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Summary
Background. Biotin levels may interfere with immunological tests that use biotin-streptavidin
complexes. Although the recommended daily intake (RDI) of biotin is 30 pg, some dietary
supplements that are available without prescription contain double or even tenfold the RDI.
Material and methods. To asses if biotin levels influence thyroid-stimulating hormone (TSH)
serum concentrations using two different methods (chemiluminescent assay [CLIA] and
fluorescent immunoassay [FEIA]), 110 samples from newborns and 64 samples from pregnant
women in the first trimester were collected. Participants completed a questionnaire regarding
dietary supplement use. Biotin levels were determined using the ELISA technique.
Results. Biotin levels for newborns were 0.004-0.170 ng/ml and for pregnant women were
0.070-0.155 ng/ml (22 women were taking supplements containing from 30 pg to 35 mg of
biotin). Biotin levels were below the value of 400 ng/ml stated by the manufacturer of the CLIA
method to influence TSH levels. The FEIA manufacturer does not state the influence of biotin
levels in the insert. Correlation tests results between TSH value and biotin were r=-0.1 for CLIA
method and r=0.04 for FEIA method.
Conclusions. According to our results, TSH values are not influenced by biotin levels even if the
RDI was exceeded.
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Streszczenie
Wprowadzenie. Poziomy biotyny moga zakldécac¢ testy immunologiczne wykorzystujace
kompleksy biotyna-streptawidyna. Chociaz ZDS (zalecane dzienne spozycie) wynosi 30 pg,
niektére suplementy diety dostepne bezrecepty zawieraja podwojne lubnawet dziesieciokrotne
wartosci ZDS.
Material i metody. Zebrano 110 prébek od noworodkéw i 64 prébki od ciezarnych kobiet
w pierwszym trymestrze cigzy, aby ocenié, czy poziomy biotyny moga wptywac na stezenie
TSHw surowicy przy dwoch réznych metodach (CLIAiFEIA). Wykorzystano tez kwestionariusz
dotyczacy zastosowanego suplementu diety. Poziomy biotyny okreslono za pomoca techniki
ELISA.
WyniKi. Poziom biotyny w przypadku noworodkéw znajdowat sie w przedziale 0,004-0,170 ng/
ml, aw przypadku kobiet ciezarnych: 0,070-0,155 ng/ml (22 kobiety przyjmowaty suplementy
diety zawierajace od 30 pg do 35 mg biotyny). Poziom biotyny byt ponizej wartosci 400 ng/ml
podanej przez producenta metody CLIA, aby mégt wptyna¢ na poziomy TSH. Producent FEIA
nie deklaruje takiego wptywu we wktadce. Wyniki testéw korelacji pomiedzy wartoscig TSH
a biotyng wynosity: r=-0,1 w metodzie CLIA i r=0,04 w metodzie FEIA.
WhioskKi. Zgodnie z wynikami, poziomy biotyny nie majg wptywu na stezenie TSH, nawet jesli
ZDS zostato przekroczone.
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Introduction

Immunoassays are widely used in the clinical laboratory because they can be easily automated and have high
precision and sensitivity. Although robust, some of these tests may be influenced by several factors that can
lead to erroneous results [1]. In some cases, this may lead to increased or decreased values of the analyte and
could consequently mask a pathology [2]. Alternatively, hormonal profiles may be modified in such a manner
that another pathology could be suspected or misdiagnosed [3]. Sandwich immunoassays are commonly
used for determining levels of large molecules such as thyroid-stimulating hormone (TSH), human chorionic
gonadotropin (HCG), or other pituitary hormones. TSH is recognized by two different antibodies: one is bound
with the solid phase used in the reaction and one is tagged with a signal molecule that will be measured (enzyme
marked, chemiluminescent, or fluorescent substrate). The antibody bound to the solid phase (capture antibody)
separates the antigen-antibody complexes, and this reaction is enhanced by biotin-streptavidin complexes.
Biotin-streptavidin complexes are used by manufacturers due to their stability and lack of interference with the
molecular proprieties of the substances. According to data from external quality control programs, 50% of all
immunoassays for hormones used in France use biotin-streptavidin complexes [4].

Biotin is a soluble vitamin which is part of the B complex and is also referred to as vitamin B7 or vitamin H.
Biotin is a coenzyme for carboxyl transfer in five different carboxylases. A daily intake of 30 pgis recommended
for healthy adults [5]. Some supplements that contain biotin may influence immunoassays that use biotinylated
antibodies or streptavidin [6], although others may contain a low dose of biotin that is unlikely to influence
immunoassays [7, 8]. Normal serum concentrations of biotin are 0.1-0.8 ng/ml. Biotin is rapidly absorbed and
reaches peak serum concentration 1-2 hours after ingestion. Doses of about 10 mg can lead to concentrations of
55-140 ng/ml, while doses of 100 mg can lead to concentrations of 375-450 ng/ml. Continuous administration
of biotin can lead to the accumulation of biotin in serum and may double the initial value [9]. Biotin is used in
supplements for pregnant women and for products that claim to help hair and skin health, and is available without
a prescription. Considering that the food supplement market has expanded in the EU, although advertising is
regulated [10], some accumulation of biotin is expected in patients who consume supplements containing a high
dose of biotin. The aim of this study was to asses biotin influence on TSH values determined with fluorescent
immunoassay (FEIR), a method that is used in a newborn screening program for early detection of congenital
hypothyroidism (CH), and on TSH values determined by chemiluminescent immunoassay (CLIA).

Material and methods

The study was approved by the Ethics Committee of the Targu Mures Emergency County Hospital. After
written consent was obtained from the mothers, a 7 ml tube with no additives was used to collect blood samples
from 122 newborns. Samples were centrifuged for 20 minutes at 4000 rpm and the serum obtained was stored
at -80°C until TSH and biotin levels were determined. On the same day, from each newborn a sample of whole
blood was collected on dried blood spots (DBS) on filter paper grading 903 (Whatman 903, Sigma Aldrich),
according to regulations from the national screening program.

To establish biotin influence on TSH values determined by the CLIA method in adults, blood samples from
64 women in the first 14 weeks of pregnancy were collected. At the date of collection, participants completed
a questionnaire concerning any dietary supplements that were prescribed or that had been taken without
prescription from a physician. 7 ml of blood was collected and the serum was stored at -80°C until TSH and
biotin values were determined.

Serum TSH values were determined with CLIA using the Immulite 2000 instrument (Siemens, Germany) with
Siemens reagents. Analytical sensitivity of third-generation Siemens TSH is 0.004 pUI/ml, inter-assay precision
is 5.1%, and analytical recovery is 100%. For newborns, TSH was also determined using DBS samples and the
FEIA method (LabSystems Diagnostics Oy, Norway). The sensitivity of the TSH FEIA kit is 0.9 mUI/L blood, inter-
assay imprecision (CV%) is 8.8%, and analytical recovery is 81%. CLIA manufacturer states that tests are not
influenced by biotin below 400 ng/ml and FEIA manufacturer does not state such in interference.

Biotin concentrations in serum were determined with enzyme-linked immunosorbent assay (ELISA) kits
from Cusabio (USA) with a direct competitive inhibition immunoassay. A competitive inhibition reaction was
initiated between biotin from samples and horseradish peroxidase (HRP) conjugated biotin from the kit, in
avidin pre-coated ELISA wells. After the substrate was added, a colour reaction developed according to the
amount of biotin conjugated in the initial step. The ELISA kit had a detection range of 0.012-0.020 ng/ml and
a sensitivity of 0.004 ng/ml. A four-parameter logistic standard curve with 6 calibrator values was used.

Data from questionnaires and serum TSH and biotin levels were tabulated on Excel spreadsheets and
statistically analyzed using MedCalc software version 14.8.1. The Kolmogorov-Smirnov test was used to verify
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normal distribution. In order to evaluate the influence of biotin levels on TSH values, correlation coefficient tests
were performed. A p-value <0.05 was considered as statistically significant.

Results

Of 122 samples that were collected from newborns, biotin was determined from 110 specimens; for the
remaining 12, serum was insufficiently collected. Values obtained from newborns were 0.004-0.170 ng/ml, with
a parametric distribution. Of the 64 questioned women, 22 had taken three different type of supplements that
contained biotin (in 15 cases the biotin concentration was 35 mg, while in the remaining 7 cases the concentration
of biotin in two types of supplements was 60 pg), 17 had taken supplements that contained only folic acid, and
25 declared that they did not take any supplements. The most commonly used supplement contained 10 times
the recommended daily intake (RDI) of biotin, which is 30 pg, while the other two contained two times the RDI.
Biotin serum levels from pregnant women were 0.070-0.155 ng/ml.

TSH values in newborns using both techniques (FEIA and CLIA) were tabulated on Excel spreadsheets. Values
obtained with the FEIA technique from DBS were 1.24-9.01 mUI/L, with a non-parametric distribution. To compare
values from whole blood with values from serum, values obtained in serum were multiplied by 0.45. The value of
0.45 was used because it is considered a normal value for haematocrit in newborns; this value also used when
reporting External Quality Assurance results and is recommended by the manufacturer of the FEIA kit.

Values obtained in serum with the CLIA technique were 0.20-11.43 pUI/L after the transformation was
applied. TSH values in serum also presented a non-parametric distribution. Data from patients who did not have
TSH values determined using both methods, and a biotin serum level, were excluded from the analysis.
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Figure 1. Correlation tests for serum biotin and TSH levels using CLIA (r=-0.1) - A; correlation between biotin levels and
TSH using FEIA (r=0.04) - B

Correlation tests between TSH values from serum and whole blood and serum biotin levels are shown in
Figurel. Results obtained using the CLIA method (p=0.27) showed that there was no correlation between serum
TSH values and biotin level. For the FEIA method, statistical tests showed no correlation between whole blood
TSH values and biotin levels in patient serum (p=0.62).

Discussion

Biotin may influence different types of immunoassays (both competitive and sandwich) in different ways,
leading to a false increase or decrease in the concentration of a specific analyte. In a study on the influence of
biotin on hormone and vitamin levels, Piketty et al. listed 5 cases in which TSH values were lower than reference
levels, due to biotin interference [1]. Jenkins et al. published a review on the influence of biotin on immunoassays
and evaluated data provided by manufacturers. Siemens states that biotin influences TSH values only above
the value of 400 pg/L in serum [11]. Li et al. showed that in the case of 6 healthy adults who were taking 10 mg
of biotin/day for 7 days, an influence was observed in 9 out of 23 immunoassays evaluated. The authors used
immunoassays from 3 different manufacturers (Roche, Siemens, and Orthoclinical Diagnostic). The influence of
biotin was assessed using in vivo studies, in which certain amounts of biotin were administered, and in vitro by
adding biotin to patient samples. Effects on TSH values were dependent on dosage and manufacturer; 300 ng/
ml of biotin supplementation led to a 7-10% increase in TSH using Siemens Vista, while only 6-15 ng/ml of biotin
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supplementation was necessary to produce the same effect on Roche Elecsys and Vitros methods [12]. In our
study none of the patients had such high levels of biotin in serum and no biotin was added in patients samples.

In a published document from the Food and Drug Administration (FDA), it is recommended that manufacturers
should investigate the influence of biotin up to 1200 ng/ml, and determine the smallest concentration of biotin
that changes the results significantly (this threshold for change was set at 10%) [13]. In a document published
by American Association of Clinical Chemistry (AACC) regarding biotin influence on immunoassays, 20 studies
on biotin influence were listed. Most of these studies referred to influences on thyroid hormones, and the most
common consequences were a misdiagnosis of Graves’ disease. Of the 20 studies reported, only 2 studies referred
to serum thyroid hormone levels in newborns. In these two cases, both newborns were misdiagnosed with Graves’
disease and one was taking 10 mg of biotin as a prophylactic treatment for organic academia [14]. Even if such cases
are rare, such treatments should be known by laboratory staff in order to properly evaluate patient’s results.

Conclusions

In the present study, we did not find any significant correlation between biotin levels in serum and TSH levels
measured with CLIA (Siemens) and FEIA (LabSystems Diagnostics Oy). Values of biotin measured in newborns
were below the value stated by the manufacturer (Siemens) to produce analytical interference in serum thyroid
hormone assessment. Regarding the FEIA method, the manufacturer does not state the possible influence of
biotin on TSH results. This may be due to the lack or insufficient investigation of this aspect. As for biotin serum
levels obtained in pregnant women, these were below the values stated by Siemens, irrespective of whether or
not they were taking supplements that contain biotin.
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