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□ CASE REPORT □

Non-specific Activities against Ruthenium Crosslinker as a
New Cause of Assay Interference in an Electrochemillumi-

nescent Immunoassay

Takao Ando 1, Jun-ichi Yasui 1, Naoko Inokuchi 2, Toshiro Usa 1,
Kiyohito Ashizawa 1, Shimeru Kamihara 2 and Katsumi Eguchi 1

Abstract

Clinical assays are very important for the diagnosis and management of clinical disorders. Each assay sys-
tem consists of a specific method to detect and/or quantify a substance of interest in the clinical specimen.
However, clinical assays can be unfavorably influenced by non-specific activities concomitantly present in the
specimen, which may mislead clinical decisions. Thus, it is very important to know how each assay works,
and how and when the assay is non-specifically influenced. Here, we report three cases shown clinical data
of thyroid function influenced by new type of assay interference.
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Introduction

It is critically important to know the precise serum levels
of hormone(s) of interest when endocrine diseases are con-
sidered in the differential diagnosis. However, because of
their low concentrations in blood, a clinical assay consisting
of complicated antigen (hormone)-antibody binding reaction
has been developed and utilized. This has been a time-
consuming and labor-requiring step. Recently, by utilizing
electrochemilluminescent immunoassay (ECLIA), blood lev-
els of hormones can be quickly available in an automated
system within an hour (1, 2). This improvement significantly
contributes to rapid diagnosis of and better management of
patients with endocrine disease.
Appearance of an ECLIA may be more beneficial to pa-

tients with thyroid diseases because the thyroid is affected
most commonly among the endocrine glands. Serum levels
of thyroid hormones determined in the clinical assay includ-
ing ECLIA are in general reliable, corresponding well with
clinical findings. However, a couple of factors present in
sera have been recognized to influence the clinical assay,
therefore, the levels of hormones measured can be unaccept-

ably lower or higher than the actual ones. These results can
lead to an incorrect diagnosis as well as an inappropriate
treatment. These factors include anti-animal antibodies (3)
and anti-hormone antibodies (4, 5).
Anti-animal antibodies interfere antigen (= hormone of in-
terest) specific antibody binding in the clinical assay. Anti-
animal antibodies can be against any species of animals in-
cluding mouse, sheep, rabbit, and goat (3). Therefore, assay
interference can be seen when anti-animal antibodies bind to
animal derived-antibodies employed in the assay. It has been
known that capture type assay, which utilizes two different
antibodies against antigen for measurement, is affected more
frequently than the assay that uses only one antibody (3).
Anti-hormone antibodies are against hormone itself. These
antibodies may influence clearance of a hormone (6). Thy-
roid hormone is one of the well-known targets for autoanti-
bodies. This could be due to thyroid hormone being synthe-
sized on the thyroglobulin, one of the major autoantigens in
autoimmune thyroid disease.
SITSH, which stands for syndrome of inappropriate secre-
tion of TSH, is clinical condition with normal or high serum
levels of TSH in the presence of high serum levels of thy-
roid hormones (7, 8). SITSH is seen in a patient with pitui-
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Table 1. Serum Levels of Thyroid Hormones in Three Pa
tients Compatible with SITSH

tary adenoma producing TSH and those with resistance to
thyroid hormone, both being extremely rare. However, clini-
cal assay showing SITSH is more frequently encountered
due to assay interference as mentioned above. Here we re-
port three cases showed clinical data compatible with SITSH
caused by a new type of assay interference.

Case Report

Case 1

A 66-year-old female was referred to our hospital in June
2006 because of thyroid nodules. We measured her thyroid
hormones, free T3, free T4, and TSH, since her thyroid
gland, including nodules, showed a diffuse increase in blood
flow as determined by echosonography. Her thyroid hor-
mone levels were compatible with SITSH and the data were
reproducible (Table 1) although there were no clinical symp-
toms or signs related to thyrotoxicosis. We carried out MRI
examination of the pituitary gland, which showed that her
pituitary seemed to contain a small lesion slowly enhanced
as compared to the normal tissue (data not shown). There-
fore, we considered that she may have TSH-secreting pitui-
tary tumor causing SITSH. She was admitted to our hospital
for further examination of SITSH in August 2006. However,
to our surprise, serum levels of free T3 on her admission
were normalized while free T4 and TSH remained un-
changed (Table 1). Her thyroid had never been treated. Thy-
roid autoantibodies including antibodies to thyroglobulin,
thyroid peroxidase, and TSH receptor (this included TSH
binding inhibitory antibodies and TSH receptor stimulating
antibodies), were all negative. TRH test showed a rather ex-
aggerated response of TSH increasing from 3.65 to 24.29
IU/ml at 30 min. Radioiodine uptake of her thyroid was
18% excluding hyperactivity of this endocrine gland. These
findings, taken together, highly suggested that thyroid hor-
mone data compatible with SITSH were not due to TSH se-
creting pituitary adenoma or resistance to thyroid hormone
resistance.

Case 2

A 50-year-old female was referred to our hospital in June
2006 because of her refractory Graves disease not respond-
ing to three years of antithyroid drug treatment (200-300
mg/day of propiothiouracil). Her serum levels of TSH were
undetectable when she first had symptoms of thyrotoxicosis
and she was positive for TSH receptor antibodies (20% as
determined by first generation assay). Serum levels of thy-
roid hormone remained high, however, serum levels of TSH
were being measurable one year after the treatment. She was
clinically euthyroid when we examined, however, serum lev-
els of her thyroid hormone were consistent with SITSH, and
similar to those obtained at the clinic (Table 1). She did not
have any suspicious lesions in the pituitary gland when
studied by MRI. Higher dose of antithyroid drug (up to 450
mg/day) did not at all decrease her serum levels of thyroid

hormone whereas her serum levels of total cholesterol in-
creased from 240 to 280 mg/dl, which suggested that there
might be an assay interference involved in determination of
her serum levels of thyroid hormone and she might be
rather hypothyroid. While treating this patient, her serum
levels of free T3 similarly changed and normalized in Au-
gust 2006.

Case 3

A 45-year-old male has been treated with subcutaneous
insulin because of his fluminant insulin dependent diabetes
developed when he was 36 years. Since he was positive for
thyroid peroxidase antibodies (29.1 U/ml, negative being <
0.3 U/ml), his thyroid function was followed periodically
and he had been euthyroid clinically as well as biochemi-
cally as determined by radioimmunoassay. However, his se-
rum levels of thyroid hormones increased suddenly in Feb.
2006 while serum levels of TSH remained normal (Table 1)
without showing any signs or symptoms of thyrotoxocosis,
or worsening of his diabetes. His abnormal thyroid function
was reproducible, therefore, we examined his thyroid by us-
ing echosonography, showing no enlargement or increased
intrathyroidal blood flow. We strongly suspected that he was
euthyroid and there should be some kind of assay interfer-
ence. High serum levels of free T3 decreased slightly in Au-
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Table 2. Influence of PEG Precipitation on Levels of Free 
T3 of Sera from Three Patients

gust 2006, but still remained high (Table 1).
Since these patients were clinically euthyroid and the se-

rum levels of free T3 were normalized or decreased without
treatment, we strongly suspected that there would be an as-
say interference especially for free T3. It was clear that the
sudden decrease of the serum levels of free T3 seen in these
patients, as suggested by cases 1 and 2, occurred between
July and August 2006. Actually this was the exact same
time that Roche Diagnostic, who provides the ECLIA assay
(Eclusis FT3II) for thyroid hormones to our University hos-
pital, introduced a minor change to the clinical assay for
free T3. This was done in order to absorb non-specific ac-
tivities against Ruthenium crosslinker complex (see below)
present in rare sera (less than 0.1%) and this modification
should decrease serum levels of free T3 only marginally (~2
to 3 pg/ml) in such sera (taken from commercial leaflets
from Roche).
However, the change of serum levels of free T3 we ob-

served here was significant (~5, 10 pg/ml in cases 1 and 2,
respectively) and nonetheless confusing. We asked Roche
Diagnostic to measure the serum levels of free T3 by using
their kit with and without the modification (Table 2). These
data clearly showed that the aberrantly high serum levels of
free T3 in cases 1 and 2 seen in the serum specimens ob-
tained in June 2006 were simply due to non-specific activi-
ties against the Ruthenium-crosslinker complex. In case 3, a
decrease in free T3 seen was also due to similar non-
specific activities. Such non-specific activities seen these
cases including case 3 can be alleviated by precipitation of
sera with polyethylene glycol (PEG) (Table 2), suggesting
that immunoglobulin might be involved. It seemed that the
assay interferences seen in these patients were specific to
ECLIA employed in our hospital since the serum levels of
thyroid hormones were compatible with their clinical find-
ings when measured by another type of assay (CLIA and
RIA) (Table 1). Therefore, cases 1 and 2 seemed to be sub-
clinical hypothyroidism, as indicated by the slightly elevated

serum levels of TSH. This was supported by an exaggerated
TSH response to TRH in case 1. In case 2 it could be due
to inappropriate antithyroid drug treatment.
Finally, we have looked at all the thyroid hormone mea-
surements performed in our University hospital after the
ECLIA was employed (since May 2005). There were in to-
tal 7567 simultaneous measurements of free T3, free T4,
and TSH (actual number of patients should be much less be-
cause of multiple measurements in the identical patients un-
der periodical follow) and we examined these data to see if
any had serum levels of free T3 and TSH higher than 5 pg/
ml AND 1 uIU/ml, respectively. We could not find any pa-
tients other than described above.

Discussion

An ECLIA for free T3 quantifies a photon released from
an excited Ruthenium label located at the specific antibody
against free T3 attached as Ruthenium (II) tris (bipyridyl)32+

(crosslinker being underlined)(Fig. 1). In this assay system,
the higher the serum levels of free T3 are, the less the signal
is generated in the assay. Serum levels of free T4 are mea-
sured in an almost identical ECLIA system for free T3. The
only the difference between them is the specific antibody to
the corresponding hormone. Free T3 assay uses sheep-
derived monoclonal antibody whereas free T4, uses sheep
polyclonal. In an ECLIA for TSH, Ruthenium cross linker is
attached to TSH, not to specific antibody to TSH and the
higher the signal obtained, the higher the TSH concentra-
tions.
We have shown here that sera from three patients con-
tained non-specific activities which interfere with an ECLIA
assay for free T3, as demonstrated by their disappearance as
seen in cases 1 and 2 by the addition of free Ruthenium
crosslinker in the assay buffer. Such activities can also be
precipitated with PEG, suggesting immunoglobulin may be
involved. We believe that sera from case 3 contained
stronger, either of the higher concentrations and/or higher
affinity, assay interfering activities than other cases, but still
specific to Ruthenium crosslinker. This is because PEG
could precipitate the activities and also because hormone
values obtained in a CLIA using sheep-derived antibody ex-
clude involvement of anti-animal antibodies. These sera also
seemed to interfere, at least partially, with free T4 assay, as
suggested by discrepancy of the values between an ECLIA
and CLIA. Unfortunately, we could not confirm if this was
the case this time due to unavailability of free Ruthenium
crosslinker complex.
Sapin et al (9) have very recently found the similar assay
interference in five sera that could be eliminated by adding
free Ruthenium crosslinker. These sera did not interfere with
free T4 assay although they did not provide the actual data.
This could be due to weaker and/or less interference (serum
levels of free T3 determined decreased from 5.2±0.70 to
3.87±0.78 pg/dl by adding free Ruthenium crosslinker in the
assay buffer) compared to those of the present study. Indeed,
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Figure 1. An ECLIA for free T3. Ruthenium (indicated as Ru) labeled anti-free T3 antibody 
(Anti-fT3 Ab) is incubated with a test serum and, then, free T3 labeled with biotin (fT3 with biotin) 
is added to occupy any unbound antibody (A), which consequently forms a complex with magnetic 
particle labeled with avidin (Avidine-magnet particle) (B). This complex, Ruthenium labeled 
antibody-free T3 labeled with biotin-magnetic particle with avidin, is immobilized at the surface of 
the electrode in order to collect antibody bound to free T3 labeled with biotin, and to undergo the 
electrochemiluminescent detection (C).

the levels of interference were very similar to what were in-
formed by Roche (~2 to 3 pg/ml).
Non-specific activities seen in these cases somehow de-

creased the signal generated in an ECLIA. Considering the
assay system as illustrated in Fig. 1, non-specific activities
should bind Ruthenium labeled antibodies and, therefore,
more antibodies would be driven to the electrode. More Ru-
thenium would excite and, therefore hormone levels deter-
mined would be less. However, here we obtained higher val-
ues than the actual ones, therefore, the non-specific activities
seemed to diminish the signal generated in an ECLIA sys-
tem. In a recent study by Sapin et al (9); they mentioned
that these non-specific activities block T3 binding to anti-
body against free T3, giving higher free T3 values. How-
ever, there were no accompanying data to support this
mechanism. Therefore, the precise mechanism(s) for assay
interference caused by these sera was difficult to understand
per se. It was also not certain why these sera did not inter-
fere TSH assay.
Non-specific activities seen in these patients may not be

so rare. As mentioned, three cases presented herein were all

the cases we could find in our university hospital. Consider-
ing multiple measurements in an identical patient, up to 1 in
1000 individuals may have such activities and this is compa-
rable to the one Roche informed (less than 0.1%) as well as
that Sapin et al reported (~0.2%) (9). Although the company
providing the assay have noticed and overcome this problem
in free T3 assay, the similar assay interference seemed to be
involved in free T4 assay as well. Although we were not
able to find any reports published, identification of three
cases described herein and five cases reported by Sapin et al
(9) may suggest that there may be a similar interference in
clinical assay using other reagents, such as peroxidase and
alkaline phosphatase for detection. As expanding use of
ECLIA in determining a substance present in a specimen at
low concentrations, we should know how the levels of sub-
stance of interest are determined and give more credit on
clinical signs and symptoms than the assay results, if not
corresponding each other.

We thank Mr. Yotaro Shimokawa in Roche Diagnostic Japan
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