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Autoantibodies against neurotransmitter receptors detected in cerebrospinal fluid (CSF)

and serum are increasingly recognized in people with human autoimmune encephalitis

causing severe neurological deficits, such as seizures and behavioral abnormalities.

This case report describes the first encephalitis associated with antibodies against

the γ-aminobutyric acid-A receptor (GABAAR) in a dog. A young male intact Cavalier

King Charles Spaniel was presented with recent onset of initial multiple generalized

tonic-clonic seizures progressing into a status epilepticus. Interictally, he showed

alternating stupor and hyperexcitability, ataxia, pleurothotonus and circling behavior to

the left side. Magnetic resonance imaging (MRI) of the brain showed breed-specific

anatomical abnormalities. Standard CSF analysis was unremarkable. Despite treatment

with multiple antiseizure medications (ASMs) seizures and behavior abnormalities

sustained. Immunotherapy with dexamethasone was started on the fifth day after disease

manifestation. This led to rapid improvement of clinical signs. An extensive antibody

search in CSF and serum demonstrated a neuropil staining pattern on a tissue-based

assay compatible with GABAAR antibodies. The diagnosis was confirmed by binding

of serum and CSF antibodies to GABAAR transfected Human Embryonic Kidney cells.

The serum titer was 1:320, the CSF titer 1:2. At the control visit 4.5 weeks after start

of immunotherapy, the dog was clinically normal. The GABAAR antibody titer in serum

had strongly decreased. The antibodies were no longer detectable in CSF. Based on

clinical presentation and testing for GABAAR binding antibodies, this describes the first

veterinary patient with an anti-GABAAR encephalitis with a good outcome following ASM

and corticosteroid treatment.
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INTRODUCTION

Inflammatory autoimmune encephalopathies play a major role in canine neurology (1).
They are described with the umbrella term meningoencephalitis of unknown origin (MUO),
referring to a group of heterogenous sterile autoimmune encephalitides including the
main histopathologically distinguishable subtypes: granulomatous meningoencephalitis (GME),
necrotizing meningoencephalitis (NME) and necrotizing leucoencephalitis (NLE) (2, 3). Initiating
trigger factors or underlying etiologies are largely unknown and a definite diagnosis is only possible
with histopathological investigations of brain tissue (3).
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In contrast, there is growing knowledge on autoimmune
encephalitis in humans: In the last 40 years, a steadily increasing
number of antibodies against neural intracellular or surface
antigens in human patients with autoimmune encephalitis,
often presenting with seizures and also psychiatric or behavior
symptoms, have been described (1, 4, 5). Different subtypes of
autoantibody associated encephalitis tend to differ in their initial
clinical signs (6–8). As such autoantibodies bind to these antigens
and reduce the number of accessible target receptors, a direct
pathogenic influence is strongly suspected (9, 10). This increasing
number of autoimmune encephalitis in Western countries is
comparable to that of infectious ones (11, 12). In dogs as well,
autoimmune inflammatory diseases have recently been described
to outnumber infectious causes of CNS inflammation in the
UK (13).

γ-aminobutyric acid-A receptors (GABAAR) are pentameric
intrinsic or synaptic chloride ion channels and function as an
inhibitory system of the postsynaptic potential in the brain (8,
10). Genetic mutations or aberrations due to antibodies binding
to subunits (α1, β3, γ2) lead to a specific reduction of synaptic
GABAAR, possibly inducing hyperexcitability and risk of seizures
up to status epilepticus (6, 8, 14, 15). The disease appearance can
depend on the affected subunit and the number of antibodies (6,
8, 16). Further symptoms described in humans can be personality
and behavior changes, reduced consciousness, memory deficits or
asymmetric signs like hemibody paresthesia (14, 16).

Case numbers of antibody associated encephalopathies are
overall still low in human medicine and even more scarce in
veterinary medicine (1, 17). Baulac et al. (18) already provided
evidence of an association between GABAAR dysfunction and
epilepsy in humans due to a mutation in the γ2-subunit gene in
2001. Nonetheless, GABAAR encephalitis is an only very recently
reported disease in humans (19). In humans, a partial or complete
recovery occurs in around 80% of cases with immunotherapy and
early start of therapy improves prognosis (1, 8, 14). In dogs, so far
only anti-N-methyl-D-aspartate receptor (NMDAR) 1 antibodies
but no anti-GABAA antibodies were detected in two dogs with
MUO (17).

This case report describes the clinical signs, diagnostic work
up and outcome of the first canine anti-GABAAR encephalitis in
veterinary medicine.

CASE DESCRIPTION

An 1-year-old male intact Cavalier King Charles Spaniel (CKCS)
was presented to the emergency service with a history of
acute generalized tonic-clonic epileptic seizures progressing
to status epilepticus. The owners reported acute onset of
behavioral changes including unusual reactivity toward other
dogs, restlessness, hyperesthesia when touched and excessive

Abbreviations: ASM, antiseizure drugs medication; CKCS, Cavalier King Charles
Spaniel; CSF, cerebrospinal fluid; FLAIR, fluid-attenuated inversion recovery;
GABAAR, γ-aminobutyric acid-A receptors; GABABR, γ-aminobutyric acid-B
receptor; IgG, immunoglobulin G; IV, intravenously; LGI1, leucine-rich glioma-
inactivated protein 1; MUO, meningoencephalitis of unknown origin; NMDAR,
N-methyl-D-aspartate receptor; PCR, polymerase chain reaction; w, weighted.

circling to the left, starting 2 days prior to presentation. The
hyperexcitability was associated with anxiety and defensive
aggression behavior when the dog was touched on different
body parts like tail or pinnae. The dog was reported to be
otherwise healthy except for a suspected food intolerance with
recurrent episodes of diarrhea. He was fed with a hypoallergenic
commercial diet. There was no previous travel history or a recent
vaccination. The owner excluded the possibility of toxin ingestion
as the dog was kept indoors and on the leash during walks.

On general examination immediately after the seizure events,
the dog had an elevated body temperature of 39.7◦C and a systolic
cardiac murmur grade II of VI. The scrotal and inguinal skin
was hyperemic.

The dog had severely reddened, moderately swollen
conjunctives with unilateral subconjunctival hemorrhage
and bilateral prolapse of the nictitating membranes. Ophthalmic
examination revealed diffuse conjunctival chemosis in both eyes
and a diffuse subconjunctival bleeding of the left eye.

The neurological examination was performed postictally. The
dog showed a reduced level of mentation, a moderate head
turn to the left, generalized ataxia and circling to the left.
The dog reacted to touch with hyperexcitability and dysphoric
vocalization, as well as compulsive circling to the left. Conscious
proprioceptive placing was reduced on all four limbs. The
menace response was absent and visual function was reduced.
In the neuroanatomical localization a diffuse forebrain lesion
potentially lateralized toward the left was suspected because of
the asymmetrical clinical signs.

Hematology revealed a mild to moderate leukocytosis and
a macrocytic thrombocytopenia. Serum biochemistry, glucose,
clotting times, dynamic bile acid levels, urine analysis and blood
pressure measurements were unremarkable.

Further examination was performed under general anesthesia.
Premedication consisted of 0.15 mg/kg intravenous (IV)
midazolam (Midazolam ratio 5 mg/ml, Ratiopharm GmbH,
Ulm, Germany) and 0.3 mg/kg IV butorphanol (Butorgesic
10 mg/ml, CP-Pharma, Germany) as well as 0.6 mg/kg IV
narcofol (Propofol 10 mg/ml, CP-Pharma, Germany). After
endotracheal intubation, isoflurane ET 0.9–1.3 Vol% (Isofluran
CP, CP-Pharma, Germany) in oxygen was applied to maintain
general anesthesia.

Magnetic resonance imaging (MRI, Achieva SmartParth to
dStream for XR, a 3.0 T scanner, Philips Medical Systems,
Best, The Netherlands) of the head depicted a mild Chiari-
like malformation with flattening of frontal lobe with increased
height of occipital lobe, suspected reduced volume of the caudal
cranial fossa and caudal displacement of the cerebellum through
the foramen magnum as well as a kinking of the craniocervical
junction (20). No abnormal findings regarding inflammatory
diseases or reversible postictal hyperintensities could be found in
T2-weighted (w) Dixon or Fluid-attenuating inversion recovery
(FLAIR), nor in T1w pre-and post-contrast, and susceptibility-
weighted imaging sequences (17, 21).

The results of the cerebrospinal fluid (CSF) analysis obtained
by cisternal puncture (nucleated cell count, total protein,
cytology) were within normal reference ranges. The computed
tomography (CT (IQon/Spectral CT, Philips GmbH, Hamburg,
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Germany) of the thorax revealed a markedly hypoattenuating
area next to the tricuspid valve without contrast enhancement.
An artifact, turbulence, injected gas or a thrombus was suspected.
Repeated echocardiography (first under anesthesia and later
when awake) did not confirm any cardiac abnormalities except
for mitral regurgitation.

In the 2 days after general anesthesia, the dog remained
stuporous with episodes of hyperexcitability. Seizure activity
and transient obsessive circling to the right continued
despite treatment with ASMs such as diazepam followed
by phenobarbital. For seizure management, 2 mg/kg IV
phenobarbital (Luminal, Sanacorp Langenhagen, Germany) was
administered twice daily and during cluster seizures 2 mg/kg
IV diazepam (Diazepam 10 mg/2ml, B. Braun, Germany) and
additional boli of 2 mg/kg IV phenobarbital. It was noticed that
the epileptic seizures were triggered by stress during handling
or touch.

To ensure nutritional supply, a parenteral gastrostomy tube
was placed under general anesthesia with a premedication
consisting of 4.8 µg/kg IV fentanyl (fentanyl 0.1 mg/2 ml,
Sanacorp Langenhagen, Germany) and 0.5 mg/kg IV narcofol
(Propofol 10 mg/ml, CP-Pharma, Germany) and isoflurane ET
0.9–1.3 Vol % (Isofluran CP, CP-Pharma, Germany) in oxygen
via an oxygen mask was applied to maintain general anesthesia.

Due to the lack of improvement, intravenous therapy with
0.5 mg/kg IV dexamethasone (Dexamethason, CP-Pharma,
Germany) was started 5 days after clinical manifestation followed
by 0.2 mg/kg IV. Gradual clinical improvement occurred over
3 days after start of dexamethasone administration. Then, the
level of mentation and the behavior had improved significantly
and were close to normal. His responsiveness to stimuli was still
limited but he was aware of his surroundings and was interacting.
At this timepoint, the dog showed a normal response to touch
and handling rather than hyperexcitability or stupor as seen at
presentation. The menace response deficits resolved. However,
the head turn to the left and intermittent circling were still
present. After 10 days of hospitalization, the dog was discharged
with normal mentation, but still recurring intermittent circling to
the left and bilateral proprioceptive deficits in the pelvic limbs.

Further examinations for possible pathogens such as tick
borne encephalitis immunoglobulin G (IgG) antibodies enzyme-
linked immunosorbent assay in CSF, Borna virus polymerase
chain reaction (PCR) in ethylenediaminetetraacetic acid blood,
fecal examination for parasites by flotation and emigration
method according to Baermann, Angiostrongylus vasorum
antigen and Anaplasma phagozytophilum PCR in serum
were unremarkable.

Due to acute onset of epileptic seizures associated with
marked behavioral changes resembling a psychosis in people,
panels of neural antibodies were measured in serum and
CSF by coauthors CGB, CB. An extensive antibody profile
demonstrated a neuropil staining pattern on a tissue-based assay
compatible with GABAAR antibodies (Figure 1); the diagnosis
was confirmed by binding of serum and CSF to GABAAR
(α1β3 subunits) transfected Human Embryonic Kidney cells
[all assays from Euroimmun, Lübeck, Germany, used with in-
house-protocols; for the canine material, secondary anti-dog

Immunoglobulin G (IgG) was used]. The serum titer was 1:320,
the CSF titer 1:2. Antibodies against NMDAR, leucine-rich
glioma inactivated protein 1 (LGI1), glutamic acid decarboxylase
like γ-aminobutyric acid-B receptor (GABABR), IgLON family
member 5, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptor, dipeptidyl-peptidase-like protein-6, contactin-
associated protein-2, glycin receptor, metabotropic glutamate
receptor 5 andmetabotropic glutamate receptor 1 tested negative.

The dog showed continuous improvement with ASMs and
1 mg/kg oral corticosteroids (Prednitab vet. 5mg, CP-Pharma,
Germany) once daily. He remained seizure free, and behavior
normalized. Four and a half weeks after discharge, the dog was
neurologically normal at physical examination. Serum GABAAR
antibodies were found at 1:20, and CSF was negative.

At a follow-up telephone conversation 8 months post
diagnosis, owners reported the dog to be clinically normal
without recurrence of epileptic seizures or behavioral
abnormalities except for separation anxiety. The dog remained
treated with 1.7 mg/kg phenobarbital twice daily. Corticosteroid
therapy was tapered after 7 months to 0.7mg/kg daily, but then
the dog developed a bacterial urinary tract infection and the local
veterinarian tapered the corticosteroid dosage further down to
0,1mg/kg daily without a relapse of clinical signs.

DISCUSSION

This case report describes a 1-year-old CKCS presented
with a history of acute progressive forebrain signs. He
showed generalized tonic-clonic epileptic seizures, episodic
hyperexcitability alternating with episode of stupor, and
intermittent left circling behavior. Examination for neural
autoantibodies in serum and CSF revealed GABAAR antibodies.
The dog improved on immunotherapy with corticosteroids, after
the initial ASM treatment failed.

In the last years, the number of cases being affected by neural
auto-antibodies has increased in veterinary medicine (12). A
very famous case was Knut the polar bear from the Berlin Zoo
who was post mortem diagnosed with anti-NMDAR encephalitis
(22). This led to further investigations. An age dependence
of NMDAR antibody seroprevalence was found in dogs, cats,
rats, baboons, and rhesus macaques (23). Furthermore, a direct
link between autoimmune limbic encephalitis in cats with
seizures and LGI1 autoantibodies has been suspected for years
(24, 25). Stafford et al. (17) detected NMDAR antibodies
in the CSF of two dogs with MUO. In addition, in dogs
with necrotizing encephalitis, antibodies against astrocytic glial
fibrillary acidic protein were recognized (26, 27). However,
encephalitis associated with GABAAR has not been described in
dogs until now.

In contrast to anti-GABABR encephalitis, in which mainly
middle-aged human patients with epileptic seizures as core
symptoms are affected (28), GABAAR encephalitis is seen in a
broad age range, even having been diagnosed in babies with a
few months of age (14, 19). In children, nearly all patients suffer
from generalized epileptic seizures, some also have a movement
disorder. A neoplasm can usually not be found in affected
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FIGURE 1 | Antibody diagnostics. Immunofluorescence studies: diluted patient material is incubated with mouse brain sections or human embryonic kidney (HEK)

cells transfected with the antigens of interest. Binding of patient antibodies to the respective matrix is visualized by a secondary anti-human/canine antibody coupled

with an immunofluorescence dye resulting in a red signal. (A–C) Tissue-based assays, mouse cerebellum. (D) cell-based assay with HEK cells which were transfected

with the γ-aminobutyric acid (GABA)-A receptor (GABAAR) subunits α1β3 (all assays from Euroimmun, Lübeck, Germany). Molecular layer (ML), purkinje cell layer (Pu),

granular cell layer (GL), white matter (WM). (A) Human antibodies against the GABAAR. (B) Human antibodies against the GABABR. (C) The canine antibodies against

the GABAAR. Please note that the binding pattern is similar to (A) and not to (B). (D) The canine serum binds to GABAAR transfected HEK cells. Nuclear

counterstaining with Hoechst 33342 in blue. Bar in (A), valid also for (B,C): 100µm. Bar in (D): 25µm.

children. Elderly patients often have a neoplastic condition (14).
The most common associated tumor is a thymoma (8, 14). Other
predisposing diseases, which have been associated with anti-
GABAAR encephalitis, are a herpes virus infection, myasthenia
gravis or other immunocompromising disorders (8, 10, 14, 29).
No underlying viral infection (10), inflammatory condition or
malignant disease was found in the dog, which underwent
extensive tumor staging.

Clinical signs with acute onset seizures progressing to
status epilepticus paired with erratic behavioral changes match
the typical clinical signs in humans (10, 15). The post-ictal
presentation of the CKCS was atypical and exceeded behavioral
changes and aggression known from dogs after seizures (24, 30,
31). The clinical presentation and the lack of response to ASMs
with rather unremarkable diagnostics raised our suspicion for an
antibody associated encephalopathy.

The MRI in the canine case was performed within 48 h
after onset of clinical signs and only showed abnormal brain
anatomy which is typical for the breed. The finding of Chiari-
like malformation in this dog is considered incidental. The CKCS
did not have clinical signs typical for Chiari-like malformation,
such as recurring vocalization, chronic recurrent spinal pain and

reduced activity (20, 32). Nearly 92% of the CKCS population are
affected by Chiari-like malformation (33).

In people with GABAAR encephalopathy, T2-w (FLAIR)
sequences often reveal multifocal uni- or bilateral cortical and
subcortical hyperintensities mainly of the temporal lobes without
contrast enhancement (14, 19). Less frequently, a subcortical
oedema can be seen (10). In 11.5% of the cases, the MRI is
unremarkable (14). MRI abnormalities are more common in
GABAAR encephalitis patients with a high serum antibody titer
(6). On average, a diagnosis in humans is made 2 months after
symptom onset or in a time span of 1 week to 5 years (14). An
unremarkable MRI has been reported in 26.6% of patients with
GABABR encephalitis (34, 35). Interestingly, in anti-NMDA-R
encephalitis, unremarkableMRIs are described in 45% of patients
(36, 37). The MRI in our case was undertaken early after onset of
clinical signs and functional impairment of receptors leading to
interruption of neurotransmission and therefore seizure activity
might have preceded visible edema or increased vascularization
and leakage of the blood brain barrier. A follow-up MRI was
not performed due to financial constraints. Standard CSF studies
were unremarkable in our case. CSF analysis in human patients
with GABAAR encephalopathy can present with pleocytosis and
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increased protein but also can be inconspicuous in up to 40% of
the cases (6, 14).

A possible cause for an unremarkable MRI and CSF
examination could be pretreatment with anti-inflammatory
drugs such as corticosteroids or non-steroidal anti-inflammatory
drugs. This was, however, not reported in the current case.
Another explanation could be lack of sensitivity of the MRI or
CSF to detect subtle changes. In cases of a mild leptomeningitis,
ependymitits or encephalitis MRI can be normal (38, 39). In
meningoencephalomyelitis of unknown origin up to 25% of
dogs can have an unremarkable MRI and CSF analysis (40–
42). In cases of autoantibody encephalitis, clinical manifestations
could be due to antibody-mediated dysfunction of receptors
(43). The MRI may not be sensitive enough to detect the
initial inflammatory process. At a later stage an advanced
demyelination and abnormal vascularization could be depicted
with an MRI. To investigate this theory, MRI could be repeated
later in the disease process, adding diffusion tensor imaging
sequences that have been shown to detect abnormalities in
human NMDAR encephalitis (44, 45) when there are no T2w
FLAIR changes. Another theory is that changes are not seen on
MRI as they are purely functional and do not cause changes
in structure.

In man, a combination of clinical signs and examination
of the autoantibodies in the CSF and serum is recommended
for a definite diagnosis, as well as an extended screening for
other neural antibodies (8, 14). The therapy consists of ASMs
and an immunosuppressive dose of corticosteroids, which is
tapered down gradually after 4 weeks, and then in weekly steps
for 6–12 months if there is constant clinical improvement (1).
In human medicine, additional immunosuppressive medication,
intravenous immunoglobulin, plasma exchange and rituximab
are used (1, 6, 14).

After the start of the therapy with corticosteroids, the
CKCS improved continuously. At the control visit 1 month
later, GABAAR auto-antibodies have decreased significantly.
When the antibody production can be stopped, in man,
the titer decreases by 50% (one titration level) every 4
weeks (46). In our case, the titer decreased by four levels.
Such a rapid decrease could be explained by a shorter
half-life of IgG in dogs compared to humans; in fact,
the canine IgG half-life is unknown (47). A laboratory
inaccuracy [inadvertent deviations by 1 titer level are occasionally
hard to avoid (48)] may have contributed to the rapid
titer decline.

Interestingly, it was reported by the breeder that a relative of
the dog from a previous litter also suffered of epileptic seizures
and acute onset circling. Because of a fast and progressive
course, the puppy died within hours. No diagnosis was available
in this dog, but a familial predisposition for autoimmune
brain disease could be possible (49, 50). Nevertheless, heritable
basis has also been described for idiopathic epilepsy in
CKCS (51).

Even if many parallels can be drawn between human and
veterinary medicine with regard to the clinical signs and the
corresponding auto-antibodies, it must still be questioned in

principle whether the respective antibodies are causative. The
syndrome was similar to that of affected humans. The antibody
titer decreased in parallel to the clinical improvement. Finally,
tests for other neural auto-antibodies gave negative results. All
these arguments speak in favor of a pathogenic relevance of the
GABAAR antibodies.

CONCLUSION

We describe the first case of a dog with an anti-GABAAR
encephalitis. Based on the clinical signs and presentation
(epileptic seizures lacking any response to ASMs, erratic
behavioral changes) and the results of the initial diagnostics
(lack of abnormal findings on conventional MRI and CSF
examination), an autoimmune encephalitis was suspected,
proven, and successfully treated. Clinicians should consider
to test for autoantibodies and start immunotherapy in cases
with a similar clinical presentation and lack of response to
anti-seizure medication even if an inflammatory/infectious
or neoplastic cause was clinically excluded on
MRI and CSF.
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