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Unusual clinical course

The interference of biotin administration with thyroid function tests has been reported; however, it remains
unclear in clinical practice. In this report, we present the case of a neonate with a diagnosis of pontocerebellar
hypoplasia type 6 (PCH6) treated with biotin who developed biotin interference with laboratory thyroid func-
tion tests.

A 1-day-old male infant with hypothermia, tachypnea, and lactic acidosis had a suspected diagnosis of mi-
tochondrial disease. Biotin and several vitamins were administered to improve his condition. On day 14, his
laboratory tests revealed a free triiodothyronine level of 4.7 pg/mlL, free thyroxine level of 3.7 ng/dL, thyroid-
stimulating hormone level of 0.07 plU/mL, and thyroid-stimulating hormone receptor antibody (TRAb) level of
37.6 IU/L, suggesting Graves’ disease. No goiter or tachycardia developed. The maternal thyroid function was
not measured during pregnancy, while the maternal TRAb was negative on the same day. After methimazole
administration, the patient’s thyroid function normalized, and methimazole was therefore discontinued. All thy-
roid function tests were conducted using immunoassay methods with avidin and biotin. Later, reduced oxygen
consumption under aerobic conditions in skin fibroblasts and compound heterozygous variants of the mito-
chondrial arginine tRNA synthetase gene were identified, and the patient was diagnosed with PCH6.

In this case, the clinical symptoms and physical findings were incompatible with the thyroid function. These
laboratory findings could have mimicked Graves’ disease due to the biotin interference with immunoassays.
Therefore, caution is required when evaluating similar cases.

Biotin ¢ Graves Disease ¢ Mitochondrial Diseases
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Background

Neonatal hyperthyroidism is mostly associated with maternal
Graves’ disease due to the transplacental passage of the mater-
nal thyroid-stimulating hormone receptor antibody (TRAb) [1].
Other causes of neonatal hyperthyroidism include genetic de-
fects of the thyroid-stimulating hormone (TSH) receptor. Thus,
this rare disease is referred to as non-autoimmune hyperthy-
roidism [2]. Thyroid dysfunction complications in mitochondri-
al disease have not been thoroughly studied. Hypothyroidism
has been reported as a complication, while autoantibody-pos-
itive hyperthyroidism has not [3]. Laboratory test result in-
terference due to excessive biotin intake has been previous-
ly reported [4-8]. However, it remains clinically unrecognized;
therefore, caution is required. We herein report the case of a
neonate who received biotin for pontocerebellar hypoplasia
type 6 (PCH6), one of the mitochondrial respiratory chain dis-
orders (MRCDs), and who exhibited laboratory findings sug-
gestive of Graves’ disease during treatment.

Case Report

A 1-day-old boy, born at 38 weeks and 5 days of gestation with
a birth weight of 2704 g, was referred to our hospital after de-
veloping hypothermia and tachypnea. Metabolic acidosis associ-
ated with hyperlactic acidemia was observed, and mitochondrial
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disease was suspected. Biotin (5 mg/day), carnitine, and coenzyme
Q10 were administered intravenously in addition to various vita-
mins. On day 1, results of the thyroid function tests were within
normal limits. Because his activity and feeding ability gradually
declined, he was re-examined on day 14. The results of labora-
tory tests performed using the Cobas €801 immunoassay analyz-
er (Roche, Switzerland) were suggestive of Graves’ disease: free
triiodothyronine (fT3) 4.7 pg/mL (normal range: 2.4-4.8 pg/mL),
free thyroxine (fT4) 3.7 ng/dL (normal range: 1.4-3.4 ng/dL), TSH
0.07 plU/mL (normal range: 1.2-3.0 plU/mL), and TRAb 37.6 IU/L
(normal range: <2.0 IU/L). All thyroid function tests, including
TRADb, were conducted using electro-chemiluminescence immu-
noassay utilizing avidin and biotin. The patient had no goiter
or tachycardia, and his thyroid echo findings were normal. The
maternal thyroid function was not measured during pregnan-
cy, and the maternal TRAb result was negative on the day of as-
sessment. Because the patient received fresh frozen plasma on
day 1, the TRAD level in the donor blood, stored in a Red Cross
blood bank, was also measured to confirm a negative result. After
methimazole (MMI) administration, the patient’s thyroid func-
tion normalized, and his TRAb levels decreased (Figure 1). MMI
was then discontinued on day 49 because of elevated TSH lev-
els. Biotin therapy was continued, although the patient showed
normal thyroid function even after the discontinuation of MMI.

Later, the respiratory chain enzyme activity was measured
in skin fibroblasts, which was found to be normal. Oxygen
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Figure 1. Clinical course of the infant. The line graphs show the values of fT3 (black), fT4 (dotted line), TSH (double dotted line), and
TRAD (point). MMI — methimazole; FFP — fresh frozen plasma; fT3 — free triiodothyronine; fT4 — free thyroxine; TSH — thyroid-
stimulating hormone; TRAb — thyroid-stimulating hormone receptor antibody.
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Table 1. Comparison with previously reported neonatal cases in which biotin interfered with laboratory tests.

Diagnosis

Reason for

Bioti
iotin dose biotin use

Misdiagnosis

Henry et al [4]

1d Femal N

(1996) ay emale ot reported
Wijerante et al [5] Metabolic
(2012) BT LGl disorder
Bulow et al [6] 1 da Female Newborn failure
(2016) y to thrive
Kummer et al [7] Mitochondrial
(2016) Lmonth  Male i order
Kummer et al [7] Mitochondrial
(2016) QU el disorder
This case 14 days Male Mltochondr|al

disorder

10 mg/day

(2.5 mg/kg/day) Graves disease

Organic acidosis

30 mg/day Lactic acidosis Graves disease
5 mg/day Biotinidase .
(1.7 mg/kg/day) deficiency Graves disease

5 mg/day

(1.8 mg/kg/day) Graves disease

Lactic acidosis

consumption under aerobic conditions in fibroblasts was sig-
nificantly reduced, leading to the establishment of the diag-
nosis of MRCD. Genetic analysis for the genes associated with
MRCD identified a compound heterozygous mutation in the
RARS2 gene, which together with clinical features, led to the
diagnosis of PCH6 in this patient.

Discussion

We report the case of a neonate with MRCD treated with bio-
tin. During treatment, his laboratory findings suggested Graves’
disease. There are no reports of Graves’ disease in newborns
with MRCD. Biotin administration possibly interfered with the
laboratory tests.

Thyroid function analysis using avidin and biotin may be af-
fected by biotin administration [9]. In competitive immunoas-
says based on biotin—streptavidin interaction, excess biotin in
the serum derived from supplemental biotin competed with
the biotinylated components in the assays, resulting in falsely
elevated values in the fT3, fT4, and TRAb assays. In contrast,
the TSH assay employs a sandwich method, enabling excess
biotin to displace the antigen—antibody complex, resulting in
falsely decreased TSH values. This case showed that the lab-
oratory findings could mimic those of Graves’ disease.

Wijeratne et al showed that the interference peaked at ap-
proximately 2 h after biotin ingestion and persisted for up to
24 h [5]. Therefore, according to the recommendations of the
Roche Diagnostics TSH kit, patients, including adults receiv-
ing high biotin doses (ie, >5 mg/day), should have sample col-
lection at least 8 h after the last biotin administration. In this
case, biotin was administered twice a day, and it likely inter-
fered with the thyroid function tests.
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The degree of biotin interference was related to the amount
of biotin administered [9]. A higher biotin concentration over
the interference threshold caused a more severe interference.
When methimazole administration was discontinued in our
patient, he gained weight, from 2704 g to 3720 g. When the
biotin dose was decreased (from 1.8 to 1.3 mg/kg/day), the
test interference of biotin was reduced. Table 1 shows previ-
ous neonatal reports, wherein biotin likely interfered with the
clinical laboratory test values. A similar biotin dose was ad-
ministered in a previously reported neonate case, and the test
values were possibly influenced by biotin [6].

In previous studies, thyroid function was evaluated using var-
jous assays and was re-evaluated after biotin discontinuation
to identify false-positive results. In the present case, thyroid
function was not evaluated using other assays that did not
use avidin and biotin.

Serum biotin concentration, rather than biotin dose, is the major
factor causing interference in thyroid function assays [10-12].
In this case, the biotin concentration was not measured be-
cause no samples were left when abnormal results in thyroid
function were obtained, and no additional measurements
could be performed. Therefore, a genuinely abnormal thyroid
function could not be excluded. However, the patient had no
other symptoms related to Graves’ disease. Thus, the clinical
symptoms and physical findings were incompatible with the
thyroid function. Therefore, the test results were conclusive-
ly false, and anti-thyroid drug treatment was unnecessary.
Moreover, the patient did not exhibit hypothyroidism symp-
toms during anti-thyroid drug administration. Incorrect test
results due to test interference can cause adverse events in
children, and clinicians should always be aware of any inter-
ference with the test.
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Currently, MRCDs that are responsive to treatment with biotin
are only biotinidase deficiency and holocarboxylase synthetase
deficiency. However, because the diagnosis of these 2 diseases
is time consuming, biotin may be administered to newborns
who have a suspected diagnosis of MRCDs in the acute phase.
When biotin is administered in neonates, relatively high doses
may be recommended, and clinicians need to be aware that bi-
otin can affect laboratory values due to interference.

Conclusions

Clinicians must be aware of the possibility of biotin interfer-
ence in immunoassays of patients with clinical presentations
that are not consistent with the laboratory findings.
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