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Abstract: There are a large number of commercial diagnostic assays for measuring
thyroglobulin (Tg) concentration in human serum. The assay principle, as well as
the potential presence of antithyroglobulin autoantibody (TgAb) in patient’s
serum, could influence the measured amount of Tg. Our objective was to determine
the concentration of Tg by radioimmunoassay and immunoradiometric assay, to
compare the values obtained and to investigate the influence of TgAbs on those
results. Analysis of serum specimens (n¼ 58) showed close correlation between
the investigated assays, regardless of the presence of TgAb in some samples. The
mean value for Tg concentration, determined by radioimmunoassay, was 25%
lower than that obtained by immunoradiometric assay. However, this ratio was
not uniform for the whole population because the differences were more prominent
for high values of Tg. The significant difference between these two methods was
confirmed by Student’s t-test, which indicated that patients must be monitored in
continuity only by one selected method.

Keywords: Antithyroglobulin autoantibodies, Immunoradiometric assay,
Radioimmunoassay, Thyroglobulin
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INTRODUCTION

Thyroglobulin (Tg) is a glycoprotein of molecular weight 660 kDa, which
is synthesized in the thyroid gland, and is detectable in the serum of most
normal individuals when a sensitive method is used. Serum concentra-
tions of Tg can be increased by endogenous and exogenous stimulation
of the thyroid gland or due to disturbed integrity of its follicular struc-
ture, most frequently in patients with differentiated thyroid carcinomas
(papillary and follicular) and autoimmune diseases of the thyroid gland
(Graves disease and Hashimoto’s thyroiditis).

In addition, measurement of Tg concentration is also necessary in
differential diagnosis of nodular changes detected in the thyroid gland
region, differential diagnosis of agenesis and ectopia of the thyroid gland
and differential diagnosis of thyrotoxicosis. Regarding autoimmune
thyroid diseases, as well as differentiated thyroid carcinomas, increased
concentrations of antithyroglobulin antibodies (TgAb) can sometimes
be detected in patient’s serum, in addition to increased concentrations
of Tg. When TgAbs are present in the serum, part of the Tg molecule
is exposed, and part of it is covered in complexes with specific antibodies
(Tg-antiTg complexes).

Measurement of serum Tg encounters some methodological
problems which can diminish its clinical importance.[1] There are many
commercial diagnostic sets, which can be divided into two groups accord-
ing to the detection principle [competition between labelled and serum Tg
for binding limited number of TgAb (radioimmunoassay –RIA) or serum
Tg captured in a sandwich between labelled and unlabelled antibodies
(immunoradiometric assay – IRMA)]. The assay principle, as well as the
potential presence of TgAb in the examinee’s serum,[2–4] could influence
the measured concentration of Tg. This may depend on the affinity and
capacity of the antibodies on the one hand, and on the assay procedure
itself on the other hand.[5–7] It has been generally accepted that RIA is
less sensitive to the presence of TgAb than IRMA,[5] giving sometimes
lower and sometimes higher values than the real ones.[8,9] Nowadays,
many laboratories use immunometric assays because they have certain
technical advantages, such as shorter incubation time and process auto-
matization.[1,10,11] Literature data indicate that in the presence of TgAb
in IRMA and similar assays, the measured values of Tg are usually lower
than the real values[5] even if the concentrations of antiTg autoantibodies
are very low.[6,12]

This paper presents the results for Tg concentration measured by
radioimmunoassay, (INEP, Zemun, Serbia) and immunoradiometric
assay (CIS Bio-international, France), their correlation and the influence
of TgAb on the values for Tg (in particular specimens) obtained by these
two methods.
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D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



EXPERIMENTAL

Blood samples (5mL) for measurement of Tg and TgAb concentra-
tions were collected in the Department for In Vitro Diagnostics,
Centre for Nuclear Medicine, The Clinical Centre Kragujevac during
a three-month period, from Sept. 18 to Dec. 18, 2006. After allowing
the sample to clot, the serum was separated by centrifugation at
3,000 rpm for 15 minutes, decanted and preserved at �20oC until
used. The total number of specimens was 58. The concentrations of
Tg and TgAb were measured at the same time, regardless of whether
the patients had previously been diagnosed with malignant or auto-
immune disease of the thyroid gland or were without previously
diagnosed thyroid gland disease.

Assays for Tg

The concentration of Tg was measured by radioimmunoassay (RIA Tg,
PEG, INEP, Serbia) and immunoradiometric assay (IRMA, THYRO,
CIS Bio-international, France).

a) RIA Tg (PEG)

The principle of RIA is based on the competitive binding of serum Tg
and a fixed amount of radioactively labelled Tg (125I-Tg) for a limited
number of determinants on specific TgAb. The formed immune
complexes are precipitated with immunoadsorbent (secondary antibodies
in buffer solution) and separated out. The amount of radioactivity,
measured in a gamma scintillation counter, is inversely proportional to
the concentration of Tg in the examined specimen.

b) IRMA Tg

The principle of IRMA is based on binding serum Tg to an excess of
TgAbs fixed to the test tube wall (four specific monoclonal TgAbs
selected for their properties of avidity and complementarity). A fifth
monoclonal antibody labelled with 125I and specific for a different part
of the Tg molecule then binds with Tg on the test tube wall forming a
‘‘sandwich’’ of Tg between the unlabelled and labelled Ab. After aspira-
tion and rinsing, the amount of radioactivity, measured in a gamma
scintillation counter, is directly proportional to the concentration of Tg
in the examined specimen.

Some detailed characteristics of both assays, according to producers’
manuals, are given in Table 1.
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Assay for TgAb

Concentrations of antiTg autoantibodies in human sera were measured
by RIA (TGAB ONE STEP, CIS Bio-international, France). The assay
is based on the competitive binding of a fixed amount of monoclonal
TgAb and TgAbs from the examined sample with a particular, limited
number of specific points on 125I-labelled Tg molecules. Unbound
molecules of labelled Tg are removed by aspiration and lavage. Radioac-
tivity was measured in a gamma scintillation counter. The extent of
binding is inversely proportional to the concentration of TgAb in the
examined specimen.

The characteristics of this assay according to the manufacturer:
detection limit 6 IU=mL, detection range 6-2000 IU=mL.

Statistical Procedures

The results obtained were analyzed by the following statistical methods:
linear regression, variance analysis, Student’s t-test and non-linear
correlation using STATGRAPHICS (version 4.2) and the MSEXCEL
programme.

RESULTS

The values for serum Tg concentrations obtained for 58 serum specimens
by RIA and IRMA were compared by regression analysis and the follow-
ing equation was obtained (y¼ 5.069 X0.599; correlation coefficient

Table 1. The characteristics of RIA (INEP) and IRMA (CIS) according to the
manufacturers

Parameters RIA Tg (PEG)-INEP IRMA Tg (CIS)

Principle of the assay RIA, PEG CT, IRMA
Tracer 125I-Tg CRM 457 125I-MoAbTg
Antibodies polyclonal 4 monoclonal
Measuring range 5–320mg=L 0.2–500 mg=L
Reference material CRM 457a CRM 457
Detection limit 4mg=L 0.2mg=L (0.7 mg=L)b

Intra-assay reproducibility 6.2–8.7% 1.8–7.7%
Inter-assay reproducibility 3.8–8.4% 2.0–16.7%
Hook-effect = >800 000 mg=L

a1 mg=L CRM 457 equals 1 mg=L in RIA Tg (PEG)-INEP.
bFunctional sensitivity.
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r¼ 0.92). Although the relation was not linear, the results indicated that
there was a close correlation between these assays (Figure 1). Thus,
whether TgAb were found or not, determination of Tg with the INEP
RIA set was in highly positive correlation with the results obtained using
the CIS IRMA set for all the samples. However, the overall mean value
for Tg measured by RIA was 25% lower than that measured by IRMA
(statistical regression analysis). This ratio was not uniform for all samples
as low values tended to be closer, while the absolute and relative
differences were often much greater in the range of high Tg values. The
difference between the two methods was statistically significant
(Student’s t-test ta and tb differed from ttab at a probability level of
0.05, data not shown), which indicated that patients must be monitored
in continuity only by one selected method.

Concerning the influence of TgAbs on the results, Figure 2 gives a
comparative display of the Tg values obtained by RIA and IRMA and
the concentrations of TgAbs in 58 specimens of serum. It seems that com-
patibility of the Tg results obtained with the two methods varied between
particular specimens, independently of the presence of TgAbs. Thus,
large differences were found in some specimens which gave negative
results for TgAbs (Figure 2), while the values were similar in many

Figure 1. Correlation between IRMA Tg (CIS) and INEP RIA Tg (PEG) assay.
The points on the curve are mean values for two replicates. The correlation equa-
tion: y¼ 5.069 X0.599 gave a very high correlation coefficient (r¼ 0.92), with
R2¼ 0.856, which indicates that the equation describes 85.6% of the variance
between the values.
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specimens containing endogenous TgAbs. Thus, the absolute values for
particular Tg samples obtained with both sets, differed by less than
10% (which is below the allowed limit of absolute measuring error) in
10 out of 34 patients with concentrations of TgAbs< 40 IU=ml, but only
in 2 patients out of 24 patients with TgAbs> 40 IU=mL. The values for
Tg measured by RIA were higher than those obtained by IRMA in
16=24 (66%) of patients with TgAb concentrations above 40 IU=mL.
Contrary to that, in the group of 34 patients with serum TgAb<
40 IU=ml, only 8 patients (23%) had higher values of Tg with RIA. In this
group, twice as many patients had higher values with IRMA.

DISCUSSION

Differences between the concentrations of Tg found here could be the
consequence of methodological differences between the two assays

Figure 2. Comparative display of values for TgAb and Tg in serum samples
from 58 patients. Squares represent the values for TgAb, black circles Tg concen-
trations obtained with IRMA (CIS) and grey triangles Tg concentrations
obtained with RIA (INEP). The concentration of TgAb in specimens 1 to 34
was very low (<40 IU=ml), while in the remaining 24 specimens (35 do 58) it ran-
ged from 41 to 3663 IU=ml.
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(RIA and IRMA) from separate producers (INEP, Serbia and CIS Bio
international, France). There are many factors which can cause differ-
ences in the results obtained for serum concentration of Tg: different
reference materials, discrepancy between standards regarding the same
reference material, specific properties of the primary and secondary anti-
bodies for different antigenic determinants on Tg and different binding
affinities of these antibody epitopes, as well as interference by serum
factors (TgAb in the first place) with the primary and secondary Tg
antibodies from the set.

Due to inter-method differences, a European project, supported by
the Committee for Reference Materials of the European Union Com-
mittee, was initiated for the isolation and characterisation of a refer-
ence preparation of Tg. The resulting reference material, CRM
457,[13,14] is now employed directly or indirectly for calibrating most
assays. Both commercial sets, RIA Tg (PEG) and IRMA (THYRO)
used here were calibrated according to CRM 457 in the same way,
so differences in the measured values were not caused by discrepancy
in standardization.

Therefore, variability between the different assays could reflect dif-
ferences in methodological procedure and specific properties of isoforms
of circulating Tg,[1,15–17] together with interference with the antibodies in
the kits by serum autoantibodies. The individual characteristics of differ-
ent assays for some isoforms of Tg which can be found in patients’ sera,
are determined by the properties of the antibodies (labelled and unla-
belled) contained in assay sets. In the applied IRMA, there were four
monoclonal antiTg antibodies fixed to the test tube wall and a fifth
monoclonal TgAb labelled with 125I, while in the RIA there was a sheep
antiTg antiserum, which contains polyclonal antiTg antibodies. Since Tg
is a large glycoprotein molecule, which expresses a large number of epi-
topes, it is possible that there are differences in the binding of antibodies
specific for Tg between RIA and IRMA, and this may account for the
differences in measured Tg concentrations in those sera where no TgAb
was found.

It is known that endogenous serum TgAbs interfere in Tg mea-
surement in a method-dependant way.[6,8,18] It is generally accepted
that the concentrations of Tg determined by IRMA in the presence
of serum TgAb are lower than the real values, while in RIA appar-
ently lower or higher values of Tg can be obtained.[6,10,18,19] Thus,
in these cases the values of Tg measured by RIA are often higher
than those obtained by IRMA,[6,20] which our results confirm.
However, currently there is no method which can measure the
exact concentration of Tg in the presence of TgAbs. Thus, we can-
not say with certainty whether the Tg concentrations found in our
study by IRMA are lower or the values obtained by RIA are
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higher than the actual concentrations of Tg in any specimens which
contain TgAbs. The influence of TgAbs on the measured concen-
trations of Tg by RIA and IRMA, can be estimated by an addi-
tional recovery test (i.e. determining the increase in Tg
concentration in the specimen after a suitable known concentration
of Tg has been added). Even though it is not ideal, the recovery
test can indicate whether the measured values of Tg are lower or
higher than the real value.

Considering that our group of examinees included patients with
differentiated thyroid carcinomas, the interpretation of undetectable
or low values of Tg in the presence of TgAbs (obtained by IRMA)
must be very careful,[11] especially as TgAbs are considered to be an
additional tumour marker indicating the presence of thyroid tis-
sue.[6,21] However, serial measurement of TgAb also requires the appli-
cation of an identical assay, because commercial assays differ in
sensitivity, specific properties and absolute values, regardless of stan-
dardization according to the international reference preparation
MRC 65=93,[6,7,11,22,23] most probably due to differences in the specific
properties of assays for conformational epitopes typical for TgAb in
serum.[6,7,21,22,23]

The lower values for Tg obtained by RIA in comparison to IRMA,
when the Tg concentration was above 300 mg=L, could be the conse-
quence of the somewhat smaller capacity of the antibodies in the RIA
to bind the total amount of Tg.

Since RIA (INEP) and IRMA (CIS) are employed in the diagnosis
of thyroid gland disease in many laboratories, and since the patients
are not always examined in the same health care institution, it is
important to point out the clinical implications of our results. Those
results which demonstrated good compatibility between the assays,
whether the sera contained TgAbs or not, can be considered suffi-
ciently accurate and acceptable for the clinicians. Differences between
the obtained results for sera without autoantibodies most probably
occurred due to inter-method differences. During monitoring of
patients (especially those with differentiated thyroid carcinoma) it is
important that the particular individual is always controlled by the
same method (RIA or IRMA). If TgAbs are present, and undetectable
or low concentrations of Tg (especially by IRMA assay) are found,
this should definitely be interpreted in the context of positive TgAbs.
Naturally, serum concentration of Tg is just one parameter for esti-
mating pathological processes in the thyroid gland. If there are differ-
ences in the results obtained with two methodologically different
assays, the clinician should conclude that either one or both results
are not accurate and therefore a more detailed clinical examination
should be undertaken.
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CONCLUSIONS

Comparing the concentrations of Tg in individual human serum speci-
mens obtained using RIA (INEP) and IRMA (CIS Bio International)
showed a high degree of correlation. However, differences in Tg concen-
trations measured by these assays were not clearly related to the concen-
trations of detected TgAb. Since the values for Tg concentrations differed
significantly in a large number of specimens, we suggest that patients
should be monitored in continuity only by one selected method.
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