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Clinical implementation of anti-acetylcholine
receptor antibodies

F E Somnier

Abstract
A multivariate analysis of anti-acetyl-
choline receptor (AChR) antibodies and
clinical parameters other than treatment
(modified Osserman groups, age, type of
onset, sex, and thymus pathology) was
performed for all incident (n = 366)
myasthenia gravis (MG) cases in its
white population in Denmark during the
past 15 years. Sera from 244 healthy indi-
viduals and from 295 patients with dis-
eases other than MG were analysed as
controls. Formal statistics for the anti-
AChR antibodies assay (immunoprecipi-
tation RIA using crude human AChR
extract) were calculated. The distribu-
tion of antibodies titres greater than 0-1
nMolell was found to be approximately
lognormal. For MG patients the 95% ref-
erence interval was 0-2-1549 nMolesIl,
and in control sera the range was 00-04
nMole/l. Using 0 5 nMole/l as the cut-off
level and regarding all results less than
this value as normal titres, it appeared
that the assay was highly specific
(>99.99%) for MG. In a population ofMG
patients significance should be attributed
to values in the range 03-0-4 nMole/l.
The overall diagnostic sensitivity was
found to be 88%. The sensitivity
appeared to be proportionate to clinical
severity of MG. The percentage with a
normal titre was higher (16%) for early
onset of MG, compared with 7% for late
onset. No significant difference in rela-
tion to the frequency of "negative titre"
was found in relation to sex. Anti-AChR
antibodies titre was found to correlate
with clinical severity, female or male
gender, and pathology of thymus. The
groups ofMG patients were not matched
for the various clinical parameters but
multiple regression analysis controlling
for these variables revealed independent
effects of clinical severity and sex though
not of age. Normal thymus (including
involuted gland) and thymoma were cor-
related with low to intermediate titres,
and hyperplastic thymus with high level
of antibodies. The clinical implementa-
tion of anti-AChR antibodies is reviewed
from 1976 and up to the present. The
problems with false positive results are
thoroughly expounded.

(7 NeurolNeurosurg Psychiatry 1993;56:496-504)

The first assays for anti-acetylcholine receptor
(AChR) antibodies detected inhibition of
alpha-Bungarotoxin (BuTx) binding to
AChR' or complement fixation,2 but the sen-
sitivity of those assays was less than 80%.
Immunoprecipitation radioimmunoassays
(RIA)35 have become the standard procedure
but do not distinguish between antibodies
titre and functional activity of the antibodies.6
If detergent-solubilised human AChR is used
as antigen, anti-AChR antibodies are found
in 75-93% of sera from patients with myas-
thenia gravis (MG).479 Enzyme-linked
immunosorbent assay (ELISA) has only
found more limited use for anti-AChR anti-
bodies measurement.
The correlation between anti-AChR anti-

bodies titre and clinical parameters appears to
be rather complex. Most studies find that the
overall correlation between severity of MG
and titre (single measurements in each
patient) is weak. Ocular MG is associated
with low titre and more antibodies negative
cases than in generalised types of MG.4810
The occurrence of thymoma has been corre-
lated with high titre,4 low titre," or no influ-
ence on titre."2 The level of titre does not
associate with the presence or absence of
thymic germinal centres.'3 Age at onset of dis-
ease has been correlated with titre in some
series,8"4 but not others.4 The concentration
of antibodies did not correlate with sex in
some studies,4 8 but was significantly lower in
males than in females in one study.5

Explanations of these discrepancies include
technical and immunological differences
between the various antibodies assays; selec-
tion bias; time criteria for serum sample vary-
ing widely in relation to onset of MG and
different modalities of treatment; clinical
assessment not being performed at well-
defined points; inclusion of non-operated
cases when comparing thymus pathology and
titre; significant intercorrelation between
independent variables; and inappropriate sta-
tistical methods.

This study aimed at re-evaluating the clini-
cal implementation of anti-AChR antibodies.
Only the diagnostic and prognostic applica-
tions and the distribution of antibodies in
relation to clinical parameters other than
treatment were considered. A prospective
multivariate study of the whole incident MG
patient population in Denmark during the
last 15 years was carried out. Strict criteria
for all variables were used, and the statistical
methods were chosen with emphasis on the
calculation of the effect of each variable after
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adjustment for the other independent para-
meters.

Material and methods
Selection of blood samples
The laboratory is the only facility in Denmark
receiving sera for anti-AChR antibodies
analysis. The material was limited to all blood
samples referred for this assay as a diagnostic
test from 1 January 1980 to 31 December
1989 inclusive. During the first part of the
decade many samples were referred for
immunological confirmation of an already
established MG diagnosis. These sera were
mainly from the incident cases in the period
from 1975-79 inclusive. If more than one

serum sample was collected from a patient,
only the first one was selected. There were no
patients classified as antibodies negative cases
according to the first analysis with antibodies
positive samples at a later time. The control
group consisted of 150 age and sex-matched
healthy blood donors.

Registration of data for patients
All patients were diagnosed according to the
records of the referring medical facilities.
Only the most relevant diagnosis at the time
of the blood sample collection was recorded
for all non-MG patients. All MG patients had
typical history and clinical features including
response to intravenous edrophonium; most
of them also exhibited electrophysiological
evidence of the disease.

For all MG patients the following items
were recorded: day, month and year of birth;
sex; race (white or non-white groups); early
or late onset of disease (that is, before or after
the age of 50 years): most studies assume an

arbitrary lower age limit, though epidemio-
logical data suggest 50 years to be a more
relevant cut-off;'5 date of blood sample col-
lection; occurrence of concomitant immuno-
suppressive treatment or plasma exchange at
time of blood sample.
The group of MG patients was divided

into two subgroups according to domicile,
eastern Denmark or western Denmark (East-
DK and West-DK) at the onset of the dis-
ease. East-DK was defined as the part of the
country East of the Great Belt (including the
major islands Zealand, Lolland, Falster,
Moen, and Bornholm), and West-DK as the
other parts of the country excluding
Greenland.

For the East-DK MG patients supplemen-
tary features were recorded: month and year
for onset of MG; modified Osserman group 5

at time of sample and at maximum severity of
disease (clinical assessment was performed in
all cases by the author); month and year for
the assignment of these groups; date for
thymectomy and result of microscopic exami-

nation of thymus.

Antibody analysis
Anti-AChR antibodies were measured using
an immunoprecipitation RIA with detergent-
solubilised human AChR,5 a modification of

Lindstrom's assay.4 Large batches of AChR
were prepared from amputated ischaemic
human leg muscles, and stored at -80°C in 5
ml aliquots to ensure the same lot of antigen
over a long period of time. In general the
AChR concentration was approximately
450-550 pMoles/l (expressed as alpha-BuTx
binding sites). The ratio denervated
AChR/normal AChR was approximately 4 to
1 (see discussion of sensitivity and false nega-
tive result). About 30 fMoles of this crude
AChR extract labelled with an excess amount
(approximately 20 fold, that is, 100% satura-
tion) of "25I-alpha-BuTx were used in each
test tube. Control sera from healthy persons
were assayed in parallel to subtract the counts
per minute (CPM) corresponding to nonspe-
cific precipitation. All results were expressed
as nMoles of alpha-BuTx binding sites pre-
cipitated per litre of serum.

Before examination all samples were stored
at - 20°C. The current results of the various
assays during the decade were used. All sera
were carefully titrated to assure linear rela-
tionship between CPM and volume of sam-
ple. Normal human IgG (that is, pooled
serum from healthy subjects) was added as
carrier to all tubes with less than 1 jul of test
serum, and each result was calculated as the
mean value of 2-3 linear measurements.
Using the same standard positive control
serum for many years, we have found the
variation of the results between the single
batches to be 10-20%, and accordingly all
results used in this study were calibrated
using this standard positive serum as refer-
ence. In the laboratory we have found virtual-
ly no loss in antibodies activity over time for
samples stored in our bank.

Statistical methods and calculations
The lowest possible measurable level was 0 1
nMole/l. The two values 0 0 and 0 1 varied at
random when sera showing these results were
repeatedly analysed. Accordingly, it was not
possible to distinguish between the case of
true zeroes and that of "zeroes" which were
really censored non-zero values. The frequen-
cies of anti-AChR titres appear to be a delta
distribution (fig 1) in which a proportion of
the observations may be zeros and the non-
zero values follow a lognormal distribution.'6
Best unbiased estimators of mean and vari-
ance were calculated according to the method
of Aitchison. 16 Alternatively, antibodies titres
were transformed using the base 10 loga-
rithm, and zero values were set to 0- 1
enabling them to be included in the transfor-
mation. Curve fitting (with lognormal curves)
was performed using the method of the least
sums of squares for the residuals.

For cross-tabulations the Chi-Square test
of independence was used. Hypotheses about
population logarithmic means were estimated
by the independent samples t test. The
Mann-Whitney test was always used in paral-
lel in view of the possibility of more than
moderate violation of the assumptions for the
t test. The results of the parametric and non-
parametric tests were in agreement, see tables
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Figure 1 Distribution (%/6) ofanti-AChR antibodies titres. Categories axis: midpoint values for the sampling intervals.
Upper panel: Linear titres. Sampling increment was 10 nMolesll. Intervals: <0 5, 0 5-9 9, 10-19,.. 120-129. The
category axis was truncated at the latter interval. Lower panel: Logarithmic transformed titres. Sampling increment was
0-2. A fitted lognormal curve has been superimposed.

6 and 7. Multiple regression analysis was
applied with the aim of controlling for the
different apportionments in relation to the
various clinical variables.

Results
Nine hundred and twelve samples were eligi-
ble, 539 non-MG sera and 373 MG samples.
Three non-white MG sera were excluded.
Four MG cases were excluded from the study
as no serum samples taken before immuno-
suppressive treatment were available. Of the
remaining 366 MG samples, 45 sera (all non-
thymoma cases) were taken after thymectomy
(12%), but this was not considered to be a
disqualifying feature. The geographic distrib-
ution of the MG samples was 199 sera from
East-DK and 167 sera from West-DK. The
East-DK samples were collected from all
known incident cases from 1975-89 within
the geographical boundaries.'5 The West-DK
sera represented more than 90% of the
expected number of incident cases from that
area during the same period of time.
Accordingly the use of this material is a rea-
sonably accurate approach to an unbiased
analysis of the whole patient population with-
in the country during a well-defined length of
time.

Table 1 summarises the results from all
539 non-MG sera. Most non-MG cases were
0*0 nMole/l negative, but the range was
0 0-04 nMole/l. Previously 40 other sera
from patients with autoimmune and neuro-
muscular diseases other than MG were
analysed by the same method,5 the range for

those samples also being 0-0-0A4 nMole/l. To
minimise the risk of false positive results we
have, during the past decade, set "positive

Table 1 Anti-AChR antibodies analysis of539 non-
myasthenic sera.

n nMolesll

Healthy individuals: total 244 0.0-0-3
Age and sex-matched blood donors 150 0 0-0 3
Referred persons 78 0 0-0 3
Monozygotic twin to MG patient 1 0.0
Relatives ofMG patients 15 0 0-0 2

Neurology: total 205 0-0-0 4
Amyotrophic lateral sclerosis 26 0 0-0-2
Dystrophia myotonica 6 0-0-0-4
Eaton-Lambert syndrome 7 0-0-0-2
Multiple sclerosis 7 0-0-0 4
Muscular dystrophies 11 0 0-0 3
Myopathy (congenital) 3 0-0-0-2
Myopathy (mitochondria) 4 0-0-0 4
Myopathies of later onset 18 0-0-0-3
Polymyositis 8 0-0-0 2
Polyneuropathy 17 0-0-0-1
Polyradiculitis 5 0 0-0 2
Spinal muscular atrophies 2 0-0-0-1
Other diseases 91 0-0-0-4

Rheumatology: total 25 0-1-0-4
Myalgia of unknown origin 6 0 0-0-2
Polymyalgia rheumatica 4 0 0-0 2
Rheumatoid artiritis 7 0-0-0-2
Systemic lupus erythematosus 2 0 3-0-4
Temporal arteritis 2 0-1-0-2
Other diseases 4 0-0-0-1

Psychiatry (neuroleptics therapy) 29 0 0-0-3

Other disorders: total 36 0-0-0-2
Acquired immunodeficiency syndrome 2 0-0-0-1
Cholinesterase deficiency 1 0 0
Diabetes mellitus 7 0 0-0 2
Lymphoma (non-Hodgkin) 3 0-0-0-2
Myxedema 5 0-0-0-1
Neoplasms (non-lymphoma) 3 0-0-0-1
Toxic diffuse goiter 4 0-0-0 2
Other diseases 11 0 0-0 2
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Table 2 Clinicalfeatures

All Danish MG patients n = 366

Type of onset
Early <50 y
Late>=50y

Sex
Females
Males

Antibody negative'

Female/male ratios
All
Early onset
Late onset

Early/late onset ratios
All
Females
Males

East Danish MG patients

52%
48%

62%
38%

12%

1*6
2-8
09

1-1
1-7
0-6

Modified Osserman groups (%)
females n = 123 males n = 76

A B A B
1 12 6 26 13
2A 27 16 24 17
2B 39 42 22 30
3 7 8 16 20
4 15 28 12 20

alln = 199

A B
18 9
26 17
33 38
10 13
14 24

'defined as titre <0 5 nMole/l
A: at time of sample collection
B: at time ofmaximum severity of disease

titre" to greater than or equal to 0-5 nMole/l,
and regarded 0 3-0-4 nMole/l as equivocal
values. As a safety precaution all low titre sera
(0O3-2.0) have always been assayed twice.
More than 3500 samples have been analysed
in our laboratory during the decade, and no
false positive results (defined as
> = 0 5 nMole/l) have been found.

Table 2 outlines the clinical features for the
MG patients. The incidences of the various
variables for the East-DK and the West-DK
groups were similar, and consequently the
East-DK subpopulation of patients was rep-
resentative of the whole MG population. The
accumulative probability for the time interval
from onset of MG to the time of the blood
sample was calculated on the basis of the 199
East-DK patients. The median was 3-0 years,
and many of the patients with a shorter inter-
val were of categories modified Osserman
groups 3 and 4. Table 2 also demonstrates
deterioration from modified Osserman groups
1 + 2A towards higher categories after the
time of the sample collection. Accordingly the
distribution of antibodies titres primarily
reflects the late initial progressive phase of the
disease not subjected to immunosuppressive
treatment. The apportionment of modified

Table 3 Statistics for anti-AChR antibodies in all 366MG cases

Linear values Logarithmic transformed values

Arthmetic Aitchison Arithmetic Lognormalfitted

Mean 106 124 1-007 1-211
SEM 21 56 0 055 0-057
SD 395 1063 1-056 0-989
Median 1 2
Mode 0.1
95% reference interval* 0-1-1315 0-2-1549

Unity for all values: nMoles per litre; Aitchison: Aitchison's estimators; SD: standard deviation;
SEM: standard error of mean.
*antilog (mean + 2*SD), that is, linear values.

Osserman groups at maximum severity of
MG differed statistically (Chi-Square
p = 0 025) with more male cases than expect-
ed in group l and 3.

Figure 1 displays the frequencies of anti-
bodies titres measured on a linear interval
scale with a sampling increment of 10
nMoles/l. The mode for the histogram was
located at and below the cut-off point, and
the graph was not symmetrical. The median
for the 366 patients was 12 nMoles/l, and the
arithmetic mean value was 106 nMoles/l, see
also table 3. Figure 1 also shows the frequen-
cies of the logarithmic transformed antibodies
titres with a sampling increment of 0-2 and a
superimposed normal curve. The distribution
of logarithmic titres greater than linear values
0<1 nMole/l was approximately lognormal.
Moreover, the distributions of the trans-
formed antibodies titres for females, males,
early onset, and late onset were approximate-
ly lognormal (not shown in any figures).

In table 3 different statistics have been cal-
culated for the interval-level data as well as
for the logarithmic transformed and fitted
data. The lower 95% reference limit was cal-
culated as 0-1-0-2 nMole/l. The graph (fig 1)
clearly demonstrates the problem with false
negative cases. At the cut-off point,
log(O04 nMole/l) = - 0-39, there was even a
slight increase in frequency, and a significant
part of the left tail has been excluded. The
0-0-0-1 nMole/l cases make a total of more
than 9%.

Specificity and sensitivity of the antibodies
analysis can thus be calculated (table 4). In
spite of the finding of 20% "negative" titres
in ocular MG compared with 8% in severe
cases and of 29% normal titres in early onset
ocular MG compared with 12% in late onset
ocular MG, all the Chi-Square p values in
relation to clinical severity were not signifi-
cant. A statistical type 2 error may have been
operative, since the number of cases with nor-
mal titre was small in all groups.
Consequently, from a diagnostic point of
view sensitivity may be regarded as propor-
tionate to clinical severity. Antibodies nega-
tive cases were more frequent for early onset
of MG (16%) than for late onset (7%)
(p = 0.01). On the other hand, sex and anti-

Table 4 Diagnostic specificity (%) and sensitivity (%)
for the anti-AChR antibodies assay (RIA)

Specificity* >99.99

Sensitivityt 88

Sex Onset ofMG

Females Males Early Late
90 86 84 93

Clinical severity ofMG
Osserman groups Onset ofMG All

Early Late
Ocular (1) 71 88 80
Mild generalised (2A) 86 88 86
Severe generalised (2B-4) 89 98 92

The table has been calculated for the 199 East Danish cases.
*No false positive (FP) cases were found, but as a safety pre-
caution FP was set to: <1/10000.
tCut-off level for normal antibodies titre was set to <0 5
nMole/l.
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Table 5 Mean log anti-AChR antibodies titre in relation to modified Osserman groups at
the time ofsample collection

Students t test
group n titre p values: group versus group

log(nMoles/l) 1 2A 2B 3 1 + 2A
1 35 0-3778
2A 51 0-9042 0-02
2B 65 1-1467 0 00 NS
3 20 1-2222 0 01 NS NS
4 28 1-4979 0 00 0-02 NS NS
1+2A 86 0-6899
2B + 3 + 4 113 1-2474 000

The table has been calculated for the 199 East Danish cases. NS: not significant. Non-para-
metric test (Mann-Whitney) confirmed the significant values.

Table 6 Mean log anti-AChR antibodies titre in relation to sex, type of onset, and
thymus pathology

Students t test n titre p values: group versus group

log(nMoles/l) Males Late Normal Thymoma
Sex

Females 123 1-2384 0 00
Males 76 0-6307

Onset
Early 126 1-0890 NS
Late 73 0-8636

Thymus histology
Normal 18 0-7824
Thymomat 14 1-0478 ns
Hyperplasia 57 1-4974 0 03 0 04

The table has been calculated for the 199 East Danish cases.
tAll serum samples collected before thymectomy.
NS: not significant. Non-parametric test (Mann-Whitney) confirmed the significant values.

bodies titre as a dichotomy, normal or abnor-
mal, appeared to be independent, though the
absolute value of antibodies titres was certain-
ly correlated to sex, see below.
The correlation between mean logarithmic

antibodies titre and modified Osserman
groups can be summarised as in table 5.
There was no significant difference between
the localised and mild groups: 1 and 2A, nor
were there significant differences between the
more severe cases: groups 2B, 3, and 4.
Conversely, group 1 differed significantly
from all other groups than 2A, and group 2A
had lower mean titre than that of group 4.
Figure 2 shows the increasing level of anti-
bodies versus Osserman groups. All the sig-
nificant differences also held true for female
gender but not for males, a finding which

may be attributable to the lower level of anti-
bodies for males, see below.
The mean antibody level was significantly

lower in sera from male patients compared
with that of sera from female patients (table
6). There was no significant difference in
relation to type of onset of MG. Hyperplasia
of the thymus was associated with higher
antibodies concentration compared with nor-
mal thymus or thymoma (table 6). There was
no significant difference between the anti-
body titres of patients with normal thymus
and thymoma. Antibody negative cases with
thymoma were not observed. Figure 2 sum-
marises the correlation between anti-AChR
antibodies titre and the clinical variables.
To estimate the possible effect of con-

founders, multiple regression analyses were
performed. Mathematical models controlling
for the different variables revealed indepen-
dent effects of clinical severity and of female
or male gender (table 7). Additional calcula-
tions not including the transformed zero val-
ues showed independent effect of the same
variables, proving that the log 0-1 values did
not have any undue influence on the analysis.
When each of the factors is used alone (table
7, A), the most importance must be assigned
to Osserman groups (standardised regression
coefficient 0-28), although sex appeared to be
of similar influence (-0-25). Since antibody
(the dependent variable) is in log units, the
coefficients can be interpreted approximately
in percentage terms. Thus after statistical
adjustment for the other independent vari-
ables, male antibodies titre can be estimated
to be about 25% less than in females.
Looking at the clinical assessment as a
dichotomy, mild or severe (table 7, B), the
antibodies concentration in severe MG can
be estimated to be about 23% higher than in
the mild cases. On the other hand, the residu-
als were still significant when these clinical
variables were accounted for, and conse-
quently additional factors of importance for
the homeostasis and activity of the antibodies
must be operative.

Figure 2 Correlation
between logarithmic anti-
AChR titre and clinical
parameters. Logarithmic
mean values are indicated
by cubes.

Clinical variables & anti-AChR antibodies titre
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Table 7 Significant mathematical modelsfor mean log
antibody titre. Regression analysis with the objective of
assigning relative importance to each of the independent
variables rather than predicting antibody titres.

A
log(abs.) = 055 (+-018)

+024 (+ -0-06) *Oss,p,
-0-55 (+ -0-14) *Sex

B
log(abs,) = 0-93 (+ -0-13)

-055 (+ -0-15) *Sex
+ 0-50 (+ -0414) *Mild/Severep,

Standardized regrssion coefficient
A B

Sex: -0-25 -0 25
Oss_e': 0-28
Mild/Severe...,.: 0-23

Values in brackets (+ -standard error). P values for all con-
stants: <0 001. Age parameters, such as age at sample collec-
tion or type of onset, did not show independent linear
correlation. Abs: antibodies; Oss: modified Osserman group;
Mild: groups 1 + 2A; Severe: groups 2B + 3 + 4; Sample:
at the time of sample collection.
Coding of variables: Oss groups 1 = 1; 2A = 2; 2B = 3; 3 =
4; 4 = 5 Sex Females = 0; males = 1 Mild/severe Mild = 0;
severe = 1 Onset ofMG Early = 0; late = 1.

Discussion
Distribution ofanti-AChR antibodies
The distribution of the frequencies of titres
expressed as interval-level measurements (fig
1) with mode located below the cut-off point,
median at 12 nMoles/l, and upper range
greater than 3000 nMoles/l, is an important
clue to the understanding of the conflicting
results of correlation analysis of anti-AChR
antibodies titre versus various clinical para-
meters, as reviewed in the introduction.
Scatterplots of interval-level titres versus any
of the clinical variables showed a weak linear
trend, but due to the disseminated location of
the points any linear fit was problematic (not
shown in any figures). On the other hand,
logarithmic transformation (fig 1) resulted in
an approximately lognormal distribution of
the frequencies of titres. This agrees with
Kornfeld et al."3 This group used rat AChR as
antigen in their assay, yielding only 55% posi-
tive MG sera. Furthermore, their patient
population was weighted towards higher age
groups. The lognormal distribution of the
anti-AChR antibodies is thus confirmed for
human AChR and for a whole patient popu-
lation within a country.

In table 1 the results of routine examina-
tion of 539 non-MG sera for anti-AChR anti-
bodies are listed. A total of 150 samples were
relevant unbiased controls, 473 sera came
from patients with MG as a possible differen-
tial diagnosis, and 16 sera were from first-
degree relatives of MG patients, including 1
monozygotic twin sister. The high prevalence
of anti-AChR antibodies (low titres) in rela-
tives, proposed by Lefvert et al7 was not con-
firmed, which agrees with Vincent et al.9 On
the basis of the review of false-positive (see
below) and the examination of true-negative
results (table 1), the conclusion must be that
the assay for anti-AChR antibodies is highly
specific as a diagnostic test (table 4). This
agrees with many other studies.45891' 1819 If a
conservative cut-off point is applied (that is,
positive > = 0-5 nMole/l), false positive out-
come is extremely rare. More significance

should be attributed to values in the range
03-0A4 nMole/l in a selected population of
patients in whom MG is estimated as proba-
ble and for whom relevant differential diag-
noses are unlikely.

Sensitivity of the assay andfalse negative result
The sensitivity of the analysis appeared to be
proportionate to the clinical severity of the
disease (table 4). A negative result of the anti-
bodies assay does not exclude MG.
Antibodies negative MG cases were found to
be more common for early onset of the dis-
ease than for late onset, though sex did not
appear to affect the frequency of antibodies
negative cases (table 4). A few sera are posi-
tive only if the antigen is intrajunctional (nor-
mal) AChR, the antigen source is extraocular
muscle, or the AChR extract is not saturated
with BuTx.920 Anti-AChR antibodies which
bind to the BuTx site of the receptor can be
demonstrated in more than 30% ofMG sera,l
but these are the only anti-AChR antibodies
demonstrable in just a few per cent of MG
sera.'8 The RIA can be modified to detect
these antibodies reliably.'8 Other modified
protocols further reduce the proportion of
antibodies negative cases.9 The use of heterol-
ogous AChR reduces positivity; sensitivity
with rat AChR is 55%,13 fetal calf AChR
74%,14 and with monkey AChR 29%-79%.

False positive result
Biological false-positive results appear to be
rather infrequent. Low titre positive outcome
has been reported in non-MG patients: amy-
otrophic lateral sclerosis;22-24 penicillamine-
treated patients without MG;8 25 thymoma
without MG;8 9 26 neonates to anti-AChR anti-
bodies positive MG mothers;27 bone marrow
transplantation;28 elderly and Down's syn-
drome Japanese but not white subjects;2930
tardive dyskinesia;" patients with high anti-
thyroid autoantibodies (borderline titres);30
primary biliary cirrhosis and patients with
mitochondrial antibody.32 The sera from
many of these patients are not false-positive
in a true sense, and this matter will be
reviewed in the following paragraphs.

In first-degree relatives of MG patients the
prevalence of anti-AChR antibodies (low
titres) and anti-idiotypic-AChR antibodies
was found to be 54% and 37% respectively.'7
The natural occurrence of anti-idiotypic-
AChR antibodies has been disputed."
Furthermore, this high incidence of positivity
in relatives has not been confirmed by this
study or by other groups.9 One out of three
monozygotic twins (without clinical MG) to
female MG patients was anti-AChR antibod-
ies positive.9

False-positive immunoassay for anti-AChR
antibodies has been reported for 19 of a total
of 171 cases with amyotrophic lateral sclero-
sis (ALS).22-24 A closer look reveals that no
anti-AChR antibodies were found in 10 of
these cases; the antibodies were crossreacting
with BuTx, which could be attributed to
experimental snake venom therapy in all
cases.22 24 Two of these patients exhibited
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decremental response on electromyography
and also clinical signs in accordance with
MG,2324 so they may well be diagnosed as
having MG as well as ALS. Of the remaining
7 patients, very low titre (0 1-0 4 nMole/l)
was found in 5 cases and low titre (0-8 and
4-1 nMoles/l) in 2 cases. No follow up data
have been published for these patients. In
Denmark we have found no ALS cases
with significant anti-AChR antibodies titres
(table 1).
Anti-AChR antibodies in penicillamine-

treated patients without MG were first
reported in 1980,25 but no follow up data are
available. Since 1975 it has been known that
MG could be induced by penicillamine in
patients with rheumatoid arthritis.34 The fine
specificities of the anti-AChR antibodies in
sera from these patients do not differ from
the antibodies in sera from idiopathic MG.35
Penicillamine probably produces MG by ini-
tiating a new autoimmune response in most
of these cases rather than by enhancing ongo-
ing autoimmunity. Usually antibody levels fall
rapidly after stopping penicillamine treat-
ment.35 The author has diagnosed 5 penicil-
lamine-induced MG cases in Denmark since
1980. In 4 of these cases the clinical signs of
MG disappeared within 5 months after peni-
cillamine treatment was discontinued, and
serial measurements showed decrease in the
anti-AChR antibodies titres during the same
period of time. Ultimately the antibodies
could no longer be detected. In one case the
antibodies level and the clinical condition did
not change during a follow up period of 4
years, proving that in some cases the associa-
tion between penicillamine and MG could be
due to chance or autoimmune predisposition.
Further evidence for this view is the co-exis-
tence of MG, rheumatoid arthritis, or other
autoimmune diseases in the absence of peni-
cillamine-treatment.'6 Until now we have not
found anti-AChR antibodies in penicillamine-
treated patients without MG in Denmark.

Other case histories with chemically
induced autoimmunity have been published
by Lieberman et al,31 who examined sera from
34 patients with neuroleptic-induced tardive
dyskinesia. Three sera had anti-AChR anti-
bodies titre with range 0-8-1 *4, and 12 sera
were in the range 0 3-0 5. It is not stated
whether the patients presented MG symp-
toms or not. The titres were inversely corre-
lated to the period of time off neuroleptics. At
least 9 out of the 29 psychiatric cases exam-
ined in our laboratory (table 1) were on neu-
roleptics at the time of sample collection and
the other 20 patients had discontinued such a
treatment shortly before, but all 29 sera were
"0-0" negative.
Anti-AChR antibodies have also been

reported in a few sera from non-MG patients
with thymoma.8926 A systematic examination
of this topic has not been published. In larger
series of operated thymomas 53%-73% were
also diagnosed as MG,'738 and other autoim-
mune diseases were manifest in 7% of the
patients in the series.37 The period between
the finding of thymoma and the onset ofMG

may be up to 10 years.39 Accordingly the
occurrence of anti-AChR antibodies in non-
MG thymoma cases may possibly anticipate
later development ofMG symptoms.
Anti-AChR antibodies were found in 11

out of 54 (20%) bone marrow transplanted
(BMT) patients.28 Some of these patients
developed MG 1-3 years after allogeneic
BMT. The titres in the non-MG patients
were low (0-3-4-8 nMoles/l), and the antibod-
ies response was transient in 4 cases. Graft-
versus-host disease has been implicated, and
in one of the cases with MG after BMT the
autoimmune disease was probably of donor
origin.28

Methodological details and thus the values
obtained for AChR binding by normal sera
differ in various laboratories. Nevertheless,
great care should be taken in the assignment
of "false-positive" to an anti-AChR antibod-
ies titre >0 4 nMole/l. Garlepp et aP9 have
argued for a symptomatic threshold. They
followed a patient with MG and Graves' dis-
ease during 5 years. Both before MG symp-
toms and after remission a low anti-AChR
antibodies titre was found, and during the
active phase of MG the titre was approxi-
mately 3 times higher. Further evidence for
the concept of a symptomatic threshold is
that significant levels of anti-AChR antibod-
ies may also be found after remission of MG.4
Thus it is clear that the mere occurrence of
anti-AChR antibodies in serum is not suffi-
cient evidence for the diagnosis of active
autoimmune MG. This is also emphasised by
the fact that 16 out of 17 children to 15 MG
mothers had anti-AChR antibodies at birth,27
but only 2 infants had neonatal MG.

Correlation between anti-AChR antibodies and
clinical parameters
It is evident from tables 6-8 that the correla-
tion between anti-AChR antibodies titre and
clinical parameters is rather complex.
Ocular/mild MG and male sex indicated
lower titre than severe generalised MG and
female gender. As substantiated in the
Results section, these variables do not explain
all the variability in antibody titres. A major
additional variable may be the heterogeneity
of the anti-AChR antibodies.710
Most studies have suggested that anti-

AChR antibodies titre correlates with clinical
condition, and that the association was most
apparent for ocular MG versus generalised
cases.4810 This was confirmed by this study.
In addition, titres from patients with mild
generalised disease (group 2A) differed signif-
icantly (table 5) from those with more severe
disease (group 4), which is in accordance
with Tindall.'0
As stated earlier, all possible combinations

of antibodies level in relation to thymoma
have been described. Thymoma has been cor-
related with high titre.4 Other reports suggest
that the occurrence of a thymoma does not in
itself predict any influence on titre.'2 On the
other hand, it appears from this study that
thymoma cases exhibit low to median titres,
provided that the samples are collected before
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thymectomy (table 6), which agrees with
Bartoccioni et al.'" A possible explanation for
the finding of high titre in thymoma cases
may be the inclusion of post-operative sam-
ples, that is, exacerbation after removal of
thymoma40 could significantly bias results.
The author's own experience is further evi-
dence for this point of view, as exacerbation
of MG (post-operative deterioration in mus-
cular strength and increase in titres lasting up
to 3 years) was observed in all thymoma MG
cases operated on in East DK during the last
decade.4'

Lindstrom et a14 found that neither pres-
ence of anti-AChR antibodies nor titre
appeared to correlate with age. However,
Limburg et a15 and Mantegazza et al '4 provid-
ed evidence for an association between titre
and age at onset of MG. Tables 4, 6 and 7
show that this study agrees with Liindstrom et
al,4 with the exception that antibodies nega-
tive cases appeared to be more frequent for
early onset of MG compared with late onset
(table 4).

Table 6 shows that men had significantly
lower mean antibodies level than women.
Lindstrom et alP were unable to demonstrate
such a correlation, and Limburg et a18 reject-
ed this possibility although their p value was
less than 002, referring to the high number
of men with only ocular MG in the material.
Table 2 shows that the same feature might
influence the present analysis. However, the
results of the multiple regression analysis
(table 7) exclude the possibility that this asso-
ciation can be explained solely by differences
in apportionment to clinical groups or in age.
Gammeltoft and Somnier5 found this correla-
tion in a more limited study, and it is now
confirmed by this study of the whole MG
population in Denmark. Associations between
sex and autoantibodies other than anti-AChR
(anti-thyroid and antinuclear antibody) in
MG patients is described by Sagar et al.4'
Thus multivariate mathematical models

(table 7) must be applied in the prediction of
antibodies level rather than more simple
bivariate models. If the models in table 7 are
implemented on longitudinal change in titre
in the single patients, variable sex is nullified.
Accordingly the models predict a much
stronger correlation between change in titre
and clinical course for the single patient, and
this has indeed been observed.43 Assays mea-
suring functional activity of the antibodies6
may add to the correlation between change in
antibodies titre and clinical status.

This work was supported by Civil Engineer Walter
Christensen & Spouse 0 Kristiane Christensen's Fund, a pri-
vate non-profit foundation devoted to promoting myasthenia
gravis research. The author is indebted to Angela Vincent and
John Newsom-Davis for their very valuable advice concerning
the anti-acetylcholine receptor antibody assay.

1 Almon RR, Andrew CG, Appel SH. Serum globulin in
myasthenia gravis: inhibition of alpha-bungarotoxin
binding to acetylcholine receptors. Science 1974;186:
55-7.

2 Aharonov A, Abramsky 0, Tarrab-Hazdai R, Fuchs S.
Humoral antibodies to acetylcholine receptor in patients
with myasthenia gravis. Lancet 1975;2:340-2.

3 Almon RR, Appel SH. Interaction of myasthenic serum
globulin with the acetylcholine receptor. Biochim

BiophysActa 1975;393:66-77.
4 Lindstrom JM, Seybold ME, Lennon VA, Whittingham S,

Duane DD. Antibody to acetylcholine receptor in myas-
thenia gravis. Prevalence, clinical correlates, and diag-
nostic value. Neurology 1976;26: 1054-9.

5 Gammeltoft S, Somnier FE. Acetylcholine receptor anti-
bodies in myasthenia gravis. Measurement of plasma
concentration by immunoprecipitation. Ugeskr Laeger
1984;146:352-5.

6 Drachman DB, Adams RN, Josifek LF, Self SG.
Functional activities of autoantibodies to acetylcholine
receptors and the clinical severity of myasthenia gravis.
N Englj Med 1982;307:769-75.

7 Vincent A, Newsom-Davis J. Anti-acetylcholine receptor
antibodies. Jf Neurol Neurosurg Psychiatry 1980;43:
590-600.

8 Limburg PC, The TH, Hummel-Tappel E, Oosterhuis
HJ. Anti-acetylcholine receptor antibodies in myasthe-
nia gravis. Part 1. Relation to clinical parameters in 250
patients. JNeurol Sci 1983;58:357-70.

9 Vincent A, Newsom-Davis J. Acetylcholine receptor anti-
body as a diagnostic test for myasthenia gravis: results in
153 validated cases and 2967 diagnostic assays. J Neurol
Neurosurg Psychiatry 1985;48:1246-52.

10 Tindall RS. Humoral immunity in myasthenia gravis: clin-
ical correlations of anti-receptor antibody avidity and
titer. Ann N YAcad Sci 1981;377:316-31.

11 Bartoccioni E, Scuderi F, Scoppetta C, Evoli A, Tonali P,
Guidi L et al. Myasthenia gravis, thymectomy, and anti-
acetycholine receptor antibody. J Neurol 1980;224:9-15.

12 Toyka KV, Becker T, Fateh-Moghadam A, Besinger UA,
Brehm G, Neumeier D et al. The significance of deter-
mining antibodies to acetylcholine receptor in myasthe-
nia gravis. Kin Wochenschr 1979;57:937-42.

13 Kornfeld P, Nall J, Smith H, Mittag TW, Bender AN,
Ambinder EP et al. Acetylcholine receptor antibodies in
myasthenia gravis. Muscle Nerve 1981;4:413-9.

14 Mantegazza R, Pareyson D, Baggi F, Romagnoli P,
Peluchetti D, Sghirlanzoni A et al. Anti AChR antibody:
relevance to diagnosis and clinical aspects of myasthenia
gravis. Ital Neurol Sci 1988;9:141-5.

15 Somnier FE, Keiding N, Paulson OB. Epidemiology of
Myasthenia Gravis in Denmark. A Longitudinal and
Comprehensive Population Survey. Arch Neurol 1991;
48:733-9.

16 Owen WJ, DeRouen TA. Estimation of the Mean for
Lognormal Data Containing Zeroes and Left-Censored
Values, with Applications to the Measurement of
Worker Exposure to Air Contaminants. Biometrics
1980;36:707-19.

17 Lefvert AK, Pirskanen R, Svanborg E. Anti-idiotypic anti-
bodies, acetylcholine receptor antibodies and disturbed
neuromuscular function in healthy relatives to patients
with myasthenia gravis. J Neuroimmunol 1985;9:41-53.

18 Lennon VA. Myasthenia gravis: diagnosis by assay of
serum antibodies. Mayo Clin Proc 1982;57:723-4.

19 Garlepp MJ, Kay PH, Dawkins RL. The diagnostic signif-
icance of autoantibodies to the acetylcholine receptor. J
Neuroimmunol 1982;3:337-50.

20 Vincent A, Newsom-Davis J. Acetylcholine receptor anti-
body characteristics in myasthenia gravis. III. Patients
with low anti-AChR antibody levels. Clin Exp Immunol
1985;60:631-6.

21 Mickle DA, Wong PY, Humphrey JG, Griffith K, Mee
AV. Measurement of human skeletal muscle acetyl-
choline receptor antibodies using monkey receptors.
Clin Biochem 1983;16:163-6.

22 Mittag TW, Caroscio J. False-Positive Immunoassay for
Acetylcholine-Receptor Antibody in Amyotrophic
Lateral Sclerosis. New EnglJ Med 1980;302:868.

23 Abbott RJ, Holden D, Currie S. False positive anti-acetyl-
choline receptor antibodies in motorneurone disease
(letter). Lancet 1986;1:906-7.

24 Ashizawa T. False positive anti-acetylcholine receptor
antibodies in motorneurone disease (letter). Lancet
1986;1:1272.

25 Martin VM, Vincent A, Clarke C. Anti-acetycholine
receptor antibodies in penicillamine-treated patients
without myasthenia gravis (letter). Lancet 1980;2:705.

26 Cuenoud S, Feltkamp TE, Fulpius BW, Oosterhuis HJ.
Antibodies to acetylcholine receptor in patients with
thymoma but without myasthenia gravis. Neurology
1980;30:201-2.

27 Lefvert AK, Osterman PO. Newborn infants to myas-
thenic mothers: a clinical study and an investigation of
acetylcholine receptor antibodies in 17 children.
Neurology 1983;33:133-8.

28 Smith CI E., Hammarstrom L, Lefvert AK. Bone-marrow
grafting induces acetylcholine receptor antibody forma-
tion. Lancet 1985;i:978.

29 Tanaka M, Miyatake T. Anti-acetylcholine receptor anti-
body in aged individuals and in patients with Down's
syndrome. Y Neuroimmunol 1983;4: 17-24.

30 Robb SA, Vincent A, McGregor MA, McGregor AM,
Newsom-Davis JM. Acetylcholine receptor antibodies in
the elderly and in Down's syndrome. 7 Neuroimmunol
1985;9: 139-46.

31 Lieberman JA, Bradley RJ, Rubinstein M, Kane JM.
Antibodies to acetylcholine receptors in tardive dyskine-
sia (letter). Lancet 1984;1:1066.

32 Sundewall AC, Lefvert AK, Norberg R. Characterization
of anti-acetylcholine receptor antibody activity in
patients with anti-mitochondrial antibodies. Clin
Immunol Immunopathol 1987;45:184-95.

33 Vincent AC. Are spontaneous anti-idiotypic antibodies

503



Somnier

against anti-acetylcholine receptor antibodies present in
myasthenia gravis? Autoimmun 1988;1: 131-42.

34 Bucknall RC, Dixon AS J, Glick EN, Woodland J, Zutshi
DW. Myasthenia gravis associated with penicillamine
treatment for rheumatoid arthritis. BMJ 1975;1:600-2.

35 Vincent A, Newsom-Davis J. Acetylcholine receptor anti-
body characteristics in myasthenia gravis. II. Patients
with penicillamine-induced myasthenia or idiopathic
myasthenia of recent onset. Clin Exp Immunol 1982;49:
266-72.

36 Behan PO. Immune disease and HIA associations with
myasthenia gravis. Jf Neurol Neurosurg Psychiatry
1980;43:611-21.

37 Verley JM, Hollmann KH. Thymoma. A comparative
study of clinical stages, histologic features, and survival
in 200 cases. Cancer 1985;55:1074-86.

38 Maggi G, Giaccone G, Donadio M, Ciuffreda L, Dalesio
0, Leria G et al. Thymomas. A review of 169 cases,

with particular reference to results of surgical treatment.
Cancer 1986;58:765-76.

39 Castleman B. The pathology of the thymus gland in myas-
thenia gravis. Ann NYAcad Sci 1966;135:496-505.

40 Kuroda Y, Oda K, Neshige R, Shibasaki H. Exacerbation
of myasthenia gravis after removal of a thymoma having
a membrane phenotype of suppressor T cells. Ann
Neurol 1984;15:400-2.

41 Somnier FE. Exacerbation of myasthenia gravis after
removal of thymomar. Acta Neurol Scand (in press).

42 Sagar HJ, Gelsthorpe K, Milford-Ward A, Davies-Jones
GA. Clinical and immunological associations in myas-
thenia gravis. 1: Autoantibodies. Neurol Neurosurg
Psychiatry 1980;43:967-70.

43 Oosterhuis HJ, Limburg PC, Hummel-Tappel E. The
TH. Anti-acetylcholine receptor antibodies in myasthe-
nia gravis. Part 2. Clinical and serological follow-up of
individual patients. I Neurol Sci 1983;58:371-85.

504


