
Vol.:(0123456789)1 3

https://doi.org/10.1007/s10072-021-05506-6

COVID-19

Anti‑GAD associated post‑infectious cerebellitis after COVID‑19 
infection

Ahmed Serkan Emekli1  · Asuman Parlak1 · Nejla Yılmaz Göcen2 · Murat Kürtüncü3

Received: 6 March 2021 / Accepted: 18 July 2021 
© Fondazione Società Italiana di Neurologia 2021

Abstract
The coronavirus disease 2019 (COVID-19), caused by the novel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), continues to spread rapidly all over the world. Besides severe pneumonia, it causes multisystemic disease, including 
neurological findings. Here, we present a patient with anti–glutamic acid decarboxylase (anti-GAD) antibody-associated 
cerebellitis developed after COVID-19 infection. The patient responded well to the immune treatments. Our knowledge about 
SARS-CoV-2 infection–related neurological disorders is limited. New data are needed to recognize the clinical spectrum of 
autoimmune neurological disorders that emerges after SARS-CoV-2 infection.
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Introduction

The coronavirus disease 2019 (COVID-19), caused by 
the novel severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), continues to spread rapidly all over the 
world [1]. Besides severe pneumonia, it causes multisys-
temic disease, including neurological findings such as anos-
mia, cranial neuropathies, Guillain–Barre syndrome, and 
encephalitis. Our current knowledge about post-infectious 
immune pathologies caused by SARS-CoV-2 is limited. 
Herein, we present a patient with anti–glutamic acid decar-
boxylase (anti-GAD) antibody-associated cerebellitis devel-
oped after COVID-19 infection.

Case

A 54-year-old male teacher presented with anosmia and 
generalized myalgia that started 2 days ago. The patient’s 
past medical history revealed primary hypertension treated 
with candesartan for 2 years. On admission, the patient did 
not have any respiratory symptoms, and his vital signs were 
within normal limits. There was pneumonic infiltration sug-
gestive of asymptomatic pneumonia on his chest computed 
tomography. The patient’s nasopharyngeal real-time reverse 
transcriptase-polymerase chain reaction (rt-PCR) test for 
SARS-CoV-2 was positive. He was treated with favipiravir 
with a loading dosage of 1600 mg and maintenance dosage 
of 600 mg per day, acetylsalicylic acid 100 mg per day, and 
paracetamol 1000 mg per day.

After treatment for 5  days, the patient’s symptoms 
resolved. However, 2 weeks later, the patient complained of 
incoordination during writing due to a slight tremor in his 
hands. One week later, truncal ataxia was added to the clini-
cal picture causing gait difficulty. On his first neurological 
examination in the emergency department, the patient was 
disoriented. He had dysarthria and a convergence spasm in 
his ophthalmologic examination. Deep tendon reflexes were 
normoactive, and he had bilateral moderate appendicular 
and severe truncal ataxia. He could not walk independently 
with a Scale for Assessment and Rating of Ataxia (SARA) 
score of 19.5/40.
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The patient’s brain magnetic resonance imaging (MRI) 
revealed edematous changes and hyperintensities in the cer-
ebellar cortex in T2-weighted and FLAIR images (Fig. 1). 
Additionally, mild pial contrast enhancement was also 
observed in the cerebellum. The patient’s cerebrospinal 
fluid (CSF) examination revealed a normal opening pressure. 
There were 20 lymphocytes/mm3 in the CSF. The CSF total 
protein level was 45 mg/dl (normal range: 15–45 mg/dl); 
the glucose level was 62 mg/dl with a simultaneous blood 
glucose level of 97 mg/dl. The CSF culture was sterile.

To investigate COVID-19 encephalitis, the SARS-CoV-2 
rt-PCR test was repeated for both CSF and nasopharyngeal 
specimens with negative results. Additionally, thyroid func-
tion tests and serum vitamin  B12 and folate levels were also 
within normal limits. However, anti-thyroid peroxidase, 
anti-thyroglobulin levels, and anti-tissue transglutaminase 
IgG were slightly higher. VDRL, wright test for Brucella 
infection, anti-tissue transglutaminase IgA, anti-Hu, anti-
Yo, anti-Ri, anti-amphiphysin, anti-Tr, anti-PCA-2, anti-Ma, 
anti-CV2-1, anti-ANNA-3, anti-NMDA-R, anti-AMPA-R1, 
anti-AMPA-R2, anti-Caspr2, anti-LGI1, and anti-GABA-
R antibodies were negative in the serum samples. Serum 
anti-GAD antibody level was 114.41 IU/ml (normal range: 
0–5  IU/ml). We also performed a chest and abdominal 
CT scan to investigate further, which did not show any 
abnormality.

The patient was treated with methylprednisolone 1 gr/
day for 10 days and intravenous immunoglobulin 0.4 gr/kg/
day for 5 days. One month after the treatment, the patient 
was able to walk independently without any signs of appen-
dicular and truncal ataxia with a mild tremor in his upper 
extremities that was successfully treated with propranolol. 
Monthly intravenous immunoglobulin and oral methylpred-
nisolone treatment were given for 3 months. The patient’s 
SARA score 3 months after his first symptoms was 1/40.

Discussion

Immune-mediated neuronal apoptosis and dysfunction are 
observed in the autoimmune cerebellar syndromes, includ-
ing gluten ataxia, opsoclonus-myoclonus syndrome, para-
neoplastic cerebellar degeneration, and post-infectious cer-
ebellar syndromes using various mechanisms [2]. One of 
the well-defined ataxic syndromes, the anti-GAD antibody, 
may cause an autoimmune cerebellar syndrome by impairing 
GABAergic transmission via cell-mediated immunity [3].

As far as our knowledge, this is the first case with 
post-infectious anti-GAD antibody-related cerebellar 
syndrome after SARS-CoV-2 infection. Reported cases 
of ataxia associated with SARS-CoV-2 are reviewed in 
Table 1. Para-/post-infectious ataxia is reported between 
7 and 83 years of age. However, the majority of cases 
were reported in middle-aged male patients as in our 
case. Besides ataxia, a wide spectrum of clinical findings 
was observed including opsoclonus, myoclonus, ocular 
movement disorders, seizures, vertigo, behavioral disor-
ders, involuntary movements, tremor, and dysarthria. Our 
case adds convergence spasm to these diverse findings. 
Four out of 31 cases reviewed in Table 1 have abnormal 
brain imaging including hyperintensities in the brainstem 
and cerebellum. However, brain FDG-PET abnormali-
ties in the frontal cortex and cerebellum were reported 
in another three patients. Similar to our case, bilateral 
cerebellar hemispheres and vermis hyperintensities in 
FLAIR imaging and cerebellar cortical meningeal con-
trast enhancement were observed by Fadakar et al. [25]. 
In contrarily to our case, the presentation of cerebellar 
ataxia was concomitant with COVID-19 infection, and 
SARS-CoV-2 rt-PCR test was found positive in CSF [25]. 
Although autoantibody screening was performed in the 
majority of cases, anti-amphiphysin, anti-NMDAR anti-
bodies, and autoantibodies directed against the nuclei of 

Fig. 1  Brain MRIs show edematous hyperintense changes in T2-weighted and FLAIR images in the cerebellum (a, b, c) and cerebellar pial con-
trast enhancement (d)
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Purkinje cells, striatal and hippocampal neurons in serum, 
and CSF immunostaining were reported only in three cases 
[4, 6, 17]. In the reported cases in which patients who had 
SARS-CoV-2 rt-PCR test were positive either in CSF or 
nasopharyngeal swabs, it indicates cerebellar syndrome 
is related to the infectious process. The majority of cases 
responded well to the immunotherapy, although mortal-
ity was reported in one patient without specific treatment.

In our case, the SARS-CoV-2 rt-PCR test was negative in 
the nasopharyngeal and CSF specimens, whereas anti-GAD 
antibody was detected with a high titer in the etiological 
workup of the cerebellar syndrome. It has been reported that 
the detection of anti-GAD antibodies in high titers suggests 
autoantibody-specific disease [2]. The dramatic response to 
immune therapies such as high-dose steroids and intravenous 
immunoglobulin also suggests the existence of an underlying 
autoimmune process. Besides, anti-GAD-associated neuro-
logical disorders are frequently accompanied by autoimmune 
disorders such as autoimmune thyroiditis and gluten sensi-
tivity, as in our case [26]. Various side effects are reported 
with high-dose favipiravir in the treatment of COVID-19 
[27]. However, cerebellar ataxia and convergence spasm are 
not among well-known adverse effects of favipiravir use, and 
drug toxicity is not a likely cause in our case.

These findings confirm that high titer anti-GAD seroposi-
tivity is associated with post-infectious cerebellar syndrome 
in our case. Besides our findings, anti-amphiphysin, anti-
Caspr2, anti-GD1b, and anti-NMDAR antibodies related 
to neurological disorders after SARS-CoV-2 infection have 
been reported in the literature, suggesting that SARS-CoV-2 
infection might trigger autoimmunity [4, 6, 28–30]. How-
ever, it seems complicated to establish a direct pathogenetic 
relationship between SARS-CoV-2 infection and anti-GAD-
associated autoimmune cerebellitis.

Conclusion

Since the first months of its emergence, SARS-CoV-2 
infection has been associated with a wide array of neuro-
logical and neuropsychiatric findings, including encepha-
litis, inflammatory central nervous system syndromes, 
ischemic strokes, and peripheral neurological diseases 
[31]. Our knowledge about SARS-CoV-2 infection–related 
neurological disorders is limited. New data are needed to 
recognize the clinical spectrum of autoimmune neurologi-
cal disorders that emerges after SARS-CoV-2 infection.
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