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SUMMARY

Introduction In interpreting thyroid hormones results it is preferable to think of interference and changes
in concentration of their carrier proteins.

Outline of Cases We present two patients with discrepancy between the results of thyroid function tests
and clinical status. The first case presents a 62-year-old patient with a nodular goiter and Hashimoto
thyroiditis. Thyroid function test showed low thyroid-stimulating hormone (TSH) and normal to low fT4.
By determining thyroid status (TSH, T4, fT4, T3, fT3) in two laboratories, basal and after dilution, as well
as thyroxine-binding globulin (TBG), it was concluded that the thyroid hormone levels were normal. The
results were influenced by heterophile antibodies leading to a false lower TSH level and suspected sec-
ondary hypothyroidism. The second case, a 40-year-old patient, was examined and followed because of
the variable size thyroid nodule and initially borderline elevated TSH, after which thyroid status showed
low level of total thyroid hormones and normal TSH. Based on additional analysis it was concluded that
low T4 and T3 were a result of low TBG. It is a hereditary genetic disorder with no clinical significance.
Conclusion Erroneous diagnosis of thyroid disorders and potentially harmful treatment could be avoided
by proving the interference or TBG deficiency whenever there is a discrepancy between the thyroid

function results and the clinical picture.
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INTRODUCTION

Measurement of thyrotropin (TSH), total and
free thyroxine (T4, fT'4) and triiodothyronine
(T3, fT3) enables the assessment of thyroid
function [1-4].

It has been observed, in some cases, that val-
ues of thyroid hormones are not in accordance
with the clinical assessment, which raised sus-
picion of interference. At present there are
many more reports on thyroid assays interfer-
ence [1, 5, 6], particularly in TSH assays, and
emphases of possible erroneous results [1, 6].

In highly sensitive immunoassays, with one
or two antibodies, radioimmunoassay (RIA),
chemiluminescent magnetic immunoassay
(CMIA) and/or chemiluminescent immunoas-
say (CLIA), presence of endogenous circulating
antibodies against different antigens can cause
false increase or decrease of thyroid hormones
[1, 7]. These abnormal values can lead to un-
necessary change of daily dose replacement
therapy or to complex additional diagnostics,
i.e. thyroid function suppression tests and scin-
tigraphy [1].

In circulation, a majority (>95%) of thyroid
hormones is reversibly bound to carrier pro-
teins: thyroxin-binding globulin (TBG), trans-
thyretin (T'TR or prealbumin) and albumin [7].
Hereditary or acquired variations in concen-
tration and/or affinity of carrier proteins can
cause significant changes in levels of total thy-
roid hormones in available commercial assays

[8]. However, these changes do not result in
hypo or hyperthyroidism because concentra-
tions of free hormones remain unchanged [7].

CASE REPORT
Case 1

The first case presents a 62-year-old patient
with multinodular goiter, without disorders of
thyroid function. A fine needle aspiration bi-
opsy was performed and cytologic finding was
chronic lymphocytic thyroiditis Hashimoto. In
March 2014, the thyroid function tests showed
the following: TSH 0.4 mIU/L, fT4 14.2 ng/L.
In June, the TSH was 0.2 mIU/L, fT4 10.4
ng/L. TPO antibodies were positive, and apart
from oscillating hypertension, the patient did
not experience other problems. Additional
tests were performed in July. The thyroid sta-
tus (TSH, T4, fT4, T3, fT3) was determined
in two laboratories (RIA and CMIA assays),
basal and after five-fold dilution (the results
are shown in Table 1). After that, TBG, total
serum proteins, albumin, and serum protein
electrophoresis were determined, as shown in
Table 2. It was concluded that values of thyroid
hormones are proper and that concentration of
TBG is normal. The results were influenced by
the presence of heterophile antibodies, which
led to falsely lower TSH and suspicion of sec-
ondary hypothyroidism.
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Table 1. Thyroid function tests of the first patient

Table 2. Values of protein electrophoresis

iferi&zter/ TSH mIU/L | T4 nmol/L | T3 nmol/L FM[?;?EVL; = r?g;fl/l'; Calcitonin ?r?:lfitlzzr[;):tlir;tbmdmg globulin (TEG) of
Albumin 39.4
CMIA (0.3(;'—52.94) (616(171.31) (1 13—6311) (91-61";) (2.?5'-151.7) 6.3ng/ml | Fioha 1 21
1:5 0.32 83 1.51 Alpha 2 9.3
RIA 0.3 136.9 2.1 13 2.7 Beta 1 6.7
(0.3-5.5) | (55-155) | (1.2-3.0) (7-18) (2-4.25) Beta 2 2.1
1:5 3.72 139 1.4 Gamma 16.1
CMIA - chemiluminescent magnetic immunoassay; RIA - radioimmunoassay; TSH - thyroid-stimulating A/G 1.25
hormone TBG 366 (259-574 nmol/L) CLIA
Proteins 719/L

Table 3. Thyroid function tests of the second patient

CLIA - chemiluminescent immunoassay
Parameter/method | TSH mIU/L | T4 nmol/L | T3 nmol/L | fT4 pmol/L; ng/L | fT3 pmol/L; ng/L
CMIA 2.02 48 0.67 1.8 3.36 Table 4. Values of protein electrophoresis
(0.35-4.94) | (66-181) | (1.3-3.1) (9-19) (2.6-5.7) and TBG of the second patient
1:5 1.31 435 0.63 Albumin 387
1.0 68.2 2.0 144 2.8
Alpha 1 2.7
RIA (03-55) | (55-155) | (1.2-3.0) (7-18) (2-4.25) Alpha . >
15 223 102.1 05 Rl :
Beta 1 9.1
. . . ) Beta 2 4.9
Table 5. Thyrotropin-releasing hormone (TRH) test (200 mcg TRH i.v.) of the second patient
. Gamma 17.3
Time 0 60’ 90’
A/G 1.13
TSH mlU/L 2.31 16.07 12.07
TBG 95 (259-574 nmol/L)
Proteins 73g/L
Case 2 thyroid status showed low-normal TSH and normal and

A 40-year-old patient had been examined and followed be-
cause of 3 mm thyroid nodule and borderline elevated TSH
level. During the follow-up, thyroid nodule size increased
to 7 mm, with TSH 2.3 mIU/L, fT4 13.1 ng/L, calcitonin
less than 2 ng/ml. Since May 2014, she had complained
to palpitations while resting, shortness of breath and fa-
tigue at the slightest exertion and syncope. Results showed
TSH level of 2.17 mIU/L, T4 45 nmol/L, T3 <7 nmol/L,
thyroid nodule of 11 x 9.6 mm, with colloidal appear-
ance without pathological features. Pituitary MRI find-
ing was normal. Based on this, additional analyses were
performed, whose results are shown in Tables 3 and 4.
The thyrotropin-releasing hormone (TRH) test was also
done. It was concluded that TSH response during the TRH
stimulation was normal, and normal TSH level with low
T4 and T3 concentrations were the consequences of low
TBG. Thus, the conclusion was that this was a hereditary
genetic disorder with no clinical significance, and treat-
ment was not required.

DISCUSSION

Determination of TSH is considered to be the “gold stan-
dard” for the evaluation of thyroid function and often
serves as the initial test [2, 3]. Since decisions on treat-
ment and additional diagnostics are based on it, it is nec-
essary to consider the presence of heterophile antibodies
and interference when there is a mismatch between TSH,
T4, and the clinical aspect of the patient [1, 5]. The first
clinical case had a multinodular goiter, heterogenous due
to chronic lymphocytic thyroiditis. Repeated testing of

borderline fT4, which may indicate secondary hypothy-
roidism. In our laboratories, RIA, CLIA, and CMIA are
available thyroid assays. Ever since the 60s, when first
implemented, RIA uses a radioactive isotope as antibody
and/or antigen tracer in the assay. However, due to ra-
dioactivity, highly sensitive assays that use enzymes or
chemiluminescent particles as tracers started to get used
more frequently. Ever since 1987, when Brennan et al. [5]
first described falsely higher TSH values because of endog-
enous anti-mouse antibodies, there have been more simi-
lar reports. Heterophilic antibodies, also known as human
anti-animal antibodies, are defined as antibodies directed
against immunoglobulins of animal origin [6, 9, 10]. They
can interfere in wide range of immunoassays i.e. in those
for viral antigens, ferritin, tumor markers. The best known
heterophilic antibodies are human anti-mouse antibodies
(HAMA) that can react with the monoclonal murine an-
tibodies present in many immunoassays [1]. Heterophilic
antibodies may exist in cancer patients after infusion of
monoclonal antibodies of murine origin in diagnostic and/
or therapeutic purposes [11, 12]. These antibodies could
also be present after vaccination or a blood transfusion,
after use of pharmaceutical products of animal origin or
in contact with animals from the environment, not pets,
so they can be detected more frequently in farmers and
veterinarians [13, 14]. The prevalence of persons with
heterophile antibodies ranges from 1% to 80% in general
population [15]. These antibodies are also found in various
autoimmune diseases [11]. “Sandwich” assays are usually
most sensitive to HAMA interference [1]. Samples of pa-
tients expressing HAMA may give falsely increased or de-
creased readings in the immunoassays. False positive val-
ues as a result of HAMA interference is the most common
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type of interference described in TSH assays [1]. In case of
our patient, due to absence of expected linearity in CMIA
values, though more sensitive, we accepted RIA results
after dilution ensuring greater reliability and precision.
Diluting in 1:5 proportion is the best way to “imitate” se-
rum environment. However, there is no data what dilution
is best suited. Higher RIA readings, consistent with pa-
thology of the thyroid gland, although still within normal
ranges, confirm the presence of heterophile antibodies
that falsely lowered readings in the CMIA assay. This is
a less common type of TSH assay interference, but not of
less clinical importance, since the patient did not require
additional functional tests and imaging methods. In the
literature, cases of false-positive TSH readings are more
common [15]. In case of unnecessary treatment of wrongly
diagnosed hypothyroidism, based on high TSH level, the
replacement therapy can lead to iatrogenic thyrotoxicosis.

TBG deficiency can be misinterpreted, most often, as
hypothyroidism [7]. Deficit of thyroid hormone protein
carriers should be considered in inadequately low total
concentrations of thyroid hormones, as opposed to nor-
mal TSH levels in clinically euthyroid patients, as was
the case of our second patient [7, 8]. She had a nodular
goiter of variable ultrasonografic size, although surveys
were not always conducted by the same radiologist and/
or endocrinologist. At first, the results of THS level tests
indicated to subclinical hyperthyroidism, after which
normal TSH level was registered with lower levels of total
thyroid hormones with a negative calcitonin. Symptoms
to which the patient complained resembled symptoms
and signs of hypermetabolism, which required more de-
tailed examinations. Results obtained by CMIA method,
as more sensitive, showed that there were normal TSH,
fT4 and fT3 basal and after dilution. Low TBG was the
cause of lower total thyroid hormone levels, which was
the reason for TBG deficiency diagnosis. Thyroid func-
tion tests in patients with TBG deficiency show normal
TSH, normal fT4, low T4, and occasionally low T3 [7].
The most important clinical aspect is recognition of this
condition and avoidance of unnecessary and potentially
harmful replacement therapy [7, 16, 17, 18]. In our patient,
suspicion of secondary hypothyroidism was rejected due
to a good TSH response in TRH test. MRI of the pituitary
gland was unnecessary. The initiation of levothyroxine
replacement therapy was fortunately avoided knowing
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that it could only aggravate our patient’s symptoms. TBG
deficiency can be an acquired or a hereditary disorder.
Causes of acquired TBG deficiency are hyperthyroidism,
nephrotic syndrome, chronic renal failure, chronic liver
disease, severe systemic diseases, malnutrition, etc. [7, 19].
Complications commonly associated with its deficit are
the result of the primary misbalance. Two forms of heredi-
tary TBG deficiency were identified: (a) a complete deficit
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the liver and coded by one copy SERPINA7 gene located
on the long arm Xq22 [22, 23, 24]. Thus, hereditary TBG
deficiency is gender linked, as men can have a complete or
partial deficit, while in women there can only be only less
TBG [10, 19, 20]. Our patient was advised to recommend
testing to close relatives.

Any reduction of TBG causes an increase in concentra-
tion of free thyroid hormones. Consequences are inhibi-
tion of the TSH secretion and resulting decreased secre-
tion of thyroid hormones from the thyroid gland. Concen-
trations of total serum thyroid hormones decrease until
concentrations of free thyroid hormones return to normal.
This balance is achieved extremely fast. In chronic condi-
tions, reduced extrathyroid “pool” of thyroid hormones
may lead to a small, transient reduction of circulating free
thyroid hormones and therefore transient TSH stimulation
of the gland. Since TBG deficiency is not an acute condi-
tion, hypothyroidism does not occur [7].

We have presented two patients with discrepancy be-
tween the results of thyroid function tests and clinical
status, which raised suspicion of possible interference by
heterophilic antibodies or TBG deficiency. Exact causes
have been proven by repeated tests in different laboratories
and after the dilution. In this way, erroneous diagnosis of
thyroid dysfunction was avoided as well as inappropri-
ate and unnecessary diagnostics and potentially harmful
treatments. Thus, cooperation between clinicians and bio-
chemists is very important.
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WU3a30B y TyMauery pesynTtata aHanuse TMPOMAHMX XOpMOHa

TnjaHa Jlanuh', BurbaHa benecnun'?, Cnasuua Casuh', MupjaHa Crojkouh', Jacmmta hirpuh'? Munoww Xapkosuh'?
'KnuHuKa 3a eHgoKprHonorujy, anjabetec n 6onectn metabonuama, KnnHuuku ueHtap Cpbuje, beorpag, Cpbuja;

2YHneep3uTet y beorpagy, MeanunHcku pakyntert, beorpag, Cpbuja

KPATAK CALIP?KA)

YBop lNpu Tymauetby pesynTtata TMPOURHUX XOPMOHa Tpeba
MUCINTN Ha UHTepdEepPEeHLMjy 1 MPOMEHE KOHLIEHTpaLuje Hu-
XOBUWX NPOTENHCKUX HOCaua.

Mpukasu 6onecHuKa MNprkasany cMo ABa NaLUjeHTa Kog Kojux
nocToju Hecknag nsmehy BpeAHOCTM TPOMAHUX XOPMOHa 1
KNUHUYKor cTaTyca. MpBwu cnyyaj NpeacTaB/ba We3feceTsBo-
rofAuLUtbY NaUMjeHTKNbY Ca NOAIMHOL03HOM CTPYMOM U XaLuu-
MOTO TUPOVANTUCOM. TeCTOBM TUpouaHe dyHKLMje NoKasanm
cy Hu3ak TCX 1 HUcKoHopmanaH fT4. OgpehmBarbem TMpoua-
Hor cTatyca (TCX, T4, fT4, T3, fT3) y nBe nabopatopuje, 6a3Ho 1
nocre pasbnaxera 1 TMPOKCUH-Be3yjyher rnobynrHa 3akiby-
UEHoO je Ja NoCToje ypeaHe BPeLHOCTU TUPOUIAHMNX XOPMOHa
N HOpManHa KoHueHTpauuja TBG. Ha pesynTtarte je ytuuano
NPUCYCTBO XETEPOPUIIHNX aHTUTENA, LUTO je JOBENO [0 NAaXKHO

pumrbeH « Received: 18/05/2015

HUXnxX BpeaHocTy TCX 1 cymibe Ha CeKyHAapHW XMMoTMponan-
3am. [pernepaHa je 1 YeTpaeceTABOroANLLHbA MaLMjeHTKNHbA
Koja ce npaTu 360r TMPOUAHOT HOAYCa MPOMEHIbUBE BeNNYMHE
1 NpBO Nnako nosuweHor TCX, 3aTUM HUCKUX YKYMHUX TUPOWUA-
HMX XopMoHa 1 ypeaHor TCX. Ha ocHoBy foaaTHMX aHanm3a
3aK/byyeHo je fa cy Hu3ak T4 u T3 nocneguua Huckor TBG. Y nu-
Takby je HacnepHw reHeTckn nopemehaj, 6e3 KNMHWYKOT 3Hauaja.
3ak/byyak [lokasunBamem NHTepdepeHumje 1 geduymnta Tu-
poKcuH-Be3syjyher rnobynuHa Kapa nocToju Hecknag nsmehy
pe3ynTaTta TUPOVAHKX XOPMOHa W KIIMHUYKOT CTaTyca, n3berasa
Ce NorpeLLHO NoCTaB/bakbe AvjarHo3e TpougHux nopemehaja
1 MOTEHUMjANIHO WITETHN epeKTn Tepanuje.

KmyuHe peun: TCX eceju; nHTepdepeHUrja; TUPOKCUH-
Be3yjyhu rmobynuH
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