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Abstract
Our study objective was testing for anti-neuronal autoantibodies within commercially available intravenous immunoglobulin
(IVIg) preparations. Sixteen samples from 5 different commercially available IVIg preparations were tested with cell-based
assays (CBA) and enzyme-linked immunosorbent assay (ELISA) to detect and characterize common neuronal autoantibodies,
and with immunohistochemistry on teased fibers from mouse sciatic nerve and on mouse brain sections to screen for nodal and
not yet identified neuronal antigens. In 15/16 IVIg preparations, anti-GAD antibodies were detected in titers ranging from 40 to
1507 IU/mL, as typically seen in type 1 diabetes, but not in the range (> 2000 IU/mL) seen in GAD-positive neurological patients.
None of the preparations was however positive with anti-GADCBA. Antibodies to AQP4 were also detected by ELISA in 15/16
IVIg preparations with titers comparable to those seen in AQP4-seropositive NMO patients; with CBA, however, all IVIg
samples were AQP4-negative. IVIg preparations contained IgG-anti-MAG antibodies by ELISA at statistically significant higher
titers compared to controls. Two of the 16 IVIg samples were positive for human 3-hydroxy-3-methylglutaryl-coenzyme A
reductase (HMGCR) antibodies. All IVIg preparations were negative for antibodies to MOG, NMDAR, anti-nodal, and other
neuronal-specific proteins. IVIg preparations contain antibodies against GAD and AQP4 in titers comparable to those seen in
autoimmune patients when tested by ELISA, but not by CBA or tissue immunohistochemistry, suggesting that the autoantibodies
within the IVIg are against linear rather than structural epitopes, as part of the natural antibody immune repertoire. The infor-
mation is clinically important for diagnosis when testing patients’ sera after they have received therapy with IVIg to avoid false
interpretation.
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Introduction

Intravenous immunoglobulin (IVIg) contains high concentra-
tion of IgG molecules derived from thousands of healthy
blood donors with only traces of detectable IgA and IgM
isotypes [1–3]. IVIg is used in autoimmune disorders because
of its immunomodulatory effects in inhibiting B-cell func-
tions, hindering complement activation, prevention of T-cell

activation pathways, neutralization of pathogenic autoanti-
bodies, and modulation of dendritic cells [4–7]. In neurology,
IVIg has been approved for the treatment of Guillain–Barre
syndrome (GBS), multifocal motor neuropathy (MMN), and
chronic inflammatory demyelinating polyneuropathy (CIDP)
and was shown to be effective based on controlled or large-
scale uncontrolled studies in stiff person syndrome (SPS),
myasthenia gravis, dermatomyositis, and certain autoimmune
inflammatory myopathies, neuropathies, and central nervous
system disorders [7–9].

Because IVIg is derived from healthy donors, it contains
substantial amount of natural autoantibodies (NAbs) defined
as antibodies present in healthy conditions in the absence of
immunizations or infections [3]. The NAbs within the IVIg
are exclusively of IgG subclass and they are capable of bind-
ing to idiotypes of autoantibodies directed against various
self-antigens, thus contributing to restoring immune homeo-
stasis in IVIg-treated patients [10]. Among the NAbs,
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recognition of those directed against neuronal antigenic pro-
teins is important in neurology practice because these antibod-
ies may persist after IVIg administration and have been
misinterpreted as pathogenic autoantibodies, often leading to
an erroneous diagnosis [11].

The aim of the present study is to investigate the presence
of disease-specific neuronal autoantibodies within the IVIg
preparations and determine their epitope specificity to assess
whether they are directed against structural epitopes with po-
tential pathogenic significance or linear epitopes, as part of the
natural antibody immune repertoire. Distinguishing whether
detectable antibodies in the patients’ sera are derived from the
passively infused IVIg or are pathogenic antibodies generated
de novo is of clinical importance to avoid diagnostic
misinterpretations.

Methods

The following 16 commercial IVIg products were screened:
10 different lots fromHyQvia (Baxalta Innovations GmbH), 1
from Privigen (CSL Behring), 3 from Intratect (Biotest AG), 1
from IgVena (Kedrion S.p.A), and 1 from Flebogamma
(Grifols S.A.) (Table 1). All brand products used were liquid
preparations and no dissolution was needed ensuring the lack
or aggregate formation. The following methods were used.

ELISA

This method was used to test for IgG antibodies against
linear epitopes to (a) aquaporin-4 (AQP4) (RSR Limited,

Ca rd i f f , Wa le s , UK) ; (b ) human 3-hyd roxy -3 -
methylglutaryl-coenzyme A reductase (HMGCR) (Inova
Diagnostics, Inc., San Diego, CA, USA); (c) myelin-
a s soc i a t ed g lycop ro te in (MAG) (BÜHLMANN
Laboratories AG, Schönenbuch, Switzerland); and (d)
glutamic acid decarboxylase (GAD) (EUROIMMUN
Medizinische Labordiagnostika AG, Lübeck, Germany).
For AQP4 and GAD detection, none of the IVIg prepara-
tions was diluted. No colloids were added as all IVIg prep-
arations tested contain protective colloids. For anti-MAG
and HMGCR assays, all IVIg preparations were diluted
1:1000. Sera from 16 healthy people negative for MAG
IgG were collected and used as a control group and their
mean OD value was compared with the OD of the IVIg
preparations.

Anti-GAD Avidity Determined by ELISA

This method was used to investigate whether polyclonal anti-
bodies within IVIg preparations bind to GAD antigen in a
specific manner by testing their avidity using anti-GAD
ELISA as follows: one set of duplicate IVIg preparations
was incubated with the chaotropic agent sodium thiocyanate
(NaSCN) and the other with distilled water [12]. Preliminary
experimental data indicated that 1.5 M NaSCN is the optimal
concentration to test avidity. IVIg preparations were then ap-
plied undiluted. The relative avidity index (AI), corresponding
to the amount of antibodies bound to GAD after incubation
with NaSCN to the amount of antibodies bound to GADwith-
out NaSCN, was then calculated and expressed as a
percentage.

Table 1 IVIg preparations used
in this study IVIg brand name Company Lot Concentration

HyQvia Baxalta Innovations GmbH LE16S281AA 100 mg/mL

HyQvia Baxalta Innovations GmbH LE16S027AB 100 mg/mL

HyQvia Baxalta Innovations GmbH LE16S079AD 100 mg/mL

HyQvia Baxalta Innovations GmbH LE16R324BX 100 mg/mL

HyQvia Baxalta Innovations GmbH LE16R005BC 100 mg/mL

HyQvia Baxalta Innovations GmbH LE16S235AF 100 mg/mL

HyQvia Baxalta Innovations GmbH LE16S104BA 100 mg/mL

HyQvia Baxalta Innovations GmbH LE16S104AJ 100 mg/mL

HyQvia Baxalta Innovations GmbH LE16R066AB 100 mg/mL

HyQvia Baxalta Innovations GmbH LE16S341AJ 100 mg/mL

Intratect Biotest AG B791183 50 mg/mL

Intratect Biotest AG B791283 50 mg/mL

Intratect Biotest AG B791473 50 mg/mL

Privigen CSL Behring GmbH 4327700021 100 mg/mL

Ig Vena Kedrion S.p.A. 127611 50 mg/mL

Flebogamma Instituto Grifols S.A. A4GDC00101 50 mg/mL
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Commercial Cell-Based Assay (CBA) for Anti-AQP4,
Anti-MOG, and Anti-NMDAR

A commercially available method was used to detect for the
presence of anti-AQP4, anti-MOG, and anti-NMDAR anti-
bodies according to the manufacturer’s instructions
(EUROIMMUN Medizinische Labordiagnostika AG,
Lübeck, Germany). All IVIg preparations were diluted 1:10
in PBS-Tween. Preparations were viewed using a fluorescent
microscope.

In-house CBA for MOG and GAD Proteins

This method was used to detect antibodies against the whole
MOG and GAD proteins, expressed in human embryonic kid-
ney (HEK) cells. The cells were transfected with either a
MOG-EGFP or a GAD plasmid with the Xfect reagent
(Lipofectamine 2000 Transfection Reagent, Thermo Fisher)
followed by a 24-h incubation with IVIg preparations applied
in 1:60 and 1:120 dilutions in 1% bovine serum albumin
(BSA) solution. An anti-GAD commercial polyclonal anti-
body (1:750, Abcam) or anti-MOG-positive patient serum
(1:25) was used as positive control. The wells were then fixed

with 4% paraformaldehyde (PFA) in phosphate-buffered sa-
line (PBS) and permeabilized with 0.1% Triton in PBS.
Following blocking with 10% normal goat serum (NGS) in
PBS, a fluorescent secondary antibody (Alexa Fluor 568) was
applied at a 1:750 dilution. DAPI was diluted 1:3000 in PBS
to stain nuclei.

Immunohistochemistry

Teased fibers from mouse sciatic nerve and sagittal mouse
brain sections were used to detect the presence of antibodies
against unknown brain or peripheral nervous tissue antigens.
For the detection of central nervous system (CNS) antigens,
sagittal sections of whole adult mouse brain were fixed with
4% paraformaldehyde (PFA) and permeabilized with the use
of the detergent 3-[(3-cholamidopropyl) dimethylammonio]-
1-propanesulfonate (CHAPS) to allow for the detection of
cytoplasmic and nuclear antigenic epitopes. Sections were
blocked with 10% normal goat serum in PBS and all IVIg
preparations were applied in a 1:20 dilution in 1% bovine
serum albumin (BSA). The secondary antibody was an
Alexa Fluor 488 goat anti-human which was diluted 1:200
in BSA. Cells were counterstained with 4′,6-diamidino-2-

a b

c d

Fig. 1 Anti-GAD antibodies in IVIg preparations. (A) Column graph
presenting the results from anti-GAD ELISA. Fifteen out of the 16 IVIg
preparations had high titers of GAD antibodies (assay cutoff, positive ≥
10 IU/mL; concentration range, 40,043–1506.96 IU/mL). (B)
Immunofluorescent images (× 40 magnification) using the in-house
GAD CBA assay. Positive anti-GAD staining (white arrows) (left), ob-
tained with an anti-GAD-positive commercial antibody; this is in contrast

to non-specific staining obtained with IVIg preparation (right). (C, D)
Column graph presenting the avidity anti-GAD ELISA data obtained
with sera from 29 SPS patients (C) or with IVIg preparations (D). The
obtained values of SPS sera had mean avidity index (AI) similar to the
values obtained in IVIg preparations. Eleven of the 16 IVIg preparations
presented avidity index (AI) values above 20%, 3 presented AI above
18%, and 2 above 5%

Anti-Neuronal Antibodies Within the IVIg Preparations: Importance in Clinical Practice 237



phenylindole (DAPI) 1:3000 in PBS and preparations were
visualized with fluorescent microscopy. For the detection of
peripheral nervous system antigens, teased fibers from mouse
sciatic nerves were used in a similar protocol [13]. Acetone
was used for fixation and 0.5% Triton-BSA for blocking. All
IVIg preparations were diluted 1:50 in 0.5% Triton blocking
solution and incubated overnight at 4 °C. The secondary an-
tibody, which was the same as above, was diluted 1:100 also
in 0.5% Triton blocking solution.

Results

Fifteen out of 16 IVIg preparations had a high concentration
of anti-GAD antibodies as tested with ELISA (assay cutoff,
positive ≥ 10 IU/mL; concentration range, 40.043–1506.96
IU/mL); only one IVIg preparation was negative (Fig. 1A).

In contrast, none of the IVIg preparations was tested GAD-
positive using our in-house CBA method (Fig. 1B). To inves-
tigate binding specificity, we calculated avidity index (AI)
which showed that 11 out of the 16 IVIg preparations had
AI values above 20%, 3 above 18%, and 2 above 5%. This
suggests that the titers of anti-GAD antibodies within the IVIg
preparations have been reduced significantly after incubation
with NaSCN, confirming that the binding of IVIg antibodies
to GAD antigen is specific. The obtained AI values are similar
to AIs from patients with stiff person’s syndrome which har-
bor high-titer-specific anti-GAD antibodies (Fig. 1C, D).

The AQP4 ELISA testing revealed that all IVIg prepara-
tions were positive (assay cutoff, positive ≥ 3.0 μ/mL; con-
centration range, 3366–39,735 μ/mL), except from a single
preparation (2100 μ/mL). Two other preparations were bor-
derline positive (3366 μ/mL and 4093 μ/mL) (Fig. 2A). The
range of titers observed in the ELISA testing was comparable

a
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Fig. 2 Anti-AQP4 antibodies in IVIg preparations. (A) Column graph
presenting the results from AQP4 ELISA. Fifteen of the 16 IVIg prepa-
rations were positive in various concentrations (assay cutoff, positive ≥
3.0 μ/mL). (B, C) Immunofluorescence (× 20 magnification) from an

NMOSD-positive control patient shows AQP4-expressing cells using
commercial CBA (B); in contrast, no specific staining of AQP4-
expressing cells was observed with IVIg samples (C)
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to that seen in sera from validated anti-AQP4-positive neuro-
myelitis optica spectrum patients (data not shown). When the
testing was however repeated using the AQP4 CBA, none of
the IVIg preparations was positive (Fig. 2B, C). This is con-
sistent with the observations obtained in tissue sections, in
which no specific anti-AQP4 pattern was noted.

The IgG anti-MAG antibodies ELISA testing showed a
statistically significant difference between the mean OD value
within the 16 IVIg preparations compared with the mean OD
value of a group of MAG seronegative patient samples (p =
0.0002; 99% confidence interval, 0.08136–0.3446) (dilution,
1:1000) (Fig. 3A). Anti-HMGCR antibodies were detected
with ELISA in only 2 IVIg preparations, at low-positive titers
(dilution, 1:101; 20,867 standard units and 21,465 standard
units) (assay cutoff, positive ≥ 20 standard units) (Fig. 3B).

Regarding anti-MOG antibodies, none of the tested IVIg
preparations was positive (Fig. 4A, B) using both our in-house
and commercially available CBA. This was also the case for
the NMDAR antibodies using the commercial CBA assay
(Fig. 4C, D). For both, MOG and NMDAR antibodies, there
is no available validated ELISA method; thus, no additional
testing was performed.

None of the IVIg preparations stained brain tissue in a
pattern representing neuronal specific staining including spe-
cific staining of neuronal or glial cells, e.g., astrocytes.
Instead, 15 out of the 16 IVIg preparations stained nuclei in
the mouse brain sections (Fig. 5A). It was not investigated
further whether this anti-nuclear staining represents any
known intracellular epitope. Finally, there was no specific
staining on the teased nerve fibers with any of the IVIg prep-
arations (Fig. 5C) denoting the lack of antibodies against nod-
al antigens such as neurofascin-155, CASPR2, or contactin.

Discussion

Our data show that IVIg preparations contain several specific-
ities of antibodies observed in the diagnosis of autoimmune
neurological diseases, namely against GAD, AQP4, and
MAG. Positivity was however only observed with ELISA, a
method that allows for the recognition of linear antigenic epi-
topes and not with cell-based assay that determines structural
epitopes. This was particularly evident for the IVIg antibodies

b

aFig. 3 MAG and HMGCR
antibodies in IVIg preparations.
(A) Column graph of anti-MAG
ELISA. There was a statistically
significant difference between the
mean value of the 16 IVIg prepa-
rations and the mean value of 16
MAG IgG-seronegative controls
(p = 0.0002; 99% confidence in-
terval, 0.08136–0.3446) (dilution,
1:1000). (B) Column graph of
HMGCR ELISA tests. Only 2 of
the 16 IVIg samples were low-
positive (dilution, 1:101; 20,867
SGU and 21,465 SGU; assay
cutoff, positive ≥ 20 SGU)
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against GAD and AQP4 in which a direct comparison be-
tween ELISA and CBAwas possible.

In reference to GAD, IVIg preparations contain anti-GAD
natural antibodies in titers comparable to those seen in patients
in type 1 diabetes (TID), but not in patients with stiff person
syndrome (SPS), as shown previously with radioimmunoas-
say [14]. The antibody binding is however specific based on
the avidity index, because the anti-GAD IgG within IVIg
binds to GAD antigen with strength comparable to anti-
GAD IgG derived from neurological patients. Whether these
antibodies may exert any pathogenic effect is not clear.
Although the titers are below those seen in SPS, their presence
requires caution when screening for disease-associated GAD
antibodies after IVIg infusions. Such results have often creat-
ed misdiagnoses in a number of patients and only follow-up
testing 3 weeks later, when the high titers have been lowered,
clarified that they were IVIg-derived (Dalakas MC unpub-
lished observations). Elevated antibody titers in the patients’
sera following IVIg treatment have been previously reported
for anti-TPO (thyroid peroxidase) and caution was advised not
to interpret this as denoting autoimmune thyroiditis [15].

Of interest were the anti-AQP4 antibodies found in IVIg.
Their titers within the preparations when evaluated by AQP4
ELISA assay were comparable to those seen in patients with

neuromyelitis optica spectrum disorders (NMOSD). In con-
trast to NMOSD patients, however, in which the AQP4
ELISA–positive patients are also positive with CBA, in the
IVIg, these antibodies were undetectable with CBA suggest-
ing that they recognize only linear epitopes. It should be how-
ever acknowledged that because within the IVIg preparations
IgG concentration is very high, epitope density in the ELISA
assays is also much higher and the observed positivity may
not necessarily represent a physiologically relevant reactivity.

Similar observations were made in a previous study in
which clinically relevant AQP4 antibodies were detected
within the sera of several patients with autoimmune diseases,
such as SLE and even MS, and these antibodies mapped to
linear epitopes [16, 17]. As with the anti-GAD antibodies,
however, it is not clear whether the anti-AQP4 antibodies
within the IVIg bear any pathogenic potential because an
ELISA assay cannot distinguish between natural and patho-
genic autoimmunity, hence the need for CBA testing to avoid
false-positive results. It is very likely that these antibodies, if
physiologically relevant, may represent natural autoanti-
bodies. Potential pathogenicity could be examined by apply-
ing the IVIg-derived antibodies in astrocytic cultures in the
presence of complement to test for cell death [18]. Because
many of these reactivities, like anti-AQP4, anti-GAD, anti-

b
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a

Fig. 4 MOG and NMDAR antibodies in IVIg preparations. (A, B)
Immunofluorescent images (× 40 magnification) show a MOG-positive
control serum using in-house MOG CBA (A) compared to non-specific

binding of IVIg (B). (C, D) Immunofluorescent images (× 20 magnifica-
tion) of an NMDAR-positive control serum using commercial NMDAR
CBA (C) compared to non-specific binding with IVIg (D)
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HMGCR, or anti-MAG, even if derived from patients with
severe disease, cannot induce pathology in animal passive
transfer models [19]; it is highly unlikely that their presence
as natural autoantibodies within the IVIg, without any other
precipitating factors, can induce any pathology,

Another important message of the study is that IVIg prep-
arations do not contain natural antibodies against NMDAR
and MOG. Anti-HMGCR was also rarely present, detected
only in 2/16 IVIg samples, supporting that our ELISA find-
ings are specific and not an ELISA artifact, due to Ig concen-
tration. The presence of anti-MAG reactivity in IVIg prepara-
tions is also of unclear clinical significance, as patient-derived
pathogenic anti-MAG antibodies are of the IgM isotype [20].
The information is however useful as many commercial as-
says test also for IgG anti-MAG antibodies as part of their
panel.

The abundance of anti-linear antibodies in IVIg, as deter-
mined by ELISA, was also supported by the finding that no
staining was observed in the teased nerve fiber preparations or
the brain tissue sections, except of a non-specific nuclear
staining. Such anti-nuclear staining resembles the staining
seen in the sera of patients with systemic autoimmune

rheumatic diseases [21], suggesting that IVIg contains anti-
nuclear antibodies in titers comparable to those seen in such
patients. Whether the natural autoantibodies within the IVIg
account for any of the reported neurological or systemic side
effects and laboratory abnormalities after IVIg treatments [22,
23], such as aseptic meningitis, fever, headaches, thrombotic
events, fatigue, lymphopenia, anemia, or hyponatremia, if
they recognized respective antigens, is unclear although un-
likely. It should also be stressed that this point applies to IVIg
in general and it is not related to any specific brands used in
our testing.

The observed antibodies within the IVIg represent natural
autoantibodies, probably unrelated to disease pathobiology;
their functional role in physiology however is still unclear
and merits further investigation. In healthy populations, natu-
ral autoantibodies are of very low concentration but can still
be detected following Ig purification. IVIg is a pool of thou-
sands of individuals and accumulation of very low antibody
concentrations from single individuals cross the threshold
levels of detection. These antibodies are part of the natural
autoimmunity repertoire which, in healthy individuals, plays
a role in physiological immune regulation. The neurologist

b
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Fig. 5 Tissue staining of IVIg preparations. (A, B) Immunofluorescent
images (× 20 magnification) of anti-nuclear staining of IVIg in a cortical
brain area of a mouse sagittal brain section (A). Staining of the same area
with 4′,6-diamidino-2-phenylindole (DAPI) confirms nuclear staining
(B). (C, D) Immunofluorescent images (× 40 magnification) of a teased

nerve fiber from mouse sciatic nerve with IVIg shows non-specific back-
ground staining at the node of Ranvier (C); this is in contrast to a positive
paranodal staining (white arrow) of anti-CASPR2-positive CIDP serum
(positive control) (D)

Anti-Neuronal Antibodies Within the IVIg Preparations: Importance in Clinical Practice 241



should be therefore aware when testing patients’ sera up to a 4-
week period after they have received therapy with IVIg-
consistent with the IgG’s half-life to avoid false interpretation.
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