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ABSTRACT

Objective: To provide an extensive overview on the prevalence of antibodies against neuronal sur-
faces (neuronal surface antibody [NSAb]) in healthy participants and disease controls.

Methods: We searched the PubMed database (1974 to October 2016) for studies that analyzed
frequencies of 22 different NSAbs in serum or CSF and included controls. Antibody prevalence
was calculated for patients with NSAb-mediated disease and controls, including healthy partici-
pants, and those with neurologic and nonneurologic diseases. Different assays for antibody
detection were compared.

Results: In 309 articles, 743,299 antibody tests for 22 NSAbs were performed, including 30,485
tests for 19 NSAbs in healthy controls (HCs). Of these, 26,423 (86.7%) were tested with current
standard methods, usually cell-based assays. Prevalence was very low in HCs (mean 0.23%, absent
for 9/19 antibodies), and test numbers ranged from 21 to 3,065 per antibody. One study reported
.1,000 healthy participants, and the others contained 21–274 samples. CSF samples were virtu-
ally not available from HCs. NSAb prevalence was considerably higher (1.5%) in 69,850 disease
controls, i.e., patients not initially suspected to have NSAb-mediated diseases. Antibody determina-
tion in controls using nonstandard assays (such as ELISA) resulted in 6% positivity.

Conclusions: NSAbs are rarely found in healthy participants, particularly with standard detection
methods, suggesting high disease specificity and supporting their diagnostic usefulness. Conversely,
positive titers in atypical patients might point to the still expanding phenotypic spectrum. Future stud-
ies should include more CSF samples, data from HCs, and experimental evidence for antibody
pathogenicity. Neurol Neuroimmunol Neuroinflamm 2017;4:e386; doi: 10.1212/NXI.0000000000000386

GLOSSARY
AMPAR1/2, AMPAR3 5 alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor subunits 1/2 and 3; AQP4 5
aquaporin-4; Caspr2 5 contactin-associated protein-like 2; CBA 5 cell-based assay; D2R 5 dopamine-2 receptor; DNER 5
delta/notch-like epidermal growth factor–related receptor; DPPX 5 dipeptidyl-peptidase-like protein 6; FACS 5 fluores-
cence-activated cell sorting;GABAaR and GABAbR5 gamma-aminobutyric acid-A and -B receptor;GlyR5 glycine receptor;
HC 5 healthy control; IgLON5 5 cell adhesion molecule IgLON family member 5; IHC 5 immunohohstochemistry; Lgi1 5
leucine-rich glioma-inactivated protein 1; mGluR5 5 metabotropic glutamate receptor 5; MOG 5 myelin oligodendrocyte
glycoprotein; nAChR (m), nAChR (g) 5 nicotinic acetylcholine receptor of muscle (m) and ganglionic (g) type; NMDAR/NR1,
NMDAR/NR2 5 N-methyl-D-aspartate-receptor subunits NR1 or NR2; NSAb 5 neuronal surface antibody; PRG5 5 plas-
ticity-related gene 5; RIA 5 radioimmunoassay; VGKC 5 voltage-gated potassium channel; WB 5 Western blot.

Over the past years, Neurology and Psychiatry have witnessed a breathtaking development in the
field of neuronal surface antibody (NSAb)-mediated diseases. Since the description of an encephalitis
associated with antibodies against the NMDA receptor (NMDAR) in 2007,1 more than 15 new
NSAbs have been identified as the pathogenic agents in diverse neuropsychiatric syndromes.2–7

The relative novelty of the antibodies and the associated, still expanding clinical pictures occasion-
ally cause a dilemma. The presence of an atypical neuropsychiatric syndrome together with positive
NSAb titers not always allows the conclusion that the antibody is causing the disease. The antibody
might indeed be causative for a broader phenotype than initially appreciated or merely represent an
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unspecific finding or a false-positive test result.
In other words, when a test for NSAbs in clinical
practice returns positive in blood or CSF, how
likely is an underlying antibody-mediated
disease?

This question of NSAb specificity is highly
relevant since positive test results are the com-
mon rationale for an (often aggressive) immu-
notherapy. To date, there is no systematic
literature review analyzing the frequency of
NSAbs in control populations. In particular,
knowledge of the frequency in healthy partic-
ipants would be a valuable source to determine
disease specificity of autoantibodies, as they—
by definition—lack symptoms of an antibody-
mediated disease. The purpose of this study is
to provide an extensive overview on NSAb
prevalence in healthy and disease controls,
evaluating data from more than 700,000

antibody tests for the 22 most relevant NSAbs,
using human serum or CSF (figure 1 and table
e-1 at Neurology.org/nn).

METHODS Literature research. This review article com-

prehensively analyzed the PubMed database literature from

1974 to October 2016 using the search terms “antibody” and

“encephalitis” together with the antigens: acetylcholine recep-

tor, nAChR, AMPA receptor, AQP4, aquaporin-4, caspr2, d2

receptor, dopamine-2 receptor, DNER, DPPX, GABAa

receptor, GABAb receptor, glycine receptor, IgLON5, lgi1,

metabotropic glutamate receptor 5, mGluR5, MOG, neuro-

fascin, NMDAR, and VGKC.

Selection criteria. Articles were considered that tested for$1 of

the 22 IgG antibodies and included (1) serum or CSF samples of

a control population in addition to the disease group and (2)

provided the exact number of tested control samples. For NSAbs

with only few publications (D2R, DNER, DPPX, GlyR,

IgLON5, mGluR5, PRG5, and neurexin-3a), we considered all

published articles.

Analysis. The cohorts were categorized into 3 groups—based on

the classification provided in the respective articles:

Figure 1 Number of individual antibody tests reviewed in the present analysis

Focusing on the frequency of neuronal surface antibody (NSAb) in healthy controls, almost 26,500 individual antibody tests were performed. Of these,
NSAb-positive samples are very rare (0.23%), indicating high disease specificity and supporting their pathogenic role and diagnostic usefulness in clinical
routine. Themajority of the reviewed 743,299 antibody tests for 22 NSAbs had to be excluded from analysis, as the respective articles did not report on the
clinical phenotype of their participants, used assays without defined cutoffs or nonstandard assays, or did not specify whether the test was performed on
either serum or CSF.
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1. Patients, defined by having symptoms for which NSAbs are

accepted to be specific, such as anti-NMDA receptor enceph-

alitis; this group was sub-categorized into 2 cohorts, i.e., those

with a highly suspicious clinical picture (fulfilling accepted

diagnostic criteria, if available) and those with a broader clin-

ical spectrum (table e-2).

2. Healthy participants, defined by exclusion of disease, usually

via questionnaires. In studies often referred to as “healthy,”

“normal,” or “blood donors.”

3. Disease controls, containing multiple CNS disorders (table

e-1), further subdivided into

a. Inflammatory other neurologic diseases (OND): other

neurologic diseases with inflammation, such as demye-

linating disorders and brain infections,

b. Noninflammatory OND: other noninflammatory neu-

rologic diseases, such as degenerative disorders, neuro-

logic tumors, and epilepsy,

c. Inflammatory other diseases (OD): other nonneurolog-

ical diseases with inflammation, such as rheumatoid

diseases and systemic infections,

d. Noninflammatory OD: other nonneurological diseases

without inflammation, such as malignancies,

e. Psychiatric disorders.

RESULTS Using the search strategy, more than
1,000 articles on novel NSAbs were screened. From
these, 309 articles included NSAb testing in healthy
and disease controls (table 1). The publication dates
ranged from 1974 for nAChR8 to October 2016.

In total, 30,485 serum and CSF samples of
healthy controls (HCs), 84,520 of disease controls,
and 18,441 samples of patients were tested for 1 of
the 22 antibodies. A total of 609,853 tests were
derived from patients for whom no clinical informa-
tion has been provided (figure 1). The numbers
include serum samples, CSF samples, and samples
that are unspecified for serum or CSF by the authors.

From all HC samples, 99.9% were serum speci-
men. Most samples of HCs were tested for MOG
antibodies (n 5 3,658), including n 5 28 CSF sam-
ples, least for neurexin-3a antibodies (n 5 21) and
none for igLON5 (for details, see table 1).

Regarding disease controls, 92% (n 5 77,775) of
all tests included serum samples, and 4% were CSF (n

Table 1 Numbers of included articles and tested samples per antibody

Antigen Articles

HCs Disease controls Patients

Serum CSF NS Serum CSF NS Serum CSF NS

AMPAR1/2 28 2,172 — — 5,245 113 252 22 22 129

AMPAR3 9 399 — — 1,149 — — 123 — —

AQP4 82 3,065 — — 8,864 489 48 4.988 135 61

D2R 13 232 — — 868 13 14 81 — —

DNER 6 1,776 — — 3,550 — — 55 2 —

DPPX 12 1,753 — — 3,465 12 464 118 3 —

GABAaR 12 285 — — 1,660 203 589 276 160 57

GABAbR 23 1,836 — — 4,768 153 141 91 15 —

GlyR 23 1,960 — — 5,688 135 368 359 86 45

IgLON5 3 — — — — — 298 10 10 —

mGluR5 10 1,703 — — 3,460 1 128 2 1 —

MOG 52 3,630 28 — 4,934 328 50 4.407 643 109

nAChR, m 25 877 — — 3,687 10 — 819 — —

nAChR, g 15 1,073 — — 2,227 10 — 306 — —

Neurexin-3a 1 21 — — — — 179 5 5 —

Neurofascin 12 433 — — 905 — — 2.114 2 —

NMDAR/NR1 64 3,204 7 — 8,249 1,564 539 518 336 334

NMDAR/NR2 11 124 — 905 86 133 259 53 —

PRG5 1 97 — — 206 — — 49 1 —

VGKC 44 1,366 — — 5,034 226 115 372 29 180

Caspr2 37 2,238 — — 6,640 28 14 405 — 147

Lgi1 36 2,206 — — 6,271 28 14 344 — 153

Total 309 30,450 35 — 77,775 3,399 3,346 15,723 1,503 1,215

Abbreviations: HC 5 healthy control; NMDAR 5 NMDA receptor; NS 5 not specified.
The numbers of reported neuronal surface antibody tests vary widely depending on the specific antibody, just as the
numbers of publications. Of 30,485 available samples from HCs, only 35 were CSF specimens. When a publication
contained tests for different antibodies in the same subject, they were counted here as individual tests.
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5 3,399) or remained unspecified for either serum or
CSF (n 5 3,346). The largest number of disease
controls was tested (n 5 10,352) for NMDAR/
NR1 antibodies, and the smallest number with n 5

179 samples for neurexin-3a (table 1).
Among tested samples categorized as “patients,”

85% (n 5 15,723) were serum samples, only 8.2%
(n 5 1,503) CSF, and 6.6% (n 5 1,215) were not
specified. The number of tested patient samples
ranged from n 5 3 for mGluR5 to n 5 5,184 for
AQP4 antibodies (table 1).

Various antibody assays. A wide variety of laboratory
methods have been used to detect NSAbs across studies,
in particular ELISA, Western blots (WBs), radioimmu-
noassays (RIAs), fluorescence immunoprecipitation as-
says, immunohistochemistry on sections of rodent
brain, fluorescence-activated cell sorting (FACS), and
cell-based assays (CBA) with visual evaluation of

immunofluorescence-tagged secondary antibodies. Ear-
lier descriptions of antibodies showed a broader reper-
toire of test methods, possibly related to a lack of
standardization. By contrast, testing for more recent
NSAbs, such as IgLON5, mGluR5, neurexin-3a, and
PRG5, was generally restricted to CBAs (table 2).

In fact, the CBA has become the standard method
for most NSAbs and is widely available in commercial
laboratories.9,10 CBAs, comprising assays with fixed as
well as live cells, turned out to have superior sensitiv-
ity for detection of NSAbs since they are specific for 1

antigen and its actual conformation is preserved.11

For MOG antibodies, for instance, the binding to

nonconformational MOG, as in WB or ELISA, is

not specific for demyelinating diseases and does not

correlate with the binding to conformational MOG

in CBA or FACS on cells transfected with human

MOG.12 Furthermore, control groups may interfere

Table 2 Comparison of the diagnostic standard method and other methods for testing healthy control and
disease control samples

Antigen

Standard method Other methods

Controls (n) Positive (%) Controls (n) Positive (%)

AMPAR1/2 CBA 7,422 6 (0.1) IHC, WB 156 18 (11.5)

AMPAR3 239 0 ELISA, IHC, WB 964 118 (12.2)

AQP4 7,692 103 (1.3) ELISA, FACS, FIPA, IHC, RIA, WB 7,346 134 (1.8)

D2R 130 0 FACS, IHC, RIA 507 25 (4.9)

DNER 5,326 2 (0.0) IHC 207 0

DPPX 5,694 4 (0.1) IHC, WB 143 0

GABAaR 2,687 34 (1.3) IHC, WB 76 21 (27.6)

GABAbR 6,653 15 (0.2) ELISA, IHC 294 27 (9.2)

GlyR 8,151 109 (1.3) ND

IgLON5 298 1 (0.3) ND

mGluR5 5,292 2 (0.0) ND

MOG 5,209 20 (0.4) ELISA, FACS, RIA, WB 3,641 364 (10.0)

Neurexin-3a 200 0 ND

Neurofascin 398 4 (1.0) ELISA, FACS 1,080 15 (1.4)

NMDAR/NR1 13,136 140 (1.1) ELISA, FIPA, IHC, WB 1,197 45 (3.8)

NMDAR/NR2 104 0 ELISA, IHC, WB 1,144 199 (17.4)

PRG5 303 0 ND

Caspr2 8,799 122 (1.4) ELISA, FIPA, IHC 239 0

Lgi1 8,476 100 (1.2) ELISA, IHC 74 1 (1.4)

nAChR (m) RIA 4,288 73 (1.7) CBA, ELISA, Other 259 31 (12.0)

nAChR (g) 3,124 123 (3.9) LIPS 186 9 (4.8)

VGKC 6,227 318 (5.1) CBA, IHC 598 51 (8.5)

Total 99,848 1,176 (1.18) 18,111 1,058 (5.8)

Abbreviations: CBA 5 cell-based assay; FACS 5 fluorescence-activated cell sorting; FIPA 5 fluorescence immunoprecip-
itation assays; IHC 5 immunohistochemistry; LIPS 5 luciferase-immunoprecipitation assay; ND 5 not done; NMDAR 5

NMDA receptor; RIA 5 radioimmunoassay; WB 5 Western blot.
Different laboratory methods have been used to detect neuronal surface antibodies. Of these, CBA (and in few tests RIA)
has become the standard method because of superior sensitivity and commercial acceptance and dissemination.
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with assay interpretation, such as in hypergammaglo-
bulinemia or rheumatoid diseases13; they are therefore
provided separately in detail (table e-1).

Therefore, throughout this review, we define the
CBA as “standard method” for all NSAbs except for
VGKC and nAChR antibodies, for which the stan-
dard method is the RIA (table 2). For AQP4, ELISA
and FACS are still frequently used,13 but considered
nonstandard and thus grouped together with higher
seropositivity (2.4%) compared with CBA (1.3%).
Although the detection of VGKC antibodies with
RIA has currently been replaced by the CBA for the
disease-specific target antigens Lgi1 and Caspr2,14 the
still wide availability of testing prompted us to
include VGKC complex antibodies (with and with-
out Lgi1/Caspr2 antibodies) to provide clinicians
with antibody frequencies (table e-1).

Overall, 1.2% of blood and CSF samples from
controls (i.e., suspected of not having an antibody-
mediated disease) were positive with the standard
method. By contrast, 5.8% of the control samples
yielded a positive result if tested with nonstandard
methods, suggesting a markedly higher rate of false-
positives (table 2).

All following analyses of the NSAbs prevalence
will consider samples tested with the standard meth-
ods only. Samples tested with other methods (e.g.,
ELISA not providing a clear cutoff for positivity;
figure 1) are categorized in table e-1.

NSAbs are very rare in healthy participants. Serum anal-
yses revealed a low frequency of NSAbs in HCs, on
average 0.23% (n 5 61) of 26,423 antibody tests
(table e-3). In detail, 0% positivity was seen for 9
different antibodies including 8,822 tests, namely
for AMPAR3, AQP4, DNER, GABAaR, GABAbR,
mGluR5, nAChR (m), neurexin-3a, and PRG5. On
average, 1,201 samples were tested per antibody. No
tests on HCs were reported yet with CBA for D2R,
IgLON5, and NMDAR/NR2 (tables e-1 and e-3).

For comparison, the frequency in disease controls
was somewhat higher with 1.5% (n5 989) of 67,069
tests, depending on the clinical subgroup. NSAbs in
the psychiatric cohort (0.25% of 28,491) were simi-
larly common as in HCs. NSAbs occurred with
increasing frequency in inflammatory OD (0.34%
of 888 tests), noninflammatory OND (1.76% of
17,718), noninflammatory OD (2.18% of 6,889),
and inflammatory OND (3.46% of 13,083) (table
e-3). Noteworthy is the high prevalence in nonin-
flammatory OD, which likely relates to underlying
malignancies in 76.7% of NSAb-positive noninflam-
matory OD patients.

No positive antibodies in disease controls were seen
for AMPAR3, D2R, NMDAR/NR2, and PRG5. By
contrast, VGKC antibodies were frequently detected

with a positivity rate of 6.1% in 4,220 samples. Sam-
ples from disease controls tested for IgLON5 and
neurexin-3a were not specified for either serum or
CSF and are therefore not listed in table e-3. One of
298 noninflammatory OND was positive for antibod-
ies against IgLON5, but none of 179 disease controls
for neurexin-3a antibodies (table e-1).

In contrast to healthy and disease controls, pa-
tients in which an NSAb-mediated disease was sus-
pected on clinical grounds indeed had profoundly
higher prevalences. NSAbs were detected in 21.0%
of 4,832 samples in the group with less specific clin-
ical symptoms, while patients with a highly suggestive
clinical picture were NSAb-positive in 69.2% of
3,185 serum samples.

Limited data on antibody frequencies in CSF. Given the
invasive nature of a lumbar puncture, almost no data
are available on CSF antibodies in HCs. One study
reported 7 samples acquired in the diagnostic workup
of headache; all were negative for NMDAR/NR1
antibodies (table e-4).15 As also examined for head-
ache, 1 of 28 HCs was positive in CSF for MOG
antibodies tested by ELISA.16

From disease controls 2,781 CSF samples have
been tested with the standard method for 14 of 22
antibodies. Forty-four (1.6%) positive samples were
identified for AQP4, GlyR, NMDAR/NR1, and
VGKC antibodies. From these, 35 belonged to the
inflammatory OND cohort; 8.2% (of 135 samples)
were positive for GlyR, 5.3% (of 19) for VGKC,
2.1% (of 468) for AQP4, and 1% (of 1,551) positive
for NMDAR/NR1 antibodies. No CSF was available
for AMPAR3, DNER, neurofascin, NMDAR/NR2,
and PRG5 (table e-4).

In contrast to healthy and disease controls, pa-
tients with suspected NSAb-mediated symptoms
had indeed a higher prevalence of CSF antibodies.
However, the prevalence of NSAbs largely depended
on the cohort size and selection. The highest preva-
lence of 100% is reached in the smallest cohorts with
an average of only 4.7 CSF samples per antibody; this
includes antibodies against DNER, DPPX,
GABAbR, neurexin-3a, neurofascin, and PRG5.
Altogether, patients with a highly suggestive clinical
picture were CSF NSAb-positive in 76.9% (of 555
samples) and patients with a less distinctive clinical
picture still in 26.3% (of 323 samples) (table e-4).

Most studies contained small numbers of controls. It
became obvious from the literature research on
NSAbs that most studies tested only small numbers
of control samples (figure e-1). In fact, only 1 study
included a large number of HCs and might thus
dominate the interpretation of antibody frequencies;
HCs were blood donors presuming that they are
the best surrogate that is available.17 In this study,
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1.703 HC samples were analyzed for antibodies
against AMPAR1/2, AQP4, DNER, DPPX,
GABAbR, GlyR, mGluR5, MOG, NMDAR/NR1,
Caspr2, and Lgi1, however, restricted to serum. Zero
positive samples were found for AQP4, DNER,
GABAbR, and mGluR5. The most frequent antibody
was targeting NMDAR/NR1 in 20 cases (1.2%). The
second largest HC cohort contained 274 samples, all
negative for NMDAR/NR1.18 Cohorts exceeding
100 HC samples were only available for 8 of 22 anti-
bodies (figure e-1). Frequency determination of
mGluR5 antibodies in HCs was restricted to a single
study using CBA.17

The marked lack of systematic studies on antibody
prevalence in HCs was less striking for disease con-
trols. Three studies each described more than 1,000
samples, including psychiatric disorders and nonin-
flammatory OND (n 5 2,533; 0%–1.34% positive
for 10 NSAbs),17 people older than 60 years with
unspecified diseases tested for muscle nAChR (n 5

2,000; 0.5% positive),19 and MS patients tested for
AQP4 antibodies (n5 1,040; 0.3% positive, diagno-
sis in 2 of 3 was revised to NMOSD).20 In a recent
study of 925 acutely ill psychiatric patients, 1.4%
were NSAb-positive: 1 for AMPAR1/2, 5 for
NMDAR/NR1, and 7 for Caspr2 antibodies.21 A
subgroup of these patients was analyzed for DNER,
DPPX, GlyR, mGluR5, and MOG antibodies, which
were negative.22 All further studies contained mark-
edly smaller cohorts with n 5 98 for PRG523 to n 5

741 tests for GlyR antibodies24 (mean 401 antibody
tests per largest cohort), the positive cases ranged
from 0% to 4.1% (mean 0.9%) (table e-1). Meaning-
ful control groups were not always provided, such as
patients with isolated lung cancer to compare with
PRG5 antibody-positive cerebellar degeneration or
patients with Hodgkin’s lymphoma to compare with
mGluR5 antibody-positive encephalitis.

DISCUSSION Focusing on the prevalence of the 22
most common antineuronal autoantibodies in
healthy and disease controls, we identified 115,005
antibody tests performed between 1974 and 2016.
Of these, 96,280 samples were tested with the current
standard method, which is the CBA for most NSAbs
except RIA for VGKC and nAChR antibodies. Based
on the comprehensive analysis, the frequency of
NSAbs in HCs was very low with only 0.23%
antibody-positive participants. Some NSAbs were
not detected in a single HC subject, including
AMPAR3, AQP4, DNER, GABAaR, GABAbR,
mGluR5, nAChR (m), neurexin-3a, and PRG5 an-
tibodies. For comparison with a well-known non-
NSAb, antibodies against thyroid peroxidase were
positive in 11.3% of 16,533 controls.25 The very low
prevalence of NSAbs in HCs suggests high specificity,

given that it clearly distinguishes patients with typical
symptoms of NSAb-associated diseases in which
69.2% were antibody-positive in serum, certainly with
broad differences among groups. Thus, NSAbs are well
qualified as laboratory markers for antibody-mediated
neuropsychiatric diseases. To determine sensitivity and
specificity on clinical grounds, comparison with closely
related disease groups is nonetheless required.

Prospective larger studies are needed and should include

CSF samples. Analysis of the data brought to light that
the knowledge on antibody prevalence in HCs is still
scarce compared with the dramatic growth in NSAb-
mediated diseases. The main limitations in the field
for interpreting the data are (1) the often very small
sample number of controls in studies publishing
a novel antibody and (2) the lack of CSF controls
given that the CSF antibodies are often more disease-
relevant than serum.

The lack of CSF samples from controls makes the
determination of specificity difficult in cases where
CSF antibodies predominate, such as for NMDAR/
NR1, while it is less important when serum testing
is generally sufficient, such as for MOG and AQP4.
In fact, almost 95% of all reported control samples
were serum probes. CSF samples were tested with
the standard method from 2,788 controls, but for 8
antibodies, not a single control CSF has been tested.

Despite a relatively high number of studies that
tested controls for the presence of NSAb (n 5 309),
only very few reported the systematic collection of
samples, and most studies dealt with no or low num-
bers of HCs. Data from the few exceptions17,19–21 indi-
cated that NSAbs are very infrequent in healthy and
disease controls, ranging from 0% to 1.3% (mean
0.23%). It is therefore possible that such small percent-
age of antibody-positive participants can easily be over-
looked in studies with control numbers below 100.
Another possibility for the low rate of NSAb-positive
cases in most studies might be susceptibility to selec-
tion bias or the lack of blinding to controls in the
experimental design. On the contrary, it is possible
that the true prevalence in HCs is even lower, given
that most samples are from blood donors in which an
extensive screen for comorbidities is not feasible.

Interpretation of a positive test result—6 things to consider

in atypical clinical constellations. In clinical practice,
the search for NSAb has become routine and broad
laboratory panels occasionally return positive
NSAbs in patients for which they were not initially
suspected. To interpret the positive test result cor-
rectly, one has to take the following aspects into
consideration.

First, although rare with the state-of-the-art CBAs,
the test might represent a false-positive result.26 The
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validity can be markedly improved if 2 different assays
are combined, e.g., the CBA plus determination of
the characteristic anatomical binding to brain sections
using immunofluorescence, which should be aimed
to prevent unnecessary immunotherapy.

Second, the NSAb might be present in the circu-
lation (true-positive), but not reaching its target in the
brain or the peripheral nervous system. In that case,
other factors might be relevant for pathogenic anti-
body effects (“second hit”), including the integrity
of the blood-brain barrier or intrathecal antibody
production.

Third, NSAb might hypothetically cause changes
that can be measured by MRI or electrophysiology
but are not obvious on clinical examination. Future
studies will have to determine clinical relevance for
neurologic patients, similar to other antibody-
mediated disorders such as celiac disease, where severe
duodenal lesions frequently occur in asymptomatic
patients.27

Fourth, the antibody could bind its target (and
thus be positive in the diagnostic assay) but have no
pathogenic effect.

Fifth, clinical relevance also relates to the knowl-
edge on the pathogenicity of NSAbs. For many
NSAbs, neuronal damage has been demonstrated
in vitro and in vivo,2,5,28 including human monoclo-
nal autoantibodies from CSF-derived plasma cells.3 In
such cases, positive titers are likely risk factors for
neuropsychiatric symptoms, similar to a drug or toxin
level.3

Sixth, a positive NSAb in a patient not initially
suspected to have an antibody-mediated disease can
still be “true-positive” and represent the further ex-
panding phenotypic spectrum seen in most
subgroups.

Having these possibilities in mind, bedside inter-
pretation of a positive antibody result must integrate
antibody prevalence data, careful clinical evaluation
of alternative diagnoses, predominance in CSF vs
serum, experience of the laboratory performing the
diagnostic assay, and consideration of antibody tests
by a different method.

CONCLUSIONS NSAbs are rarely found in HCs,
suggesting high disease specificity and supporting
their pathogenic role and diagnostic usefulness in
clinical routine. Conversely, positive titers in atypical
patients might point to the still expanding phenotypic
spectrum, in particular if confirmed in 2 independent
diagnostic assays. Future prospective studies are
needed and should include more CSF samples and
data from HCs measured with blinded CBAs and dif-
ferent assay systems. Control groups in articles pub-
lishing novel autoantibodies should include at least
300–400 participants, given that the mean prevalence

of most NSAbs is very low (0.23%) in HCs and well-
selected disease controls. Increasing experimental
evidence for antibody pathogenicity will facilitate the
clinical decision for immunotherapy in NSAb-
positive patients.
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