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To date, inter- and intra-laboratory consistency of binding assays for measuring anti-interferon (IFN)b
antibodies has not been assessed. In this investigation, two independent laboratories tested a library
of 80 serum specimens obtained from multiple sclerosis (MS) patients treated with IFNb. For binding
antibodies (BAbs) evaluations, each laboratory used both a capture-ELISA (cELISA) and an enzyme-
immuno-assay (EIA), which is commercially available. Samples were also tested for neutralizing
antibodies (NAbs). Data demonstrated good intra-laboratory reliability (rpearson]/0.86), and a good
overall agreement between the results obtained from the two centers, using both the cELISA (69/80
of observed agreements) and the EIA (67/80). Accordingly, kappa coefficients (K) showed good
concurrence (K]/0.651). There was also substantial agreement between cELISA and EIA measure-
ments, as performed in both centers (Orbassano, 66/80, K�/0.631; Basel, 70/80, K�/0.717).
However, by comparing NAbs and BAbs titers obtained with both assays, we found that a high
degree of BAb-negative samples were positive in NAb-assay. Thus, our study does not support the
usefulness of ELISA-based BAb assays as a screening tool for NAbs. Otherwise, BAb-assays can be
used as a confirmation test, indicating that the decrease of the biological effects is due to antibodies.
In this context, both ELISA-based assays are equally reliable techniques. Multiple Sclerosis 2006; 12:
738�746. http://msj.sagepub.com
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Introduction

Treatment with interferon (IFN)-b has been demon-
strated to improve the clinical course in patients
with relapsing-remitting multiple sclerosis (RRMS),
but continuous administration is required to main-
tain the therapeutic effects [1�3].

As with many other biopharmaceuticals, pro-
longed therapies with IFNb often lead to the
development of specific antibodies. In 1981, Vall-
bracht reported this observation in a patient af-
fected by nasopharyngeal carcinoma and treated
with human fibroblast IFNb [4]. Later, several
studies observed and demonstrated a decrease in
IFNb clinical efficacy induced by anti-IFNb anti-

bodies [1,3,5�8]. Recently, it was reported that up
to 80% of MS patients treated with IFNb develop
binding antibodies (BAbs), with the potential to
neutralize the beneficial effects of IFNb [9�11].
However, it has been shown that only a subset of
the BAbs is of a neutralizing nature (NAb for
neutralizing antibodies) [12].

Due to the risk of a decreased treatment efficacy,
to the existence of alternative therapies (ie, glatir-
amer acetate and mitoxantrone) and the high costs
of the therapy with IFNb, the demand is increasing
to test IFNb-treated MS patients for anti-IFNb
antibodies. Consequently, there is an obvious
need for clinically useful, inexpensive and standar-
dized assays.
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NAb positivity is defined by the ability of a serum
sample to neutralize an in vitro biological activity of
IFNb. Although there are many biological activities
of type I IFNs, the most common assays utilize its
anti-viral effects (cytopathic effect assay) or its
ability to induce the MxA protein (myxovirus-
resistance protein A induction test). Unfortunately,
both these assays are technically difficult. More-
over, different laboratories often use different cell
lines and viruses, hence these assays are not
standardized.

Binding assays (such as ELISA) can be used to
screen patients for the presence of anti-IFNb Abs,
before specifically screening for NAbs � assuming
that, without binding capacity, there is no neutra-
lizing activity.

Two fast and technically easy ELISA-based pro-
cedures have been established for BAbs detection:
(1) capture ELISA (cELISA) [13�15]; and (2) anti-
IFNb BAb enzyme-immuno-assay (EIA) [16,17],
which was recently made commercially available
(Bühlmann anti-IFNb BAb EIA kit) [11,18,19].

In this report, we describe a comparative study
on 80 serum samples of patients treated with both
IFNb-1a and IFNb-1b for BAbs, analysed with two
ELISA-based methods in two independent labora-
tories. We show that both immunoassays agree
sufficiently to be interchangeable for a screening
strategy.

Methods

Patients and samples

Eighty blood samples were obtained from 62 pa-
tients with MS who were treated with recombinant
IFNb. Of these 80 samples, 16 were obtained from
13 patients treated with IFNb-1a (Avonex, Biogen,
Cambridge, USA), 30 mg intramuscularly once
weekly; 48 were obtained from 36 patients treated
with IFNb-1a (Rebif, Serono, Geneva, Switzerland)
either with 22 mg subcutaneously (sc) three
times weekly (n�/32 specimens from 24 patients)
or 44 mg sc three times weekly (n�/16 specimens
from 12 patients); and 16 were obtained from
13 patients treated with IFNb-1b (Betaferon,
Schering, Berlin, Germany) 250 mg sc three times
weekly. Sera collected from the same patients at
different time points were treated as independent
samples.

This study was approved by the Regional Ethical
Committee of Piedmont. Informed consent was
obtained from each patient before beginning the
study.

Experimental design

The Clinical Neuroimmunology Laboratory of
Basel (Switzerland), and the Clinical Neurobiology
Laboratory of Orbassano (Italy) participated in this
quality control study, to assess the potential inter-
laboratory variability in the results of two different
assays for measurement of BAbs in sera samples
obtained from MS patients treated with IFNb. BAbs
titers were compared with neutralizing activities
measured with an anti-viral activity (CPE) assay.
The samples included in this study encompassed a
wide range of NAb titers, from undetectable to
several thousands. For blinded analysis, identifica-
tion numbers were randomly assigned to individual
serum samples, and results were only unblinded
after all analysis had been completed. In that way,
80 samples were tested for BAbs in both laboratories
using both the cELISA assay and the Bühlmann
anti-IFNb BAb EIA kit. cELISA assay was also
evaluated for the intra-laboratory variability. In
the Clinical Neurobiology Laboratory of Orbassano,
43 samples were tested in two independent series
using the cELISA assay. For the Bühlmann anti-IFNb
BAb EIA assay, intra-laboratory evaluation was
performed based on the reproducibility of the
standard curve parameters and control values
supplied by the manufacturer.

Bühlmann anti-IFNb BAb EIA

The Bühlmann anti-IFNb BAb EIA kit consists of a
96-well microtiter plate that has been precoated
with IFNb (both IFNb-1a and -1b) for the capture of
BAbs from serum specimens. Two controls (high
and low) and four BAb standards (standard range
20�500 Bühlmann titer units; BTU) are provided
and simultaneously processed with specimens.

Detections were performed according to the
manufacturer’s instruction (Bühlmann Labora-
tories, Basel, Switzerland). Briefly, pre-coated plates
were washed two times with supplied ‘washing
solution’ and 100 mL of standards, controls and
serum samples (diluted 1:50) were added to each
well. All standards, controls and samples were
tested in duplicate. Wells were then incubated for
2 hours at �/48C and washed three times. In order
to detect the captured BAbs, an anti-human IgG
antibody conjugated with horseradish peroxidase
(HRP) was added to all wells and incubated for 2
hours at �/48C. Following the removal of unbound
antibodies with three washings, the bound enzyme
labeled antibodies was measured via a chromogenic
reaction with the addition of 3,3?,5,5?-tetramethyl-
benzidine substrate (TMB). The chromogenic reac-
tion was stopped using supplied ‘Stop Solution’ and
the optical density (OD) of each well was then read
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at 450 nm. The simultaneously processed BAb
standards were used to measure the antibody con-
centration in the specimens. A cut-off of 50 BTU
was used, as suggested by the manufacturer.

cELISA for BAbs

Capture ELISA for BAbs was conducted as described
elsewhere [13�15]. In brief, NUNC ELISA 96-well
plates were coated overnight at �/48C with 50 mL/
well of the monoclonal anti-human IFNb IgG anti-
body BO2 (Yamasa Shoyu Co. Ltd., Tokyo, Japan) at
2 mg/mL in 0.1 M carbonate-bicarbonate, pH 9.6.
The plates were washed three times with 1�/

phosphate buffered saline (PBS) and blocked with
0.5% non-fat dry milk in 1�/PBS for 1 hour at room
temperature (200 mL/well). Wells were washed three
times with PBS containing 0.05% Tween-20 (PBS-T),
and then treated for 1 hour at room temperature
with 50 mL/well of either IFNb-1a (150 ng/mL) or
IFNb-1b (1.5 mg/mL) in PBS-T plus 0.5% non-fat dry
milk (PBS-T/Milk). To ensure maximal binding with
presumed BAb, measurements were performed with
the same type of IFNb as used in individual patients
for therapy [20]. Background control well for each
sample was incubated with PBS-T/Milk without
IFNb.

For testing, each serum sample and negative
control sample was diluted 1:100 in PBS-T/Milk
and 50 mL were added to each well. Samples were
tested in duplicate and six positive reference serum
samples were included on each plate. After incuba-
tion for 2 hours at room temperature, the plates
were washed with PBS-T and incubated with 50 mL/
wells HRP-conjugated rabbit anti-human IgG
(DakoCytomation, Glostrup, Denmark), diluted
1:8000 in PBS-T/Milk for 1.5 hours at room tem-
perature. Finally, the plates were washed, and
developed with 100 mL/well of TMB substrate of
enzyme reaction for colour formation was added
(Sigma-Aldrich, St. Louis, MI, USA). When the blue
colour in the positive control wells had reached an
appropriate intensity, colour development was
stopped by adding 100 mL of 1N H2SO4. OD was
measured within 30 minutes at 450 nm with a
spectrophotometer, and detection values of each
sample were calculated by subtracting ODs of wells
lacking IFNb from the ODs of the IFNb-treated
wells.

Arbitrary units of antibody binding were deter-
mined by placing the ODs of the experimental
samples on the curve of the positive reference
sample. The reference sample was from a high
volume bleed from a patient with high levels of
neutralizing and binding antibodies. The positive
reference sample was diluted in six different con-
centrations covering the linear part of the curve

and corresponding 100, 50, 25, 12.5, 6.25 and 3.63
units (U) of antibody binding.

A cut-off of 8 U was used, as suggested elsewhere
[15].

The IFNbs used as reference/calibration stan-
dards in the assay were the preparations of Beta-
feron, Avonex, and Rebif, which are commercially
available and manufactured for clinical use.

Anti-viral CPE assay

The anti-viral CPE assay was used because it is
recommended by the WHO [21]. A549 cells (human
lung carcinoma cell line) were plated in monolayer
into 96-well plates at a mean concentration of
7�/104 cells/100 mL and incubated overnight.
Serum samples were diluted, mixed with one of
the IFNb products at a final concentration of 10 IU/
mL, and incubated for 1 hour; 100 mL of the serum-
IFNb mixture was incubated with A549 cells for 24
hours. Cells were then infected with encephalo-
myocarditis murine virus (EMC), and viable cells
were quantified 24 hours later by staining with
crystal violet in 20% ethanol. Excess dye taken up
by the cells was eluted with 33% acetic acid, and the
dye’s absorbance was measured in a densitometer at
620 nm (BioRad, model 550, Richmond, CA, USA).
Controls for viral activity, cellular viability, and
titration of the IFNb product were performed in
each set of CPE assays for NAb detection. The
neutralization titer of a serum sample was calcu-
lated according to Kawade’s formula [22,23] and
expressed in TRU [24].

The IFNbs used as reference/calibration stan-
dards in the CPE assay were the preparations of
Betaferon, Avonex, and Rebif, which are commer-
cially available and intended for clinical use.

Three sera with high, medium and low IFNb
neutralizing capacity were used as intra- and inter-
assay variation controls: mean intra- and inter-assay
variations (log10 CVs) were 8.11 and 11.74%,
respectively. In addition, to avoid false-positive
and false-negative results, separate experiments
were included in each analysis to control for serum
toxicity and endogenous anti-viral activity.

Statistical analysis

Paired combinations of methods and centers, and
difference-average plots with a 95% confidence
interval (CI), defined as 1.96 standard deviations
(SD) from the mean difference (Bland�Altman test),
were used to assess the level of agreement between
BAbs titers (quantitative outcome) [25]. The Pear-
son correlation coefficient was used to test the
association between methods and centers, assessing
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if variables vary together. The relationship between
the two variables was evaluated by determining the
straight line (line of agreement) that best fits the
data (linear regression). This line (y�/bx�/c) indi-
cates if there is any bias in one measurement
compared with the second: the intercept c is zero
if there is no bias and the slope b is 1 if there is
perfect numerical agreement [26]. In addition, an
intra-class correlation coefficient (ICC) was calcu-
lated for each pair [26].

The inter-rater agreement kappa test was then
used to evaluate the agreement between paired
combinations of methods and centers for the case
of positive and negative classification (ordinal out-
comes): K coefficient is an index of agreement,
ranging from 0 (no agreement beyond chance) to
�/1 (perfect agreement), calculated as a measure of
agreement corrected for chance [27,28].

All statistical analysis were performed using
GraphPad Prism† program version 4.0 (GraphPad
Software Inc., San Diego, CA, USA). All reported P
values are based on two-tailed statistical tests, with
a significance level of 0.05.

Results

Intra-laboratory variability for BAbs measurements

For the Bühlmann anti-IFNb BAb EIA system, intra-
laboratory evaluation was performed considering
the reproducibility of the standard curves para-
meters and control values (supplied with the kit):
the mean coefficient of variation (CV) was 11.5%,
which is similar to the 10.8% reported by the
manufacturer.

For the intra-laboratory assessment of the cELISA
assay, a perfect degree of agreement (100% (43/43)
of observed agreements based on positive or nega-
tive outcome; K�/1.0) was observed (ICC�/0.86).
In addition, the Bland�Altman analysis shows
that the majority (97.6% (42/43)) of the results
fall within the 95% limit of agreement (95% CI�/

�/31.06 to 26.16; regression line of differences on
means: slope b�/�/0.19569/0.079, y -intercept c�/

0.87269/1.865, P B/0.0001, ie, no significant bias).
Moreover, for quantitative data plotted in Figure 1,
the slope of the ‘line of agreement’ (linear regres-
sion) is close to unity (b�/1.0749/0.099) and the
intercept of the line is close to zero (c�/0.29649/

2.143) (correlation coefficient rpearson�/0.86;
P B/0.0001).

Inter-laboratory variability for BAbs measurements

Inter-laboratory results from the analysis of BAbs
titers assessed by cELISA and Bühlmann anti-IFNb

BAb EIA are presented in Tables 1�3. The inter-
laboratory comparisons Orbassano (Italy) versus
Basel (Switzerland)) demonstrated a good overall
agreement (positive versus negative outcome�/

86.2% (69/80) of observed agreements) and a good
chance-corrected agreement (K�/0.699), in cELISA
analysis performed in two centers (ICC�/0.84)
(Tables 1 and 2). A similar degree of agreement
was also observed for the Bühlmann anti-IFNb BAb
EIA results (83.8% (67/80) of observed agreements;
K�/0.651, ICC�/0.61) (Tables 1 and 2). Overall,
however, quantitative Bland�Altman analysis of
Bühlmann anti-IFNb BAb EIA showed proportional
bias (80.2%) arising from one (or both) of the
centers (regression line of differences on means:
slope b�/�/0.78179/0.072; y -intercept c�/67.139/

31.57, P B/0.0001, ie, proportional bias) (Table 1).
Such proportional bias was also shown by the
Pearson correlation analysis: although there was
a strong correlation coefficient (rpearson�/0.76;
P B/0.0001), from the plot (Figure 2), the slope
of the ‘line of agreement’ (b) was 1.5749/0.1529
and the y -intercept of the line (c) was �4.859/

47.19. In contrast, Bland�Altman plot of cELISA
measurements showed only minimal bias (2.9%)
(regression line of differences on means: slope b�/

0.11819/0.065, y -intercept c�/0.559/2,733, P B/

0.0001, ie, no significant bias) and the respective
correlation plot (rpearson�/0.85; P B/0.0001) resulted
in a ‘line of agreement’ with slope b�/0.76019/

0.054 and y -intercept c�/2.2099/2.48 (Figure 3).
Additionally, the 95% limits of agreements were
significantly wider for Bühlmann anti-IFNb BAb
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Figure 1 Reproducibility: correlation plot of BAb titers as
measured by cELISA in the Clinical Neurobiology Laboratory
in Orbassano. Titers are highly correlated (rpearson�/0.86;
PB/0.0001): the slope of the ‘line of agreement’ is 1.0749/

0.099 and the intercept is 0.29649/2.143. Dotted lines
represent the threshold of positivity (�/8 U).
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EIA measurements (95% CI: �/863.716 to 703.266)
than cELISA measurements (95% CI: �/40.01 to
45.81) (Table 1).

Finally, for both centers there was substantial
agreement between cELISA and Bühlmann anti-
IFNb BAb EIA measurements, based on positive
and negative outcome (Orbassano: 82.5% (66/80)
of observed agreements, K�/0.631; Basel: 87.5%
(70/80) of observed agreement, K�/0.717) (Table
3A,B). In both centres, a higher number of positive
samples was detected by cELISA than by Bühlmann
anti-IFNb BAb EIA system (Orbassano: 32 versus 30
samples; Basel: 29 versus 23 samples) (Table 3). The
importance of this finding is relative, because the
set threshold values are subjective in both techni-
ques. However, correlation of BAb titers measured
by Bühlmann anti-IFNb BAb EIA and cELISA was
‘moderately strong’ (Orbassano rpearson�/0.663;
P B/0.0001; Basel rpearson�/0.659; P B/0.0001)
(Figure 4A,B).

Correlation between BAbs and NAbs

Bühlmann anti-IFNb BAb EIA

Of the 23 samples which were BAbs-positive by the
commercial EIA method in both centres, 17/23
(73.9% of BAbs-positive samples) had also NAbs
(]/20 TRU); whereas in the remaining 6/23 (20.1%)
BAb-positive samples, NAbs were undetectable
(Table 4). Interestingly, all the latter samples were
obtained from patients treated with IFN-b-1b Beta-
feron. A total of 44/80 (55%) samples were found to
be BAbs-negative in both centres. Of these, only

21/44 (47.7%) were concurrently tested as NAbs-
negative, whereas in the remaining 23/44 (52.3%)
BAbs-negative specimens, NAbs were detectable at
moderate-low titer (range: 26�408 TRU) (Table 4).
Noticeably, all samples with discordant BAbs-NAbs
measurement were obtained from patients treated
with IFN-b-1a (Rebif).

cELISA

Of the 22 samples shown to be BAbs-positive by
cELISA in both centres, 16/22 (72.7%) were NAbs-
positive, whereas the remaining 6/22 (27.3%) were
NAbs-negative (Table 4). Again, all BAbs�//NAbs�/

samples were obtained from patients treated with
IFN-b-1b (Betaferon). Some 47/80 (58.75%) speci-
mens were BAbs-negative by cELISA in both centres.
However, as already observed for the Bühlmann
system, only 27/47 (57.4%) samples showed a
concurrent NAbs-negative titer, whereas in the
remaining 20/47 (42.6%) specimens, we found a
moderate-low NAbs positivity (range: 26�408 TRU)
(Table 4). Again, this discordance between BAbs and
NAbs was found only in samples obtained from
patients treated with IFN-b-1a (Rebif).

Discussion

Although radioimmunoassays (RIA) were recently
shown to be more sensitive than ELISA-based assays
[11], so far, almost all clinical studies have used
these latter methodologies for the screening of
NAbs [7,13,16�20,29�32], without taking into

Table 1 Inter-laboratory agreements for cELISA BAbs assay and Bühlmann anti-IFNb BAb EIA system

Range
BAbs titers

Mean difference
(bias index9/SD) 95% CI for difference K coefficient

Proportion of
agreement ICC

cELISA Basel 0�152 2.99/21.8 45.81 to�/40.007 0.699 86.2% (69/80) 0.84
Orbassano 0�230

Bühlmann EIA system Basel 0�3129 80.229/399.74 703.266 to�/863.71 0.651 83.8% (67/80) 0.61
Orbassano 0�1071

SD, standard deviation; CI, confidence interval; ICC, intra-class correlation coefficient.

Table 2 Number of observed agreements and disagreements between the two centers in measuring BAbs using both the cELISA and
the Bühlmann anti-IFNb BAb EIA system

Orbassano Basel

Negative Positive Negative Positive Total

cELISA threshold�/8 U Agreements 47 22 47 22 69/80
Disagreements 1 10 10 1 11/80

Bühlmann anti-IFNb BAb EIA threshold�/50 BTU Agreements 44 23 44 23 67/80
Disagreements 6 7 7 6 13/80

742 F. Gilli et al.

Multiple Sclerosis 2006; 12: 738�746 http://msj.sagepub.com



account their variability. In this study, we aimed to
evaluate between and within laboratory variabilities
of two of the most commonly used ELISA-based
methods for BAbs.

A library of sera from patients with MS on
therapy with either IFNb-1a or -1b was tested for
BAbs by both an EIA system, in which the cytokine
is directly coated on plates, and a cELISA, in which
a monoclonal anti-IFNb antibody is used to capture
the antigen. To our knowledge, this is the first study
assessing inter- and intra-laboratory agreement in
anti-IFNb BAb ELISA measurements, despite the
frequent use of these ELISAs in seroepidemiologic
studies [7,13,16�20, 29�32]. In addition, previously
only one study had directly compared the results of
the two BAb immuno-assays, showing a better
performance of the cELISA compared to the EIA
system [15]. This could be due to the fact that IFNb
bound to the capturing antibody preserves the
native-like conformation, whereas the direct plat-
ing of the antigen results in a distribution of
distorted or partially denaturated conformations
[14].

Table 3 Agreements between cELISA and Bühlmann anti-IFNb
BAb EIA BAbs measurements in (A) Orbassano and (B) Basel

cELISA
threshold�/8 U

Bühlmann anti-IFNb BAb
EIA threshold�/50 BTU

A Positive 24 8 32
Negative 6 42 48
Total 30 50 80

B Positive 21 8 29
Negative 2 49 51
Total 23 57 80
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Figure 2 Agreement between titers of BAbs as measured
by Bühlmann anti-IFNb BAb EIA score in the two centers
(Orbassano versus Basel). Titers are highly correlated
(rpearson�/0.76; PB/0.0001). Solid line represents the regres-
sion line of values (y�/1.574 x�4.85). Dotted lines represent
the threshold of positivity (�/50 BTU).
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Figure 3 Agreement between titers of BAbs as measured
by cELISA in the two centers (Orbassano versus Basel). Titers
are highly correlated (rpearson�/0.85; PB/0.0001). Solid line
represents the regression line of values (y�/0.76 x�/2.209).
Dotted lines represent the threshold of positivity (�/8 U).
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Figure 4 BAb titers as measured by both cELISA and
Bühlmann anti-IFNb BAb EIA in (A) the Clinical Neuroimmu-
nology Laboratory of Basel and (B) the Clinical Neurobiology
Laboratory of Orbassano. BAb measurements by cELISA are
significantly correlated with that performed by Bühlmann
anti-IFNb BAb EIA. cELISA values are shown on the y axis,
whereas the Bühlmann anti-IFNb BAB EIA values are shown
on the x axis. In addition, the best fit line is shown. Dotted
lines represent the threshold of positivity (�/8 U for cELISA
and 50 BTU for Bühlmann anti-IFNb BAb EIA).
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Results of intra-laboratory evaluations demon-
strate a high degree of reproducibility for both
techniques. Specifically, strong intra-laboratory
agreement was suggested by the low coefficient of
variation (CV�/11.5%) for EIA’s results and the
high Pearson correlations (rpearson�/0.86) for cELI-
SA’s measurements. However, the level of agree-
ment is slightly lower when the two immuno-assays
are compared, as more positive samples were
detected with cELISA compared with the EIA
system. This seems to confirm a previous statement
that the coating of IFNb on plastic results in a non-
native mode of antigen presentation, leading to a
slight underestimation of the incidence of BAb-
positive samples of the EIA system relative to
the cELISA [14,15]. However, the proportion of
discordant specimens was rather low and a good
overall agreement, with a satisfactory degree of
linear relationship between the two variables, was
shown.

The inter-laboratory comparisons revealed a
good chance-corrected agreement between results
obtained from the two centers using both techni-
ques. Overall, quantitative analysis of data obtained
by EIA measurements showed a proportional bias,
arising from one or both of the centers. Interest-
ingly, bias were more pronounced in the specimen
with high BAb titers than in the specimen with low
or negative titers of BAbs. Nevertheless, since earlier
work has shown that low antibodies titers have
variable impact on the transcriptional expression of
MxA (as well as other markers of IFNb biological
activity), whereas higher titers led to a complete
suppression in expression [33�36], from the clinical
perspective, exact titers of high levels of antibodies
could be not of great importance. Accordingly, by
coding to a categorical scale based on whether
there was either a positive (]/threshold) or negative
(B/threshold) BAbs titer, there is a strong agree-
ment between the measurements performed in the
two centers. On these grounds, we conclude that
the observed bias is unlikely to be of clinical
significance.

Two ELISA-based techniques, cELISA and IFNb
BAb EIA, which were evaluated in this study, could

be very usefully applied in routine indexing and
epidemiological studies for anti-IFNb antibodies.
However, our study does not support the usefulness
of those total ELISA BAb-assays as a screening tool
to categorize the samples for further investigation
(eg, for NAb and/or for biological activity). Both
methods failed to detect any binding antibodies in
a fraction of samples, which were positive in vitro
measured by CPE assay. As both ELISA-based
method are selective for immunoglobulins, whereas
the CPE assay is not necessarily a measure of
antibodies that bind IFNb, we conclude that some
neutralization effects might result from the pre-
sence of serum inhibitory factors other than anti-
bodies. This agrees with the results of other studies
where low level inhibitions, that were not immu-
noglobulins-mediated, were observed in sera of
patients treated with both IFNa and IFNb
[4,16,37,38]. The total antibody binding assays
(both the cELISA and the anti-IFNb BAb EIA system)
can, therefore, not substitute for activity assays (ie,
CPE assay) for the determination of NAbs. BAb-
assays are more clinically useful as a confirmation
test, indicating that the decrease of the biological
effects is due to specific anti-IFNb antibodies, rather
than as a screening tool. Of course, further studies
are needed to determine what is this non-antibody
mediated neutralization and whether it could be
important for the clinical outcome of MS patients
treated with IFNb.
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