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Abstract

We describe a case of biochemical neonatal thyrotoxicosis
caused by biotin supplementation. Biotin may interact with
thyroid function testing to imitate thyrotoxicosis with low
thyroid-stimulating hormone and elevated triiodothyronine

and thyroxine levels. © 2016 European Thyroid Association

Published by S. Karger AG, Basel

Introduction

Neonatal hyperthyroidism is a rare disease. Most cases
are due to placental transferal of thyroid-stimulating hor-
mone (TSH) receptor autoantibodies (TRAb) from moth-
ers with Graves’ disease to their fetuses. Even rarer causes
are sporadic Graves’ disease and genomic activating mu-
tations in the TSH receptor of the neonate [1].

Despite the clinical thyrotoxicosis of the patient, thy-
roid function tests are important tools in diagnosing hy-
perthyroidism. The results of the tests are normally easy
to interpret. There are, however, some caveats in the mea-
surement and judgement [2], one of which is interference
with the assays used in the analyses.

Biotin is a water-soluble vitamin present in a range of
natural dietary products and also produced by bacteria in
the gut. Moreover, internal recycling plays an important
role in the maintenance of the pool of biotin in the body
[3]. A daily intake of 30 pg of biotin is reccommended for
adults [4]. The major biological function of biotin is to be
a cofactor responsible for carbon dioxid transfer in a
number of important carboxylases, whereby the enzymes
are activated [5]. The majority of biotin, both in food and
during internal recycling is covalently bound to the ami-
no acid lysin as biotinyl. Free biotin is released from bio-
tinyl by action of the enzyme biotinidase. In the disorder
biotinidase deficiency, biotinyl cannot be cleaved, and
biotin deficiency develops, which may lead to cutaneous
abnormalities, irreversible neurological disorders and
other diseases after the age of 7 weeks. The treatment is
supplementation with free biotin as early as possible [3].

We describe a newborn baby with biochemical hyper-
thyroidism caused by assay interaction from biotin in-
take.

Case Report

Here, the case of a newborn girl born at 37 weeks of gestation
by caesarean section after an uncomplicated pregnancy is dis-
cussed. Her birth weight was 2,960 g, and her Apgar score was
10/10. Two hours after birth, pediatric consult recommended bio-
tin supplement 5 mg per day based on her family history.
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Table 1. Thyroid parameters of the neo-

nate and the mother Neonate Mother
Days after birth 4 10 13 14 10
Biotin supplementation yes yes no no no
TSH, mU/1 0.10 0.04 4.3 2.5 1.4
T3, nM >10 >10 2.5 2.3 1.9
T4, nM 304 242 117 130 143
TRAb, IU/1 - - negative - negative

TSH, T3 and T4 were measured in the neonate 4, 10, 13 and 14 and in the
mother 10 days after birth. TRAb was only measured once in both the neonate
and the mother. The mother stopped biotin intake immediately after the deliv-
ery and the neonate 12 days after birth. The TRAb assay used in the present
study was not biotinylated.

The infant was the second child of healthy parents. The 22-
months-older brother was diagnosed with biotinidase deficiency
upon neonatal routine screening. He had received a biotin supple-
ment of 5 mg per day since he was 18 days old and completely
healthy. Because of the brother’s disease, the mother had taken
biotin 10 mg per day from the 20th gestational week of the present
pregnancy and until delivery.

Two days old, the newborn girl was transferred to the Neonatal
Department as she was lethargic, not thriving and refused to suck.
She was described as ‘not reacting to anything and with a pale col-
or’. Although she was afebrile and her infection parameters were
normal, sepsis could not be ruled out, and treatment with antibiot-
ics, placement in an incubator and nasogastric feeding were initi-
ated. After 1-2 days of treatment, she recovered without a final
diagnosis having been reached.

Subsequently, results of thyroid function tests were available
and pointed in the direction of neonatal hyperthyroidism with a
suppressed serum TSH and triiodothyronine (T3) and thyroxine
(T4) levels just below the upper limit of the age-specific reference
range [6] (table 1). However, the infant was clinically euthyroid
and was thus released from the hospital.

Eight days old, the neonate was seen in the outpatient clinic.
According to the parents, she had loose stools, and they feared a
salmonella infection, as the brother had suffered from salmonella
septicemia when he was 5 days old. Another possibility was loose
stools due to hyperthyroidism.

The neonate had stool cultures performed and they were all
negative. A new blood test confirmed a suppressed TSH and in-
creasing values of T3 and T4 (table 1). The thyroid function of the
mother was tested and turned out to be normal, and, above all, she
was TRAD negative (table 1).

Due to the blood tests indicating neonatal hyperthyroidism, the
girl was hospitalized when she was 10 days old. At that time, she
was thriving, and there were no clinical signs of hyperthyroidism.
An ultrasound of the thyroid gland was performed, and apart from
a 2-mm microadenoma the gland appeared normal with a volume
of 0.5 ml

The results of the biotinidase screening became finally available
and revealed that the baby was only a carrier of biotinidase defi-
ciency. Therefore, biotin supplementation was ceased. Subsequent
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thyroid function testing showed test results within the reference
ranges (table 1). Thus, biotin withdrawal was followed by disap-
pearance of ‘biochemical thyrotoxicosis’ in the child.

Discussion

In the present case report, a newborn child might have
been misclassified with thyrotoxicosis due to assay inter-
ference secondary to biotin intake of both the mother
during pregnancy and the child during the first postpar-
tum days.

The clinical thyroid state of the patient is important
when thyroid function tests are evaluated, and it is espe-
cially important to be open-minded if the clinical picture
and biochemical results do not fit together. In the present
case, the pitfall was assay interference caused by a high
level of biotin in the patient sample. Other causes of the
discrepancy between blood tests and the clinical picture
may be considered, such as pregnancy, medication in-
cluding hormone therapy, compliance if treated with thy-
roid medication, non-thyroid illness, age and more rare
conditions such as hormone resistance, presence of mac-
ro-TSH and heterophile autoantibodies [2, 7].

Biotinidase deficiency is an autosomal recessive dis-
ease, and more than 165 different mutations have been
identified [8]. In the present case, the brother of the new-
born was homozygotic for biotinidase deficiency and har-
boring two different mutations, one from each parent as
both parents were heterozygotic carriers of the disease.

In an Australian study from 2012 [9], one of the au-
thors ingested 30 mg of biotin, and blood samples were
collected before intake and after 1, 2, 4, 8 and 25 h. An
increase in the measured concentrations of both free T3
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Assay steps

Fig. 1. Principles of the immunometric as-
say used for TSH measurement (upper
panel), and the competitive binding assay
used for the measurement of T3 and T4
(lower panel). In the immunometric assay,
the interference of biotin from the patient
sample results in a spuriously low concen-
tration of TSH, whereas the opposite is
seen with the competitive binding assay
measuring a spuriously high concentration
of T4 or T3. B = Biotin; R = ruthenium;
SA = streptavidin; MAB = monoclonal an-
tibody; Ab = antibody; ANS = 8-anilino- 3.
1-naphthalene sulphonic acid (to dissoci- 4.
ate T4 from binding proteins); TBG = thy-

Assay steps MAB1 MAB2
1. H—< Sandwich complex
formation
MAB1 MAB2
_B < Solid phase
2, SA Immobilisation
A
inhibition ™ ™~ of complex

3. Magnetic immobilisation of complex on electrode + aspiration of supernatant

4. Electricity — light emission— photomultiplier — calibration curve reading

O, 32t
B/

2, SA

Magnetic immobilisation of complex on electrode + aspiration of supernatant

Electricity — light emission— photomultiplier — calibration curve reading

Immunometric TSH assay

B +1 TSH and biotin from patient sample:
More TSH = more signal
More biotin = less signal = spuriously low TSH

Competitive binding total T4 assay

ANS
Complex

formation with
labelled
T4-Ab in excess

T4 and biotin from patient sample:
More T4 = less signal
More biotin = less signal = spuriously high T4

\_« inhibition

‘i Ab Solid phase
Still-free immobilisation of
unbound
1 labelled T4-Ab

| From added reagents

roxine-binding globulin; fT4 = free T4.

and free T4 was present. Both concentrations peaked
around 2 h after ingestion, and the increase lasted for at
least 24 h.

Biotin is a small molecule found in every cell. Avidin,
also called streptavidin, is a much larger protein that
binds biotin with a very high affinity. When these two
molecules are in the same solution, they will bind with
such a high affinity that the binding is essentially irrevers-
ible. This fact is used in a number of immunoassays for
measuring among others TSH, T3, T4 and TRAD.
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Figure 1 illustrates the use of biotin-avidin binding in
the TSH, the T4 and T3 assays (Roche Modular System)
used to test thyroid function in the newborn and how
biotin in the sample may interfere.

The TSH assay illustrated is an immunometric assay.
TSH from the patient sample, a biotinylated monoclonal
TSH-specific antibody and a monoclonal TSH-specific
antibody labeled with a ruthenium complex react and
form a sandwich complex (fig. 1). In the second incuba-
tion, streptavidin-coated microparticles are added, and
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due to the high affinity of streptavidin and biotin, the
complexes are bound to the solid phase. The micropar-
ticles are magnetically captured on the electrode, and the
supernatant is aspirated. Application of a voltage to the
electrode then induces light emission, which is measured
by a photomultiplier. Results are determined via a cali-
bration curve. High concentrations of biotin in the pa-
tient sample compete with the sandwich complexes in
binding to the streptavidin-coated microparticles, result-
ing in less sandwich complexes bound and thus a lower
signal and a low TSH measurement result, suggesting hy-
perthyroidism.

The T4 and T3 assays were based on the competitive
binding principle, and these assays also took advantage of
the biotin-streptavidin reaction (fig. 1). Monoclonal T4-
(or T3-)specific antibody in excess labeled with a ruthe-
nium complex is incubated with the patient sample. Bio-
tinylated T4- (or T3-)specific antibody and streptavidin-
coated microparticles are then added, and the still free
binding sites of the labeled antibody become occupied.
The complexes are bound to the solid phase via interac-
tion of biotin and streptavidin and the supernatant aspi-
rated. The next two steps are comparable with the TSH
assay (fig. 1). As the TSH assay, more T4 (or T3) in the
patient sample will give a smaller amount of ruthenium-
labeled antibody bound in the solid phase and a lower sig-
nal, which in a competitive binding assay is read as a high
hormone concentration. With a high concentration of bi-
otin in the patient sample, this biotin will compete with
the biotin from the assay, resulting in less ruthenium-la-
beled antibody complexes bound and therefore a lower
signal than if the concentration of T4 (or T3) was high.

References

Why is this important? Intake of biotin supplement is
vital in the rare condition of biotinidase deficiency, but
such intake is also common in the population. Many peo-
ple seek information on the internet, where biotin supple-
ments are recommended in many situations such as in
pregnancy, aging, stress, bowel conditions and in relation
to carbohydrate tolerance problems. Furthermore, biotin
supplementation is praised as a remedy against skin and
hair disorders, fatigue and stress and is brought forward
as being important to maintain healthy kidney function
and a good immune system. Thus, many people take bio-
tin as a ‘health-improving supplement’.

During the preparation of this case report, assay inter-
ference in an adult patient with progressive multiple scle-
rosis taking biotin in megadoses was described [10].

In conclusion, biotin intake may cause interference in
assays based on biotin-streptavidin reactions, which are
commonly used for analyzing thyroid function tests. Be-
cause the types of assays used for measuring TSH and
thyroid hormones are technically different, biotin inter-
action may imitate biochemical thyrotoxicosis. If blood
tests suggest thyrotoxicosis and the clinical picture does
not fit, ask for biotin intake and repeat sampling after at
least 1-2 days without biotin supplement, depending on
the dose.
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