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Abstract [ MOREONLINE

Objective COVID-19 Resources
To determine whether the frequency of paraneoplastic or autoimmune encephalitis antibodies For the latest articles,
examined in a referral center changed during the COVID-19 pandemic. invited commentaries, and
blogs from physicians
Methods around the world

The number of patients who tested positive for neuronal or glial (neural) antibodies during NPub.org/COVID19
pre-COVID-19 (2017-2019) and COVID-19 (2020-2021) periods was compared. The tech-

niques used for antibody testing did not change during these periods and included a compre-

hensive evaluation of cell-surface and intracellular neural antibodies. The chi-square test, Spearman

correlation, and Python programming language v3 were used for statistical analysis.

Results

Serum or CSF from 15,390 patients with suspected autoimmune or paraneoplastic encephalitis
was examined. The overall positivity rate for antibodies against neural-surface antigens was similar
in the prepandemic and pandemic periods (neuronal 3.2% vs 3.5%; glial 6.1 vs 5.2) with a mild
single-disease increase in the pandemic period (anti-NMDAR encephalitis). By contrast, the
positivity rate for antibodies against intracellular antigens was significantly increased during the
pandemic period (2.8% vs 3.9%, p = 0.01), particularly Hu and GFAP.

Discussion

Our findings do not support that the COVID-19 pandemic led to a substantial increase of known
or novel encephalitis mediated by antibodies against neural-surface antigens. The increase in Hu
and GFAP antibodies likely reflects the progressive increased recognition of the corresponding
disorders.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the causative virus of COVID-19, is associated with a wide range
of neurologic symptoms, with encephalopathy the most frequent
among patients admitted to hospitals. Activation of the
immune system by the virus has emerged as a potential
contributor to the complications of some patients. In particu-
lar, broad humoral immune activation seems to be frequent in
patients with COVID-19," and some studies have demon-
strated a high prevalence of neuronal or glial (neural) anti-
bodies in the CSF of patients with neurologic manifestations.>>
However, the scarce epidemiologic data on patients with
COVID-19 do not support an increase in the incidence of
autoimmune encephalitis (AE).*® A problem in assessing
whether there is a causal relationship between SARS-CoV-2
and AE is that the frequency of AE in general is very low, and
therefore, small studies are not powered enough to address this
question.

We reasoned that any substantial association between
COVID-19 and AE would be reflected by the pattern of case
referrals to a clinical laboratory focused on the study of par-
aneoplastic and AE. To test this hypothesis, we assessed the
frequency and type of neural antibodies in a cohort of 15,390
patients with suspected encephalitis over a period of S years
that covered the prepandemic and pandemic periods.

Methods

Patients with suspected AE whose serum or CSF was sent to
the Neuroimmunology Clinical Laboratory of Hospital Clinic
of Barcelona for antibody testing between January 1, 2017,
and December 31, 2021, were included. The repertoire of
techniques used to determine neural antibodies has previously
been reported and did not change over the study period.7
These included immunohistochemistry (IHC), cell-based
assays (CBA) with HEK293 expressing 18 distinct neuronal
surface antigens (NSA), 2 glial surface antigens (GSA: MOG,
AQP4), or immunoblots containing 12 intracellular neural
antigens. Samples that produced brain tissue reactivity with-
out identification of the specific antigen were further exam-
ined with live neuronal immunofluorescence to determine
antibodies against potentially novel surface antigens. De-
termination of antibodies against GFAP was not systemati-
cally performed unless the syndrome or IHC suggested the
presence of these antibodies.

We compared the frequency of antibody-positive patients from
pre-COVID-19 (2017-2019) and COVID-19 (2020-2021)
periods. The chi—square test was used to compare proportions.
Spearman correlation was used to analyze a temporal trend
during the 5 years of study of positivity rates, where rho is the
measure for strength of association; positive values indicate
monotonic increase, and negative values indicate a monotonic
decrease. A p-value under 0.05 was considered significant. Sta-
tistical analyses and visualization were performed with Python

programming language v3 (python.org/).
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Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by the local ethics board.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results

Samples of 15,390 patients were included in the study: 7,151
were tested for antibodies against NSA, 6,718 for antibodies
against intracellular antigens (ICA), and 5,922 for antibodies
against GSA. Testing for more than one group of autoanti-
bodies was performed for 4,051 patients, most commonly
NSA + ICA (3,323 patients). Overall, CSF antibody studies
were obtained in 4,486 of 7,151 (63%) patients tested for
NSA, 3,603 of 6,718 (54%) tested for ICA, and 712 of 5,922
(12%) tested for GSA.

Considering all types of antibodies, there were 801 positive
results from 794 different patients: 235 NSA, 216 ICA, 336
GSA, 6 NSA + ICA, and 1 NSA + GSA. This finding represents
an overall positivity rate of 5.2% (95% CI 4.8%-5.5%) for any
type of neural antigen over the S-year period. The most fre-
quent antibodies (>20 cases each) in order of frequency were
MOG, AQP4, LGI1, NMDAR, GAD, Hu, double intracellular,
and IgLONS (Figure 1).

The number of patients examined during the pre—
COVID-19 period was 8,209 and during COVID-19
was 7,181 (Figure 2). Therefore, the annualized mean
number of patients tested increased 1.3 times during the
COVID-19 period (p < 0.001; 1.2 ICA, 14 GSA, and 15
NSA). Compared with the pre~COVID-19 period, the overall
positivity rate changed from 4.9% to 5.4% (p = 0.18) for any
type of neural antibody during COVID-19. This rate change
varied depending on the type of antibody (Figure 2). The
overall NSA positivity rate did not significantly change
during COVID-19 (p = 0.51), but subanalysis of NSA for
different specificities showed a mild but significant increase of
patients with anti-NMDAR encephalitis (p = 0.03). The
overall GSA positivity rate was also similar across both pe-
riods. By contrast, the overall rate of ICA showed a 1.4-fold
increase (p = 0.01), particularly for Hu and GFAP antibodies
(Table).

To explore the temporal trend of the positivity rate, a corre-
lation analysis was performed. The global positivity rate
progressively increased starting in the pre-COVID-19 period
(rho = 0.99, p < 0.001). For the different specificities, this
analysis showed an increasing tendency of positivity for Hu
antibodies and a decreasing tendency for MOG and SOX1
antibodies, whereas no significant trends were observed for
the rest of antibodies including those against unknown surface

antigens (rho = —0.4, p = 0.5) (Table).
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Figure 1 Antibody Findings During the Study Period (2017-2022)
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Donut pie chart illustrating the distribution of specific antigenic reactivities among 801 positive results. Numbers indicate the percentage of particular

antigenic specificities among patients with neural antibodies.

Discussion

This study shows that during the COVID-19 pandemic, we
did not experience a significant increase of referral samples
from patients with encephalitis mediated by antibodies against
NSA. In this category, the only exception was patients with anti-
NMDAR encephalitis for whom referrals mildly increased. The
implications of this finding are unclear, but we suspect it is
unrelated to COVID-19. The involvement of vaccines as po-
tential cause of a selective mild increase of the number of cases
with anti-NMDAR encephalitis, without affecting the frequency
of other disorders (e.g, MOG-associated syndromes or other
encephalitis) seems improbable. Other possibilities seem more
likely: During the same period, we were conducting a pro-
spective study of patients with anti-NMDAR encephalitis that
could have potentially led to an increase of referrals.® Moreover,
the COVID-19 pandemic probably modified the referral pat-
terns for some of these patients. For example, patients who
previously would have been considered as having first-onset
psychosis or abnormal behavior and referred to psychiatry
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Neurology: Neuroimmunology & Neuroinflammation

facilities may have been investigated for possible viral or vaccine-
induced AE during the pandemic, as suggested by the increase
of samples referred for testing of NMDAR and other NSA.

During the pandemic, we did not find an increase of samples
with GSA antibodies (MOG, AQP4). This finding is important
in the context of COVID-19 because brain demyelinating
lesions resembling acute disseminated encephalomyelitis
(ADEM) have been described in patients with COVID-19.” By
contrast, the frequency of antibodies against ICA showed a 1.4-
fold increase, particularly for the Hu antibody and GFAP
(which was first described in 2016)."° This observation may be
related, in part, to a steady increased recognition of patients
harboring these antibodies that had already been noted pre-
COVID-19," or a true rise in incidence, possibly because of the
increased use of immune checkpoint inhibitors.'” There is no
previous evidence of Hu antibodies triggered by viral infections,
and therefore, this also seems unlikely for SARS-CoV-2, but
we cannot exclude a causal relationship with the COVID-19
pandemic or vaccination.
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Figure 2 Distribution of Antibody Categories Studied During Pre-COVID and COVID-19 Periods
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Bar charts comparing the number of unique patients screened for NSA, ICA, and GSA antibodies during the pre-COVID (3 years) and COVID-19 (2 years)
periods, showing also the number with positive results and the positivity rates. *p = 0.01. GSA = glial surface antigens; ICA = intracellular antigens; ns = not

significant; NSA = neuronal surface antigens.

In our center, around 7,000 patients were admitted for
COVID-19 from onset of the pandemic until December 2021.
These patients were not systematically tested for neuronal
antibodies unless they had symptoms of encephalitis. None of
these patients developed encephalitis associated with antibodies
against neuronal surface or intracellular antigens. Moreover, 39
patients with COVID-19 were admitted for encephalopathy or
encephalitis of unclear etiology, and none had antibodies against
cell surface or intracellular neural proteins.® These patients were
comprehensively tested with all the indicated techniques that
also showed the absence of immunoreactivity against blood
vessels, ependymal cells, oligodendrocytes, or microg]ja.6 Thus,
we did not find any emerging novel or atypical antibody re-
activity during the COVID-19 pandemic compared with our
experience over the years with thousands of patients examined
for antibodies against neural antigens or cases with AE postviral
infections (i.e., herpes simplex encephalitis), patients with psy-
chosis, patients with schizophrenia, patients with neurodegen-
erative diseases, or healthy participants.'>'*
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Our study does not exclude the possibility of antibodies not
detectable by the current techniques; however, these are the
same techniques that led us to discover 12 of the currently
known antibodies against neuronal surface proteins.'> A recent
study examining a potential change in the serum positivity rate
of § antibodies (MOG, AQP4, NMDAR, LGI1, and Caspr2)
during the COVID-19 pandemic did not find any significant
increases in positivity but did find a decrease positivity rate of
LGI1 antibodies,'® which we did not observe in our study.

A limitation of our study is that we do not have the clinical
information of most of the cases or know the rate of vacci-
nation. However, over 85% of the Spanish population par-
ticipated in the COVID-19 vaccination program, and most of
the samples tested in our center are from Spain.

The strength of this study resides in the use of brain tissue
immunostaining that allows detection of antibodies against all

intracellular and cell-surface antigens except for those against

Neurology.org/NN
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Table Positivity Rate by Antibody Category and Antigen Specificity

Positivity rate Uncorrected
pre-COVID Positivity rate p Value
(per 100 COVID (per 100 (difference
Total counts tested tested on positivity Rho Spearman p Value
Antigen (2017-2021) patients) patients) rate) Fisher (time correlation) rho
NSA (together) 242 3.230 3.533 0.513 -0.100 0.873
LGI1 77 0.935 1.215 0.302 0.700 0.188
NMDAR 74 0.765 1.298 0.027 0.600 0.285
IgLONS 21 0.340 0.248 0.518 -0.300 0.624
Unknown NSA® 18 0.391 0.189 0.128 -0.400 0.505
CASPR2 13 0.255 0.110 0.174 -0.700 0.188
GABAbR 15 0.255 0.166 0.449 -0.200 0.747
AMPAR 10 0.142 0.138 1 0.100 0.872
GABAaR 4 0.028 0.083 0.625 0.410 0.493
mGluR1 3 0.057 0.028 0.620 -0.205 0.741
double NSA® 3 0.028 0.055 1 0.564 0.322
mGluR5 2 0.028 0.028 1 -0.224 0.718
DPPX 1 0.028 0 0.492 0 1
Neurexin-3a 1 0 0.027 1 0.354 0.559
ICA (together) 222 2.805 3.933 0.011 0.700 0.188
GAD 65 0.801 1.176 0.132 0.700 0.188
Hu 37 0.343 0.820 0.013 0.900 0.037
Double ICA® 25 0.347 0.403 0.841 0.700 0.188
GFAP 19 0.160 0.437 0.039 0.700 0.188
Ma1/2 18 0.29 0.235 0.81 0 1
CV2 or CRMP5 15 0.240 0.202 0.800 -0.100 0.873
Yo 13 0.187 0.202 1 -0.1 0.873
Sox1 12 0.238 0.131 0.408 -0.99 <0.001
Amphiphysin 7 0.080 0.134 0.707 0.564 0.322
Ri 4 0.080 0.034 0.634 -0.359 0.553
Tr 4 0.053 0.067 1 0.564 0.322
Other (AK5, KLHK11) 3 0 0.101 0.087 0.894 0.041
GSA (together) 337 6.149 5.191 0.116 -0.500 0.391
MOG 228 4.304 3.354 0.059 -0.900 0.037
AQP4 109 1.845 1.836 0.995 -0.499 0.391

Abbreviations: GSA = glial surface antigens; ICA = intracellular antigens; NSA = neuronal surface antigens.

@3 patients screened during the pre-COVID period were found later to have antibodies against mGIuR2 (2) and SEZ6L2 (1).

2 CASPR2/LGI1 and 1 NMDAR/AMPAR.

€23/25 had a combination of high-risk paraneoplastic antibodies (SOX1, CV2, Hu, amphiphysin; in 6 patients, more than 2 antibodies were found) and 2 had
GAD/CV2 (CRMP5).

GlyR, D2R, and some MOG epitopes (which were identified with  is important because in some antibody-mediated encephalitis,
CBA). Another important contribution is the extensive number of ~ such as anti-NMDAR encephalitis, the antibodies may only be
patients whose CSF was tested with the indicated techniques. This ~ identified in CSF.
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Overall, our experience does not support that during the
COVID-19 pandemic, there was a clinically meaningful group
of patients with encephalopathy or encephalitis associated
with known or novel neural surface antibodies that was trig-
gered by the viral infection or vaccination.
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