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Abstract

intRoduction

Encephalitis and meningoencephalitis are clinical syndromes 
that denote underlying cerebral inflammation. Although 
infections, particularly viruses, are considered the most 
important etiological agents, the cause of encephalitis 
remains unidentified in over 50% of the cases.[1] Among the 
‘non‑infectious’ group of encephalitis, treatment responsive 
autoimmune encephalitis (AE) mediated by potentially 
pathogenic autoantibodies directed against neuronal cell 
surface and synaptic proteins are increasingly recognized.[2,3] In 
temperate regions, the incidence and prevalence of AE has been 
reported to be comparable to viral encephalitis.[4] However, 
research on AE from South Asia remains sparse,[5] but 
infectious etiologies are assumed to predominate.[6] Although 
neuronal autoantibodies can occur as para‑ or post‑infectious 
epiphenomena, only about one‑third would result in AE.[7] 
Thus, the detection of neuronal autoantibodies in patients 
with postulated infectious encephalitis is likely to pose both 
diagnostic and therapeutic challenges. It is hypothesized 
that infectious encephalitides are likely to exceed AE and 
that neuronal autoantibodies induced as epiphenomena of 
infections are likely to be mostly clinically insignificant in 
regions with high prevalence of infections. The prevalence 
of pathogenic and non‑pathogenic neuronal autoantibodies 

in infectious encephalitis in a region with a high prevalence 
of infections such as South Asia remains unknown. Thus, we 
studied the sera of our recent study on the viral etiologies 
of encephalitis/meningoencephalitis,[6] to determine the 
prevalence of neuronal autoantibodies and AE in comparison 
to identified infectious etiologies.

Methods

Patients and samples
Consecutive patients with a clinical syndrome of encephalitis/
meningoencephalitis diagnosed according to criteria of 
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the Consensus Statement of the International Encephalitis 
Consortium[8] were prospectively recruited from patients 
admitted to the largest tertiary‑care hospitals in Sri Lanka for 
adults (National Hospital of Sri Lanka, bed‑strength 3900) and 
children (Lady Ridgeway Hospital for Children, bed‑strength 
900) during a period of 21 months. Patients with an alternative 
diagnosis that could mimic encephalitis such as psychiatric 
illness, metabolic disorders, epilepsy, post‑anoxia, vasculitis, 
stroke and septicemia were excluded. The computed minimum 
sample size to achieve a precision of 0.05 and Zα value of 1.96 
was 87 for the initial study of viral etiologies in encephalitis, of 
which, this study is an extension.[6] Diagnosis of encephalitis 
was made by Board‑certified specialists in Neurology, Pediatric 
Neurology, Internal Medicine or Pediatrics. Written informed 
consent was obtained from either the patient, next‑of‑kin 
or guardian. Serum and/or cerebrospinal fluid (CSF) were 
obtained from all patients when these specimens were collected 
as part of their diagnostic work up. Demographic, clinical and 
laboratory data including CSF analysis, blood investigations, 
brain imaging and electroencephalogram (EEG) results were 
recorded from hospital records.

Ethical considerations
The study was approved by the Ethics Review Committees of 
the Faculty of Medicine, University of Colombo, Sri Lanka 
and that of the two hospitals.

Laboratory analyses
Bacteriological screening
CSF was tested using Gram stain and culture on enriched 
culture media.

Virus screening
Serum and CSF were tested. Polymerase reaction (PCR) assays 
were performed to detect Herpes simplex (HSV), Varicella 
zoster (VZV), Epstein Barr (EBV) and cytomegalo (CMV) 
viruses while reverse transcriptase‑PCR was used to detect 
Dengue, Japanese encephalitis (JEV) and West Nile (WNV) 
viruses. Enzyme‑linked immunosorbent assays were used to 
detect specific IgM and IgG antibodies against HSV, Dengue, 
JEV and WNV. Plaque reduction neutralization test (PRNT) 
was performed at the National WNV reference laboratory of 
the National University of Singapore only for samples that 
were positive for WNV‑specific IgM.

Autoantibody assays
Of the autoantibodies associated with encephalitis, only 
ones with established pathogenic roles or with potential for 
pathogenicity by virtue of targeting neuroglial cell surface 
or synaptic proteins were selected for testing. Autoantibody 
assays were performed in the Neuroimmunology laboratory of 
the Nuffield Department of Clinical Neurosciences in Oxford, 
United Kingdom. CSF were no longer available. Sera were 
tested on live cell‑based assays (CBA) for NMDAR, LGI1, 
CASPR2 and Contactin2 antibodies performed according to 
previously described standard protocols.[9] To expand the range 
of possible autoantibodies, sera were also tested on primary 

embryonic rat hippocampal neuronal cultures for surface 
binding antibodies, as previously described.[10] Only those 
that showed neuronal and glial surface‑binding antibodies 
were tested on CBA for AMPAR, GABAAR, GABABR, 
aquaporin‑4 and MOG antibodies. Binding was graded as 
0 (negative) to 4 (strongly positive) by two independent 
observers and considered positive only if results agreed. In 
primary neuronal cultures and CBA, positive controls and 
negative controls (healthy sera) were tested concurrently.

Diagnosis of AE
Since this study aimed to determine whether the neuronal cell 
surface/synaptic autoantibodies were pathogenic, the mere 
detection of antibodies were not taken as indicative of AE. 
The diagnosis of AE was based on the presence of established 
diagnostic criteria for ‘probable’ AE[11] and supported by a 
positive response to immunotherapy.

Results

A total of 108 patients were recruited over a period of 
21 months, but 9 were subsequently excluded due to inadequate 
clinical data for analysis. Patient ages ranged from 1 month 
to 73 years (mean = 24.91; SD = 21.33) with 41.4% being 
less than 12 years of age. The male to female ratio was 1.75:1 
in both adults and children. All 99 patients were tested for 
both geographically restricted and globally prevalent viruses 
known to cause encephalitis. A viral etiology was identified 
in only 27.3% patients with encephalitis, details of which 
have been previously published.[7,12] In addition, a diagnosis 
of bacterial meningoencephalitis was made in 17.1% based 
on typical CSF profiles (high protein, neutrophil pleocytosis 
and low CSF:serum glucose ratio) supported by peripheral 
blood neutrophilic leukocytosis and elevated inflammatory 
markers.[13] However, bacteriological staining of CSF, and 
culture of blood and CSF failed to isolate any specific 
organisms.

Sera of 4 patients showed high‑positive (grade 3 – 4) neuronal 
staining while 5 showed low‑positive (grade 2) neuronal 
staining on live primary embryonic rat hippocampal neuronal 
cultures [Figure 1a]. Sera of five patient were positive for 
specific encephalitogenic autoantibodies on CBA: one with 
CASPR2‑antibodies (1%), two with NMDAR antibodies (2%) 
and two with GABABR antibodies (2%) [Figure 1b and 
Table 1]. Only two were positive on both primary neuronal 
cultures and CBAs: Patient 2 (NMDAR antibodies) and Patient 
5 (GABABR antibodies). Patient 4 serum bound to glial cells 
in the hippocampal cultures but was positive for GABABR 
antibodies. Patient 1 (CASPR2 antibodies), and Patient 
3 (NMDAR antibodies) did not have serum antibodies to the 
primary cultures. All other sera, including the four with positive 
neuronal antibodies, were negative for AMPAR, GABAAR, 
aquaporin‑4 or MOG antibodies. Unfortunately, CSF was no 
longer available for antibody testing.

The clinical profiles, relevant investigation results and 
treatment outcomes of the patients with serum CBA positive 
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antibodies are shown in Table 1. The antibody results were not 
available at the time of diagnosis. Patient ages ranged from 
3.5 to 59 years with four of five patients being male. Patient 
2 and Patient 3 fulfilled criteria for a diagnosis of ‘probable 
NMDAR‑antibody encephalitis’ at presentation, which 
included cognitive dysfunction, seizures, dyskinesias, mutism, 
altered level of consciousness, abnormal EEG, CSF pleocytosis 
and exclusion of other etiologies.[11] The cranial CT scan was 
normal in Patient 2 while the cranial MRI was normal in Patient 
3 as seen with most NMDAR‑antibody encephalitides. These 
two patients were treated with high‑dose intravenous steroids. 
All patients received intravenous antibiotics and aciclovir 

and/or a short course of dexamethasone, which is the default 
practice when a definitive etiological diagnosis is not evident.

In addition, dengue IgM antibodies were detected in significant 
titers in Patient 1 (serum and CSF) and Patient 2 (CSF). Although 
Patient 1 had leukocytosis at presentation, he developed 
leucopenia and thrombocytopenia during the ensuing days 
consistent with dengue fever complicated by encephalitis, but 
without evidence of plasma leakage. All his counts subsequently 
normalized. The clinical profile, peripheral leukocytosis, and 
CSF pleocytosis noted in Patient 4 and Patient 5 were consistent 
with partially treated bacterial meningoencephalitis. These two 
patients had received antibiotics for five to six days before lumbar 

Table 1: Clinical profiles, investigation results and treatment outcomes of patients with serum encephalitogenic 
autoantibodies directed against cell surface and synaptic proteins

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Neuronal antibodies 
detected using CBA

CASPR2 NMDAR NMDAR GABABR GABABR

Staining on primary 
neuronal cultures 

None Neuronal None Glial Neuronal 

Gender, Age (years) M, 58 F, 3.5 M, 39 M, 19 M, 59
Prodrome or 
concurrent symptoms

Chills, myalgia Irritable, aggressive, 
insomnia

Mutism None arthralgia and 
myalgia

Fever Y (3 days) N N Y (5 days) Y (1 day)
Headache Y N N N Y
Altered level of 
consciousness

Y (confusion) Y (abnormal behaviour 15 
days)

Y (abnormal 
behaviour)

Y (confusion) Y (confusion)

Seizures N Y Y (right focal seizures) Y (GTCS) Y (GTCS)
GCS 14/15 9/15 9/15 8/15 13/15
CT brain Normal Normal Not done Normal Normal
MRI brain Not done Not done Normal Not done Not done
EEG Generalized slow wave 

discharges
Right‑sided slow waves 
with abnormal sleep EEG. 
Rhythmic sharps were in 
bilateral mid‑frontal regions

Generalized slow 
wave discharges

Generalized slow 
wave discharges

Low voltage cerebral 
activity

Cerebrospinal fluid 
Colour Colourless Colourless Colourless Colourless Colourless
Protein (mg/dl) 25 45 59 49 52
Glucose: CSF/plasma 4.8/6.0 4.0/7.6 5.7/9.4 4.2/7.2 4.0/7.8
Lymphocytes 08 25 15 10 08
Polymorphs 00 00 00 20 25
Gram stain Negative Negative Negative Negative Negative
Culture and AFB Sterile Sterile Sterile Sterile Sterile
Screen for viruses Dengue IgM antibodies 

in serum 11.88 and in 
CSF 17.26 panbio units

Dengue IgM antibodies 
in serum 2.96 and in CSF 
14.03 panbio units

Negative Negative Negative

Treatment Intravenous ceftriaxone 
and aciclovir for 10 
days

Intravenous aciclovir for 
14 days.
Intravenous methyl 
prednisolone 30 mg/kg for 
3 days.

Intravenous 
ceftriaxone and 
aciclovir for 14 days. 
Intravenous methyl 
prednisolone 1 g/d for 
3 days.

Intravenous 
dexamethasone for 4 
days, ceftriaxone and 
aciclovir for 10 days. 

Intravenous 
ceftriaxone and 
aciclovir for 14 days. 

Duration of hospital 
stay

14 days 34 days 17 days 12 days 15 days

Outcome at discharge 
from hospital 

GCS 15/15 and return 
to premorbid level of 
cognitive functions.

GCS 15/15 and return 
to premorbid level of 
cognitive functions.

GCS 15/15 and return 
to premorbid level of 
cognitive functions.

GCS 15/15 and return 
to premorbid level of 
cognitive functions.

GCS 15/15 and return 
to premorbid level of 
cognitive functions.

Final diagnosis Dengue encephalitis NMDARAb encephalitis NMDARAb 
encephalitis

Bacterial 
meningoencephalitis 

Bacterial 
meningoencephalitis

Cut off values for Dengue IgM antibodies: positive >11; equivocal 9–11; negative <9. AFB – Acid fast bacilli. CBA – cell‑based assay.  
GTCS – generalised tonic‑clonic seizures. Y – Yes; N – No. 
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punctures were performed. All patients with encephalitogenic 
antibodies demonstrated abnormal EEG activity consistent 
with cerebral inflammation, but only Patient 2 had epileptic 
discharges. All patients recovered normal consciousness and 
premorbid cognitive status at time of discharge. Only Patient 2 
had a prolonged hospital stay while the others were discharged 
from hospital in 12 to 17 days.

discussion

Among the 99 patients presenting to hospital with a clinical 
syndrome of encephalitis or meningoencephalitis, an 
infectious etiology was identified in 44.4%, NMDAR‑antibody 
encephalitis was diagnosed in 2% and the etiology remained 
undetermined in 53.6%. The etiology of encephalitis in the 
undetermined group was assumed to be infectious given 
the high prevalence of infections in the region. Although 
neuronal surface and synaptic protein binding autoantibodies 
were detected in 9.1% of patients, established pathogenic 
antibodies of recognized AE were identified in only 5% among 
them. However, a definitive diagnosis of AE was established 
only among the two patients with NMDAR antibodies who 
fulfilled the established diagnostic criteria[11] and responded 
to immunotherapy. Thus, our data suggest that neuronal cell 
surface/synaptic protein binding autoantibodies to recognized 
and yet unrecognized epitopes occur in about one tenth of 
patients presenting with encephalitis, and that often these 
autoantibodies occur as para‑ or post‑infectious epiphenomena 
without an identified pathogenic role.

Although in this study AE was diagnosed in only 2% of 
unselected encephalitis patients, a recent study which selected 
patients with suspected AE based on established diagnostic 
criteria[11] found up to 50% of patients to have AE and 44.6% 
of them to have detectable pathogenic antibodies to recognized 
AE in CSF.[5] The higher yield in the cited study is likely due 
to exclusion of patients with likely infectious etiologies, which 
probably accounts for most of the encephalitis in regions with 
a high prevalence of infections.

There are many clinical and investigational overlaps between 
infectious and AE while sensitivities of diagnostic assays are 
not optimal. Moreover, the therapeutic use of corticosteroids 
also in CNS infections, the empirical use of antibiotics and 
the limited availability of reliable diagnostic tests are likely 
to further blur the distinction between infectious and AE. 
In this study, a definitive diagnosis of AE was stringently 
established based on established diagnostic criteria,[11] 
detection of pathogenic autoantibodies and response to high 
dose intravenous corticosteroids. Thus, it is possible that a few 
seronegative AE may have been misclassified as ‘infectious’ 
or ‘etiology undetermined’ encephalitis.

Curiously, the two patients diagnosed with NMDAR‑antibody 
encephalitis in our study recovered within days with high 
dose intravenous steroids alone without requiring further 
immunosuppression, but similar responses have been 
previously reported.[14] Since the antibody status was not 
known at the time of diagnosis, no attempts were made to 
screen for underlying tumors. However, tumors are rare 

Figure 1: (a) Primary embryonic rat hippocampal neurons in culture labelled with MAP2 (neuronal stain) and DAPI (nuclear stain). Patient serum 
antibodies are detected binding to the surface of neuronal cell bodies and processes (top row). In contrast, healthy control serum does not show any 
binding in the neuronal cultures (bottom row). Scale bar = 10 mm. (b) Representative immunofluorescence images of a cell-based assay. HEK cells 
transiently transfected with NR1 and labelled with DAPI (nuclear stain) shows cell surface binding with patient serum (top row). Healthy control serum 
does not show any binding (bottom row). Scale bar = 10 mm

b

a
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among pediatric patients who develop NMDAR‑antibody 
encephalitis.[15]

Interestingly, Patient 2 was also positive for dengue 
antibodies [Table 1]. Dengue is recognized as a leading cause 
of encephalitis in endemic regions and encephalitis may present 
as a primary manifestation of the infection.[16‑18] Dengue has 
emerged as the most important vector‑borne disease accounting 
for recurrent epidemics in Sri Lanka,[19] with encephalitis as a 
frequent presentation.[6] Thus, it is plausible that patients with 
AE may have co‑infection with dengue virus in an endemic 
region, but it is tempting to postulate that the AE may have 
been triggered as a post‑infectious phenomenon of dengue as 
has been described with HSV and Japanese encephalitis.[7,20] 
Such postulations would require further study.

None of the patients with GABABR or CASPR2 antibodies, 
had clinical or investigational characteristics consistent with 
a diagnosis of limbic encephalitis,[11] but had alternative 
diagnoses ‑ Patient 1: dengue encephalitis, Patient 4 and 
Patient 5: partially treated bacterial meningoencephalitis. 
These patients recovered with antiviral and antibiotic 
medication without requirement of immunotherapies. 
Thus, it is likely that these autoantibodies occurred as a 
para‑ or post‑infectious epiphenomenon with no pathogenic 
consequences at the time of the study. Virus‑induced 
antibody generation is likely to be a widespread mechanism 
and patients may require long‑term follow up to define the 
significance and pathogenic potential of these autoantibodies 
detected during or after infections.

There are some limitations to our study. First, our data 
suffers from the inherent bias of hospital‑based studies and 
is likely to be an underestimate. Second, although patients 
were recruited prospectively, specimen analyses were done 
later and therefore the results were not known at the time 
of diagnosis and treatment, leading to lack of long‑term 
follow‑up data or screening for tumors. Furthermore, since 
there was no long‑term follow up of patients, the significance 
of the detected autoantibodies could not be defined. Third, as 
CSF was not available at the time of analysis, we had to rely 
on serum testing which could have underestimated NMDAR 
antibodies (although this is not common with live CBAs) or, 
conversely, detected neuronal autoantibodies that did not have 
the potential to cross the blood brain barrier.[21] Fourth, had 
cranial magnetic resonance imaging been performed on all 
patients, we may have identified more patients of seronegative 
AE. Finally, an infectious etiology may have been more 
commonly identified had more specialized microbiological 
investigations been utilized.

conclusions and RecoMMendations

This study informs clinicians that an infectious etiology 
remains the commonest identified cause of encephalitis in 
regions with a high prevalence of infections and that both 
pathogenic and non‑pathogenic neuronal autoantibodies can 
occur as post‑ or para‑infectious epiphenomena in encephalitis, 

and recommends that the occurrence of neuronal autoantibodies 
be interpreted in the clinical context of established diagnostic 
criteria for AE.[11,22]
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