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Objective. To estimate the 5-year incidence rate of autoimmune encephalitis (AE) and paraneoplastic neurological syndrome
(PNS) in Sweden. Methods. All patients who were tested for a neuronal antibody in Sweden between 2015 and 2019 were
included. Patients in Healthcare region Mid Sweden (population 2.1 million) were invited to participate in a case
ascertainment substudy. AE and PNS cases were defined using established diagnostic criteria. Crude and age-adjusted
incidence rates of AE and PNS in Healthcare region Mid Sweden were estimated. Results. The number of tests for neuronal
antibodies in Sweden increased between 2015 and 2019 from 1867 to 2505 (serum) and 863 to 1376 (CSF) per annum. The
frequencies of positive results were stable over the entire study period, and the mean value was 6.1% for serum (CI95% 5.5-
6.7) and 4.8% for CSF (CI95% 4.0-5.6). In total, 125 patients tested positive for neuronal antibodies in Healthcare region Mid
Sweden between 2015 and 2019. Of these, 94 were included, and after case ascertainment, thirty-one cases of definite AE or
PNS could be identified. The 5-year incidence rate of AE and PNS was 3.0 per million person-years (95% CI 1.9-4.1). The
yearly incidence rates increased in the study period, from 1.5 per million person-years in 2015 (95% CI 0.0-3.2) to 4.3 per
million person-years in 2019 (95% CI 1.5-7.1). Conclusions. In this first epidemiological study of AE and PNS in Sweden, the
number of cases doubled from 2015 to 2019. This likely reflects increased availability of testing and awareness of these conditions.

1. Introduction

Autoimmune encephalitis (AE) and paraneoplastic neuro-
logical syndrome (PNS) are rare immune-mediated disor-
ders of the nervous system. Correct diagnosis relies on
testing of autoantibodies targeting neuronal antigens
(neuronal antibodies) and clinical diagnostic criteria [1, 2].
Epidemiological studies of AE and PNS have demonstrated
an increase in incidence in the last decade, reflecting height-
ened awareness and the discovery of novel neuronal anti-
bodies [3-9]. As early treatment leads to better outcomes
[10-12], a swift and correct diagnosis is crucial. With neuro-
nal antibody testing being more widely available in routine

healthcare, the demands on physicians to properly interpret
the results in the clinical setting have increased. Many rou-
tine clinical laboratories use commercial kits for simplicity,
which may affect diagnostic accuracy [13-16].

This study describes the epidemiology of AE and PNS in
the second largest healthcare region of Sweden and investi-
gates the use of neuronal antibody testing and some of its
potential pitfalls in a real-world setting with routine diag-
nostics. The 5-year incidence rate of AE and PNS in
Healthcare region Mid Sweden between 2015 and 2019 was
estimated along with yearly crude and age-adjusted inci-
dence rates. We also report the positivity rate of neuronal
antibody testing in all of Sweden.
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2. Methods

2.1. Study Population. Sweden had a population of
10,379,295 in 2020, and one in five was 65 years or older
(2020, Statistics Sweden). The Swedish healthcare system is
tax-funded, decentralized, and run by healthcare regions.
There are six healthcare regions, the second largest being
Healthcare region Mid Sweden with 2,128,642 inhabitants
(2020, Statistics Sweden). Healthcare region Mid Sweden is
serviced by two university hospitals (Uppsala University
Hospital, Orebro University Hospital), five county hospitals,
and eighteen rural hospitals. Rural hospitals refer patients to
county or university hospitals in the same healthcare region.

2.2. Data on Antibody Analyses. Analysis of neuronal anti-
bodies is performed in five laboratories in Sweden. Four of
them are run by university hospitals (Uppsala University
Hospital, Karolinska University Laboratory, Sahlgrenska
University Hospital and Skane University Hospital), and
one is run by a private enterprise (Wieslab AB). Results from
all patients tested for neuronal antibodies between 2015 and
2019 in these five laboratories were retrieved, hence, provid-
ing national coverage. The analyzed samples were serum
and/or cerebrospinal fluid (CSF). Data on the results of
analysis for antibodies against AMPA 1/2, Amphiphysin,
CASPR2, CV2/CRMP5, DPPX, GABA-B, GAD65, Hu
(ANNA-1), IgLON5, LGI1, Ma2/Ta, NMDAR, PCA-2, Tr,
Ri (ANNA-2), SOX1 (AGNA), Yo (PCA-1), and Zic4 were
retrieved. Furthermore, data on test date, the healthcare
region requesting the test as well as the sex and age of the
patients tested was collected. Patients with a positive test
result requested by a healthcare provider in the Healthcare
region Mid Sweden were contacted and invited to participate
in the case ascertainment part of the study. No effort was
made to adjust for potential selection bias caused by the
exclusion of patients who declined to participate.

2.3. Antibody Testing. All five laboratories used an indirect
fixed cell-based immunofluorescence assay (Euroimmun
AG, Liibeck, Germany) to detect antibodies targeting extra-
cellular antigens. Only one laboratory used immunofluores-
cence on neuronal tissues as a complementary screening
method.

To detect antibodies targeting intracellular antigens, a
combination of indirect immunofluorescence and immu-
noblot was most often used (antibodies needed to be
detected by both methods to be considered a positive
result), although sometimes, only immunoblot was used.
Most of the laboratories also provided quantification of
GADG65-antibodies using enzyme-linked immunosorbent
assay (ELISA). GADG65 antibodies > 2000 IU/ml detected
by ELISA in serum, or detected at all in CSF, was consid-
ered a positive test result and included in this study
(except for from one laboratory that did not provide
quantification of serum samples where all positive serum
samples were included for case ascertainment).

During the 5-year period included in this study, some
laboratories changed their repertoire of tests and their test
methods (the appendix).
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2.4. Case Ascertainment. Medical records of patients in
Healthcare region Mid Sweden were reviewed to obtain clin-
ical, laboratory, and imaging data. The following diagnostic
criteria were used for case ascertainment: (1) definite PNS
(=8 points) according to the PNS-Care Score proposed by
Graus et al. [2] or (2) definite autoimmune encephalitis (def-
inite AE) according to Graus et al. [1] or (3) definite anti-
NMDAR encephalitis according to Graus et al. [1].

2.5. Statistical Analysis. The 5-year incidence rate of AE and
PNS in Healthcare region Mid Sweden between 2015 and
2019 was calculated as the number of new ascertained cases
divided by the number of person-years contributed by the
average population of that time period. Incidence rates of
subgroups, AE (definite AE and definite anti-NMDAR
encephalitis), PNS (definite PNS), anti-NMDAR encephali-
tis, and anti-LGI1 encephalitis, were calculated using the
same method. Patients who fulfilled diagnostic criteria of
both definite AE or anti-NMDAR encephalitis and definite
PNS were included in both subgroups for the separate inci-
dence rates but only counted as one case in the composite
incidence rate for both AE and PNS. Crude yearly incidence
rates for AE and PNS were calculated as the number of new
ascertained cases each year divided by the average popula-
tion of that year. Incidence rates were standardized directly
to the European standard population 2013 [17]. Population
data from Statistics Sweden (SCB) were used. Confidence
intervals (95% CI) were calculated assuming a Poisson dis-
tribution and using a normal approximation. The positivity
rate for neuronal antibody testing in Sweden between 2015
and 2019 was calculated as the number of patients with a
positive test result divided by the total number of patients
tested each year, for serum and CSF samples, respectively.
The ratio of failed case ascertainment was calculated as the
number of positive tests where case ascertainment failed
divided by the total number of patients included in the
case ascertainment. Estimated incidence rates of AE and
PNS, anti-NMDAR encephalitis, and anti-LGI1 encephali-
tis in the entire Swedish population 2015-2019 were calcu-
lated. Cases were defined as the number of patients who
tested positive for any neuronal antibody, anti-NMDAR,
or anti-LGI1 antibodies, adjusted by the ratio of failed case
ascertainment acquired in Healthcare region Mid Sweden.
The cases were then divided by the number of person-
years contributed by the average Swedish population dur-
ing that time period. Descriptive statistics are presented,
and parametric variables are reported as mean + SD. Sta-
tistical analysis was performed using GraphPad Prism ver-
sion 9.3.1 for Mac (GraphPad software, La Jolla, CA, USA;
http://www.graphpad.com).

2.6. Standard Protocol Approvals, Registrations, and Patient
Consent. This study was approved by the Swedish Ethical
Review Authority (Dnr: 2019-03068). Signed informed
consent was required for inclusion in the case ascertain-
ment part of the study. In line with the approved ethical
application, consent was presumed for deceased patients.
This study was registered at Clinicaltrials.gov (Identifier:
NCT04708626).
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3. Results

3.1. Neuronal Antibody Test Results in Sweden 2015-2019. In
all of Sweden, 525 patients (49% female) tested positive for a
neuronal antibody between 2015 and 2019 (serum and/or
CSF, duplicates removed, Figure 1). Neuronal antibodies
were detected in serum only in 388 patients, in CSF only
in 49 patients, and in both serum and CSF in 88 patients.
The most frequently detected antibody in serum was anti-
GAD65 and in CSF anti-NMDAR (Figure 2). Among
patients with a positive test result, 125 belonged to
Healthcare region Mid Sweden. The case ascertainment
included 94 patients (45% female, age 61 +18, 19% with
anti-NMDAR antibodies and 14% with GADG65 anti-
bodies). Thirty-one patients were excluded from further
analysis due to lack of consent, incomplete personal data,
diagnosis before 2015, or missing medical records (39%
female, age 49 +23, GAD65 antibodies 26%, and anti-
NMDAR antibodies 16%).

3.2. Case Ascertainment. Among the 94 included patients,
thirty-one fulfilled the diagnostic criteria for definite AE,
definite anti-NMDAR encephalitis, or definite PNS. Eight
patients fulfilled criteria for both definite AE and definite
PNS concurrently: two cases of anti-GABA-B receptor
encephalitis, two cases of anti-Ma2/Ta encephalitis, and four
patients with anti-Hu. One patient with definite anti-
NMDAR encephalitis also fulfilled criteria for definite PNS.
Anti-NMDAR encephalitis and anti-LGI1 encephalitis were
the most prevalent subgroups of AE during this time period
(Figure 3). Patients with anti-NMDAR encephalitis were pre-
dominantly female (83%; age 45 + 22), whereas patients with
anti-LGI1 encephalitis were mostly male (67%) and older
(age 73 £5.2). Among patients with definite PNS, there was
a female majority (67%; age 69 £ 8.7). Five patients tested pos-
itive for more than one type of neuronal antibody, for exam-
ple, one 67-year-old man with anti-Hu paraneoplastic
encephalitis had both Hu and Zic4 antibodies in serum and
CSF. A 53-year-old woman had LGI1 and CASPR2 antibodies
detected in her serum concurrently and a diagnosis of Mor-
van’s syndrome with a malignant thymoma.

3.3. Incidence Rates of AE and PNS. The crude incidence rate
of AE and PNS in the Healthcare region Mid Sweden 2015-
2019 was 3.0 per million person-years (CI95% 1.9-4.1). The
yearly crude incidence rates of AE and PNS increased in the
5-year period under study, from 1.5 per million person-years
in 2015 (CI95% 0.0-3.2, average population of 2,022,479) to
4.3 per million person-years in 2019 (CI95% 1.2-7.1, average
population of 2,111,058; Table 1).

3.4. Positivity Rate of Neuronal Antibody Testing. The num-
ber of patients tested for a neuronal antibody in the entire
Swedish population was 1867 (serum) and 863 (CSF) in
2015 and increased to 2505 (serum, 34% increase) and
1376 (CSF, 60% increase) in 2019 (Figure 4). The mean pro-
portion of patients with a positive serum sample over this 5-
year period was 6.1% (CI95% 5.5-6.7), and the mean pro-
portion of patients with a positive CSF sample was 4.8%
(CI95% 4.0-5.6; Figure 4).

3
Population of sweden 2015-2019
n=10331778
Patients tested for a neuronal
antibody:
n =10868 (serum)
n = 5093 (CSF)
Patients with a positive test for a
neuronal antibody
(serum and/or CSF)
n=>525
Patients with a positive test result Patients excluded (n = 31):
in healthcare region mid sweden (i) No valid personal
n=125 identification number
(n=3)
i »|  (ii) Lack of medical records
(n=3)
Patients for case ascertainment (iii) No signed consent
n=94 (n=22)
(iv) Diagnosis before 2015
l (n=3)
Patients with AE or PNS
n=31

FIGURE 1: Flow chart of study design.

3.5. Patients Not Meeting Diagnostic Criteria. Case ascertain-
ment failed in 63 of 94 included patients (67%). Patients who
did not meet the diagnostic criteria of definite AE, definite
anti-NMDAR encephalitis, or definite PNS had various
diagnoses (Table 2). Notably, four of these patients had
PNS according to their treating physician but did not fulfill
diagnostic criteria of definite PNS; however, they did meet
the criteria of probable PNS using the PNS-Care Score. AE
was diagnosed in two patients who did not meet diagnostic
criteria and autoimmune cerebellitis in another two patients.
Anti-IgLONS5 encephalopathy was diagnosed in one patient
during the study period.

3.6. Estimated Incidence Rates of AE Subgroups in Sweden. In
total, 525 patients in Sweden tested positive for a neuronal
antibody in the study period. Assuming case ascertainment
would fail in the same ratio as in the Healthcare region
Mid Sweden (67%), the estimated incidence rate of AE and
PNS would be 3.5 per million person-years (CI95% 2.9-
4.0). All patients who tested positive for anti-LGI1 anti-
bodies in the Healthcare region Mid Sweden met the diag-
nostic criteria of definite AE. In the entire Swedish
population in 2015-2019, 41 patients tested positive for
anti-LGI1 antibodies (68% male, age 65 + 14), and assuming
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F1GURE 2: Antibody subgroups of patients who tested positive for a neuronal antibody in all of Sweden 2015-2019, serum and CSF displayed
separately, and sex distribution shown. Patients who tested positive in both serum and CSF are represented in both graphs. Patients who
tested positive for more than one type of antibody are represented in more than one column.

all these patients represented true cases, the estimated crude
incidence rate of anti-LGI1 encephalitis would be 0.82 per
million person-years (CI95% 0.57-1.1).

Among patients who tested positive for anti-NMDAR
antibodies in Healthcare region Mid Sweden, 60% did not
meet the diagnostic criteria of definite anti-NMDAR enceph-
alitis. In Sweden, anti-NMDAR antibodies were detected in
75 patients (47% female, age 36 +24 (mean + SD)) during
the years 2015-2019. The estimated crude incidence rate of
anti-NMDAR encephalitis in Sweden 2015-2019 would be
0.60 per million person-years (CI95% 0.38-0.81) assuming
that case ascertainment would fail in the same ratio (60%) in
the entire Swedish population.

4. Discussion

This is the first country-wide epidemiological study of AE
and PNS in Sweden and an analysis of challenges associated
with neuronal antibody testing. The crude incidence rate of

AE and PNS in Healthcare region Mid Sweden was 3.0 per
million person-years (CI95% 1.9-4.1), with increasing yearly
crude incidence rates during the study period. The incidence
rate of AE and PNS was found to be 3.2 per million person-
years in France between 2016 and 2018, but with a distinctly
higher incidence rate (7.5 per million person-years) in the
Rhone-Ain-Isére region which lies close to the National Ref-
erence Center of France [4]. In the same study, the incidence
rate of antibody-positive AE was 1.8 per million person-
years in the whole of France and 3.6 per million person-
years in the Rhone-Ain-Isére region, which puts our crude
estimate of 2.4 per million person-years somewhere in
between.

Anti-LGI1 encephalitis had a crude incidence rate of
0.58 per million person-years in Healthcare region Mid Swe-
den 2015-2019, very similar to the French estimate of 0.6
per million person-years [4], although slightly lower than
previous estimates in Italian and Dutch populations (0.84
and 0.83 per million person-years) [7, 8]. Considering the
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FIGURE 3: (a) Antibody subgroups of patients with definite AE or anti-NMDAR encephalitis in Healthcare region Mid Sweden 2015-2019.
(b) Antibody subgroups of patients with definite PNS in Healthcare region Mid Sweden 2015-2019. Patients concurrently fulfilling
diagnostic criteria of definite AE and PNS, or definite anti-NMDAR encephalitis and PNS are represented in both diagrams. AE:
autoimmune encephalitis; PNS: paraneoplastic neurological syndrome; M: male; F: female.

TasLE 1: Crude and age-adjusted incidence rates of AE and PNS in Healthcare region Mid Sweden 2015-2019.

Subgroup and time period

Crude incidence (CI95%)"

Age-adjusted incidence (CI95%)*

AE +PNS 2015-2019 3.0 (1.9-4.1) 2.9 (1.8-3.8)
AE +PNS 2015 1.5 (0.0-3.2) 1.4 (0.0-2.9)
AE +PNS 2016 2.4 (0.30-4.6) 2.2 (0.027-4.2)
AE +PNS 2017 2.9 (0.58-5.2) 2.5 (0.30-4.6)
AE +PNS 2018 3.8 (1.2-6.5) 3.8 (1.2-6.5)
AE +PNS 2019 43 (1.5-7.1) 3.8 (1.3-6.3)
AE 2015-2019° 2.4 (1.5-3.4) 2.4 (1.4-3.2)
PNS 2015-2019 1.5 (0.72-2.2) 1.3 (0.66-2.0)

Anti-NMDAR encephalitis 2015-2019
Anti-LGI1 encephalitis 2015-2019

0.58 (0.12-1.1)
0.58 (0.12-1.1)

0.58 (0.12-1.0)
0.53 (0.11-0.95)

TCrude incidence rate per million person-years. *Age-adjusted incidence rates per million person-years standardized to the 2013 European Standard
population. AE: definite AE and definite anti-NMDA receptor encephalitis. The population of Healthcare region Mid Sweden contributed with 10,331,778
person-years between 2015 and 2019. AE: autoimmune encephalitis; PNS: paraneoplastic neurological syndrome.

positive test results for anti-LGI1 antibodies in the entire
Swedish population and assuming that all represent true
cases gave us an estimated incidence rate of 0.82 per million
person-years. Anti-NMDAR encephalitis had an incidence
rate of 0.58 per million person-years in our study, compared
with 0.89 per million person-years 2009-2018 in Denmark
[5]. Both the age and sex distribution of anti-NMDAR
encephalitis in our study differed from previous studies
[18], with surprisingly many older patients (33% >45 years)
and males. There were only two children (age <19) with
anti-NMDAR antibodies in Healthcare region Mid Sweden
2015-2019. One 17-year-old patient with definite anti-
NMDAR encephalitis was included in this study. The second
child was excluded due to lack of written consent from par-
ents. With the inclusion of only one child, the incidence rate
of anti-NMDAR encephalitis in children (0-19 years) was
0.42 per million person-years in our study population, lower

than in a Danish study (0.7 per million person-years) [19].
However, had both children been included, the incidence
rate instead would have been 0.85 per million person-years
(in children 0-19 years). At least in the case of anti-
NMDAR encephalitis and anti-LGI1 encephalitis, the dis-
crepancy between incidence rates in our and previous stud-
ies is most likely due to our study design and not true
differences in incidence. The deviant age and sex distribu-
tion of anti-NMDAR encephalitis in our study population
suggests that there is potential for more testing in children
and females.

To our knowledge, this is the first epidemiological study
in Europe where the PNS-Care Score [2] was used for case
ascertainment of definite PNS, making comparisons with
previous studies using the 2004 diagnostic criteria [20]
potentially problematic. For example, a diagnosis of definite
PNS according to the PNS-Care Score requires the presence
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FIGURE 4: (a) The total number of patients tested for a neuronal antibody in Sweden between 2015 and 2019, serum and CSF samples
presented separately. (b) The proportion of patients (%) tested for a neuronal antibody that had a positive test result, serum and CSF

samples presented separately, between 2015 and 2019 in Sweden.

TaBLE 2: Final diagnosis of patients not fulfilling diagnostic criteria of definite AE or definite PNS.

Diagnosis Patients ()

Antibodies

Probable PNS' 4
Malignancy without PNS
Autoimmune CNS disease
Autoimmune encephalitis*
IgLONS5 encephalomyelitis
Autoimmune cerebellitis
Stiff person syndrome
CNS infection
Demyelinating disorders of CNS
Neuropathy
AIDP
CIDP
Other
Neurosarcoidosis
Movement disorders
Cerebellar ataxia
Other
Creutzfeldt Jakob’s disease

Psychiatric diagnosis

Ui W = U1 R O = W D W N U =N =N U

Diabetes type 1
Other

—
'S

CV2, Amphiphysin, SOX1
Zic4, CASPR2, GAD65

CASPR2, GAD65
IgLON5
GADS65
GAD65
CV2, Ma2/Ta, NMDAR, CASPR2, Yo
NMDAR, Zic4

SOX1, Hu, CV2
GADG65, Zic4
Yo, GABA-B, SOX1
SOX1

SOX1, Ma2/Ta, Ri, NMDAR
Amphiphysin, CASPR2, Yo, Zic4
NMDAR
NMDAR, Zic4, Ma2/Ta
GAD65
GAD65, Yo, CASPR2, CV2, SOX1, Zic4, NMDAR

The final diagnosis, according to treating physician, of patients who did not meet criteria for definite AE, definite anti-NMDAR encephalitis, or definite PNS
but tested positive for a neuronal antibody 2015-2019 in Healthcare region Mid Sweden. There is no certain association between all diagnoses and antibodies
presented in this table. TProbable PNS according to PNS-Care Score, diagnosed as PNS by treating physicians. *Diagnosed as autoimmune encephalitis by
treating physician but does not fulfill diagnostic criteria. Abbreviations: AE: autoimmune encephalitis; PNS: paraneoplastic neurological syndrome; AIDP:
acute inflammatory demyelinating polyneuropathy; CIDP: chronic inflammatory demyelinating polyneuropathy.

of both neuronal antibodies and cancer consistent with the
phenotype, whereas the old criteria required only one of
the two. Our study estimated a crude incidence rate for def-
inite PNS in Healthcare region Mid Sweden 2015-2019 to be

1.5 per million person-years, with age-adjusted incidence
rate being 1.3 per million person-years (European standard
population 2013). This is lower than an estimate of 8.9 per
million person-years (standardized to the European
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standard population 2013) from Northeastern Italy [9],
which however included antibody-negative PNS (antibody-
positive PNS constituted around 25% of cases which would
yield an estimated incidence rate of 2.3 per million person-
years). In the Rhone-Ain-Isere region, the incidence rate of
antibody-positive PNS was 1.7 per million person-years
[4]. In Olmsted County, USA, the incidence rate of PNS
was 8 per million person-years 2003-2018 [21], but this
study included both patients with myasthenia gravis and
dermatomyositis. The American study calculated the PNS-
Care Score of included cases, but only 8 of 28 fulfilled criteria
of definite PNS, which would yield an incidence rate of 2.3
per million person-years. There are several explanations for
our lower estimate other than our strict definition of cases.
Our study did not include patients tested for VGCC-anti-
bodies, hence excluding patients with Lambert Eaton myas-
thenic syndrome. The incidence of cancer (and consequently
PNS) might also vary in different populations, e.g., Sweden
has among the lowest incidences of lung cancer in Europe
[22]. Future epidemiological studies of PNS using the PNS-
Care Score are needed to evaluate the generalizability of
our findings.

The positivity rate of neuronal antibody testing in
Sweden was slightly lower at the end of the study period
compared with at the start (5.7% vs. 6.5% serum, 4.4%
vs. 4.8% CSF), and the total number of patients tested
increased (34% increase of serum tests from 2015 to
2019, 60% increase of CSF tests). Previous studies in Ger-
many and Italy have shown similar positivity rates of neu-
ronal antibody testing (5.3% and 7.8% positive samples)
[8, 23]. Case ascertainment failed in almost the same ratio
2015 as 2019 (70% vs. 65%) suggesting that increased test-
ing was adequate. It is possible that further increased test-
ing would yield even more cases of AE and PNS.
However, the high proportion of patients with a different
final diagnosis present difficulties for physicians as a test
result incompatible with the clinical presentation might
cause confusion about treatment and the need for future
cancer screening. Improved selection of patients may lead
to increased diagnostic accuracy. The use of scores such
as the APE [2] score could be a way to increase the pretest
probability of a true positive outcome [24].

The samples from Healthcare region Mid Sweden were
almost exclusively analyzed by one of two different laborato-
ries (93 of 94 patients). One laboratory relied on immuno-
blot for detection of classic onconeural antibodies (Ma2/
Ta, CV2, Hu, Ri, Yo, and Amphiphysin) for most of the
study period; the other used a combination of indirect
immunofluorescence and immunoblot. The ratio of failed
case ascertainment differed between the two laboratories
regarding classic onconeural antibodies. The ratio was 81%
among the samples from the laboratory using only a com-
mercial line blot, whereas the ratio was 63% in the laboratory
using two independent methods, consistent with previous
publications on diagnostic accuracy [13-15]. This difference
contributed to the overall high proportion of patients not
meeting diagnostic criteria of definite AE or definite PNS
in our study, together with our inclusion of GAD65 anti-
bodies. Patients who tested positive for anti-GAD65 anti-

bodies in our study failed case ascertainment in 92% of
cases, which is partly due to diagnostic criteria for AE being
poorly adapted to suit GAD65-related autoimmune manifes-
tations, although mostly due to inclusion of nonneurological
cases. When using a cut-off of >2000IU/ml on serum sam-
ples analyzed by ELISA, inclusion of nonneurological cases
is inevitable [25, 26]. Some of the laboratories in Sweden
did not automatically quantify GAD65-positive serum sam-
ples if the results were higher than 2000IU/ml making it
impossible for us to choose a higher cut-off. The high num-
ber of false-positive tests also explains part of the unusual
sex distribution in some antibody subgroups in our study.
For example, 39% of patients with anti-Yo antibodies in all
of Sweden were male (Figure 2). However, during case ascer-
tainment in Healthcare region Mid Sweden, only females
met diagnostic criteria for definite PNS, and the males with
anti-Yo antibodies had all been tested at the laboratory using
only immunoblot. This underscores the importance of criti-
cal evaluation of test results in a real-world setting where
commercial test kits are common, as both onconeural and
anti-GAD65 antibodies are frequently part of test panels
for AE and PNS.

Our study has several limitations that probably lead to
an underestimation of the incidence of AE and PNS. We
could only include 75% of the potential cases in the case
ascertainment part of the study, mainly due to a lack of con-
sent from patients. Assuming the ratio of failed case ascer-
tainment would be the same in the excluded potential
cases, the incidence rate of AE and PNS would be 4.0 per
million person-years (compared with 3.0 per million
person-years in our study). Further, we cannot exclude the
possibility that some patients belonging to Healthcare region
Mid Sweden received treatment elsewhere, thus being
excluded from this study, although we consider it unlikely
as the vast majority of referrals are made inside the same
healthcare region in Sweden. This study only estimated the
incidence of antibody-positive AE and PNS, excluding all
potential antibody-negative cases. Case ascertainment relied
on retrospective review of medical records, making it vulner-
able to missing or inaccurate information. Extrapolation
from regional to national incidence rates may be unreliable,
mainly due to differences in the population of different
regions. However, Sweden is a relatively homogenous coun-
try; 80% of the population are ethnic Swedes, immigrants are
evenly distributed over the country and mostly from Syria,
Iraq, Finland, and Poland (in that order). Furthermore, the
healthcare system is organized in the same way in all
regions, and there is reasonable consensus among neurolo-
gists on how to manage patients. Therefore, we chose to
present incidence rates from Healthcare region Mid Sweden
as our main finding, but due to the above mentioned rea-
sons, we also presented extrapolated national incidence
rates. Despite these limitations, we do believe that this study
contributes important information about the epidemiology
of AE and PNS in a Swedish population that can provide a
foundation for healthcare planning.

In conclusion, our study adds to the increasing epidemi-
ological data about AE and PNS by confirming that these
conditions are at least equally rare as some types of



infectious encephalitides (2.4 cases of AE per million
person-years in our study compared to 2.2 cases per million
person-years of HSV-1 encephalitis in Sweden [27]), thus
warranting the same level of awareness among physicians.
Our study, designed to use data from routine healthcare,
highlights some of the challenges physicians face when it
comes to interpreting test results. In the future, not only
heightened awareness but also increased guidance about
how to diagnose these conditions and the use of neuronal
antibody testing is called for.

Appendix

A. Neuronal antibodies were analyzed at five
different laboratories in Sweden

A.1. Wieslab Diagnostic Services, Malmé. Time period active:
2015-2019

Yo, Hu, Ri, Ma, CV2/CRMP5, and Amphiphysin: immu-
noblot and indirect immunofluorescence (IIF). For IIF test,
it is applied a combination of fixed tissues from the nerve,
cerebellar, intestinal tissue, and pancreas originating from
monkeys.

SOX1, Zic4, and Tr: immunoblot

GlyR, ANNA-3, ITPR1, HOMER3, CARPVIII, IgLONS,
PCA-2, MGlur5, and MGlurl: indirect immunofluorescence
(ITF)

NMDAR, AMPA 1/2, LGI1, CASPR2, DPPX, GABA B,
and VGKC: indirect immunofluorescence using transfected
cells (Euroimmun Liibeck).

GADG65: serum samples: ELISA, immunoblot, and indi-
rect immunofluorescence (IIF). CSF samples: immunoblot
and indirect immunofluorescence (IIF)

A.2. Uppsala University Hospital Department of Clinical
Immunology and Transfusion Medicine. Time period active:
2015-2019

NMDAR, AMPA 1, AMPA 2, LGI1, CASPR2, and
GABA B: 2015 until November 2016, a combination of anti-
body screening using neuronal tissues (hippocampus/cere-
bellum) and indirect immunofluorescence using transfected
cells. After November 2016, only indirect immunofluores-
cence using transfected cells (Euroimmun Liibeck).

Hu, Ri, Yo, Ma2, CV2, Amphiphysin, Recoverin, SOX1,
Titin, Zic4, GADG65, and Tr: 2015 until November 2016, a
combination of antibody screening using neuronal tissues
(hippocampus/cerebellum) and immunoblot. ELISA for
quantification of GAD65 antibodies. After November 2016,
only immunoblot.

A.3. Skane University Hospital Department of Clinical
Immunology and Transfusion Medicine. Time period active:
2015-2019

AMPA 1/2, CASPR2, DPPX, GABA B, LGI1, and
NMDAR: indirect immunofluorescence using transfected
cells (Euroimmun Liibeck).

Amphiphysin, CV2, Hu, Ma2, Ri, Yo, Tr, and PCA-2:
immunoblot and indirect immunofluorescence (IIF). Patient
sera are analyzed on neuronal tissues.
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A.4. Sahlgrenska University Hospital Department of Clinical
Immunology and Transfusion Medicine. Time period active:
2015-2019

AMPA 1/2, CASPR2, DPPX, GABA B, LGI1, and
NMDAR: indirect immunofluorescence using transfected
cells (Euroimmun Liibeck). DPPX added 2018-2019.

Hu, Ri, Yo, and Tr: immunoblot and indirect immuno-
fluorescence (IIF)

GAD: ELISA

Ma2, CV2, SOXI1, and amphiphysin: immunoblot

PCA-2: IIF

A.5. Karolinska University Laboratory Department of
Clinical Immunology and Transfusion Medicine. Time
period active: 2015-2019

AMPA 1/2, CASPR2, DPPX, GABA B, LGII, and
NMDAR: screening with immunofluorescence on neuronal
tissues and pancreas together with indirect immunofluores-
cence using transfected cells (Euroimmun Liibeck).

Hu, Yo, Ri, Ma2/Ta, CV2, Amphiphysin, SOXI1, Zic4,
GADG65, and Tr: screening with immunofluorescence on
neuronal tissues and pancreas together with immunoblot.

Quantification of GAD65 with ELISA.
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