
against neurons, astrocytes or other antigens are shown in 

Table 1  Comparison between CNS virus infections in patients with or without autoantibody in CSF

With autoantibody Without autoantibody P value

N 61 60 –

Female/Male 19/42 23/37 0.406

Median age at onset, years (range) 42 (15–78) 38 (14–74) 0.316

Duration in hospital, days (range) 18 (7–71) 15 (5–38) 0.013

Diabetes 4 (6.6%) 1 (1.7%) 0.371

Tumour 2 (3.3%) 2 (3.3%) 1.000

Main clinical features

 � Fever, n (%） 50 (82%) 39 (65%) 0.034

 � Headache, n (%) 56 (91.8%) 51 (85.0%) 0.242

 � Encephalopathy, n (%) 22 (36.1%) 20 (33.3%) 0.752

 � Meningeal irritation sign, n (%) 38 (62.3%) 26 (43.3%) 0.037

 � Rectal sphincter symptoms, n (%) 6 (9.8%) 1 (1.7%) 0.114

Serum features

 � Lactate dehydrogenase level (U/L) 47 (21–617) 27 (13–201) <0.001

 � Serum sodium level (mmol/L) 135.00 (113.00–149.00) 138.70 (126.00–147.10) 0.002

 � Serum potassium level (mmol/L) 3.98±0.39 3.80±0.37 0.015

 � Glucose level (mmol/L) 5.7 (2.8–12.2) 5.29 (4.12–14.80) 0.006

CSF features at onset

 � WBC in CSF (cells/mm3) 140 (5–1007) 130 (1–1200) 0.161

  �  Neutrophils count 0 (0–34) 0 (0–57) 0.470

  �  Plasma cell count 0 (0–16) 0 (0–6) 0.047

 � Protein level (mg/L) 1126.00 (281.00–5352.00) 700 (76.70–2899.00) <0.001

 � Chloride level (mmol/L) 119.80±6.24 122.84±5.26 0.005

 � Glucose level (mmol/L) 3.11 (1.08–6.94) 3.23 (1.97–6.61) 0.097

 � CSF-glucose/Serum-glucose 0.50 (0.13–0.94) 0.60 (0.26–1.23) 0.003

Brain parenchyma abnormality 20 (32.8%) 16 (26.7%) 0.462

Enhancement of meninges 26 (42.6%) 12 (20.0%) 0.007

Treatment and outcome

 � Steroid treatment, n (%) 13 (21.3%) 11 (18.3%) 0.681

 � Anti-epileptic treatment, n (%) 7 (11.5%) 11 (18.3%) 0.289

 � GCS at admission 15 (6–15) 15 (7–15) 0.755

 � mRS at admission 3 (1–5) 3 (0–5) 0.630

 � mRS at discharge 2 (0–5) 1 (0–5) 0.335

 � Follow-up loss, n (%) 16 (26.2%) 8 (13.3%) 0.075

 � Follow-up time (months) 28 (4–62) 25 (6–64) 0.615

 � mRS in follow-up 1 (0–6) 0 (0–3) 0.037

  �  mRS ≥1, n (%) 22 (48.9%) 16 (30.8%) 0.068

  �  mRS ≥3, n (%) 7 (15.6%) 1 (1.9%) 0.023

 � Decreased memory in follow-up, n (%) 14 (31.1%) 8 (15.4%) 0.065

CNS, central nervous system; CSF, cerebrospinal fluid; GCS, Glasgow Coma Scale; mRS, modified Rankin Scale; WBC, white blood cells.
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figure 1. Classification of virus and autoantibody is shown 
in figure  2. At the onset of HSV infection, 17/42 (10.5%) 
patients had antibodies against neuronal (n=12, 28.6%), 
astrocyte (n=3, 7.1%) or oligodendrocyte (n=2, 4.8%) 
antigens. The identified antigens included NMDAR (n=1, 
2.4%), GFAP (n=3, 7.1%) and MOG (n=2, 4.8%). At 
the onset of EBV infection, 24/30 (80.0%) patients had 

antibodies against neuronal antigens (n=3, 10.0%), GFAP 
(n=20, 66.7%) or other antigens (n=1, 3.3%); among them, 
three had overlapping antibody types. At the onset of VZV, 
19/47 (40.4%) patients had antibodies against neuronal anti-
gens (n=12, 25.5%), GFAP (n=5, 10.6%) or other antigens 
(n=2, 4.3%). The one patient with CMV had GFAP-IgG in 
the CSF. The patients with EBV infection were more likely 

Figure 1  Indirect immunofluorescence patterns of autoantibodies against neurons, astrocytes or other antigens. (A) Typical immunofluorescence pattern 
of glial fibrillar acidic protein (GFAP)-IgG in the cerebellum, showing IgG bound to the astrocytes in all layers (arrows), which was confirmed by cell-based 
assay (CBA, figure a). (B) Immunofluorescence pattern of neuronal cellular surface-specific antibody overlapping N-methyl-D-aspartate receptor (NMDAR)-
IgG (granular layer confirmed by CBA, figure b) with unknown antigen (molecular layer) in the cerebellum. (C) Immunofluorescence pattern of neuronal 
nucleus-specific antibody with unknown antigen. (D) Immunofluorescence pattern of Purkinje cell (PC)-specific antibody with unknown antigen. (E) 
Immunofluorescence pattern of overlapping GFAP-IgG and unknown neuron-specific antibody. (F) Immunofluorescence pattern of neuronal intermediate 
filament (NIF), confirmed as α-internexin (INA) by CBA (figure d). (G) Typical immunofluorescence pattern of antimyelin oligodendrocyte glycoprotein (MOG) 
IgG in the myelin of the cerebellum, which was confirmed by CBA (figure c).

Figure 2  Classification of virus and autoantibody. At the onset of herpes simplex virus (HSV) infection, 17/42 (10.5%) patients had antibodies against 
neuronal antigens (n=12, 28.6%), glial fibrillar acidic protein (GFAP) (n=3, 7.1%) or other antigens (n=2, 4.8%); at the onset of Epstein-Barr virus (EBV) 
infection, 24/30 (80.0%) patients had antibodies against neuronal antigens (n=3, 10.0%), GFAP (n=20, 66.7%) or other antigens (n=1, 3.3%); at the 
onset of varicella zoster virus (VZV), 19/47 (40.4%) patients had antibodies against neuronal antigens (n=12, 25.5%), GFAP (n=5, 10.6%) or other 
antigens (n=2, 4.3%). The one patient with cytomegalovirus had GFAP-IgG in the cerebrospinal fluid. The patients with EBV infection were more likely to 
have autoantibodies (24/30), compared with patients with HSV (17/42) or VZV (19/47) infection (p<0.001). More antibodies against neuronal antigens were 
detected in patients with HSV (12/17) or VZV (12/19) infection (EBV 3/24, p<0.001) while more antibodies against GFAP (20/24) were detected in patients 
with EBV infection (HSV 3/17, VZV 5/19, p<0.001). Ab, antibody.
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to have autoantibodies (24/30), compared with patients 
with HSV (17/42) or VZV (19/47) infection (p<0.001). 
More antibodies against neuronal antigens were detected in 
patients with HSV (12/17) or VZV (12/19) infection (EBV 
3/24, p<0.001) while more antibodies against GFAP (20/24) 
were detected in patients with EBV infection (HSV 3/17, 
VZV 5/19, p<0.001).

Relationship between different viruses and GFAP-IgG
EBV increased the odds of having GFAP-IgG as compared with 
other viruses (OR 18.22, 95% CI 6.54 to 50.77, p<0.001), HSV 
(OR 26.00, 95% CI 6.42 to 105.26, p<0.001) and VZV (OR 
16.80, 95% CI 5.07 to 55.68, p<0.001).

Comparisons between patients with autoantibody and those 
without autoantibody
We compared the clinical features between groups (table  1). 
Patients identified as having autoantibody in their CSF (CSF-
positive) had a higher CSF plasma cell count (median: 0 (0–16) 
vs 0 (0–6), p=0.047), higher CSF protein level (median: 1126.00 
(281.00–5352.00) vs 700.00 (76.70–2899.00), p<0.001), 
lower CSF chloride level (mean: 119.80±6.24 vs 122.84±5.26, 
p=0.005), lower ratios of CSF-glucose/serum-glucose (median: 
0.50[0.13-0.94] vs 0.60[0.26-1.23], p=0.003), lower serum 
sodium level (median: 135.00 (113.00–149.00) vs 138.70 
(126.00–147.10), p=0.002), higher serum potassium level 
(3.98±0.39 vs 3.80±0.37, p=0.015) and more enhancement 
of meninges (26/61 (42.6%) vs 12/60 (20.0%), p=0.007), and 
different mRS scores in follow-up (1 (0–6) vs 0 (0–3), p=0.037) 
compared with patients in whom autoantibody was not detected 
in their CSF (CSF-negative). Further subgroup analysis revealed 
that patients with GFAP-IgG had no significant differences from 
patients with other autoantibodies for any factors except for 
decreased memory in follow-up (3/21 (14.3%) vs 11/24 (45.8%), 
p=0.023) and CSF-glucose level (median: 2.93 (1.08–6.94) vs 
3.18 (2.12–5.99), p=0.024).

Therapy and outcome
All patients received antiviral treatment and symptomatic treat-
ment, where there was no statistical difference. Steroid treatment 
was administered to 6, 7 and 11 of the patients with GFAP-IgG, 
with other autoantibodies and without autoantibodies, respec-
tively. Anti-epileptic treatment was administered to 3, 4 and 11 
of the patients with GFAP-IgG, with other autoantibodies and 
without autoantibodies, respectively. No patients died while in 
the hospital, and only one (from the CSF-positive group) died 
during the follow-up period.

The CSF-positive group had longer hospital stay (18 (7–71) 
days vs 15 (5–38) days, p=0.013) compared with the CSF-
negative group. There was no significant difference in the mRS 
score at admission (3 (1–5) vs 3 (0–5), p=0.630) or discharge 
(2 (0–5) vs 1 (0–5), p=0.335) between the CSF-positive and 
CSF-negative groups. A total of 97 (80.2%) patients finished the 
interviews through September 2021 (follow-up duration of 4–64 
months). There was no statistical difference in follow-up dura-
tion between CSF-positive group and CSF-negative group (28 
(4–62) vs 25 (6–64) months, p=0.615). The missed follow-up 
rates in the CSF-positive group and CSF-negative group were 
16/61 (26.2%) and 8/60 (13.3%), respectively (p=0.075), and 
the median follow-up times were 28 (4–62) months and 26 
(6–64) months, respectively (p=0.898). The median mRS scores 
in the CSF-positive and CSF-negative groups were 1 (0–6) and 
0 (0–3), respectively (p=0.037). At the last follow-up, 22/45 

(48.9%) and 7/45 (15.6%) of the 45 CSF-positive patients had 
an mRS score of ≥1 and ≥3, respectively; in contrast, 16/52 
(30.8%) and 1/52 (2%) of the 52 CSF-negative patients had 
these respective mRS scores (22/45 (48.9%) vs 16/52 (30.8%), 
p=0.068 and 7/45 (15.6%) vs 1/52 (2%), p=0.023, respectively) 
(table 1). Only one CSF-negative (VZV infection) patient (1.9%) 
experienced a relapse 2 months later; this patient was diagnosed 
as having autoimmune encephalitis with an unclear neuronal 
autoantibody. No CSF-positive patients experienced a relapse of 
encephalitis, but one patient with EBV infection had decreased 
bilateral vision during follow-up. The mRS scores of the patients 
stratified by autoantibody presence in the CSF are shown in 
figure 3A-D. In each group, there were no statistical difference 
in the mRS scores between patients with different virus infec-
tion, except that in the CSF-negative group, patients with HSV 
infection were worse than those with VZV infection at admis-
sion (median: 4 (2–5) vs 3 (0–5), p<0.001).

A Kaplan-Meier analysis revealed that, compared with the 
CSF-negative patients, the CSF-positive patients were more likely 
to experience a bad outcome after the first attack (p=0.031) 
(figure 3E).

Cohort B
To explore the evidence of EBV infection in brain tissue, we used 
in situ hybridisation in previously reported brain pathological 
examinations from eight patients with GFAP-A and only EBV 
infection confirmed via NGS.18 Positive results were found in 
2/8 (25.0%) patients (figure 4).

DISCUSSION
Different from the spectrum of causative viruses for acute 
meningitis or encephalitis in China (enterovirus (48.89%), HSV 
(27.34%), mumps virus (12.97%) and JE virus (10.79%)),24 
the three most frequent causative viruses found here were HSV 
(34.71%), EBV (24.79%) and VZV (38.84%). In the former 
study, both the serum and CSF were used for virus detection, 
whereas only the CSF was used in ours. Additionally, the range 
of patient ages and regions of residence in their study was also 
different from ours, in which our patients were all from South 
China.

At the onset of viral infections, autoimmune responses occur 
in the CNS, and they produce antibodies targeting neurons, 
astrocytes and oligodendrocytes. The presence of antibodies in 
the early phase of viral encephalitis was demonstrated here by 
typical patterns of antibodies like GFAP-IgG, mostly with high 
titres, and CBA confirmation of some antibodies. In contrast, in a 
previous study, autoantibodies were not detected during the viral 
encephalitis phase; instead, they were detected only during the 
follow-up or autoimmune encephalitis phase after viral encepha-
litis.4 Potential reasons that those antibodies were not recognised 
in previous research include: (1) methodology, for example, the 
Spanish team used rat brain tissue immunohistochemistry, which 
could be less sensitive, whereas commercial monkey brain slices 
with higher affinity were applied in this research and (2) focus—
more attention was paid to antibodies against neuronal surface 
antigens, in which GFAPs are not included.4

As reported in previous studies, multiple viruses were associ-
ated with the same autoantibody, such as NMDAR-IgG,5–12 and 
several kinds of autoantibodies were detected after HSV enceph-
alitis.4 11 13 In agreement with another Chinese study that found 
that HSV is correlated with different antibodies (NMDAR (7/7); 
GABA (1/7); MOG (2/7)),25 we found that HSV is correlated 
with NMDAR (1/17), GFAP (3/17) and MOG (2/17). Most 
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Figure 3  Neurological status of the patients stratified by autoantibody presence in the CSF. The neurological status was measured using the mRS and was 
colour-coded. (A) Each patient’s mRS scores at admission, discharge and recent follow-up are shown in the chart. According to mRS scores at admission, 
there were no statistical differences in severity of infection between CSF-positive and CSF-negative patients. CSF-positive patients seemed to have worse 
neurological status at discharge, although there were no statistical differences. And CSF-positive patients had worse outcome according to the mRS scores 
in recent follow-up. In each group, there were no statistical difference in the mRS scores between patients with different virus infection, except that in the 
CSF-negative group, patients with HSV infection were worse than those with VZV infection at admission (median: 4 (2–5) vs 3 (0–5), p<0.001). (B, C, D) 
Bar charts of statistics on the mRS scores of patients with detectable anti-GFAP antibody (B, n=29, loss to follow-up rate (loss rate)=7/29), with other 
autoantibodies (C, n=32, loss rate=7/32) or without autoantibodies (D, n=60, loss rate=8/60). No significant differences were found among the loss to 
follow-up rates (loss rates) of the different groups (p=0.339). CSF-positive patients (n=45) with follow-up (median: 28 months; IQR: 16–42 months; range: 
4–62 months). CSF-negative patients (n=52) with follow-up (median: 25 months; IQR: 15–44 months; range: 6–64 months). No significant differences were 
found in loss rates between CSF-positive and CSF-negative patients (p=0.075). (E) A Kaplan-Meier analysis with mRS ≥3 as the end point (log rank (Mantel-
Cox), p=0.031). The CSF-positive patients were more likely to have poorer outcomes. There were no statistical differences in outcomes between patients 
with anti-GFAP antibodies and other antibodies. Ab, antibody; CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; GFAP, glial fibrillar acidic protein; HSV, herpes 
simplex virus; mRS, modified Rankin Scale; VZV, varicella zoster virus.
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importantly, a high correlation between EBV infection and 
autoantibodies, especially anti-GFAP, was found. EBV infection, 
compared with HSV or VZV infection, significantly increased 
the risk for autoimmunity to GFAP. Unlike the neurotropic 
viruses HSV and VZV, EBV is carried by B lymphocytes.26 27 
EBV-infected B lymphocytes may pass through the damaged 
blood-brain barrier, thus allowing EBV to enter the CNS.26 27 
Low EBV viral loads in the CNS may come from B lymphocytes, 
whereas high viral loads may reflect the multiplication of EBV 
in the cerebral parenchyma. In either case, EBV showed a higher 
correlation with GFAP autoimmunity in astrocytes, which has 
not been reported. Autoimmune GFAP-A is a clinical phenotype, 
characterised by the presence of GFAP-IgG, fever, headache 
and meningoencephalitis, whose cause and pathogenesis are 
still unknown.28 The present findings and our discovery of EBV 
in brain biopsies from patients with GFAP-A suggest that EBV 
infection may be a potential trigger of GFAP-A. Interestingly, 
astrocytes and neurons can be infected by EBV, as shown here, 
and affected patients can develop antibodies targeting astrocytes 
or neurons, but whether EBV infection makes an individual 
prone to developing GFAP autoimmunity is unclear.

The comparison between the CSF-positive and CSF-negative 
groups might be affected by the proportion of patients with 
anti-GFAP (29/61). Different from previous studies in which 
anti-NMDAR was detected in postinfectious autoimmune 
encephalitis,4–12 anti-GFAP were more frequent than any other 
autoantibodies in the present study, so more manifestations of 
GFAP-A were found in the CSF-positive group. For example, 
we found rectal sphincter symptoms in the CSF-positive group, 
especially among those with GFAP-IgG, although no statis-
tically significant difference. The main clinical phenotype of 
GFAP-A is meningoencephalomyelitis, which means that the 
presence of GFAP-IgG may correlate with an affected spinal 

cord.28 29 Regarding serology, we observed a difference in 
serum sodium and potassium levels between the CSF-positive 
and CSF-negative groups. Hyponatraemia was also reported in 
a Japanese GFAP-A study in which brain MRI abnormalities in 
thalami were reported.30 The CSF-positive group differed from 
the CSF-negative group in terms of the inflammatory response 
as well, with higher lactate dehydrogenase levels in the serum 
and protein levels in the CSF, in agreement with previous 
reports.28–30 According to brain MRI results, 42.6% of the CSF-
positive patients had affected meninges, which is much more than 
the 20.0% of CSF-negative patients. Meningitis is considered 
rare in HSV-1, VZV or EBV infection.31 Only 2 of 15 children 
and teenagers with a viral infection of the CNS had meninges 
involvement on MRI.32 Therefore, meningitis may be caused 
by an autoimmune response. Interestingly, lower chloride levels 
and ratios of CSF-glucose/serum-glucose were found in the CSF-
positive group, which is similar to findings for tuberculosis of 
the CNS. GFAP-A with clinical features like those of tuberculosis 
have been reported.33 34 Another novel finding associated with 
tuberculosis is a self-remitting elevation of adenosine deaminase 
levels in the CSF of patients with GFAP-A.35 Moreover, a case 
series of GFAP-A masquerading as tuberculosis of the CNS was 
recently reported, in which lower ratios of CSF-glucose/serum-
glucose were also found.36

Because this study is retrospective, we saw outcomes of antiviral 
therapy, most of which were natural processes of autoimmune 
responses. Only 24/120 (19.8%) patients were treated with short 
courses of low-dose steroid and there was no statistical differ-
ence between groups. Although postinfectious encephalitis was 
reported in 27.4% of patients with HSV,4 in the present study, 
patients with autoantibodies at the onset rarely experienced 
relapses of encephalitis (only one of the CSF-positive patients 
had an encephalitis relapse; however, relapsing encephalitis was 

Figure 4  Pathological evidence of EBV infection in the CNS of patients with GFAP-A. (A, B, C, D) Brain tissue was obtained from two previously reported 
patients18 with subacute encephalitis. (A, B, C) Tissue was obtained from patient no. 2 in the previous study.18 (D) Tissue was obtained from patient no. 6 
in the previous study.18 (A, B) Inflammation was revealed in the meninges and brain parenchyma. Green arrow: astrocyte dystrophy. (C) Astrocytes with 
EBV infection, detected by ISH. Green solid arrow: EBV-infected astrocyte with degeneration. Green dashed arrow: EBV-infected astrocyte with normal 
morphology. (D) Neurons and astrocytes stained by ISH. (E) EBV-infected NPC tissue, included as a control, was obtained from the patients with GFAP-A in 
cohort B. CNS, central nervous system; EBV, Epstein-Barr virus; GFAP, glial fibrillar acidic protein; ISH, in situ hybridisation; NPC, nasopharyngeal carcinoma.
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also seen in only one patient from the CSF-negative group). 
Postulated mechanisms for postinfectious encephalitis include 
molecular mimicry, the release of antigenic proteins from 
neuronal injury that become autoimmune targets.37 But why 
autoimmune responses here were transient and self-limiting 
remains unknown. Although transient, those immune responses 
worsened inflammation, which was in line with the existing liter-
ature.16 First, from the clinical courses, the duration in hospital 
of the CSF-positive group was longer than that of the CSF-
negative group. Second, in the CSF-positive group, more lesions 
in the meninges and the cerebral parenchyma were observed by 
imaging, and the CSF protein level was higher. Third, a trend 
towards higher mRS scores at discharge (although no statistically 
significant difference) and worse outcomes at follow-up by statis-
tical and survival analysis were found in CSF-positive patients. 
Fourth, although at the onset, the severity of infection might 
be differed by species of virus, at follow-up, rather than species 
of virus, autoantibodies presence seemed more associated with 
worse outcomes. Therefore, we suggest that early identification 
and appropriate administration of immunotherapy may be bene-
ficial for patient recovery. Further work is needed to evaluate the 
significance and feasibility of this protocol through prospective 
studies. It seems that the autoimmune responses at the onset of 
viral encephalitis rarely form chronic ones and differ from those 
in reported biphasic courses.4 38 We suggest that early screening 
of TBA results and CSF cytokines (such as CXCL10/IP-10 and 
IL-21, according to a recent study)39 may predict whether there 
will be subsequent autoimmune responses in patients with virus 
infections. If the TBA and the CSF cytokine results are both 
supportive, immunosuppressive therapies should be applied.

Limitations
Several limitations should be considered. (1) Because of the 
retrospective nature, uncontrolled or unknown factors might 
have confounded results. It is also possible that the retrospective 
identification of patients might have caused a selection bias. To 
rule out potential confounders, we included patients with virus 
detection in only one centre. As a further study, we have applied 
to conduct a multicentre prospective cohort project, which will 
help to more strictly observe the course of this self-limiting 
phenotype. It will also be helpful to observe those patients, 
who need immunotherapy here. (2) It is not possible to know 
for certain whether EBV we found in the CNS was carried in 
by B lymphocytes or came from virus multiplying outside of B 
lymphocytes, because we have not tested for EBV in the serum. 
Although NGS has the advantage of being able to identify a 
wide range of potential pathogens, it seems to be less sensitive 
compared with the standard amplification-based assays in the 
diagnosis of encephalitis, where low viral loads are common.40 
To supplement evidence of EBV infection in brain tissue, we 
used in situ hybridisation, which partially confirmed the EBV 
outside of B lymphocytes. (3) Another limitation is the high loss-
to-follow-up rate. In the CSF-negative group, the mRS score at 
discharge and the loss to follow-up rate were lower compared 
with those in the CSF-positive group, in which the patients lost 
to follow-up had mRS scores ranging from 2 to 5 at discharge. 
Therefore, if all patients were followed up, it would be more 
obvious that patients with autoantibodies had a worse prognosis. 
(4) For the TBA-positive samples, we could no retest them by 
CBA for all the known autoantibodies, which might cause omis-
sion. In the TBA-negative samples, some antibodies might also 
be detected in CSF if CBA which is more sensitive than TBA was 
applied. Therefore, there might be some undetected antibodies 

in both TBA-positive and TBA-negative samples. The results and 
conclusions in this paper were based mainly on the results of 
TBA. (5) Lastly, the proportion of each virus could potentially 
affect the comparison between CSF-positive and CSF-negative 
groups. A larger cohort or a case-control study based on popula-
tion with specific viru infection is needed to clarify it.

CONCLUSIONS
Our work confirmed that autoimmune responses occur in the 
CNS at the onset of different viral infections. Those autoim-
mune responses are mostly transient, and rarely become chronic 
ones. Distinctions were demonstrated among the autoimmune 
responses that correlated with different viruses. EBV potentially 
increased the risk for autoimmunity to GFAP. Patients with auto-
antibodies in the CNS at the onset of viral infections presented 
more serious clinical manifestations and worse prognoses than 
patients without autoantibodies. Early detection of autoanti-
bodies by TBA and the application of immunotherapies may be 
helpful.
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