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INVESTIGACION

ABSTRACT

- Background: The aim of this study is to define the interference of biotin in several endocrine, tumor marker,
and vitamin assays performed by an electrochemiluminescence method, trying to determinate the critical level
that causes biotin interference.

- Material and methods: Working biotin solutions were prepared in phosphate-buffered saline (PBS) at different
concentrations (10000, 7500, 5000, 2500, 1250, 625, and 312.5 ng/mL), which were spiked on the samples to
obtain final concentrations ten-fold lower. Each serum biotin dilution was tested in triplicate, using at least

L Co R ; Keywords:
two levels of analytes. Determinations of several endocrine, vitamins, tumor and bone markers were carried-
out with elefrochemilumenescent immunoassays on the cobas €801 and cobas e411. Comparison between the Biotin

results obtained by analyzing the biotin-spiked samples and the reference PBS-spiked samples was performed
using Microsoft Excel. The relative bias with the interfering-free specimen was calculated for each biotin con- Interference

centration. Interference was considered significant when the relative bias exceeded 10%. Glick ‘s interfero- | Immunoassays

graphs were performed plotting the percentage of change vs. biofin concentration. Eletrochemilumenescence
- Results: Analyte concentrations were spuriously decreased in 12 sandwich immunoassays and falsely increased
in 11 competitive immunoassays. However thyrotropin and CA 15.3 antigen were not significantly affected.

- Conclusions: Except CA 15.3 and TSH, the methods tested were susceptible to biotin interference. Falsely low | pglabras Clave:
values occurred in sandwich assays and high bias in competitive assays. Clinicians and laboratorians should

be aware of the medical importance of biotin inferference as a cause of misdiagnosis and incorrect treatment. Inferferencia

RESUMEN Biofina

Objetivos: El propdsito de este estudio es evaluar la interferencia de la biotina en varios inmunoensayos de | Inmunoensayos
hormonas, marcadores tumorales y vitaminas que usan el método de electroquimioluminiscencia, tratando | Electroquimioluminiscencia
de determinar el nivel critico de biotina que causa la interferencia.

-Material and metodos: Las soluciones de trabajo de biotina se prepararon en solucién de tampon fosfato
(PBS) en diferentes concentraciones (10000, 7500, 5000, 2500, 1250, 625, and 312.5 ng/mL), y fueron ariadidas
a las muestras para obtener la concentracion final 10 veces inferior. Cada dilucion de biotina se ensayd por
triplicado, usando al menos dos niveles de analito. Las determinaciones de magnitudes biogquimicas endocrinas,
marcadores tumorales, vitaminas y marcadores dseos fueron realizadas mediante inmunoensayo electroqui-
mioluminiscente en los analizadores Cobas e801 y cobas e411. Se compararaon los resultados obtenidos al
analizar las muestras con biotina y las de referencia con el mismo volumen de PBS, usando el programa Mi-
crosoft Excel. El error relativo fue calculado respecto a las muestras libres de biotina para acda concentracion.
La interferencia fue considerada significativa cuando el error excede el 10% Se construyeron interferogramas
de Glick representando el porcentaje de cambio respecto a la concentracion de biotina.

-Resultados: Las concentraciones de analito fueron disminuidas en 12 inmunoensayos sdndwich y falsamente
incrementadas en 11 inmunoensayos competitivos. Por el contrario la tirotropina y el CA 15.3 no fueron sig-
nificativamente afectados.

-Conclusionse: Excepto la tirotropina y el antigeno CA 15.3 el resto de métodos testados fueron susceptibles
de interferencia por biotina. Se obtuvieron valores falsamente disminuidos en los ensayos tipo sandwich y ele-
vados en los ensayos competitivos. Tanto clinicos como analistas deben ser conscientes de la importancia
médica de la interferencia por biotina como causa de diagndstico erréneo y tratamiento incorrecto.
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1. INTRODUCTION

Immunoassays are widely used to measure a huge variety
of analytes indluding hormones, tumor and cardiac biomarkers, vi-
tamins, or drugs. The highly specific interaction between streptavidin
and biotin has been exploited for the development of robust and
sensitive immunoassays by many manufacturers (1).

Biotin is a water soluble vitamin, also known as vitamin
B7, which is found in the normal diet (eggs, pork, cereals) and that
serves as a cofactor for carboxylation reactions involved in cellular
metabolism (2, 3). The Adequate Intake (Al) level in adults has
been estimated in 30 L.g/day (4). Biotin deficiency is not a common
disorder, but supplementation is prescribed frequently for indivi-
duals with infestinal malabsorption, pregnant women, or patients
with metabolic disorders (4-6), which receive doses ranging from
10 to 40 mg per day (5-7). More recently, very high doses of biotin
(300 mg per day) have been proposed in some clinical protocols as
part of the treatment of multiple sclerosis and other demyelinating
disorders (7, 8). In addition, self-medication with supraphysiological
doses of biotin has emerged as a way fo reduce hair loss or fortify
hair and nails (up 20 mg per day). Being not considered as drug by
patients, many do not mention that they are using it when their doc-
tor asks them about their medications (7).

Exogenous biotin has been recognized as an interference
factor in streptavidin-biotin based immunoassays, because biotin in
the sample competes with biotinylated reagents for the binding sites
on streptavidin (7, 9). The first case in which biotin inferference was
reported was a misdiagnosis of Grave s disease due to falsely low
TSH and high fT4 results (10). As is well known, biotin can cause
falsely low results in the sandwich (immunometric) assays used to
measure large molecules, and false increases in the competitive as-
says (7, 11) used for measuring small molecules. Therefore, biotin
interference can cause elevated free T3 and free T4 concentrations
and low TSH levels, as well as spuriously high cortisolemias with
blunted ACTH concentrations. Similarly, elevated concentrations of
250H vitamin D associated with suppressed PTH levels have been
described (7). These facts can confuse the dinicians, leading to mis-
diagnoses and eventually inappropriate treatments (10-12). Typical
dietary intake of biotin has been reported to be insufficient fo affect
the streptavidin-biotin-based immunoassays. However, supplements
containing 10 mg or more of biotin are cause of spurious results in
several immunoassays (13). Oral administration of biotin doses of
10 mg resulted in peak plasma concentrations ranging from 53
ng/mL to 141(14), whereas the threshold most frequently described
as critical is >50 ng/mL (15).

The purpose of our study is to determine the influence of
biotin in several endocrine, tumor marker, and vitamin assays per-
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formed by an electrochemiluminescence method (Roche Diagnos-
tis®). We have tried to define the critical plasma level which causes
biotin interference for each immunoassay.

2. MATERIAL AND METHODS

2.1 Preparation of samples

We followed the procedure described by Li et al (9) with
slight modifications. Briefly, biotin (Sigma-Aldrich) was dissolved in
a phosphate-buffered saline (PBS) solution free of calcium and mag-
nesium to prepare a stock solution with 100 Lig/mL. This solution
was serially diluted with PBS to yield working solutions with different
biotin concentrations (10 ug/mL, 7,500, 5,000, 2,500, 1,250, 625
and 312,5 ng/mL), with which we spiked the samples. We used com-
mercial quality controls as samples, containing at least two different
analyte concentrations. Samples were spiked with the different wor-
king biotin solutions, resulting in the following final biotin concen-
trations in the samples: 31.25, 62.5, 125, 250, 500, 750, and 1,000
ng/mL. As reference we used the same control samples spiked with
an equivalent volume of PBS. Each serum biotin dilution was tested
in friplicate. At least two levels of analyte concentration were assayed
to assess the influence of analyte concentration on the interference.
Table 1 shows the analyte concentration in each pool.

2.2. Immunoassays

Analytes were measured on the cobas e801 (TSH, free
thyroxin, free T3, FSH, LH, prolactin, estradiol, progesterone,
testosterone, alpha-fetoprotein, carcinoembrionic antigen, CA 15-3,
CA 125, prostate specific anfigen, free prostate specific antigen, vitamin
B12, folate, 25-hydroxyvitamin D) and cobas e411 (parathyrine, cor-
tisol, C-terminal collagen type | peptides, CA 19-9, antigen HE4, an-
tithyroglobulin antibodies, and antithyroperoxidase antibodies). Both
competitive and sandwich immunoassays are electrochemilumines-
cence-based. Briefly, an analyte analogue in the competitive design
or detection antibodies in the immunometric design is labeled with a
ruthenium chelate. Streptavidin-covered magnetic microparticles bind
to the biotinylated analyte (or capture antibody) and attach to the
surface of an electrode due to magnetic force. Finally, an electric cu-
rrent which induces a chemiluminescent reaction in ruthenium is ap-
plied, being the intensity of chemiluminescence related fo analyte
concentration.

2.3. Statistics
Statistical comparison between the results obtained by
analyzing the biotin-spiked samples and the reference PBS-spiked
samples was performed using Microsoft Excel. The relative bias with
the interferent-free specimen was calculated using the equation 100
x (Ci- C0) / €0, where Ciis the concentration obtained when analyzing



ANALES
RANF

www.analesranf.com

the interferent-spiked specimen and (0 is the concentration in the
specimen devoid of interferent. Interference was considered significant
when the relative bias exceeded 10% (9). In addition, we performed
a Glick inferferograph plotting the percentage of change vs. biotin
concentration.

3. RESULTS

In table 2 we show the deviation of the immunoassays
results after spiking with various concentrations of biotin each level
of the considered constituent. As expected, there was a strong
association between the plasma biotin concentrations and the
degree of interference in nearly all the immunoassays assessed.
From these data we can conclude that results were spuriously
decreased in 12 sandwich immunoassays and falsely increased in
11 competitive immunoassays. However, when analyzing thyrotropin
(TSH) or CA 15.3 antigen the results were not significantly affected
in any of the three levels of analyte concentration assessed (data
not shown on the table 2).

From data analysis we can infer that biotin interference
was non-dependent of analyte concentration for free thyroxin, free
T3, prolactin, estradiol, folate, progesterone, testosterone, alpha-
fetoprotein, carcinoembrionic antigen, CA125, CA19-9, HE4 antigen,
antithyroglobulin antibodies, or antithyroperoxidase antibodies. On
the opposite, the bias due to biotin was analyte concentration de-
pendent for FSH, LH, prostate specific antigen, free prostate specific
antigen, vitamin B12, 25-hydroxyvitamin D, parathyrine, cortisol,
and C-terminal collagen type | peptides.

Figure 1 shows Glick “s interferographs for four different
panels: thyroid, bone metabolism and vitamins, tumor markers,
and gonadal axis. For these, we have considered only the medium
concentration of analyte.

-
Table 1.
Baseline concentrations of analytes
Units Level 1 Level 2 Level 3
Al pha-fetoprotein ng/mL 14.6 87.9 180.6
CA125 U/mL 323 6.54 4.64
CA153 U/mL 7.17 8.95 7.69
CEA ng/mL 2.37 159 334
PSA ng/mL 0.65 2.03 16.87
f-PSA ng/mL 0.21 0.98 8.7
Estradiol pa/mL 77.6 201 399
FSH UL 6.78 24.3 45
LH UL 1.62 18.6 58.23
Prolactin ng/mL 8.7 225 47.87
Progesterone ng/mL 0.69 10 249
Testosterone ng/mL 2 5.36 8.5
f-13 pa/mL 2.68 6.76 13.43
f-T4 ng/dL 1 2.87 5.07
TSH mUI/L 0.48 5.38 30.23
Folate ng/mL 21 6.45 122
Vitamin B12 pa/mL 346.3 499 655.3
Yitamin D ng/mL 10.7 228 74.9
CA199 U/mL 15.5 7.1 8
Cortisol ug/dL 3.26 18.21 28.8
PTH pg/mL 18.78 277 N/A
B-crosslaps pg/mL 264.7 658.3 N/A
aTPO Ul/mL 35.5 154.8 N/A
alG Ul/mL 74.1 525.5 N/A
HE4 pmol/L 42.2 307.7 N/A
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Relative bias for each biotin concentration at three different levels of analyte. Asterisks indicate the level which produces significant interfe-

rence

Biotin (ng/mL) 31.25 62.5 125 250 500 750 1000
Alphao- Level1| 171 1.14 251 91 -31.44° | 52817 | -69.25
fetoprotein | Level2 | 064 049 -1.33 937 | -30.08° | -50.64" | -69.08*
Level3 | 184 092 -1.01 406 | -28.23* | -49.98* | -67.71*
(A 125 Level1| -1.08 258 | -11.45% | -25.59* | -49.22* | -77.8* | -81.42*
Level2 | 269 076 | -10.29* | -26.74* | -50.08* | -77.89* | -86.11*
Level3| -215 562 | -26.70* | -20.87* | -51.9* | -79.05* | -84.44*
CEA Levell | 203 1.68 042 -364 | -17.81* | -33.09* | -52.03*
Level2 | -042 -1.26 -2.52 735 | -21.63* | -36.13* | -52.62*
Level3 | 049 089 £6.89 129 | -18.48* | -33.86* | -51.85°
PSA Level 1| -1.33 405 | -10.77* | -26.53* | -59.21* | -86.91* | -92.36*
Level2 | 049 -1.31 834 | -22.42* | -55.82* | -84.99* | -91.60*
Level3 | -1.58 869 | -2351* | -23* | -55.87* | -85.51* | -91.69*
f-PSA Level 1 | 247 -255 | -12.58* | -38.69* | -83.79* | -92.83* | -95.22*
level2 | 444 186 | -10.38* | -36.72* | -82.91* | -93.6* | -96.07*
level3 | 027 |[-11.45* | -37.9* | -38* | -83.73" | -93.81* | -96.02*
Estradiol Level 1 | -442 -1.45 326 678 | 80.33* | 139.59* | 189.18*
Level 2 0 1.83 232 814 | 43.19* | 79.4* | 113.45*
Level3 | -0.25 275 592 108 | 33.22* | 66.78* | 89.73*
FSH Level 1 | 435 177 | -19.96* | -65.58* | -86.04* | -90.26* | -92.14*
level2 | 385 -398 | -21.56* | -67.65* | -87.4* | -91.54* | -93.58*
level3 | -274 | -20.8* | -68.32* | -70.5* | -87.36* | -91.72* | -93.72*
LH Level 1 | -247 37 | -14.61* | -36.21* | -76.62* | -81.48* | -81.48*
level2 | 09 449 | -12.93* | -33.03* | -72.78* | -85.67* | -89.95*
level3| -246 | -10.79* | -32.91* | 3.95* | -71.32* | -85.13* | -89.48*
Level1 | 088 1.07 1.23 -1.08 | -12.04* | -26.59* | -49.17*
Proladtin Level2 | 1.63 1.63 0.74 177 | -13.46* | -26.33* | -50.44*
Level3| 216 1.81 -1.46 153 | -12.12* | -25.83* | -50.35*
Level 1 | -4.09 029 265 52 53.18* | 14181* | 2237*
Progesterone | level2 | 176 276 3.09 642 | 23.71* | 41.34* | 58.63*
level3 | 268 415 8.16 147 | 1941* | 36.28* | 46.32°
Levell | 174 298 5.4 447 | 16.64* | 90.81* | 133.54*
i-13 Level2 | 246 468 6.40 71 20.95* | 87.77* | 131.15*
level3 | 422 744 943 198 | 27.05* | 98.01* | 136.97*
Level1 | -9.68 72 6.59 878 | 50.36* | 17245* | 524.08*
i-T4 Level2 | -6.84 -6.26 4.64 9.5 55.57* | 17042* | 170.42*
level3 | 94 -355 45 72 5325* | 535 | 535"
Level1| -15 -182 40.35 4.3 9.13 | 51.19* | 73.57*
Folate Level2 | -274 238 917 -6.02 884 | 2584* | 40.21*
level3 [ -19 -8.88 -16 1.09 -328 | 10.65° | 17.49*
Level1 | -327 -2.69 443 | 35.61* [ 18373 | 47748 | 477.48*
Yitamin B12 | level2 | 027 093 501 27.72* | 12959* | 300.8* | 300.8*
level3 | -325 1.63 9.48 561 40.54* | 205.19* | 205.19*
level 1 | 733 | 27.64* | 94.72* | 41646 | 831.68* | 831.68* | 831.68*
Vitamin D | level2 | 424 14.47* | 69.59* | 28041* | 338.6* | 3386 | 338.6"
Level3 | -329 343 18.61* | 33.57* | 33.57* | 33.5I* | 33.51*
Level1 | 246 1.36 239 1.29 0129 | -18.89* | -47.74*
CAl199 level2 | 197 047 0.89 4233 038 | -11.66* | -48.21*
Level3 | 208 1.46 29 -5.46 258 | -19.92* | -53.65*

Level1 | 3.3 317 6.86 13.1* | 2323* | 45.7° 91.4*
Cortisol Level2 | 251 39 379 10.74* | 19.25* | 39.94* | 76.39*
Level3 | 092 264 6.17 -l71 [ 19.41* | 31.83* | 72.11*
PTH Level1 | 785 316 | -22.97* | -64.71* | -77.81* | -80.81* | -82.18*
level2 | -1.35 78 | -23.77* | -73.25* | 9277 | -95.18* | -96.15*
B-crosslaps | Levell1 [ 416 0.38 806 | -44.58* | -68.01* | -74.31* | -79.09*
Level2 | -7.64 738 | -28.76* | -66.18* | -77.16* | -81.92* | -85.06*
alPO Level 1 | 37.31* | 61.29* | 144.96* | 356.59* [ 1598.7* | 1598.7* | 1598.7*
Level2 | 12.58* | 24.94* | 50.07* | 117.16* | 287.68* | 287.68* | 287.68*
alG Levell | 722 13.56* | 37.74* | 93.78* | 41771 | 44741* | 2796.4*
Level2 | 1.62 11.01* | 27.41* | 57.2* | 14599* | 26537* | 661.18*
HE4 Level1 | 296 3.34 1.03 98 | -32.04* | -52.69* | -64.43*
Level2 | 4.69 431 078 887 | -31.21* | -51.28* | -88.67*
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Interferographs at the medium level of analytes
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D. THYROID PANEL
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Figura 1. Interferographs at increasing concentrations of biotin grouped in four different panels: (A) Tumor markers; (B) Gonadal hormones and cortisol; (C) Thyroid;
and (D) Bone metabolism and vitamins
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4. DISCUSSION

In our study we have analyzed the vulnerability of the results
of eledrochemiluminescence immunoassays on the Roche €801 and
e411 platforms when rising concentrations of biotin were added. The
addition of biotin to the samples produced falsely low results in sand-
wich assays (negative interference) and spuriously high results in com-
petitive assays (positive interference), in agreement with previous
reports. In some cases, the effedt of biotin interference does not depend
on analyte concentration. However, for FSH, LH, prostate specific an-
tigen, free prostate specific antigen, vitamin B12, 25-hydroxyvitamin
D, parathyrine, cortisol, and C-terminal collagen type | peptides the
inferference did depend on analyte concentration. Biotin interference
was especially noteworthy in the antiperoxidase antibodies (aTPO)
test, which was affected even at the lowest biotin concentration (31.25
ng/mL). On the opposite, CA 15.3 and TSH were not affected at all by
biotin presence on the sample.

Electrochemiluminescence immunoassay is used in Roche
platforms. In the sandwich design one antibody is labeled with ruthe-
nium, which produces the signal, and the second antibody is bound to
biotin, which is the captured moiety (17). The antibody complex is cap-
tured by streptavidin-coated particles. The analyte concentration is
proportional fo the signal. Biofin contained in the sample binds fo the
streptavidin-coated particles, allowing the coupling of less antibody
complexes with these microparticles. Consequently, the results are fal-
sely decreased. In contrast, in competitive assays the antigen is labeled
with ruthenium, and competes with the analyte for the biotynilated
antibodies. In this case, the unlabeled analyte on the sumple competes
with ruthenium-labeled antigen for the biotinylated antibodies, and
the measured signal is inversely proportional to the concentration of
analyte. Therefore, biotin presence yields falsely high results.

The increased use of biotin supplements and high doses of
therapeutic biotin is not only a specific problem for electrochemilumi-
nescence immunoassays but also a challenge for all clinical laborato-
ries which employ streptavidin-biotin based immunoassays (17, 18,
19). Indeed, investigations performed with spiked sumples and studies
carried out with healthy volunteers have shown that biofin interferes
with many homogeneous and heterogeneous immunoassays which
rely on the streptavidin-biotin system (11), Biotin "s interference is
particularly important in thyroid hormone assays, with several repor-
ted cases of misdiagnosed Grave s disease (7, 10, 12). Moreover, bio-
tin "s interference can explain other unexpected results in endocrine
assays, such as high cortisolemias associated with ACTH suppression,
or elevated concentrations of 25-OH vitamin D associated with low
PTH levels (7), both due to the presence of biotin in the sample causing
falsely low results in sandwich assays (protein, peptides), but falsely
high results in competitive assays (small molecules).

§

®

Pharmacokinetics studies performed with biofin in healthy
volunteers receiving several oral doses reveal that biotin is rapidly
absorbed and has an effective serum half-life of 15 h (14). In a group
receiving a single oral dose of 1.2 mg, peak serum biotin levels rea-
ched 5.5 ng/mL [20]. In the groups that received a single dose of
100, or 300 mg, peak serum biotin reached 494.9 + 161 ng/mL (at
1.25h) and 823.8 + 303.1 ng/mL (at 1.5 h), respectively (21). Serum
biotin levels 48 h after administration of oral biofin at various doses
were 7.1-43.9 ng/mL (5 mg of biofin), 10.6-56.8 ng/mL (10 mg of
biotin), 169-690 ng/mL (100 mg biotin), and 669-1160 ng/mL (300
mg of biotin) (7). The results of population pharmacokinetic analysis
show that after the administration of daily doses of biotin of up fo 1
mg (80-fold the adequate daily intake), which are found in standard
supplement/multivitamin pills, serum biotin levels fall below 10
ng/mL after 2 hours. For doses of biofin of up to 10 mg/day (more
than 300-fold the adequate daily intake of biotin), a threshold of
serum biotin level of 30 ng/mL was reached after 8 h.

Pharmacokinetics studies suggest that a washout period of
biotin is desirable before performing blood analyses which are sus-
ceptible to biotin interference. For assays with an interference thres-
hold of 30 ng/mL, an 8 h washout period is enough to mitigate biotin
inferference in patients taking biotin doses of up 10 mg (14). Howe-
ver, biotin interference in laboratory test results persisted for up to
24 h in patients taking high doses of biotin (30 mg) (22). Conse-
quently, many manufactures recommend discontinuing biotin intake
for at least 24 h before blood sampling (7).

Both immunoassay manufacturers and dinical laboratories
are making efforts to prevent errors due to biofin interference. Ma-
nufacturers have included the threshold of biotin interference in their
package inserts. Clinical biochemists must warn the clinicians about
biotin interference medical impact. Some manufacturers are deve-
loping methods to minimize biotin interference, such as the use of
streptavidin beads to capture excess biotin (18).

A limitation of our study is that we have not considered in-
terferences due to biotin related metabolites such as norbiotin or bio-
tin sulfoxide (20), because the binding of biotin derivatives to avidin
has been described, although this binding is less tight than that of
the parental compound.

5. CONCLUSIONS

In summary, apart from the CA 15.3 and TSH assays, all
the other methods tested in our study were susceptible to biotin in-
terference within the examined biotin concentration range. Falsely
low values occurred in sandwich assays and high bias in competitive
assays. Clinicians and laboratorians should be aware of the medical
importance of biotin interference as a cause of misdiagnosis and in-
correct freatment.
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