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Background: Neuroimmunology has impressively expanded in the past decade. Novel
assays, especially cell-based assays (CBAs) can detect conformational antibodies (Abs)
recognizing antigens in their native conformation. Generally, the availability of in-house
and of commercial tests has improved the diagnostics, but introduced demanding
laboratory tasks. Hence, standardization and quality controls represent a key step to
promote accuracy. We report on the results of the 2018 external quality assessment
program (EQAP) organized by the Italian Neuroimmunology Association.

Methods: EQAP regarded 10 schemes, including oligoclonal bands (OCBs),
intracellular-neuronal (ICN)-Abs, neuronal-surface (NS)-Abs, aquaporin-4
(AQP4)-Abs, myelin oligodendrocyte glycoprotein (MOG)-Abs, myelin-associated

glycoprotein (MAG)-Abs, ganglioside-Abs, acetylcholine-receptor (AChR)-Abs, and
muscle-specific-kinase (MuSK)-Abs, and 34 laboratories. Assays were classified as
tissue-based assays (TBAs), solid-phase assays (SPAs), liquid-phase assays (LPAs),
and CBAs. Thirty-three samples were provided.

Results: Three-quarter of the tests were commercial. Median accuracy for the
laboratories was 75% (range 50-100). In 8/10 schemes, at least one sample provided
discrepant results. Inter-laboratory “substantial agreement” was found in 6/10 schemes
(AChR, MuSK, MAG, AQP4, MOG, and NS-Abs), whereas the worst agreements
regarded OCBs and ganglioside-Abs. Both commercial and in-house assays performed
better in experienced laboratories.

Conclusions: Assays could be divided in (a) robust commercial tests with substantial
inter-laboratory agreement (MAG-Abs; AChR- and MuSK-Abs); commercial/“in-house”
tests with (b) partial inter-laboratory agreement (AQP4-Abs, MOG-Abs, NS-Abs,
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ICN-Abs), and (c) with large inter-laboratory disagreement (OCBs, ganglioside-Abs). This
real-life snapshot of the neuroimmunology test performances highlights shortcomings
attributable to technician-dependent performances, assay structural limitations, and

errors in test interpretations.

Keywords: external quality assessment scheme, standardization, neuroimmunology, antibodies, tissue-based
assays, cell-based assays, radioimmunoassays, ELISA

INTRODUCTION

External quality assessment (EQA) testing is part of a wider
educational approach aimed to improve and monitor quality
in laboratory diagnostics. Since 2000, the Italian Association
of Neuroimmunology (AINI) has espoused this commitment,
which includes the production of standardizations of methods
and of clinic-laboratory guidelines (1). Over these years,
neuroimmunology diagnostics has been facing formidable
challenges, especially after the discovery of autoantibodies
to cell-surface neuroglial proteins, which associate with
many potentially treatable neurological disorders (2, 3).
Such autoantibodies preferentially bind antigens when
their tertiary structure is preserved. This has revolutionized
the neuroimmunology diagnostics, with the diffusion of
“conformational” tests, such as cell-based assays (CBAs) and
immunohistochemistry on lightly-fixed brain tissues for the
diagnosis of autoimmune encephalitis (4), and for the differential
diagnosis of the acquired demyelinating diseases of the CNS,
including multiple sclerosis (5).

These new techniques have been developed as in-house
protocols in specialized laboratories, thus requiring a proper
expertise that often lacks in the large clinical chemistry
laboratories using commercially available CBAs. In these
laboratories, = moreover, neuroimmunology  diagnostics
performed with automated or semi-automated systems is
increasingly incorporated.

We herein report on the results of the 2018 EQA program
that involved Italian laboratories of the AINI network, and that
was extended to few European laboratories. These results provide
a snapshot on how the participating laboratories perform, and
useful information on the degree of reliability and accuracy
characterizing each single test in real life.

MATERIALS AND METHODS

External Quality Assessment Program

Design

The Neuroimmunology Laboratories in Pavia and in
Milan were the program coordinators. The program was
composed of 10 schemes, each addressing different areas
of neuroimmunology diagnostics: oligoclonal IgG bands
(OCBs) detection [with isoelectric focusing (IEF)] and pattern
interpretation, intracellular neuronal antibodies (ICN-Abs),
neuronal surface antibodies (NS-Abs), aquaporin-4 antibodies
(AQP4-Abs), myelin oligodendrocyte glycoprotein antibodies

(MOG-ADbs), myelin associated glycoprotein antibodies (MAG-
Abs), ganglioside-Abs, acetylcholine receptor antibodies
(AChR-Abs), and muscle specific kinase antibodies (MuSK-
Abs). Twenty-nine Italian and five European laboratories
participated to the EQA program (Supplementary Table 1 and
Supplementary Figure 1). Each laboratory chose to take part
to any number of the proposed schemes. The procedures for
sample handling are described in Supplementary Figure 2.

A total number of 25 serum samples and 4 serum-CSF
pairs were used (Table1). The clinical diagnosis associated
to each sample was established by trained neurologists (MG,
DE and FB). The results obtained by the coordinating centers
(Pavia and Milan) were considered as the reference results. The
participating laboratories were requested to test the samples
according to their own routine standard operating procedures,
and results were reported to the coordinating team using
a result form. Report forms asked to classify the tested
sample as “positive” or “negative” and to report the specific
antibody type detected. Quantitative results from enzyme-linked
immunosorbent assay (ELISA) and radioimmunoassays (RIAs)
were collected, when appropriate.

All the results of the present EQA program will be presented
anonymized, to preserve the confidential nature of the single
laboratory performance.

Assays

Assays were classified as: (a) solid-phase assays (SPAs), including
blots and ELISA; (b) tissue-based assays (TBAs), including
immunohistochemistry/immunofluorescence on rodent and
primate brain, or peripheral nerve; (c) cell-based assays (CBAs),
including live and fixed CBA; (d) liquid-phase assays (LPAs),
namely RIAs.

Commercial assays were performed according to
manufacturer’s instructions. In house CBAs and TBAs were
performed according to published protocols, but adapted to each
laboratory routine (6-10).

Statistical Analysis
Test results were considered as “concordant” or “discordant”
when they matched/did not match the reference result, and
“partially concordant” when they either reported incompletely
what provided as reference, or when an additional positivity not
included in the reference result was reported.

Qualitative variables were summarized as percentages, and
quantitative variables as median with ranges.

Accuracy was calculated for each laboratory (frequency
of tests concordant with the reference result among all the
tests performed by the single laboratory). Between-laboratory
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TABLE 1 | Samples used in the AINI EQA program.

Test Sample N Code Material Titer* Clinical Diagnosis Sent as
Isolectric focusing 1 S1L1 Serum-CSF pair - Post-infectious Mirror (pattern #4)
encephalomyelitis
2 S2L2 Serum-CSF pair - Hydrocephalus and MGUS Monclonal
gammopathy
(pattern#5)
S3L3 Serum-CSF pair - Multiple Sclerosis Mixed (pattern#3)
S4L4 Serum-CSF pair - Clinically Isolated Syndrome OCB (pattern#2)
Onconeural antibodies 5 o1 Serum NA Paraneoplastic cerebellar Yo pos
degeneration (ovarian
tumor)
6 02 Serum NA Stiff person syndrome GAD pos
7 O3 Serum NA Healthy control Neg
Neuronal Surface antibodies 8 C1 Serum 1:1200 Limbic encephalitis LGH pos
9 c2 Serum 1:400 NMDAR encephalitis NMDAR pos
10 C3 Serum - Healthy control Neg
AQP4 antibodies iR Q1 Serum - Healthy control Neg
12 Q2 Serum 1:10 NMOSD Pos
13 Q3 Serum 1:100 NMOSD Pos
MOG antibodies 14 G1 Serum 1:160 Optic neuritis Pos
15 G2 Serum - Healthy control Neg
16 G3 Serum 1:640 Transverse myelitis Pos
MAG antibodies 17 MAG1 Serum 4000081y DADS neuropathy Pos
18 MAG2 Serum 25000gTy DADS neuropathy Pos
19 MAG3 Serum 17000g7y DADS neuropathy Pos
Ganglioside antibodies 20 P1 Serum NA Miller-Fisher syndrome Ga1b IgG pos
21 P2 Serum - Healthy control Neg
22 P3 Serum NA CANOMAD GD1b IgM and GQ1b
IgM pos
23 P4 Serum NA Motor Multifocal Neuropathy GM1 IgM pos
AChR antibodies 24 Al Serum 3.2 nmol/L Myasthenia gravis Pos
25 A2 Serum 7.8 nmol/L Myasthenia gravis Pos
26 A3 Serum - Healthy control Neg
MuSK antibodies 27 M1 Serum 1.2 nmol/L Myasthenia gravis Pos
28 M2 Serum - Healthy control Neg
29 M3 Serum 1.4 nmol/L Myasthenia gravis Pos

CSF, cerebrospinal fluid; MGUS, monoclonal gammopathy of uncertain significance;, OCB, oligoclonal bands; NA, not available; GAD, glutamic acid decarboxylase; LGl1, leucine rich
glioma inactivated protein 1, NMDAR, N-methyl-D-aspartate receptor; AQP4, aquaporin 4, NMOSD, neuromyelitis optica spectrum disorder; MOG, myelin oligodendrocyte glycoprotein;
MAG, myelin associated glycoprotein; BTU, Blihimann Titer Units; DADS, distally acquired demyelinating sensory neuropathy; CANOMAD, Chronic Ataxic Neuropathy, Ophthalmoplegia,
IgM paraprotein, cold Agglutinin, Disialosyl antibodies; AChR, acetylcholine receptor; MuSK, muscle specific kinase.

*Titres are reported as endpoint titrations unless otherwise specified according to the coordinating centers results.

agreement for each scheme was calculated using Fleiss' Kappa
test with 95% confidence intervals (CI). Agreement was classified
as following: “poor,” kappa = 0.0; “slight,” 0.00 < kappa < 0.20;
“fair;” 0.21 < kappa < 0.40; “moderate,” 0.41 < kappa < 0.60;
“substantial,” 0.61 < kappa < 0.80; “almost perfect,” 0.81 < kappa
< 1.00 (11).

RESULTS

Overall Results
Twelve/34 laboratories participating to the EQA program took
part to 1-2 schemes, 10/34 to 3-5 schemes and 12/24 to

>5 schemes (Supplementary Figure 1 and Table 1). The OCB
scheme was the most attended (24/34 laboratories), followed by
AQP4-Abs (20/34 laboratories).

Considering the total number of assays used by each
laboratory in the EQA program, the most common assay type was
SPAs (48.3%), followed by CBAs (32.4%) (Figure 1). Commercial
assays were more common, and accounted for 76.7% of the
total. The remaining 23.3% of the assays were made “in-house”
(Figure 1).

The overall performance of all laboratories is showed in
Figure 2. Twelve/34 (67.6%) laboratories had an accuracy >80%
(Figure 2A). Overall median accuracy was 75% (range 50-100)
(Figure 2B; Supplementary Table 2).
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FIGURE 1 | Assays used in the AINI-EQA program. The figure considers the number laboratory using (A) either in house or commercial assays or (B) a specific assay
type. A single laboratory could use more than one assay. MOG, myelin oligodendrocyte glycoprotein; NS, neuronal surface; AQP4, aquaporin 4; MuSK, muscle
specific kinase; ICN, intracellular neuronal; IEF, isoelectric focusing. SPA, solid phase assay; CBA, cell-based assay; LPA, liquid-phase assay; TBA, tissue-based assay.

In 8/10 schemes at least one sample was critical, providing
at least one discordant result among laboratories. The highest
number of discordant results was found in OCB pattern
interpretation (39.6%), ICN-Abs (23.4%), and NS-Abs (23.4%)
(Figure 2A). A “substantial agreement” between laboratories was
found in 6/10 schemes.

Detailed results from each
Supplementary Figures 3-5.

scheme are depicted in

Oligoclonal IgG Bands

Background of the Assay

The detection of the intrathecal production of oligoclonal
immunoglobulins, which can be revealed in form of “discrete
bands” on IEE has high diagnostic relevance in multiple
sclerosis (12), and in other inflammatory neurological diseases
(13). Difficult-to-control factors, such as room temperature and
humidity, gel conductivity, electroendosmosis, and ampholytes
lot-to-lot differences, can affect the IEF technique making
between-laboratory agreements very difficult to achieve (13).
Interpretative issues of the IEF runs add complexity to the picture
(14, 15). The introduction of semi-automated systems for IEF
has simplified the test, but there is no comparison study on test
performance vs. “in-house” assembled systems.

Results of AINI EQAS

The IEF scheme was split in two separate tasks. The first one
required to establish presence or absence of OCBs in each of
the four paired serum and CSF controls (8 samples), whilst the

second required to interpret each of the ensuing IEF run as a
whole, on the basis of the five patterns established by the 1994
consensus report on the topic (14).

S4L4 was the most critical sample, as it showed a few faint
unique-to-CSF bands.

In this sample, bands were identified by 6/24 laboratories, and
only 2/24 provided a correct interpretation of pattern #2 (14).

The serum-CSF pair S2L2, sent as pattern #5 (monoclonal
gammopathy), was misinterpreted as a mirror, or a mixed
pattern, by 10/24 laboratories.

As for the methods, 8/24 laboratories used “in-house”
assembled IEF systems (where optimal run conditions were
established in each laboratory), six using home-made agarose
gels, two using commercial gels; the other 16 laboratories
exploited semi-automated IEF systems. Overall accuracy of
“in-house” assembled systems, which were used in the most
experienced laboratories, was slightly, but not statistically
significant superior than that of semi-automated systems, in both
the task of band detection (85.9 and 81.3%, respectively), and of
pattern interpretation (62.5 and 48.4%, respectively)

Overall agreement was “moderate” for bands detection (Fleiss’
kappa = 0.51), and only “fair” for pattern interpretation (Fleiss’
kappa = 0.31) (Figure 2C).

Conclusions

In line with the other previous programs on OCBs promoted
by AINI, this EQA revealed the difficulties in detecting OCBs
in critical samples. Even when recognized, OCBs can be
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FIGURE 2 | Laboratory performances and schemes results in AINI-EQA program. (A) Accuracy is represented by the number of concordant results obtained by each
lab in all the schemes joined. Each lab participated to a variable number of schemes; (B,C) represent the performance (B) and the concordance of results (C) in each
scheme (MAG and AChR schemes are not represented since all results were concordant). MOG, myelin oligodendrocyte glycoprotein; NS, neuronal surface; AQP4,
aquaporin 4; MuSK, muscle specific kinase; ICN, intracellular neuronal; IEF, isoelectric focusing.

misinterpreted as wrong patterns, with risks of wrong messages
to the clinicians.

AQP4 Antibodies

Background of the Assay

The presence of serum AQP4-Abs identifies acquired
demyelinating syndromes of the CNS mainly affecting

the optic nerves and spinal cord, collectively defined as
Neuromyelitis Optica Spectrum Disorders (NMOSD) (16),
which are in differential diagnosis with MS. Initially, AQP4-Abs
were detected with immunohistochemistry on rodent brain,
but currently CBAs are the gold standard (17, 18). When
compared with ELISAs, CBAs offer the advantage of being
conformational (19). The AQP4 protein arranges on the cell
surface in tetramers, associated in the orthogonal particle arrays
(OPAs) that are relevant for AQP4-Ab binding (20-22). In a
multicenter comparison of AQP4-Abs detection assays, CBAs
resulted the most sensitive assays (6). Both live and fixed CBAs

showed good analytical performances, although live CBAs
performed with slightly higher accuracy (6). The use of ELISAs is
progressively decreasing due to inferior performances compared
to CBAs (6,17, 21).

Results of AINI EQAS

CBAs were used by 18/19 laboratories (“in-house” live CBAs for
two of them), and only one used a commercial ELISA. The overall
agreement was “substantial” (Fleiss’ kappa: 0.66, 95%CI: 0.52-
0.79). Fifteen/20 laboratories reached 100% accuracy. Sample Q2,
a low AQP4-Ab-positive serum from an NMOSD patient (titer
1:10 on the commercial CBA) was reported as negative by 5/19
laboratories. Only one laboratory, using the commercial CBA,
reported the reference negative sample Q3 as AQP4-Ab positive.

Conclusions
The interpretation of fluorescence in samples with low titers
of AQP4-Abs can be challenging, and could lead to false
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negative results in the routine practice. The comparison between
in-house and commercial CBA performances suggests that
erroneous output evaluations mainly explained the relatively
low concordance.

MOG Antibodies

Background of the Assay

Using non-conformational methods, MOG-Abs had been
associated with MS for decades (23). Subsequently, these
antibodies, when detected with appropriate conformational
methods, have been increasingly associated with non-MS
acquired demyelinating syndromes, such as optic neuritis and
transverse myelitis (7, 24-26). Since only conformational MOG-
Abs are considered clinically relevant, CBAs are the gold
standard for their detection (27). CBAs are performed on live
cells transfected with human full-length MOG; bound IgG can
then be detected with either an anti-total human-IgG (9), or
an anti-human-IgGj, as secondary antibodies. (7) The output
readout can be performed either by fluorescence microscopy,
or flow-cytometry (28, 29). Recently, a commercial CBA for
MOG-ADbs detection relying on fixed cells has become available.
In a three-center comparison, the fixed CBA showed rather
good concordance with the live CBAs, with slightly lower
specificity (30).

Results of AINI EQAS

Given the recent identification of MOG-Abs, this was the first
year that the scheme was included in the AINI EQA program.
Only laboratories using CBAs participated to this scheme, seven
with “in-house” protocols with different characteristics of the
secondary antibodies, which recognized total IgG (n = 3), IgG;
(n = 1), or both (n = 1). The remaining six laboratories used the
commercial fixed CBA.

The two positive samples had medium to high titers (1:320-
1:640), and were positive for IgG; antibodies. The overall
agreement was substantial (Fleiss’ kappa: 0.71, 95%CI: 0.5-0.92).
Eleven/13 laboratories correctly identified MOG-Abs in sample
G1 and G2, and 13/13 recognized G3 as negative.

Conclusions

The participation of experienced laboratories only to this EQAS,
using both live and/or fixed CBAs, likely accounted for overall
good performances.

Neuronal Surface Antibodies

Background of the Assay

NS-Abs represent an expanding group of autoantibodies
targeting key proteins implicated in synaptic function (3, 31).
These antibodies associate with a wide spectrum of disorders
variably presenting with cognitive impairment, seizures,
movement disorders, and autonomic dysfunction, defined as
“autoimmune encephalitis” (2, 32). After the identification
of antibodies against the N-methyl-D-aspartate receptor
(NMDAR), many other NS-Abs have been discovered in the
last years (33, 34), including those against leucine rich glioma
inactivated-1 (LGI1) and contactin-associated protein-like 2
(CASPR2), a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic

acid receptor 1 and 2 (AMPAR), and y-aminobutyric acid A or B
receptor (GABA 4 /gR).

The use of conformational assays is crucial for NS-Ab
detection (35), and includes CBAs and/or TBAs on rodent brain
optimized with light fixation procedures (4). TBAs can be, at
least for some Abs, more sensitive than CBAs, although CBAs are
necessary to identify antigenic targets (36). The combination of
TBAs and CBAs can improve diagnostic accuracy (37).

A commercial fixed CBA is currently available for the most
frequently detectable NS-Abs. Rarer NS-Ab reactivities require
appropriate “in-house” diagnostics (2).

Results of AINI EQAS

As most laboratories used the commercial test that includes only
the most frequent NS-Abs (NMDAR-Abs, LGI1-Abs, CASPR2-
Abs, AMPAR-Abs, and GABAgR-Abs), the EQA scheme was
restricted to these Abs. Eleven/fourteen laboratories used the
commercial CBA, whilst two used a strategy combining “in-
house” TBAs and “in-house,” or commercial CBA. One laboratory
used “in-house” live CBAs only (Table 2).

Sample C2 [from a patient with definite NMDAR encephalitis
(32)] was the only one providing conflicting results, as 9/14
laboratories failed to detect NMDAR antibodies. This sample
tested at the coordinating center showed 1:200 positive titer using
a TBA, and 1:10 positive titer using the commercial CBA (weak
positivity) (42).

Conclusions

Discrepancies were mainly due to difficulties in detecting
low titer NMDAR-Abs. This supports the message that, in
autoimmune encephalitis, testing for both serum and CSF can
increase diagnostic accuracy (42). Indeed, the paired CSF sample
of the C2 control was positive at high titer.

Intracellular Neuronal Antibodies
Background of the Assay

ICN-Abs target nuclear or cytoplasmic antigens, and associate
with a wide range of neurological syndromes often occurring
in association with a tumor (paraneoplastic neurological
syndromes, PNS). Classic PNS include, among others, limbic
encephalitis, paraneoplastic cerebellar degeneration, and
subacute sensory neuronopathy (43, 44). Although their
association with cancer is much rarer, GAD-Abs are often
included in this group, and are associated with stiff person
syndrome, epilepsy, or cerebellar ataxia, but also type-1
diabetes (45-47).

ICN-Abs are usually identified with screening TBAs on
murine or primate cerebellum, followed by confirmatory SPAs
(commercial line/dot blots). Blots include the most common
antibody targets, with some differences on the panel according to
the manufacturer (Table 2). Although blots can be more sensitive
than TBA in rare cases (48), their use without TBAs can lead to
false positive results, and is therefore discouraged (4, 49, 50). In-
house CBAs have been used with selected antigens, such as CV2
and SOXI1, showing a higher sensitivity compared to commercial
blots (51, 52). GAD antibodies can be quantified using ELISAs,
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TABLE 2 | Assays used in the AINI EQA program.

Main features

Test Assay N of labs/total*
Oligoclonal IgG bands Semi-automated systems 15/23
In-house assembled 8/23
systems
Intracellular neuronal Immunohistochemistry on 6/16
antibodies fixed primate brain + blot A
Immunohistochemistry on 6/16
fixed primate brain + blot B
blot A only 4/16
Neuronal Cell Surface Immunohistochemistry on 2/16
antibodies rat brain + in-house CBA
In-house CBA 1/16
Commercial CBA 13/16
AQP4 antibodies In-house CBA 2/20
Commercial CBA 17/20
Commercial ELISA 1/20
MOG antibodies In-house CBA A 3/13
In-house CBA B 113
In-house CBA C 113
In-house live CBA D 2/13
Commercial CBA 6/13
MAG antibodies Commercial ELISA 10/14
Immunohistochemistry 1/14
Immunohistochemistry+blot 1/14
Commercial blot 1/14
Commercial blot 1/14
Antibodies to In-house ELISA 5/15
Gangliosides Commercial blot 3/15
Commercial ELISA 4/15
Commercial blot 3/15
AChR antibodies Commercial RIA 5/8
Commercial ELISA 3/8
MuSK antibodies Commercial RIA 4/5
Commercial ELISA 1/5

Precast agarose gels (small-medium size); manufacturer’s recommended
run conditions; direct immunofixation

In-house or commercial precast agarose gels (large size); run conditions
optimized in each laboratory; capillary blotting and immunofixation

Commercial (Euroimmun) chip + line-blot (Ravo), antigens: HuD, Yo, Ri,
CV2 (CRMP5), Amphiphysin, Mat, Ma2

Commercial (Euroimmun) chip + line-blot (Euroimmun), antigens: HuD, Yo,
Ri, CV2 (CRMP5), Amphiphysin, Ma, PCA-2, Tr, SOX1, titin, recoverin

Line-blot (Ravo or Euroimmun), antigens: see above

In-house obtained slices from lightly fixed rat brain + in-house fixed
(Euroimmun), or live CBA designed according to the staining pattern on
tissue (10, 36)#

Live CBAs for specific antigens (38, 39)#

Fixed CBA mosaic chip (Euroimmun); antigens: NMDAR, LGI1, CASPR2,
AMPAR 1/2, GABAgR

Live CBA, transfection with M23 AQP4 isoform

Fixed CBA (Euroimmun), transfection with M23 AQP4 isoform

RSR Limited, no information on AQP4 isoform used

Live CBA, transfection with full-length MOG, total IgG secondary antibody,
titration cut-off (1:160) (8, 9)#

Live CBA, transfection with full-length MOG, IgG1 secondary antibody (7)#

Live CBA, transfection with full-length MOG, total IgG secondary antibody,
titration cut-off 1:160 + IgG1 secondary antibody (7, 9)#

Like CBA A, cytofluorimetric analysis (40)#

Live CBA, transfection with full-length MOG, total IgG secondary antibody,
titration cut-off (1:10)

Buhimann

Commercial, Immco Diagnostics
Commercial, not specified
Ravo

Euroimmun

In accordance with INCAT (41)
Line blot (Euroimmun)
Buhlmann

Dot blot (Generic Assay)

IBL International; RSR Limited
RSR Limited

RSR Limited

RSR Limited

NMDAR, N-methyl-D-aspartate receptor; LGI1, leucine rich glioma inactivated 1; CASPR2, contactin-associated protein-like 2; GABAgR, y-aminobutyric acid B receptor; AMPAR,
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; AQP4, aquaporin 4; ELISA, enzyme-linked immunosorbent assay; MOG, myelin oligodendrocyte glycoprotein; MAG,
myelin associated glycoprotein; INCAT, Infammatory Neuropathy Cause and Treatment; RIA, radioimmunosorbent assay; AChR, acetylcholine receptor; MuSK, muscle specific kinase.
*Single laboratories can use more than one test; CBA, cell-based assay; #In-house assays were performed according to published protocols, but adapted to each laboratory routine.

RIAs, and luciferase immunoprecipitation system (LIPS) (47, 53),
which are more sensitive than TBAs and line/dot blots (4).

Results of AINI EQAS

Among the participating laboratories, the ICN-Ab detection
was characterized by some heterogeneity of laboratory assays.
Twelve/sixteen laboratories used a combination of TBAs and
confirmatory SPAs, with two different commercial line blots
(each used by six laboratories). Four laboratories did not perform

a screening with TBA. No laboratory performed ELISAs, or LPAs
for GAD antibodies.

Overall agreement for this scheme was “fair” (Fleiss’ Kappa:
0.39, 95%CI: 0.3-0.49).

Sample O2 was wrongly identified as negative by 4/16
laboratories. One of the laboratories detected a compatible
staining pattern with TBA, not confirmed on line blots, and
the three remaining laboratories performed the line blot only.
In addition, for the same sample 8/16 laboratories additionally
reported a positivity for titin-Abs detected with line blots. The
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same reactivity was reported by 7/16 laboratories with the sample
O3 (sent as negative). Titin-Abs are variably used in patients with
myasthenia gravis (MG) as biomarker of thymoma (54). O2 and
O3 patients did not show any clinical manifestation of MG, and
had no thymoma.

Conclusions

The poor performances of many laboratories in this EQA scheme
could have the following main reasons: (a) TBAs are mandatory
screening tests (42), so that using only line/dot blots, based on
recombinant proteins, can yield false positive and false negative
results (49); (b) the recognition of particular ICN-Abs patterns
on TBAs is challenging (42); (c) faint antibody reactivities on
line/bot blots should be interpreted as negative results.

The introduction of the titin antigen in the commercial
dot/line blots for ICN-Abs is questionable, as MG had been
considered an “independent disease,” and thus excluded by the
diagnostic criteria for PNS (42).

Ganglioside Antibodies

Background of the Assay

Ganglioside-Abs are associated with a wide spectrum of
inflammatory peripheral neuropathies (55). However, only
few of them have actual diagnostic meaning and associate
with well-defined clinical phenotypes. These include: (a)
antibodies against a dialosyl epitope, a sequence contained in
GD1b, GD3, GT1b, and GQ1b molecules in patients with a
paraproteinemic neuropathy defined as CANOMAD (Chronic
Ataxic Neuropathy, Ophthalmoplegia, IgM paraprotein, cold
Agglutinin, Disialosyl antibodies) (56, 57); (b) GM1 IgM-Abs
in patients with motor multifocal neuropathy with conduction
blocks (MMN) (58); (c) GQIlb (with/without GT1la) IgG
antibodies in patients with Fisher syndrome, a variant of
Guillain-Barré syndrome (GBS) with ophthalmoplegia and
ataxic neuropathy (59, 60). GDla, GM1la, GM1b, and GalNAc-
GD1la-Abs (IgG isotype) characterize the acute motor axonal
neuropathy (AMAN), and GMI1 and GDla-antibodies (IgG
isotype) characterize acute motor and sensory axonal neuropathy
(AMSAN), but these axonal forms of GBS are more common
in Asia and Central and South America than in North America
and Europe.

Thin layer chromatography is considered the gold standard,
but it is often unavailable for routine diagnostics, for
which available options include line/dot blots and ELISAs,
with suboptimal performances (56). In order to improve
standardization, in 1999 an ELISA for ganglioside-Abs has
been proposed by an experts panel (INCAT-ELISA) (41), and is
still considered a valid assay notwithstanding the documented
inter-laboratory variability (61). Limiting the tests to the above-
mentioned autoantibodies, and considering positive results only
when high titers are detected represent useful recommendations
for clinicians (61).

Results of AINI EQAS

Five/fifteen laboratories performed ELISAs according to
the INCAT guidelines, 4/15 used commercial ELISAs, and
6/15 commercial blot from two different manufacturers

(Table 2). The EQA scheme for ganglioside-Abs had the lowest
agreement (Fleiss kappa: 0.29, 95%CIL: 0.21-0.36), and the
lowest accuracy (median: 50; range: 25-100) within the EQA
program. Twelve/fifteen laboratories performed suboptimally,
showing an accuracy <50%. Sample P1 (from a patient with
Fisher syndrome) was correctly reported as GQ1b-IgG positive
by 14/15 laboratories, but three laboratories additionally
identified other ganglioside-Abs, such as GM1-IgM, or GTla
IgG, which, however, can coexist with GQ1b-IgG. Sample P3
(from a patient with CANOMAD) was classified as positive for
both GD1b and GQIb-IgM. Only three laboratories showed
agreement with the reference value. Four/fifteen laboratories
reported only one of the two ganglioside-Abs, whilst four
reported additional ganglioside-Abs, possibly compatible with
the clinical syndrome (such as, GD1b-IgM), or unrelated (such
as, sulfatide IgM). Similarly, in sample P4 (from a patient
with MMN, sent as GMI1-IgM-positive) 9/15 laboratories
reported additional reactivities including GM2 and GD1b-IgM.
The interpretation of this scheme thus needed the arbitrary
setting up the category of “partially concordant” results,
when antibody reactivities compatible with the established
clinical phenotypes were reported in addition to the reference
reactivities. However, the statistical analysis of this EQAS was
calculated including “partially concordant” results into the
category of “discordant” results.

Conclusions

This scheme was the most critical of our EQA program,
likely due to the relatively high heterogeneity of the tests
employed by the various laboratories, and the technical
drawbacks that intrinsically affect the current methods for
ganglioside-Abs testing (62). The poorest performances still
remain even if the category of “partially concordant” joins that
of “concordant” results.

MAG Antibodies

Background of the Assay

MAG neuropathy is a rare disease typically associated with
monoclonal IgM that recognize the glycoprotein (63). A
slowly progressing neuropathy characterizes the disease (Distal
acquired demyelinating symmetric neuropathy, DADS). MAG-
Abs detection is preferentially performed with ELISA, which
produces quantitative results useful for monitoring the disease.
Other tests, including Western or line blot, and TBAs are
available, but they show lower accuracy (63, 64).

Results of AINI EQAS

Despite the heterogeneity of the assays used (Table2), all
laboratories correctly identified MAG-Abs in the three reference
samples, all from patients with DADS.

Conclusions

MAG scheme was not critical. However, among the laboratories
that used the Bithlmann ELISA, large differences in quantitative
values were detected, thus suggesting between-laboratory
difference in performing the test.
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AChR and MuSK Antibodies

Background of the Assay

MG is an autoimmune disorder of the neuromuscular junction
characterized by muscle fatigue and reduced endurance upon
repetitive use (65, 66). AChR-Abs are highly specific for MG,
and are found in 85-90% of patients with generalized MG and
in 40-70% with ocular MG (66, 67). More recently discovered,
MuSK-Abs are present in serum samples of about one third of
AChR-Abs-negative MG patients (68, 69).

LPA, and particularly RIA, either “in-house” or commercially
available, are considered the gold standard for both AChR- and
MuSK-Ab detection (69). Recently, novel tests using CBAs have
been implemented, showing high sensitivity in detecting AChR-
and MuSK-Abs in LPA antibody-negative patients (70, 71). This
advantage is likely linked to the antigen clustering at the cell
surface, thus improving the binding of divalent low-affinity
AChR-Abs. However, such tests are performed on live cells,
and thus they are necessarily “in-house” and non-standardized.
Alternatively, commercial ELISAs are available for the detection
of both AChR- and MuSK-Abs, but their performances are
inferior to those of RIAs (69).

Results of AINI EQAS

The number of laboratories participating to AChR- and MuSK-
Ab schemes was limited (8 and 5, respectively). Three laboratories
in the AChR-AD scheme, and one in the MuSK-Ab scheme, used
a recently released commercial ELISAs, whilst the remaining
laboratories used the consolidated commercial RIAs. Accuracy
was high, but one laboratory using the ELISA identified MuSK-
Abs in a negative sample.

Conclusions

RIAs remain the gold standard for AChR- and MuSK-Ab
detection. CBAs for their detection are showing promising
preliminary results (38), and forthcoming EQA programs will
evaluate their performances.

GENERAL CONCLUSIONS

The Holy Grail of precision medicine requires endless
efforts toward the production of biomarker data for accurate
stratifications of patients, and, to determine the best approach to
prevent, diagnose, or treat diseases. These efforts are exploiting
the impressive technological advancements to identify new
biomarkers. On the other hand, the contribute of well-established
biomarkers should not be overlooked.

The here reported data from the 2018 AINI EQA
program depict a complex picture on how currently
used neuroimmunology biomarkers work in real life. The
evidence derives from a single EQA evaluation, but we found
similar performances in our previous AINI EQA programs
[personal communication].

Briefly, the neuroimmunology tests here evaluated can fall
into three categories:

(a) standardized and robust commercial tests with substantial
inter-laboratory agreement (MAG-Abs; AChR- and MuSK-Abs);
(b) commercial and “in-house” tests with partial inter-laboratory
agreement (AQP4-Abs, MOG-Abs, NS-Abs, ICN-Abs); (c)

commercial and in-house tests with large inter-laboratory
disagreement (OCBs, ganglioside-Abs).

The CBAs used for AQP4 and MOG-ADb detection are of
relatively recent introduction. Both in-house and commercial
tests seem to perform suboptimally in low-titer sample controls.
Accordingly, a large multicenter comparison of various tests for
AQP4-Abs suggests that technical accuracy improves when tests
are carried out in specialist laboratories (18).

As a whole, technical inaccuracy and shortcomings in results
interpretations are likely the main reasons underlying the
suboptimal performance put in evidence by our EQA program
for NS- and ICN-Abs too. However, there are two tests that
carry well-known “structural” limits, namely the IEF for OCB
detection (8), and ELISA, or dot/line blot tests for ganglioside-
Abs (60), which are very difficult to overcome. As for OCBs, such
limits were one of the main points supporting their exclusion
from MS diagnostic criteria (72). Exploiting the expertise of
specialized laboratory, with a centralization of OCB testing, could
minimize the above-mentioned shortcomings. The limits of the
available tests for ganglioside-Abs, once recognized, should lead
to a consensus including experts and the main manufacturers, to
find the best compromise on the best single method to use and
on interpretative rules for positive results.

The commercial fixed CBA for MOG-Abs seemed to perform
as well as the in-house live CBAs, but only three samples were
tested, not allowing the due statistical evaluations. The in-house
live CBA for MOG-Abs yielded better results than a fixed CBA in
a three-center comparison study (29).

The main limitation of this study is the low number (3 or
4) of samples sent for each assay. On the other hand, high
volumes of control samples from patients with a given disease,
that are necessary when many centers are involved in EQA
programs, are not easily obtainable, and evaluations on single
assay performances should better imply high numbers of samples
tested by a few selected centers.

In conclusion, our findings give clinicians a panorama of
what they can expect when they ask for neuroimmunology
tests. Although restricted to Italian and a few European
laboratories, the data of this EQA program are indeed in line
with other similar surveys promoted for single tests (18, 29,
50). It is conceivable that in countries where neuroimmunology
diagnostics is centralized in laboratories with specific expertise
the quality of the service could be higher. Further efforts for
standardizations are still needed, as well as the promotion of EQA
programs, which are fundamental even for expert laboratories.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

AUTHOR CONTRIBUTIONS

MG analyzed the data, drafted the manuscript, and cooperated
to the AINI-EQAP planning and coordination. DF drafted the
manuscript and was the main planner and coordinator of the
AINI EQAP. AU, FB, and FA contributed to plan the AINI-EQAP

Frontiers in Neurology | www.frontiersin.org

January 2020 | Volume 10 | Article 1385


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Gastaldi et al.

AINI 2018 EQA Program

and revised the manuscript for intellectual content. SS and EZ
contributed to sample preparation and shipping in the EQAP and
to data analysis.

FUNDING

AINI; Italian Ministry of Health, Ricerca Corrente 2017-2019 to
IRCCS Mondino Foundation (Grant code: RC18012C); Ricerca

REFERENCES

10.

11.

12.

13.

14.

15.

16.

. Franciotta D, Uccelli A. A bridge between evidence-based
laboratory  diagnostics and research in neuroimmunology: why
standardizations and  guidelines  matter.  Neurol  Sci.  (2017)

38:213-6. doi: 10.1007/s10072-017-3022-6

. Dalmau J, Graus F. Antibody-mediated encephalitis. N Engl ] Med. (2018)

378:840-51. doi: 10.1056/NEJMral708712

. Irani SR, Gelfand JM, Al-Diwani A, Vincent A. Cell-surface central nervous

system autoantibodies: clinical relevance and emerging paradigms. Ann
Neurol. (2014) 76:168-84. doi: 10.1002/ana.24200

. Ricken G, Schwaiger C, De Simoni D, Pichler V, Lang J, Glatter S, et al.

Detection methods for autoantibodies in suspected autoimmune encephalitis.
Front Neurol. (2018) 9:841. doi: 10.3389/fneur.2018.00841

. Borisow N, Mori M, Kuwabara S, Scheel M, Paul F. Diagnosis and treatment of

NMO spectrum disorder and MOG-encephalomyelitis. Front Neurol. (2018)
9:888. doi: 10.3389/fneur.2018.00888

. Waters P, Reindl M, Saiz A, Schanda K, Tuller F Kral V, et al

Multicentre comparison of a diagnostic assay: aquaporin-4 antibodies
in neuromyelitis optica. /] Neurol Neurosurg Psychiatry. (2016). 87:1005-
15. doi: 10.1136/jnnp-2015-312601

. Waters P, Woodhall M, O’Connor KC, Reindl M, Lang B, Sato DK,

et al. MOG cell-based assay detects non-MS patients with inflammatory
neurologic  disease. ~Neurol Neuroimmunol Neuroinflamm. (2015)
2:e89. doi: 10.1212/NXI1.0000000000000089

. Mariotto S, Gajofatto A, Batzu L, Delogu R, Sechi G, Leoni S, et al. Relevance

of antibodies to myelin oligodendrocyte glycoprotein in CSF of seronegative
cases. Neurology. (2019) 93:e1867-72. doi: 10.1212/WNL.0000000000008479

. Di Pauli F, Mader S, Rostasy K, Schanda K, Bajer-Kornek B, Ehling R, et al.

Temporal dynamics of anti-MOG antibodies in CNS demyelinating diseases.
Clin Immunol. (2011) 138:247-54. doi: 10.1016/j.clim.2010.11.013

Gastaldi M, De Rosa A, Maestri M, Zardini E, Scaranzin S, Guida M, et al.
Acquired neuromyotonia in thymoma-associated myasthenia gravis: a clinical
and serological study. Euro ] Neurol. (2019) 26:992-9. doi: 10.1111/ene.13922
Watson PE  Petrie A. Method agreement
of  correct  methodology. Theriogenology.
79. doi: 10.1016/j.theriogenology.2010.01.003
Thompson AJ, Banwell BL, Barkhof E Carroll WM, Coetzee T, Comi G,
et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria.
Lancet Neurol. (2018) 17:162-73. doi: 10.1016/S1474-4422(17)30470-2
Gastaldi M, Zardini E, Franciotta D. An update on the use of cerebrospinal
fluid analysis as a diagnostic tool in multiple sclerosis. Expert Rev Mol Diagn.
(2017) 17:31-46. doi: 10.1080/14737159.2017.1262260

Andersson M, Alvarez-Cermeno J, Bernardi G, Cogato I, Fredman P,
Frederiksen J, et al. Cerebrospinal fluid in the diagnosis of multiple
sclerosis: a consensus report. ] Neurol Neurosurg Psychiatry. (1994) 57:897-
902. doi: 10.1136/jnnp.57.8.897

Sellebjerg F, Christiansen M. Qualitative assessment of intrathecal IgG
synthesis by isoelectric focusing and immunodetection: interlaboratory
reproducibility and interobserver agreement. Scand ] Clin Lab Invest. (1996)
56:135-43. doi: 10.3109/00365519609088600

review
73:1167-

analysis:  a
(2010)

Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W,
Chitnis T, et al. International consensus diagnostic criteria
for neuromyelitis optica spectrum disorders. Neurology. (2015)

85:177-89. doi: 10.1212/WNL.0000000000001729

Corrente 2017-2019 to Fondazione IRCCS Istituto Neurologico
Carlo Besta.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found

online at:

https://www.frontiersin.org/articles/10.3389/fneur.

2019.01385/full#supplementary-material

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

. Chan KH, Kwan JS, Ho PW, Ho JW, Chu AC, Ramsden DB. Aquaporin-

4 autoantibodies in neuromyelitis optica spectrum disorders: comparison
between tissue-based and cell-based indirect immunofluorescence assays. ]
Neuroinflammation. (2010) 7:50. doi: 10.1186/1742-2094-7-50

. Lennon VA, Wingerchuk DM, Kryzer TJ, Pittock SJ, Lucchinetti CF

Fujihara K, et al. A serum autoantibody marker of neuromyelitis
optica: distinction from multiple sclerosis. Lancet. (2004) 364:2106-
12. doi: 10.1016/S0140-6736(04)17551-X

. Franciotta D, Gastaldi M, Sala A, Andreetta F, Rinaldi E, Ruggieri M, et al.

Diagnostics of the neuromyelitis optica spectrum disorders (NMOSD). Neurol
Sci. (2017) 38:231-6. doi: 10.1007/s10072-017-3027-1

Torio R, Fryer JP, Hinson SR, Fallier-Becker P, Wolburg H, Pittock SJ,
et al. Astrocytic autoantibody of neuromyelitis optica (NMO-IgG) binds to
aquaporin-4 extracellular loops, monomers, tetramers and high order arrays.
J Autoimmun. (2013) 40:21-7. doi: 10.1016/j.jaut.2012.07.008

Jarius S, Wildemann B. Aquaporin-4 antibodies (NMO-IgG) as a serological
marker of neuromyelitis optica: a critical review of the literature. Brain Pathol.
(2013) 23:661-83. doi: 10.1111/bpa.12084

Nicchia GP, Mastrototaro M, Rossi A, Pisani F, Tortorella C, Ruggieri M, et al.
Aquaporin-4 orthogonal arrays of particles are the target for neuromyelitis
optica autoantibodies. Glia. (2009) 57:1363-73. doi: 10.1002/glia.20855
Lebar R, Baudrimont M, Vincent C. Chronic experimental autoimmune
encephalomyelitis in the guinea pig. Presence of anti-M2 antibodies
system the possible of M2
autoantigen in the induction of the disease. ] Autoimmun. (1989)
2:115-32. doi: 10.1016/0896-8411(89)90149-2

Hacohen Y, Absoud M, Deiva K, Hemingway C, Nytrova P, Woodhall M, et al.
Myelin oligodendrocyte glycoprotein antibodies are associated with a non-
MS course in children. Neurol Neuroimmunol Neuroinflammation. (2015)
2:¢81. doi: 10.1212/NXI.000000000000008 1
Reindl M, Waters P. Myelin
antibodies in  neurological  disease.
15:89-102. doi: 10.1038/s41582-018-0112-x
Jarius S, Ruprecht K, Kleiter I, Borisow N, Asgari N, Pitarokoili K, et al. MOG-
IgG in NMO and related disorders: a multicenter study of 50 patients. Part
1: frequency, syndrome specificity, influence of disease activity, long-term
course, association with AQP4-IgG, and origin. ] Neuroinflammation. (2016)
13:279. doi: 10.1186/s12974-016-0717-1

Jarius S, Paul E Aktas O, Asgari N, Dale RC, de Seze ], et al. MOG
encephalomyelitis: international recommendations on diagnosis and antibody
testing. ] Neuroinflammation. (2018) 15:134. doi: 10.1186/s12974-018-1144-2
Tea E Lopez JA, Ramanathan S, Merheb V, Lee FXZ, Zou A, et al.
Characterization of the human myelin oligodendrocyte glycoprotein
antibody response in demyelination. Acta Neuropathol Commun. (2019)
7:145. doi: 10.1186/s40478-019-0786-3

Ramanathan S, Mohammad S, Tantsis E, Nguyen TK, Merheb V, Fung VSC,
et al. Clinical course, therapeutic responses and outcomes in relapsing MOG
antibody-associated demyelination. J Neurol Neurosurg Psychiatry. (2018)
89:127-37. doi: 10.1136/jnnp-2017-316880

Waters PJ, Komorowski L, Woodhall M, Lederer S, Majed M, Fryer J, et al.
A multicenter comparison of MOG-IgG cell-based assays. Neurology. (2019)
92:e1250-5. doi: 10.1212/WNL.0000000000007096

Dalmau J, Geis C, Graus F. Autoantibodies to synaptic receptors and neuronal
cell surface proteins in autoimmune diseases of the central nervous system.
Physiol Rev. (2017) 97:839-87. doi: 10.1152/physrev.00010.2016

in central nervous tissue and role

oligodendrocyte
Nat  Rev  Neurol.

glycoprotein
(2019)

Frontiers in Neurology | www.frontiersin.org

January 2020 | Volume 10 | Article 1385


https://www.frontiersin.org/articles/10.3389/fneur.2019.01385/full#supplementary-material
https://doi.org/10.1007/s10072-017-3022-6
https://doi.org/10.1056/NEJMra1708712
https://doi.org/10.1002/ana.24200
https://doi.org/10.3389/fneur.2018.00841
https://doi.org/10.3389/fneur.2018.00888
https://doi.org/10.1136/jnnp-2015-312601
https://doi.org/10.1212/NXI.0000000000000089
https://doi.org/10.1212/WNL.0000000000008479
https://doi.org/10.1016/j.clim.2010.11.013
https://doi.org/10.1111/ene.13922
https://doi.org/10.1016/j.theriogenology.2010.01.003
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1080/14737159.2017.1262260
https://doi.org/10.1136/jnnp.57.8.897
https://doi.org/10.3109/00365519609088600
https://doi.org/10.1212/WNL.0000000000001729
https://doi.org/10.1186/1742-2094-7-50
https://doi.org/10.1016/S0140-6736(04)17551-X
https://doi.org/10.1007/s10072-017-3027-1
https://doi.org/10.1016/j.jaut.2012.07.008
https://doi.org/10.1111/bpa.12084
https://doi.org/10.1002/glia.20855
https://doi.org/10.1016/0896-8411(89)90149-2
https://doi.org/10.1212/NXI.0000000000000081
https://doi.org/10.1038/s41582-018-0112-x
https://doi.org/10.1186/s12974-016-0717-1
https://doi.org/10.1186/s12974-018-1144-2
https://doi.org/10.1186/s40478-019-0786-3
https://doi.org/10.1136/jnnp-2017-316880
https://doi.org/10.1212/WNL.0000000000007096
https://doi.org/10.1152/physrev.00010.2016
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Gastaldi et al.

AINI 2018 EQA Program

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Graus F, Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, et al. A clinical
approach to diagnosis of autoimmune encephalitis. Lancet Neurol. (2016)
15:391-404. doi: 10.1016/S1474-4422(15)00401-9

Gastaldi M, Thouin A, Vincent A. Antibody-mediated autoimmune
encephalopathies and immunotherapies. Neurotherapeutics. (2015) 13:147-
62. doi: 10.1007/s13311-015-0410-6

Dalmau J, Tiziin E, Wu HY, Masjuan J, Rossi JE, Voloschin A, et al.
Paraneoplastic anti-N-methyl-D-aspartate receptor encephalitis associated
with ovarian teratoma. Ann Neurol. (2007) 61:25-36. doi: 10.1002/ana.21050
Zuliani L, Zoccarato M, Gastaldi M, Iorio R, Evoli A, Biagioli
T, et al. Diagnostics of autoimmune encephalitis
antibodies against neuronal surface antigens. Neurol Sci.
38:225-9. doi: 10.1007/s10072-017-3032-4

Gresa-Arribas N, Titulaer MJ, Torrents A, Aguilar E, McCracken L, Leypoldt
E et al. Antibody titres at diagnosis and during follow-up of anti-NMDA
receptor encephalitis: a retrospective study. Lancet Neurol. (2014) 13:167-
77. doi: 10.1016/S1474-4422(13)70282-5

McCracken L, Zhang J, Greene M, Crivaro A, Gonzalez ], Kamoun
M, et al. Improving the antibody-based evaluation of autoimmune
encephalitis. ~ Neurol =~ Neuroimmunol  Neuroinflammation. — (2017)
4:e404. doi: 10.1212/NXI.0000000000000404

Irani SR, Bera K, Waters P, Zuliani L, Maxwell S, Zandi MS, et al. N-
methyl-d-aspartate antibody encephalitis: Temporal progression of clinical
and paraclinical observations in a predominantly non-paraneoplastic
disorder of both sexes. Brain. (2010) 133:1655-67. doi: 10.1093/brain/
awqll3
Irani

associated with
(2017)

SR, Vincent A. Voltage-gated potassium channel-complex
autoimmunity and associated clinical syndromes. Handb Clin Neurol.
(2016) 133:185-97. doi: 10.1016/B978-0-444-63432-0.00011-6

Mayer MC, Breithaupt C, Reindl M, Schanda K, Rostisy K, Berger T,
et al. Distinction and temporal stability of conformational epitopes on
myelin oligodendrocyte glycoprotein recognized by patients with different
inflammatory central nervous system diseases. ] Immunol. (2013) 191:3594—
604. doi: 10.4049/jimmunol.1301296

Willison HJ, Veitch J, Swan AV, Baumann N, Comi G, Gregson NA,
et al. Inter-laboratory validation of an ELISA for the determination
of serum anti-ganglioside antibodies. ~Eur ] Neurol. (1999)
6:71-7. doi: 10.1046/j.1468-1331.1999.610071.x

Dalmau J, Armangué T, Planaguma J, Radosevic M, Mannara F, Leypoldt
E et al. An update on anti-NMDA receptor encephalitis for neurologists
and psychiatrists: mechanisms and models. Lancet Neurol. (2019) 18:1045-
57. doi: 10.1016/S1474-4422(19)30244-3

Graus F, Dalmau J. Paraneoplastic neurological syndromes. Curr Opin Neurol.
(2012) 25:795-801. doi: 10.1097/WCO.0b013e328359dal5

Graus FE Delattre JY, Antoine JC, Dalmau ], Giometto B, Grisold
W, et al. Recommended diagnostic criteria for paraneoplastic
neurological ~ syndromes. ] Neurol Neurosurg Psychiatry. (2004)
75:1135-40. doi: 10.1136/jnnp.2003.034447

Arino H, Hoftberger R, Gresa-Arribas N, Martinez-Herndndez E,
Armangue T, Kruer MC, et al. Paraneoplastic neurological syndromes
and glutamic acid decarboxylase antibodies. JAMA Neurol. (2015)
72:874-81. doi: 10.1001/jamaneurol.2015.0749

Gresa-Arribas N, Arifo H, Martinez-Hernandez E, Petit-Pedrol M, Sabater
L, Saiz A, et al. Antibodies to inhibitory synaptic proteins in neurological
syndromes associated with glutamic acid decarboxylase autoimmunity. PLoS
ONE. (2015) 10:e0121364. doi: 10.1371/journal.pone.0121364
Martinez-Hernandez E, Arifio H, McKeon A, lizuka T, Titulaer M]J,
Simabukuro MM, et al. Clinical and immunologic investigations in
patients with stiff-person spectrum disorder. JAMA Neurol. (2016) 73:714—
20. doi: 10.1001/jamaneurol.2016.0133

Graus E Dalmou J, René R, Tora M, Malats N, Verschuuren JJ, et al. Anti-Hu
antibodies in patients with small-cell lung cancer: association with complete
response to therapy and improved survival. J Clin Oncol. (1997) 15:2866—
72. doi: 10.1200/JC0.1997.15.8.2866

Storstein A, Monstad SE, Haugen M, Mazengia K, Veltman D, Lohndal E,
et al. Onconeural antibodies: improved detection and clinical correlations. |
Neuroimmunol. (2011) 232:166-70. doi: 10.1016/j.jneuroim.2010.10.009

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Zoccarato M, Gastaldi M, Zuliani L, Biagioli T, Brogi M, Bernardi G, et al.
Diagnostics of paraneoplastic neurological syndromes. Neurol Sci. (2017)
38:237-42. doi: 10.1007/s10072-017-3031-5

Sabater L, Saiz A, Dalmau J, Graus F. Pitfalls
of CV2 (CRMP5) antibodies. ] Neuroimmunol.
3. doi: 10.1016/j.jneuroim.2015.11.009

Ruiz-Garcia R, Martinez-Hernédndez E, Garcia-Ormaechea M, Espafol-Rego
M, Sabater L, Querol L, et al. Caveats and pitfalls of SOX1 autoantibody
testing with a commercial line blot assay in paraneoplastic neurological
investigations. Front Immunol. (2019) 10:769. doi: 10.3389/fimmu.2019.00769
Williams AJ, Lampasona V, Schlosser M, Mueller PW, Pittman DL, Winter
WE, et al. Detection of antibodies directed to the N-terminal region of
GAD is dependent on assay format and contributes to differences in the
specificity of GAD autoantibody assays for type 1 diabetes. Diabetes. (2015)
64:3239-46. doi: 10.2337/db14-1693

Yamamoto AM, Gajdos P, Eymard B, Tranchant C, Warter JM, Gomez
L, et al. Anti-titin antibodies in myasthenia gravis: tight association with
thymoma and heterogeneity of nonthymoma patients. Arch Neurol. (2001)
58:885-90. doi: 10.1001/archneur.58.6.885

Willison HJ, Yuki N. Peripheral neuropathies and anti-glycolipid antibodies.
Brain. (2002) 125:2591-625. doi: 10.1093/brain/awf272

Willison HJ, O’Leary CP, Veitch J, Blumhardt LD, Busby M, Donaghy
M, et al. The clinical and laboratory features of chronic sensory ataxic
neuropathy with anti-disialosyl IgM antibodies. Brain. (2001) 124:1968-
77. doi: 10.1093/brain/124.10.1968

Franciotta D, Gastaldi M, Benedetti L, Pesce G, Biagioli T, Lolli F, et al.
Diagnostics of dysimmune peripheral neuropathies. Neurol Sci. (2017)
38:243-7. doi: 10.1007/s10072-017-3025-3

Yeh WZ, Dyck PJ, van den Berg LH, Kiernan MC, Taylor BV. Multifocal
motor neuropathy: controversies and priorities. ] Neurol Neurosurg Psychiatry.
(2019). doi: 10.1136/jnnp-2019-321532. [Epub ahead of print].
Nobile-Orazio E, Gallia E Terenghi F Allaria S, Giannotta C, Carpo
M. How useful are anti-neural IgM antibodies in the diagnosis of
chronic immune-mediated neuropathies? ] Neurol Sci. (2008) 266:156-
63. doi: 10.1016/j.jns.2007.09.020

Fisher M. An unusual variant of acute idiopathic polyneuritis (syndrome
of ophthalmoplegia, ataxia and areflexia). N Engl ] Med. (1956) 255:57-
65. doi: 10.1056/NEJM195607122550201

Kuijf ML, van Doorn PA, Tio-Gillen AP, Geleijns K, Ang CW, Hooijkaas
H, et al. Diagnostic value of anti-GM1 ganglioside serology and validation
of the INCAT-ELISA. ] Neurol Sci. (2005) 239:37-44. doi: 10.1016/j.jns.2005.
07.009

Franciotta D, Gastaldi M, Biagioli T, Benedetti L, Giannotta C, Bedin R,
et al. Anti-ganglioside antibodies: experience from the Italian Association of
Neuroimmunology external quality assessment scheme. Clin Chem Lab Med.
(2018) 56:1921-5. doi: 10.1515/cclm-2018-0234

Nobile-Orazio E, Manfredini E, Carpo M, Meucci N, Monaco S, Ferrari
S, et al. Frequency and clinical correlates of anti-neural IgM antibodies
in neuropathy associated with IgM monoclonal gammopathy. Ann Neurol.
(1994) 36:416-24. doi: 10.1002/ana.410360313

Talamo G, Mir MA, Pandey MK, Sivik JK, Raheja D. IgM MGUS associated
with anti-MAG neuropathy: a single institution experience. Ann Hematol.
(2015) 94:1011-6. doi: 10.1007/s00277-014-2294-7
Gilhus NE. Myasthenia gravis. N Engl ] Med.
81. doi: 10.1056/NEJMral602678

Drachman DB. Myasthenia gravis. N Engl ] Med. (1994) 330:1797-
810. doi: 10.1056/NEJM199406233302507

Evoli A. Myasthenia gravis: new developments in research and treatment.
Curr Opin Neurol. (2017) 30:464-70. doi: 10.1097/WC0.00000000000
00473

Gilhus ~ NE,  Verschuuren JJ.  Myasthenia
classification and therapeutic ~ strategies.  Lancet
14:1023-36. doi: 10.1016/S1474-4422(15)00145-3
Andreetta F, Rinaldi E, Bartoccioni E, Riviera AP, Bazzigaluppi
E, Fazio R, et al. Diagnostics of myasthenic syndromes: detection
of anti-AChR and anti-MuSK antibodies. =~ Neurol Sci. (2017)
38:253-7. doi: 10.1007/s10072-017-3026-2

detection
290:80-

in the
(2016)

(2016) 375:2570-

gravis:
Neurol.

subgroup
(2015)

Frontiers in Neurology | www.frontiersin.org

January 2020 | Volume 10 | Article 1385


https://doi.org/10.1016/S1474-4422(15)00401-9
https://doi.org/10.1007/s13311-015-0410-6
https://doi.org/10.1002/ana.21050
https://doi.org/10.1007/s10072-017-3032-4
https://doi.org/10.1016/S1474-4422(13)70282-5
https://doi.org/10.1212/NXI.0000000000000404
https://doi.org/10.1093/brain/awq113
https://doi.org/10.1016/B978-0-444-63432-0.00011-6
https://doi.org/10.4049/jimmunol.1301296
https://doi.org/10.1046/j.1468-1331.1999.610071.x
https://doi.org/10.1016/S1474-4422(19)30244-3
https://doi.org/10.1097/WCO.0b013e328359da15
https://doi.org/10.1136/jnnp.2003.034447
https://doi.org/10.1001/jamaneurol.2015.0749
https://doi.org/10.1371/journal.pone.0121364
https://doi.org/10.1001/jamaneurol.2016.0133
https://doi.org/10.1200/JCO.1997.15.8.2866
https://doi.org/10.1016/j.jneuroim.2010.10.009
https://doi.org/10.1007/s10072-017-3031-5
https://doi.org/10.1016/j.jneuroim.2015.11.009
https://doi.org/10.3389/fimmu.2019.00769
https://doi.org/10.2337/db14-1693
https://doi.org/10.1001/archneur.58.6.885
https://doi.org/10.1093/brain/awf272
https://doi.org/10.1093/brain/124.10.1968
https://doi.org/10.1007/s10072-017-3025-3
https://doi.org/10.1136/jnnp-2019-321532
https://doi.org/10.1016/j.jns.2007.09.020
https://doi.org/10.1056/NEJM195607122550201
https://doi.org/10.1016/j.jns.2005.07.009
https://doi.org/10.1515/cclm-2018-0234
https://doi.org/10.1002/ana.410360313
https://doi.org/10.1007/s00277-014-2294-7
https://doi.org/10.1056/NEJMra1602678
https://doi.org/10.1056/NEJM199406233302507
https://doi.org/10.1097/WCO.0000000000000473
https://doi.org/10.1016/S1474-4422(15)00145-3
https://doi.org/10.1007/s10072-017-3026-2
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Gastaldi et al.

AINI 2018 EQA Program

70. Huda S, Waters P, Woodhall M, Leite MI, Jacobson L, De Rosa A,
et al. IgG-specific cell-based assay detects potentially pathogenic MuSK-
Abs in seronegative MG. Neurol Neuroimmunol Neuroinflamm. (2017)
4:e357. doi: 10.1212/NXI1.0000000000000357

71. Rodriguez Cruz PM, Al-Hajjar M, Huda S, Jacobson L, Woodhall M, Jayawant
S, et al. Clinical features and diagnostic usefulness of antibodies to clustered
acetylcholine receptors in the diagnosis of seronegative myasthenia gravis.
JAMA Neurol. (2015) 72:642-9. doi: 10.1001/jamaneurol.2015.0203

72. Tur C, Montalban X. CSF oligoclonal bands are important in the diagnosis of
multiple sclerosis, unreasonably downplayed by the McDonald criteria 2010:
No. Mult Scler. (2013) 19:717-8. doi: 10.1177/1352458513477713

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Gastaldi, Zardini, Scaranzin, Uccelli, Andreetta, Baggi and
Franciotta. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org

12

January 2020 | Volume 10 | Article 1385


https://doi.org/10.1212/NXI.0000000000000357
https://doi.org/10.1001/jamaneurol.2015.0203
https://doi.org/10.1177/1352458513477713
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Autoantibody Diagnostics in Neuroimmunology: Experience From the 2018 Italian Neuroimmunology Association External Quality Assessment Program
	Introduction
	Materials and Methods
	External Quality Assessment Program Design
	Assays
	Statistical Analysis

	Results
	Overall Results
	Oligoclonal IgG Bands
	Background of the Assay
	Results of AINI EQAS
	Conclusions

	AQP4 Antibodies
	Background of the Assay
	Results of AINI EQAS
	Conclusions

	MOG Antibodies
	Background of the Assay
	Results of AINI EQAS
	Conclusions

	Neuronal Surface Antibodies
	Background of the Assay
	Results of AINI EQAS
	Conclusions

	Intracellular Neuronal Antibodies
	Background of the Assay
	Results of AINI EQAS
	Conclusions

	Ganglioside Antibodies
	Background of the Assay
	Results of AINI EQAS
	Conclusions

	MAG Antibodies
	Background of the Assay
	Results of AINI EQAS
	Conclusions

	AChR and MuSK Antibodies
	Background of the Assay
	Results of AINI EQAS
	Conclusions


	General conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


