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Abstract

Objective—To compare a recently devel-
oped immunoprecipitation assay (IPA) to
the mouse protection bioassay (MPB),
currently considered the “gold standard”,
for detecting antibodies against botuli-
num toxin A (BTX-A) and to correlate
these assay results with clinical responses
to BTX-A injections.

Methods—MPB and IPA assays were per-
formed on serum samples from 83 pa-
tients (38 non-responders, 45 responders)
who received BTX-A injections. Six non-
responders had serum tested on two sepa-
rate occasions. Some patients also
received a “test” injection into either the
right eyebrow (n=29) or right frontalis
(n=19).

Results—All patients antibody positive
(Ab+) by MPB were also Ab+ by IPA,
whereas an additional 19 patients (17 with
reduced or no clinical response) who were
MPB Ab- were Ab+, with low titres, by
IPA. Two of these 19 patients (non-
responders) were initially MPB Ab— but
later became MPB Ab+. Similar to previ-
ous studies, the sensitivity for the MPB
was low; 50% for clinical, 38% for eyebrow,
and 30% for frontalis responses whereas
the IPA sensitivity was much higher at
84% for clinical (p<0.001), 77% for eye-
brow (p=0.111, NS) and 90% for frontalis
responses (p<0.02). The IPA specificity
was 89% for clinical, 81% for eyebrow, and
89% for frontalis responses, whereas the
MPB specificity was 100% for all three
response types, which were all non-
significant differences.
Conclusions—Both assays had high spe-
cificity although the sensitivity of the IPA
was higher than the MPB. In addition, the
IPA seems to display positivity earlier
than the MPB, and as such, it may
prognosticate future non-responsiveness.
Eyebrow and frontalis “test” injections
correlated well with clinical and immuno-
logical results and are useful in the assess-
ment of BTX non-responders.

(¥ Neurol Neurosurg Psychiatry 1999;66:612-616)
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An ever increasing number of disorders
including dystonia, tremors, tics, hemifacial
spasm, spasticity, sphincter dyssynergia, and
achalasia are now being treated effectively with

botulinum toxin type A (BTX-A)."" In
addition, BTX-A is also being used for various
non-neurological (for example, cosmetic) indi-
cations. As the range of uses for BTX-A
continues to expand, there is a growing
concern regarding the development of immu-
noresistance secondary to blocking antibodies
(Ab).>'" The reported frequency of such
antibodies has ranged from 3% to 57%
depending on the assay method used.”” "> The
standard assay for detecting BTX Ab is the in
vivo mouse protection bioassay (MPB), which
evaluates the ability of increasing dilutions of a
patient’s serum to protect mice from lethal
doses of BTX-A." In vitro assays, including the
sphere linked immunodiagnostic  assay
(SLIDA),” enzyme linked immunosorbent
assay (ELISA),”' a monoclonal antibody
based immunoassay,”’” and western blot
technique'® have also been reported to detect
such antibodies. These assays, however, do not
correlate well with clinical responses because
they do not detect specific blocking Ab.

The MPB has been shown to have high spe-
cificity, but its sensitivity is relatively low.'® The
primary aim of this study was to compare the
MPB with a more recent immunoprecipitation
assay (IPA) developed by Palace et a/* and to
correlate the presence of antibodies detected
by these two assays to the patients’ clinical
response to BTX-A injections. The results
described by Palace et al” needed to be
confirmed using a larger number of patients, as
well as incorporating more clinical details
including correlation with facial (eyebrow and
frontalis) “test” injections. Additionally, we
evaluated the utility of eyebrow or frontalis
injections'® as clinical “tests” for immunoresist-
ance.

Methods

Eighty three patients (17 men and 66 women)
with a mean age of 56 (SD 12.2) years: range
19 to 81) were selected for this study. Most of
the patients were treated primarily for dystonia;
cervical (n=62; 32 non-responders), cranial
and cervical (n=10; four non-responders), and
cranial (n=7, all responders). Other conditions
included spastic hemiplegia (n=1; responder),
hemifacial spasm (n=1; responder), focal leg
dystonia (n=1; non-responder), and segmental
myoclonus (n=1; non-responder). Clinical
response to BTX-A (Botox®, Allergan Phar-
maceuticals, Irvine, CA, USA) injections was
rated on a 0 to 4 “peak effect” scale (0=no
effect; 1=mild effect, no functional improve-
ment; 2=moderate improvement, no change in
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functional disability; 3=moderate change in
severity and function; 4=marked improvement
in severity and function).” There were 38 non-
responders (0 or 1 “peak effect” response
rating after their last injection), and 45
responders randomly chosen from the botuli-
num toxin clinic population. Six patients (all
non-responders) had samples drawn on two
occasions (with a minimal latency between
sample collections of 4 months; mean 4.3
months). Thus, there were 89 total serum sam-
ples on 83 patients included in this study. This
low ratio of responders/non-responders does
not represent the actual patient response rate in
the BTX clinic as we did not collect samples on
all patients seen in the clinic.

The blood collected was separated and sent
to Northview Pacific Laboratories, Berkeley,
California, USA for the MPB assay and to the
Institute of Molecular Medicine, John Rad-
cliffe Hospital, Oxford University, UK for the
IPA assay. The individual laboratories were
“blinded” to the clinical information before
sample testing to maintain objectivity.

The MPB is a qualitative test reported as
either positive (Ab+) indicating that the
patient’s serum neutralises the effects of
BTX-A injected intraperitoneally with survival
of 3/4 mice." In a negative result, two or more
of the mice die, presumably indicating the lack
of blocking Ab in the patient’s serum.

The IPA method was performed as de-
scribed by Palace ez al® with slight modifica-
tions. After the iodination reaction,” the
"»I-BTX was microfiltered and stored at 4°C in
phosphate buffered saline (PBS). When re-
quired, it was diluted in PBS and centrifuged to
remove any aggregates immediately before use.
Supernatant (25 pul) containing 30 000-50 000
cpm, was incubated with 2.5 pl of each serum
in a total volume of 50 ul PTX buffer PBS
(0.02M phosphate, pH 7.4 m 0.1% tri-
tonx100). After 2 hours at room temperature
or overnight at 4°C excess goat antihuman Ig
was added. When a precipitate had formed,
600 pul PTX was added before centrifuging.
The pellets were washed twice briefly in PTX
and counted on a Cobra Packard gamma
counter. Results were expressed as pM (pmoles
of "I-BTX precipitated/l serum) after subtrac-
tion of the mean results (<1000 cpm) from
healthy control serum samples run in parallel.

Twenty nine patients were also injected with a
test dose of 15 units (n=26) to 20 units (n=3) of
BTX-A into the medial aspect of their right eye-
brow (one site), and 19 patients received 15
units (in two divided doses) into the frontalis
muscle on the right side.”® For the eyebrow
injections, a positive (good) response is indi-
cated by the presence of asymmetry on frowning
after unilateral BTX-A injections, whereas a
negative (no) response (immunoresistance) is
present when there is no asymmetry with frown-
ing. A positive response to unilateral frontalis
injections is strongly suggested by asymmetry of
eyebrow elevation or forehead wrinkling on rais-
ing of eyebrows whereas a symmetric contrac-
tion of forehead muscles indicates a negative
response (immunoresistance).'®
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Sensitivity, specificity, and positive predictive
value of the two assays was determined as fol-
lows:

Sensitivity=A/(A+C); specificity=D/(D+B);
positive predictive value=(PPV) A/(A+B);
negative predictive value=(NPV): D/(D+C)

where A=true positive (Ab+ with negative
response to injection), B=false positive (Ab+
with positive response to injection), C=false
negative (Ab— with negative response to injec-
tion), D=true negative (Ab— with positive
response to injection).

Comparisons of the above parameters of the
two assays were performed using the Fisher’s
exact test.

Results

The distribution of results of the first samples
on the 83 patients is shown in fig 1. The
threshold for positivity, 50 pM of '’I-BTX
binding sites precipitated/l of serum, was lower
than that reported previously'’ due to slight
improvements in the assay that reduced
non-specific precipitation by control serum
samples.

There was a clear correlation between the
results of the IPA and MPB assays (fig 2). All
serum samples which were Ab+ by MPB were
Ab+ by IPA, and all Ab— samples by IPA were
Ab—by MPB. However, 20 serum samples
(from 19 patients) were Ab—by MPB but Ab+
by IPA. The antibody titres in this group, with
a mean of 183.2 pM (SD 111.8): range 51 to
459 pM) were, however, significantly lower
(p<0.0001, Kruskal-Wallis test) than those in
the MPB Ab+ group, in which the mean was
1378.1 (SD 921.5): range 101 to 3663 pM). Of
the 19 IPA Ab+/MPB Ab— patients, 14 were
non-responders and two of these non-
responders became Ab+ by MPB on repeat
testing as shown in figure 2. The remaining five
were considered false positive as they contin-
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Figure 1  Frequency distribution of IPA results (pM of
"PI-BTX precipitated /l serum) on the initial samples from
the 83 patients, divided on the basis of clinical response.
Results from healthy control serum samples were subtracted
Sfrom all test values.
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Clinical response to BTX-A

Figure 3 IPA results separated on the basis of the patient’s
clinical response to BTX injections. Grade 0 or 1 response
indicates non-responders (shaded triangles), grade 2
response (open triangles) indicates reduced response, and
grade 3 or 4 (open circles) are responders.

ued to respond to BTX-A despite low, but
positive, titres (112-353). Three of these five
patients had a reduced, peak effect score 2,
response (fig 3).

In a previous report, we showed that lack of
response to a test injection into the facial mus-
cles is a more sensitive measure of non-
responsiveness than the MPB." In the present
study, 29 and 19 patients respectively were
given eyebrow or frontalis “test” injections, and
the IPA titres corresponded well with responses
to the facial “test” injections. Four patients
showed no response to the eyebrow test
injections despite continuing clinical response.
However, three of these patients were border-
line (reduced) clinical responders (peak effect
score 2), who previously had a more robust
response to BTX-A, and two of these patients
were IPA Ab+ suggesting that the eyebrow and
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Figure 4 Correlation of clinical response (grade 0 or 1
response indicates non-responders, grade 2 response
indicates reduced response, and grade 3 or 4 are responders)
with response to test injections.

IPA may both be early predictors of immunore-
sistance.

Of the 10 clinical non-responders who also
had eyebrow injections, only one had a good
eyebrow response. This patient was MPB Ab—
but IPA Ab+ (titre of 409 pM). Seven patients
who were responders had a frontalis injection,
and all seven had a good frontalis response. Of
the 12 patients who were clinical non-
responders and who received a frontalis
injection, two had a good frontalis response.
Both patients were MPB Ab— whereas one was
IPA Ab+ (with a low titre, 82 pM) (see fig 4 for
correlation of clinical responses with responses
to “test” injections).

The specificity of both assays was relatively
high, although the sensitivity of the IPA was
substantially higher than the MPB (tables 1
and 2). Specificity of the MPB was 100% on all
three parameters (clinical, eyebrow, and fronta-
lis) whereas the IPA specificity was 89% for
clinical (p=0.056, NS, Fisher’s exact test), 81%
for eyebrow (p=0.226, NS), and 89% for fron-
talis responses (p=0.99, NS). Sensitivity for the
MPB was low; 50% for clinical, 38% for
eyebrow and 30% for frontalis whereas the IPA
sensitivity was much higher at 84% for clinical
(p<0.001), 77% for eyebrow (p=0.111, NS)
and 90% for frontalis responses (p<0.02).

The PPV of the MPB was 100% for clinical,
eyebrow, and frontalis responses, whereas the
NPV was 67% for clinical responses, 66% for
eyebrow, and 56% for frontalis responses. The
PPV of the IPA was 88% for clinical, 77% for
eyebrow, and 90% for frontalis responses,
whereas the NPV was 85% for clinical, 81% for
eyebrow, and 89% for frontalis responses.

Sensitivity, specificity, PPV, and NPV of the
individual test injections were determined in
relation to clinical responses. False positives in
this determination were a positive test injection
response with a negative clinical response.
False negatives were a negative test response
with a positive clinical response. Thus, for the
eyebrow injections, sensitivity was 79%, spe-
cificity was 90%, PPV was 94%, and NPV was
69%. For the frontalis injections, sensitivity
was 100%, specificity was 83%, PPV was 78%,
and NPV was 100%. For the test injections
combined, sensitivity was 85%, specificity was
86%, PPV was 88%, and NPV was 83%.
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Table 1  Clinical-immunological correlation

Mouse bioassay (MPB)

Immunoprecipitation assay (IPA)

Ab+ (n=22) Ab— (n=67) Ab+ (n=42) Ab— (n=47)
Response + - + - + - + -
Clinical (n=83 subjects,

89 samples) 0 22 45 22 5 37 40 7
Eyebrow (n=29 subjects) 0 5 16 8 3 10 13 3
Frontalis (n=19 subjects) 0 3 9 7 1 9 8 1
Total responses 0 30 70 37 9 56 61 11

+=Responder; —= non-responder.

Table 2 Mouse bioassay - immunoprecipitation assay comparison
Mouse bioassay (MPB) Immunoprecipitation assay (IPA)
Sensitivity Specificity PPVINPV Sensitivity Specif.icity PPVINPV
Response (%) (%) (%) (%) (%) (%)
Clinical 50 100 100/67 84 89 88/85
Eyebrow 38 100 100/66 77 81 77/81
Frontalis 30 100 100/56 90 89 90/89

PPV=Positive predictive value; NPV=negative predictive value.

Discussion

As the number of patients treated with BTX-A
continues to grow, the prevention and accurate
detection of immunoresistance have become
high priorities. The MPB, originally described
by Hatheway and Dang,'* has been considered
by many to be the “gold standard” assay for the
detection of BTX-A Ab. Here we show that an
assay based on immunoprecipitation of radio-
labelled BTX-A is a highly reliable test which is
slightly less specific, but considerably more
sensitive than the MPB. Six non-responding
patients were tested twice by both assays, typi-
cally secondary to patient request or for verifi-
cation purposes. Two of these were initially
MPB Ab- but became Ab+ by MPB on repeat
testing; the IPA values were positive on first
testing and the titres rose over the 4 months
between the samples (fig 2) suggesting the early
detection of immunoresistance by IPA. Fur-
thermore, there were five false positives (clini-
cal responders with Ab+ result by IPA), but
three of these patients have had declining
response to BTX as well as relatively low titres
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by IPA, which is a quantitative test. Thus, posi-
tivity by the IPA may be a useful predictor of
future non-responsiveness.

The IPA correlated well, not only with the
overall clinical responses, but also with the eye-
brow and frontalis “test” injections, with a spe-
cificity of 81% and 89% respectively to these
upper face injections. Additionally, the strong
correlation of these “test” injections with clini-
cal response ratings provides a strong support
for using these simple biological tests to evalu-
ate patients for immunoresistance. Overall, we
prefer the eyebrow injections as these are more
cosmetically acceptable in that the asymmetric
responses are present only during voluntary
contractions whereas unilateral disappearance
of frontal wrinkles may not be desirable.

The only commercially available in vitro test
utilises a western blot assay. Although this test
offers potential advantages over MPB in that it
is less cumbersome and does not require the
use of experimental animals, our previous
study'® showed that this in vitro test does not
correlate as well as the MPB with clinical
responses.

Based on the results or our study, we offer
the following guidelines for evaluation of
patients who fail to respond to BTX injections
(secondary non-responders) (fig 5). When
such a patient returns to the clinic after obtain-
ing a poor or no response to the previous injec-
tion, the clinician may re-inject with the same
or higher dose and/or an alteration of the site
and at the same time inject 15-20 units of BTX
into the right eyebrow or right frontalis. If the
patient responds to either the clinical (for the
primary condition—that is, dystonia) or test
injection, the clinician may continue injections,
possibly adjusting the dose or site of injection.
If the patient shows no response to both (clini-
cal and test) injections, the use of serological
assays, such as IPA or MPB may be considered,
before preceding to the next step of using other
BTX serotypes,” > plasma exchange, immu-
noadsorption, or surgery. Based on the results

Clinical response to BTX

+ (good) Response

Reinject with the smallest
dose needed to achieve
optimal response

— (no) Response

1) Reinject; adjust dose
and/or site

2) Administer "test" injection
(eyebrow or frontalis)

3) Collect serum for assays

v
+ (good) Response
to clinical and/or test
injection (asymmetric
contraction)

\
v
— (no) Response to
both clinical and test
injection (symmetric
contraction)

l

IPA or MPB assay

| +

f

Reinject; adjust
dose and/or site

'

Other BTX serotypes, plasma
exchange and immuno-
adsorption, or surgery

Figure 5 Decision tree for the evaluation and subsequent treatment of patients based on response to BTX injections.
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of our study, we recommend the IPA assay
(given the high sensitivity and specificity) as the
assay of choice to confirm immunoresistance.
Eight of nine patients who were clinical and
test (eyebrow) non-responders were IPA Ab+,
and nine of 10 patients who were clinical and
frontalis non-responders were IPA Ab+. As it
can be predicted with relative certainty that if
both the clinical and test injections result in no
response, the IPA will be positive, there may be
no need to test for antibodies by the IPA in this
category of patients. Given the low sensitivity
of the MPB, this assay has a limited value com-
pared with the IPA. Furthermore, the IPA does
not require the use of experimental animals
and it quantitatively assesses the degree of
immunoresistance by providing antibody titres
which can be measured serially.

It is important to recognise some possible
shortcomings of our study. Although the “0-4
peak effect” scale is an established method of
assessing response to BTX injections, it may
not always reliably differentiate responders
from non-responders. Patients were considered
non-responders if they described no effect or
only mild effect with no functional improve-
ment from their most recent injection. These
patients may have had suboptimal benefit from
their recent injection secondary to technique,
injection of inappropriate muscles, low potency
of the BTX batch, or inadequate dose, and as
such, the reported sensitivities of the two assays
may be artificially low. A wide range of doses
was given per visit at different intervals making
a correlative analysis difficult. A further
possible shortcoming is the definition of sensi-
tivity and specificity used. “True positive”
assumed that the Ab+ patient must be a
non-responder, which is supported by our pre-
vious finding that all 20 MPB Ab+ patients had
no response to BTX-A injections on at least
two consecutive treatment sessions.” “False
negatives” refer to those patients who do not
respond to BTX injections despite an Ab— test.

In conclusion, our study shows that both
assays have a high specificity, but because the
IPA is more sensitive than the MPB and because
the IPA is an in vitro assay, it may have relative
advantage over the MPB. A further advantage of
the IPA is that this is a quantitative assay which
may be useful for serial evaluations and may
have a predictive value in determining impend-
ing or future unresponsiveness. Eyebrow and
frontalis “test” injections correlated well with
the clinical and immunological results and can
be used as reliable screening tests in patients

Hanna, Jankovic, Vincent

who have either no response or an equivocal
response to BTX injections.

The study was supported by grants from Allergan Pharmaceuti-
cals and the Medical Research Council of Great Britain. We had
complete control over the collection and analysis of the data.
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