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A simple micro-ELISA method for the assay of
antithyroglobulin autoantibodies in human serum
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SUMMARY An indirect, enzyme-linked immunosorbent assay is described for the assay of thyroid
autoantibodies, particularly those directed against thyroglobulin. The method is specific, sensitive
and precise, and may be automated. The results are shown to correlate well with those obtained by
the haemagglutination method.

The occurrence of antibodies directed against thyro-
globulin has been well demonstrated in the blood of
patients with autoimmune thyroid disease.1'3

Thyroid autoantibodies have been investigated
classically by means of precipitin reactions,2 latex
fixation,4 immunofluorescence5 6 and haemaggluti-
nation.7 More recently, radioassays have also been
used.8 9 However, all of these methods have draw-
backs. The precipitin reaction, by which the anti-
bodies were first demonstrated, has taken a number
of forms, including radial immunodiffusion,2
counter immunoelectrophoresis'0 and double diffu-
sion.'1 These methods show up to three precipitin
reactions, but are generally not quantitative, and
their lack of sensitivity makes them useful only in
the later, lymphocytic, stages of thyroid disease.

Latex fixation has now been superseded by the
haemagglutination method. Immunofluorescence is a
technique which can have high sensitivity and speci-
ficity. However, the method requires sections cut
from thyrotoxic thyroid glands removed at thyroid-
ectomy, and the use of ultraviolet fluorescence micro-
scopy (although the newer techniques with enzyme-
labelled antibody or the peroxidase/antiperoxidase
system allow the use of normal microscopy). The
technique is also non-quantitative, and requires
experience for good assessment of results.

Haemagglutination is very sensitive but is sub-
jectively assessed, and requires some experience for
interpretation. It will only detect those antibodies
which possess agglutinating properties, and reports
have recently appeared12 on the occurrence of an
agglutination inhibition factor.
Two types of radioassay have been developed for

the quantification of thyroglobulin autoantibodies,
the coprecipitation method,8 and the competitive
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assay. 9 These methods have been shown to be very
sensitive but require the radiolabelling of either
thyroglobulin (in the former method) or thyroglo-
bulin autoantibodies (in the latter). Both assays
suffer from the hazards associated with the use of a
radioactive label.
With the introduction of the enzyme-linked

immunosorbent assay (ELISA)13 the detection of
antibodies has been facilitated. 14 However, this
method has been applied to very few assays for auto-
antibodies."5 16

This paper presents the application of the indirect
micro-ELISA method to the investigation of thyro-
globulin autoantibodies. The method presented,
using microtitre plates, allows the simultaneous
assay of 28 specimens in duplicate. It is sensitive,
specific, has an objective end-point and the results
obtained relate well to those obtained by haemagglu-
tination.
A similar method has recently been described by

Voller et al." The results are similar to those pre-
sented in this paper, but these authors conclude that
their method lacks the sensitivity of haemagglutina-
tion.

Material and methods

MATERIAL
Microtitre plates: square form polystyrene plates
obtained from Dynatech Laboratories Ltd, Daux
Road, Billingshurst, Sussex, UK. Although the
microtitre plates used have 96 wells, because of in-
consistencies in binding characteristics of the peri-
pheral wells,18 only the 60 internal wells were used.

Peroxidase-anti-IgG conjugate: obtained as a gift
from Dr A Bartlett, Nuffield Laboratories of Com-
parative Medicine, The Zoological Society of
London, Regents Park, London, NW1.
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Buffers: (1) Coating buffer; carbonate/bicar-
bonate buffer, pH 9-6, 1L59 g Na2CO3, 2-93 g
NaHCO2 made up to one litre with distilled water.
This buffer was prepared freshly every week. (2)
Wash buffer; PBS/Tween, pH 7-4, 40 g NaCl, 1 g
KH2PO4 14 5 g Na2HPO4.12H20, 1 g KCI and
2-5 ml Tween 20 made up to 5 litres with distilled
water. (3) Substrate buffer (for use with orthopheny-
lenediamine substrate); citrate/phosphate buffer, pH
5 0. 24-3ml; 0-1 M citric acid, 25 7 ml; 0-2 M disod-
ium hydrogen orthophosphate made up to 1 litre.

Substrate for the peroxidase enzyme reaction:
orthophenylenediamine (OPD) with hydrogen per-
oxide. 20 mg OPD was dissolved in 50 ml citrate/
phosphate buffer and 20 ,ul H202 were added. This
solution must be made up freshly immediately before
use.

Stopping solution for the enzyme reaction: 2-5 M
H2SO4.
Optical densities were measured on a Vitatron UPS
universal colorimeter using a 492 nm filter and micro
flow-through cuvette.

Haemagglutination assays were performed using
Wellcome Thymune T and Thymune M Kits.
Immunofluorescence was performed using Kalle-
stadt FITC conjugated Goat anti-IgG, -IgA and
-IgM sera (Atlantic Antibodies, American Hospital
Supply, Station Road, Didcot, Oxon).

Thyroglobulin antigen: Three thyroid glands were
removed as soon as possible post mortem from
cadavers with no known antemortem thyroid disease,
and deep-frozen immediately. Cryostat sections were
taken, and investigated for the presence of thyro-
globulin autoantibodies, using direct immuno-
fluorescence, with an anti-human IgG serum/
fluorescein isothyocyanate conjugate. All three
thyroids were apparently free of antibodies by this
method. The thyroglobulin was then extracted from
the thyroids and purified by the differential ammo-
nium sulphate precipitation method of Derrien et
al.19

In previous experiments, it was shown that thyro-
globulin extracts prepared in this way were invari-
ably contaminated by the microsomal antigen. Since
the microsomal antigen is particulate, it may be
effectively removed from the thyroglobulin prepara-
tion by chromatography on Sephacryl S-300 super-
fine. The extract was therefore chromatographed on
a Sephacryl S-300 superfine column, 22 x 1-6 cm
using phosphate-buffered saline, pH 7-2, 0-15 M.
Forty fractions, each of 1 ml were collected. The
optical density at 210 nm was measured on a 1/5
dilution of each fraction, and 250 jl of a l0-2 dilution
of each fraction (in carbonate/bicarbonate buffer)
was incubated in the wells of microtitre plates. For
each fraction, three wells were prepared, and the

micro-ELISA procedure outlined below was per-
formed on these, using a serum sample with a high
haemagglutination titre, a serum sample with an
undetectable haemagglutination titre, or a sample
containing buffer only. The positive and negative
sera were diluted 1/100.
The elution pattern together with the ELISA

optical densities are shown in Fig. 1. From this it
may be deduced that, since there is a peak in both
the negative serum and buffer graphs at fractions 12
to 19, this fraction of the thyroglobulin extract is
contaminated with IgG. Whether this IgG is auto-
antibody, attached or unattached to thyroglobulin,
is unknown.
The contamination of the eluate with IgG in these

fractions was confirmed by radial immunodiffusion
against a donkey antihuman IgG antiserum. The
results of this experiment are also shown in Fig. 1.
The remainder of the eluate showed undetectable
concentrations of IgG by this method.

1i50s Elution
60 High titre serum -

rl tD Low titre serun -
f Buffer ----

5-0

1.0 -4-
EcL

605~~~~~~~~~~

10 20 30 40
EDution volune (ml)

Fig. 1 Chromatography of a thyroglobulin preparation
on Sephacryl 5-300 superfine. The elution line represents
the optical density at 210 nm obtainedfrom a dilution of
each one ml fraction elutedfrom the column. The high
titre serum, low titre serum, and buffer lines represent the
optical densities at 492 nm obtained after performing an
ELISA assay on a dilution of each fraction, as described
in the text. The diameters of the radial immunodiffusion
(RID) rings obtained by reacting the eluate fractions
against a donkey antihuman IgG antiserum are also
shown.

It may be seen that the maximum differentiation
between the positive and negative sera occurred in
fractions 7-11 inclusive. These fractions were pooled,
and used as the thyroglobulin antigen. The pooled
fractions were divided into 200 p1 aliquots which
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were deep frozen until used. No deterioration was
seen in the antigen in six months.

METHODS
Basic indirect micro-ELISA methodology

1 The antigen was diluted in coating buffer, and
250 ,l were pipetted into the wells of the microtitre
plate. The plate was then incubated in a moist
chamber for 18 h. Incubation at 37°C gave a binding
of antigen 47-8y% higher than that at 4°C, and
tended to give more reproducible results (coefficients
of variation for 37°C and 4°C were 2.6o% and 4.5y%
respectively).

2 The antigen was poured from the plate, and
three washes with the wash buffer carried out, with a
three-minute soak at each wash (this procedure was
performed by flooding the entire plate with buffer,
standing for 3 min then pouring off the buffer into a
sink).

3 The serum samples under investigation were
diluted in wash buffer, and 250 pl were added to
appropriate wells. The plate was incubated in a
moist chamber for 3-5 h at room temperature. After
this period the plate was emptied and washed as in
step 2.
4 The diluted peroxidase-antihuman IgG anti-

serum was added. The dilution of conjugate used
depends upon the required incubation time: with the
conjugate used in this study, it was found that a
dilution of 2 x 10-3 and an incubation time of three
hours gave results which were equivalent to those
using a dilution of 5 x 10-4 with an overnight incuba-
tion. (The conjugate was diluted in the wash buffer,
and the incubation was carried out at room tem-
perature.)

5 At the end of the incubation period, the plate
was again emptied and washed.

6 The substrate solution was made up and 250 jl
added to each well. After an appropriate time (estab-
lished by visual inspection of the colour) the reaction
was stopped by the addition of 50 p1 of 2 5 M H2SO4
to the wells. The enzyme reaction was carried out at
room temperature.

7 The optical density of the contents of each well
was measured at 492 nm against a water blank.

OPTIMISATION OF ANTIGEN AND SERUM

DILUTIONS
In order to investigate the optimum dilutions of both
the antigen and the serum samples, they were titrated
against each other. Two samples were chosen, one of
which was shown by haemagglutination to be nega-
tive for thyroid autoantibodies, the other to have a
high titre. Dilutions of both samples, from 10-1 to
10-7 were then incubated in wells previously coated
with dilutions of the thyroglobulin antigen ranging

from 10-1 to 10-7. After incubating the plate for four
hours and washing, peroxidase-labelled antihuman
IgG antiserum was added, at a dilution of 5 x 10-3,
and incubation carried out overnight at room tem-
perature. After washing the plate, the enzyme reac-
tion was carried out, and the optical densities
measured. In this way, the ratio of readings for the
high and low sera were determined for each dilution
of the serum, at each dilution of the antigen prepara-
tion. From this titration it was established that the
optimum dilutions of antigen and serum were 10-3
and 10-2 respectively. The dilution of antigen corres-
ponds to the addition of approximately 300 ng
thyroglobulin per well, since the protein concentra-
tion of the pooled fractions 7-11 from the chromato-
graphic separation was determined at 1-3 g/l. The
dilution of the peroxidase-linked antiserum was not
as critical as the dilutions of antigen and autoanti-
serum. It is important only that sufficient labelled
antiserum should be available to bind to all the
available autoimmune IgG. Thus, as mentioned
above, dilutions of 2 x 10-3 and5 x 10-4gavesimilar
results, with incubation times of three hours and
overnight respectively. In this study, only autoanti-
bodies of the "G" class were investigated. It has been
shown20 that the majority of autoantibodies occur
in this class.

Results

The results of the indirect micro-ELISA method used
in this study are expressed in terms of a ratio of the
optical density of the test serum to that obtained
from a pooled serum established as negative for
thyroid autoantibody activity by haemagglutination,
immunofluorescence, and the biochemical and
clinical euthyroidism of the donors. The optical
density obtained from a well containing buffer only
is subtracted from all the optical densities before
this ratio is obtained. The validity of this means of
expressing the results is discussed later.
Serum samples from laboratory personnel and out-

patients with no biochemical or clinical evidence or
family history of thyroid disease were assayed. The
mean OD ratio obtained from these samples was
1 -06, with a range (± 2 SD) of 0-09 to 2 20 (n = 61).
The within-batch precision of the method was

4-5% (coefficient of variation) and the between-
batch precision was assessed on seven normal sera
and two sera with raised concentrations, in six
separate assays. The results of the latter are shown
in Table 1. (The results from serum 28 contain one
outlier.)

In order to establish the validity of the method, a
number of samples which had previously been
assayed by the haemagglutination method were
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Table 1 Between-batch precision ofELISA methodfor
thyroglobulin autoantibodies

Serum Mean Standard Coefficient
OD ratio deviation of variation (%)

CRS 0-95 0-36 3-82
PC 1-46 0-15 10-40
PM 0 94 0-05 5 40
RG 1-38 0-13 9-08
MJ 0 99 0 07 7-14
9 2-08 0-12 5-76
28 1 40 0-36 2560
A 24-77 1-88 7 57
C 695 044 6-39

assayed by the new system.
The results of the comparison are shown in Fig. 2.

It will be seen from this graph that although there is
a general agreement in the results, some discrepan-
cies occur.

viously. In the indirect micro-ELISA method for
antibodies against infectious diseases, this is the
recommended procedure for expressing results, since
variations of binding affinities of antibody species
make the expression of results, in concentration
terms, dubious.22
As a simple test of the variation of binding affini-

ties of these autoantibodies, three serum samples
with different titres of thyroglobulin autoantibodies,
and five serum samples with no detectable antithyro-
globulin activity were assayed in serial tenfold dilu-
tions, from 10-1 to 10-6. Using the graphs obtained,
a logit/log transform was performed, and the slopes
of the lines obtained were taken to give an approxi-
mation of the affinity of binding of each serum. The
results are shown in Table 2. The experiment demon-
strated a variation in slope of the logit/log line, as
suggested for non-autoimmune antibodies. The
results are discussed later.

30-
aw4*YIt
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1n
_

2.E
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y=2-299x + 1-005
where TGHA t itre-lOx 2
r= 0 884

.

;

; I

0 1 2 3 4 5 6 7 8 9 >9 x

10 20 40 80 160 320 640 1280 2560 5120 >5120,
Thyroglobulin autoantibody hoemagglutination titre

Fig. 2 Correlation of thyroglobulin autoantibody results
obtained by TGHA and ELISA.

Inactivation of complement by treatment of serum
samples at 60°C for 30 min is necessary before per-
forming the haemagglutination assay. This treatment
is unnecessary for the ELISA procedure. Heat inacti-
vation has been shown to give lower results in an
ELISA method for thyroglobulin.21
No significant difference was found between

results obtained using serum and plasma (with
heparin or sequestrene as anticoagulant) the auto-
antibody activity in serum maintained at -20°C
was unchanged after three months. Repeated freezing
and thawing, however, resulted in a reduction in the
optical density ratio, particularly with plasma
samples.
Throughout this study, results were expressed in

the form of the optical density ratio as shown pre-

Table 2 Variation in slope of logit/log transform
obtainedfrom a plot ofOD ratio against dilution factor
for autoimmune and non-autoimmune serum samples

TGHA Slope of logit/log Correlation
titre transform coefficient

<10 4-61 0-997
<10 4-74 0-963
<10 359 0993
<10 3-27 0999
<10 582 0-921
> 5120 6 00 0-992
160 3-67 0-992
1280 2-94 0 995

TGHA=thyroglobulin autoantibody haemagglutination.

In order to test the specificity of the method serum
samples with negative or very low thyroglobulin
autoantibody titres by haemagglutination (TGHA)
and high concentrations of thyroid microsomal auto-
antibody (MCHA), or antinuclear factor (ANA)
were assayed. The results correlated well with the
thyroglobulin haemagglutination results and showed
no increase in OD ratio as a result of the presence of
the microsomal or antinuclear antibody. The results
are shown in Table 3.

Discussion

The results obtained in this study suggest that the
indirect micro-ELISA method is applicable to the
assay of thyroglobulin directed autoantibodies. As-
sessing the validity of the method is difficult since the
only established method for detecting and quantify-
ing autoantibodies is haemagglutination, and this
method suffers from a number of drawbacks, as
already outlined; it seems possible that the inade-
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Table 3 ELISA results obtainedfrom serum samples
containing microsomal or antinuclear autoantibodies

Sample TGHA MCHA ANA ELISA
titre litre litre OD ratio

I <<10 202 _ 1*00
2 < 10 802 - 0-67
3 10 802 - 2-67
4 <10 <102 80 1-17
5 <10 402 - 1-17
6 40 3202 - 5-00
7 10 <102 1280 2-67
8 20 102 320 3-33
9 20 < 102 - 2-67
10 <10 402 - 1-00
11 20 <102 160 200
12 <10 <102 320 1 00

TGHA = thyroglobulin autoantibody haemagglutination.
MCHA = thyroid microsomal autoantibody.
ANA = antinuclear factor.

quacies of the haemagglutination method may be
responsible for some of the anomalies seen in the
comparison of results of the two methods. In this
laboratory, inter-observer variation in reading
haemagglutination titres have varied by factors as
high as 4-that is, 1:40 to 1 :160.
The use of a standard curve, expressed either in

terms of units of autoantibody activity or in mass
terms would be useful in this type of assay. Although
Voller el al.22 do not consider the use of such a
standard curve valid for antibodies to infectious
diseases, Endo et al.16 use such a method for the
quantification of thyroid autoantibodies. In our
study, the validity of the use of such a curve was not
proven. However, it would seem that the use of a
standard curve in future assays might be preferential,
since the method most commonly used, the optical
density ratio, has the inherent implication of a linear
dose response relation. Felgner23 has suggested the
use of the multiple of normal activity (MONA) for
expressing indirect micro-ELISA results, which takes
some account of the affinity of binding of the anti-
bodies.

Voller et al.17 have recently published a similar
method to that described here. They, however, con-
cluded that the method is not as sensitive as existing
methods, particularly haemagglutination.
The term sensitivity describes the ability of the

system to discriminate between samples with very
low concentrations of autoantibody and those which
are negative. To test the sensitivity of the ELISA
method by comparing it only with haemagglutination
may be misleading for three reasons:

(i) It is well established that low haemagglutination
titres (< 1:80) are considered clinically insignificant,
and serum samples with low titres may often show a
negative reaction in the indirect immunofluorescence

Goodburn, Williams, Marks

assay, suggesting that the haemagglutination methods
may give false-positives.

(ii) Sensitivity is dependent upon the precision of
the method, and the precision of haemagglutination
methods is not very good, mainly because of inter-
and intra-observer variation in end-point identifica-
tion, and also because of dilution errors, particu-
larly when Taketsy loops are used.

(iii) Haemagglutination methods will detect only
those antibodies with agglutinating properties. In the
method by Voller et al., it would appear that a sheep
antibody to all classes of human immunoglobulins
was used, which may allow the detection of non-
agglutinating autoantibodies, thus giving an apparent
false high result with a low titre haemagglutination
result.

Because of these potential difficulties associated
with the use of haemagglutination as a reference
method, it may be advisable in future studies to test
the sensitivity of this type of assay against the
indirect immunofluorescence method, which is
extremely sensitive, an established radioassay, and
also to assess thoroughly the clinical state of each
individual. Comparison with haemagglutination
results, however, should still be carried out.
Endo et al. 16 present two methods for the detection

of thyroglobulin autoantibodies, one similar to this
method (but using a fluorimetrically detected end-
point), the other using enzyme-labelled thyro-
globulin instead of enzyme-labelled antihuman IgG
serum. They suggest that the latter method is the
better in terms of sensitivity, but this method
requires the preparation of thyroglobulin/enzyme
conjugate, which is not yet available commercially.
Additionally the method uses latex rubber-strings as
the solid phase, and although this gives good binding
characteristics, it requires careful handling in wash-
ing procedures. In the microtitre plate method,
washing is a rapid, easily performed procedure
which is applied to all wells equally and simul-
taneously.
Methods using microtitre plates may also be auto-

mated to various degrees using microtitre plate
ELISA washers and readers, or the fully automated
micro-ELISA processors currently available.
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