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1 | INTRODUCTION
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Abstract

Background: Reports of false laboratory findings due to a biotin supplementation have
raised concerns about the safety of immunoassays. According to current research,
biotin is known to cause interference in immunoassays. Since up to 70% of medical
decisions are based on laboratory results and the significantly increased intake of
biotin supplements in the recent years, the reliability of immunoassays is essential.
Methods: To evaluate this reliability two experiments were conducted. In the first
experiment 59 interference suppressed immunoassays of the manufacturer Roche
Diagnostics were examined regarding their sensitivity to a biotin interference. In the
second experiment the pharmacokinetic of biotin was examined by supplementing
volunteers with biotin.

Results: A combination of the results of both experiments suggests that a biotin inter-
ference in laboratory findings is probable. Contrary to the current state of research
on sandwich immunoassays, falsely elevated test results occur more frequently than
falsely low results.

Conclusion: The interference suppressed immunoassays have shown in the ex-
periment that they are susceptible to a biotin interference. Therefore, laboratory
institutions, medical staff and patients must be aware of the possibility of a biotin
interference. As a result, Roche Diagnostics may consider reviewing the interference

suppression and their indications of the tests.
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the reliability of immunoassays is essential since up to 70%

The intake of biotin supplements has increased significantly
in the recent years.l’3 According to current research, biotin is
known to cause interference in immunoassays.*® Reports of
false laboratory findings due to a biotin supplementation have

raised concerns about the safety of immunoassays.7 However,

of medical decisions are based on laboratory results.>® The
interference suppressed immunoassays provide limits and
guidelines to exclude a biotin interference.’ In the study, 59 in-
terference suppressed immunoassays of the manufacturer Roche
Diagnostics were examined with regard to their sensitivity to a
biotin interference.
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@ biotin

Biotin, vitamin H or vitamin B, are water-soluble vitamins, that
are contained in various animal foods such as eggs or liver as well as
in vegetable products such as oats and nuts.>*®° The human or-
ganism cannot synthesize biotin itself and is dependent on the food
intake.’3 A biotin intake of 0.03-0.06 mg/day is recommended for
adults, while the recommended intake for children and adolescents
is significantly lower.2%81% A halanced diet without caloric restric-
tion basically ensures a sufficient biotin intake.>? A biotin deficiency
occurs with healthy humans only very rarely and usually takes place
in pregnancy.2’4'8'15'16 Furthermore, biotin is renal eliminated, and
the indications for biotin supplementation are limited.? In the case
of defects in the biotin metabolism, for example in holocarboxylase
synthetase and biotinidase deficiency, a substitution therapy is re-
quired.?”1° A high-dose biotin therapy with a biotin dose of up to
300 mg/day is sometimes recommended for patients suffering from
multiple sclerosis.>”1° However, biotin in increased doses is pres-
ent in many dietary supplements. It is advertised as a dietary sup-
plement product stimulating skin, hair and nail growth despite the
low evidence of benefits for healthy individuals.®'%'” The over-the-
counter formulations often contain supraphysiologic biotin doses up
to 10-30 mg.>®181?

A study of the National Health and Nutrition Examination
Survey performed between 2011 and 2012 found that 29% of
the U.S. population consumes biotin supplements.* Biotin forms
a non-covalent bond with the protein streptavidin. The binding is
strong, forms quickly and is insensitive to pH and temperature.>®
This is used in laboratory medicine in Western blot analysis, im-
munohistochemistry and immunoassays. In immunoassays biotin
builds usually the link between the antibody and streptavidin‘l'z'4
A high biotin concentration in the patient’s serum and plasma
can competitively influence this biotin-streptavidin binding and
cause a displacement of the antibodies at the solid phase from
their antibody-streptavidin binding. This displacement results in
an increased washout of the labeled antibody that subsequently
leads to a decrease of the measurement signal.»* The result can be
a falsification of the test results.

The sandwich immunoassay is also considered to be theoreti-
cally less susceptible to biotin interference.’” Results of competitive
immunoassays may be falsely elevated by a high biotin concentra-
tion in the patient’s serum while results of immunoassays based on
the sandwich method (non-competitive) may be falsely reduced.*¢
Biotin-streptavidin immunoassays are used for the determination
of various parameters, which are important for various medical
fields.2?

There is no routine determination or elimination of biotin in the
patient’s serum before immunoassays are performed, making it diffi-
cult to examine the test result with regard to a biotin interference.?’
Additionally, biotin taken by patients as a dietary supplement with-
out medical indication is not listed in the pre-medication and cannot
be considered in the diagnosis.*>? Especially in case of discrepan-
cies between clinical presentation and biochemical results, a biotin
interference should be considered.?’

In this study, two experiments were conducted. The aim of the
first experiment was to evaluate the sensitivity of the biotin inter-
ference suppressed immunoassays to a biotin interference. For this
purpose, 59 biotin interference suppressed immunoassays of the
manufacturer Roche Diagnostics were tested. The aim of the second
experiment was to examine the pharmacokinetic of biotin by sup-
plementing volunteers with biotin. A combination of the results of
both experiments indicates that a biotin interference in laboratory
findings is probable. Contrary to the mentioned assumptions, falsely
elevated test results occur more frequently than falsely low results

in the sandwich immunoassays.

2 | MATERIALS AND METHODS

In the first experiment, all the interference suppressed immunoas-
says of the manufacturer Roche Diagnostics available at the MVZ
Laboratory Dr. Stein and Colleagues, Ménchengladbach, Germany,
were tested for their sensitivity to biotin interference. For each test,
blood samples of patients, which already have been tested with this
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method, were selected. These were then spiked with biotin solu-
tion and measured again. The measured values were collected and
analyzed. The development of the measured values with increasing
biotin concentration was compared to their ‘known original value’
(Figure 1).

Blood samples sent to MVZ Laboratory Dr. Stein and Colleagues,
Ménchengladbach, Germany were recorded with age and sex. Up to
10 patients’ samples for each tested immunoassay of the manufac-
turer Roche Diagnostics were selected. These samples have been
previously tested with this test procedure. In total we selected blood
from 533 patients and conducted 3128 measurements. The results
of these previous tests were set as the ‘known original value'.

The parameters of the chosen blood samples for each immu-
noassay were scattered as widely as possible over the entire mea-
surement spectrum to include biotin interferences on parameters
near the upper and lower measurement limit. Each patient’s serum
was divided into five samples of 180 pl and spiked with 20 pl bio-
tin solution of 100, 300, 500, 1000 or 1500 ng/ml. The used bio-
tin solution consisted of lyophilized biotin powder obtained from of
Sigma-Aldrich, (299%, #B4501, Lot. SLBZ5374) and standard NaCl
solution. This procedure resulted in an increase of the biotin con-
centration by 10, 30, 50, 100 or 150 ng/ml. These concentrations
are mostly located in the interference suppressed range of 30 ng/ml
up to 100 ng/ml (varying according to the measured parameter).%?

The pre-existing biotin concentration in the patient’s serum was
not recorded beforehand. However, the physiological biotin level
ranged from 200 to 800 pg/ml and was in comparison with the re-
sulting biotin concentration low enough to remain unconsidered.?!
The original immunoassays were repeated with a Cobas €801 and
the measured values were noted, multiplied by 1.1 to compensate
for the dilution and then put into relation to the ‘known original
value'. Afterwards the recovery coefficient was calculated. For each
immunoassay the mean value of the recovery coefficient for each bi-
otin concentration and the standard deviation was calculated. These
mean recovery coefficients for the sandwich immunoassays and
competitive immunoassays are listed in Tables S1 and S2.

To give a comprehensive overview of the test form the obtained
data were summarized for the sandwich immunoassay and compet-
itive immunoassay. The mean values for each biotin concentration

were calculated. These are depicted in Figures 2 and 3, and the

2000
1750
1500
1250
1000

750

500

biotin concentration in ng/ml

250

FIGURE 2 Measured concentration of
biotin in serum samples taken from eight 0
volunteers (Volunteer A-Volunteer H)
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related standard deviation is listed in Tables 2 and 3. Thus, the 100%
line in the graphic shows the ‘recovery coefficient of the known orig-
inal value’ (abbreviated with rc,). The course of the graph reflects
the average development of the measured values and their deviation
fromrc,. The examined parameters are listed below the Figures. Due
to this summary, the individual biotin interference of each immuno-
assay is not shown.

In order to examine the pharmacokinetics of supplemented bi-
otin, an experiment was performed on eight volunteers. The volun-
teers were divided into groups of two. Each participant of a group
was given the same dose of biotin for a single intake. The four groups
were provided with concentrations of 150 mg (Volunteers A and B),
50 mg (Volunteers C and D), 10 mg (Volunteers E and F) and 5 mg
(Volunteers G and H), respectively. The volunteers were not cur-
rently taking any dietary supplements. Therefore, our data only re-
flect the pharmacokinetics of the ingested single dose. Based on our
experiment, we cannot make any statements about accumulation or
the achievement of a plateau level during regular intake.

Blood was collected five times from each volunteer: (i) at time
point O, directly before biotin intake, to determine the ‘base level’ of
biotin; (i) 2 h after intake; (iii) 4 h after intake; (iv) 8 h after intake;
and (v) 24 h after intake.

Since the objective was to determine the peak level of biotin after
ingestion of high- and low-dose biotin supplements, blood sampling
of the volunteers was stopped 24 h after ingestion. Furthermore,
this time period reproduces a situation where the patient stopped
the biotin supplementation the day before blood collection.

The automated enzyme-linked immunosorbent assay (ELISA) test
procedure ‘IDK Biotin ELISA, manufactured by Immundiagnostik
AG, was used to determine the biotin concentration in the vol-
unteer's serum. Samples containing biotin levels above the upper
measurement limit of 1200 ng/I had to be repeatedly diluted by the
factor 20, 100 or 1000 and reassayed with the same test proce-
dure. The dilution was calculated and compensated subsequently.
Nevertheless, it can be assumed that due to the higher dilution
required with increasing biotin levels an increasing measurement
inaccuracy has been achieved. The dietary biotin intake of the vol-
unteers during the experiment period was not taken into account
and should not play a significant role when considering the "base

level" of biotin.
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Volunteer B
Volunteer C
Volunteer D
Volunteer E
Volunteer F
Volunteer G
Volunteer H
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FIGURE 3 Impact of different biotin concentrations on sandwich immunoassays. Methods included are Lues, Rubella-1gG, Rubella-IgM,
Toxoplasmosis-1gG, Toxoplasmosis-lgM, IL-6, Troponin-T, HBe antigen, HCV-ab, HIV-Ag, a1-Fetoprotein, Human chorionic gonadotropin
(HCG), Carcinoembryonic antigen, CA12, CA19, CA72, CA15, Prostate-specific antigen (PSA), free PSA (fPSA), PIGF, Osteocalcin, B-type
natriuretic peptide (BNP), Cytokeratin 21-1, anti-Mdllerian-hormone (AMH), activated B,,, ferrtin, thyroglobulin, thyroid-stimulating
hormone (TSH), Follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin, sex hormone-binding globulin, anti-HBs-antibody,
anti-HAV-IgM, procalcitonin, HIV-antibody, parathyroid hormone (PTH), S100, and p-CrossLaps, respectively. For additional information see

also Table S1

TABLE 1 Peak dose and concentrations of biotin measured 24 h
after intake

Biotin intake 24 h after Intake ~ Peak dose

Volunteer (mg) (ng/ml) (ng/ml)
A 150 282 1895

B 150 74 668

c 50 41 579

D 50 110 528

E 10 54 50.1

F 10 130 372

G 5 10 171

H 5 5 20.7

3 | RESULTS

After the biotin intake all volunteers showed an increased concen-
tration of biotin, depending on the dose taken for each volunteer
(Figure 2). The peak level was reached after 2-4 h. After that peak a
rapid elimination of biotin was observed. This corresponded to the
current data situation.? One day after ingestion an individually in-
creased biotin concentration was proven in the blood; hence, after
24 h the elimination was not yet complete. After this period of time,
a biotin concentration above 50 ng/ml has been observed in the ma-
jority of the volunteer’s blood samples (Table 1). Participants receiv-
ing the same biotin dose had an overall low variation in measured

TABLE 2 Standard deviation of the recovery coefficient for
sandwich immunoassay

Biotin concentration Standard deviation

(ng/ml) recovery coefficient
10 0.22
30 0.21
50 0.21
100 0.22
150 0.23

serum concentration (Table 1). After an ingestion of 50 mg, the
measured peak doses in the volunteer's blood held an already higher
amount of biotin than the most spiked sample, which contained
150 ng/ml of biotin. A high biotin concentration above 50 ng/ml was
already reached by a 10 mg biotin supplementation.

Figure 3 pictures an increase in the measured values especially at
alow biotin concentration. An increase of the biotin concentration in
the samples by 10 ng/ml led to an average increase in the measured
values by 14.32% regarding their known original value. By further
increasing the biotin concentration up to 150 ng/ml, an approxima-
tion of the measured values compared to their known original value
was observed. With a biotin concentration increased by 150 ng/ml,
the difference to the known original value was almost reversed (dif-
ference to known original value 2.26%). In general, the biotin spiked
samples tested with a sandwich method showed an increase of their
values. As mentioned in the introduction a depression of the values
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was expected.*® The resulting standard deviation of the recovery
coefficient are shown in Figure 3 and listed in Table 2.

The competitive immunoassays showed an increase in the
measured values due to increasing biotin concentrations in the
samples. Furthermore, an elevation of the biotin concentration
by 10 ng/ml already showed an average increase in the measured
values by 20.8% (Figure 4). Especially for a biotin concentration
250 ng/ml, a strong increase in the measured values was ob-
served. With an elevation of the biotin concentration by 100 ng/
ml, the measured values increased by 35.8% in average. If the bio-
tin concentration was elevated by 150 ng/ml, the measured values
were increased by 50.1% in average. The increasing standard de-
viation of the recovery coefficient for competitive immunoassays
is listed in Table 3.

4 | DISCUSSION
With an increasing biotin concentration, each test method showed
an individual course (Tables S1 and S2). Some test methods appeared
to be more susceptible to biotin interference while others appeared
to be less susceptible. This was also reflected in the standard devia-
tion (Tables 2 and 3). Thus, the changes in the measured values of
the competitive immunoassays and the sandwich immunoassays are
not binding for the tested methods (Figures 3 and 4). The increasing
standard deviation of the competitive immunoassays (Table 3) also
indicates that the biotin interference is a non-calculable influencing
factor. Rather, it leads to an increasing scattering of the measured
values which leads to an increase in the measurement uncertainty.
Nevertheless, we were able to show clear trends and tendencies
in both graphs, (Figures 3, 4, Tables S1 and S2). Based on the mea-
sured biotin peak dose of the volunteers, especially after a high-dose
intake (250 mg), the volunteer's blood contains an already higher

amount of biotin than the most spiked sample. Based on the graphs

WI LEYM

(Figures 3 and 4) two scenarios can be assumed. In the sandwich
immunoassays a further increase of the biotin concentration will
lead to further decreases in the measured results. In the competitive
immunoassays, however, an increasing biotin concentration will lead
to a further increase of the measured results. This would apply to
patients taking high-dose biotin for medical purposes (up to 300 mg/
day). However, since such a high dose of biotin is usually only taken

1210t is easier to take the biotin inter-

under special circumstances,
ference into account when evaluating the measured results in the
everyday clinical practice.

The over-the-counter supplements available on the market con-
tain biotin doses of up to 10-30 mg.8®' Therefore, it can be as-
sumed that the biotin level of these patients is within the range of
10-50 ng/ml (Figure 2 and Table 1). Hence this range has the most
clinical importance.

Based on the results depicted in Figures 3 and 4, it can be con-
cluded that a low dose of biotin intake (up to 10 mg) can lead to
false high results in sandwich immunoassays and in competitive
immunoassays. False high findings play the most important clinical
role with regard to biotin interference in the competitive immunoas-
says and the sandwich immunoassays. Roche Diagnostics states the
used immunoassays as interference suppressed up to plasma biotin
concentrations of 30 ng/ml up to 100 ng/ml (varying according to
parameter).®? However, this statement is not reflected by the mea-
sured values of the conducted experiment.

In sandwich immunoassays the risk of a false positive result plays
arole especially with regard to infection parameters such as syphilis,
toxoplasmosis, rubella and hepatitis. The danger of false negative
results seems only to be given by a biotin intake above or equal to
50 mg on the day of blood collection. In this case the intake of high
doses of biotin is likely to cause false negative findings.

In competitive immunoassays a biotin concentration of 10 ng/
ml causes a lower value increase (20.8%) compared to the value in-

crease caused by a high biotin concentration of 150 ng/ml (50.11%).

155
150.11
143
= 135.85
-8
‘g 131
g 126.44 125.7
&
FIGURE 4 Impact of different 8 120.8
biotin concentrations on competitive § 119
immunoassays. Methods included are: §
Thyroid peroxidase (TPO)-antibody,
thyreoglobulin-ab, Thyrotropin receptor 107
antibody, T3, T4, Vitamin D,, FT4,
FT3, progesterone, testosterone, 100 16
dehydroepiandrosterone sulfate, estradiol,
folate, digoxin, digitoxin, vitamin B, ,, 95
0 10 30 50 100 150

HBe-ab, and HAV-ab, respectively. For
additional information see also Table S2

biotin concentration in ng/ml
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TABLE 3 Standard deviation of the recovery coefficient for
competitive immunoassay

Biotin concentration Standard deviation

(ng/ml) recovery coefficient
10 0.40
30 0.59
50 0.51
100 0.73
150 1.02

Due to the rare intake of high-dose biotin (= 50 mg/d) the lower
value increase affects a larger range of patients.

The lower value increases tend to appear less important com-
pared to the high deviations at more elevated biotin levels but can
be of therapeutic and diagnostic importance. In particular with the
evaluation of thyroid hormones (T3, T4, fT3, fT4), steroid hormones
(cortisol, progesterone, testosterone, dehydroepiandrosterone sul-
fate, estradiol) as well as the vitamin B12 and folic acid in case of
an existing biotin interference it can be problematic to differentiate
between lack, normal quantity and surplus of these parameters. This
should be considered in therapy and substitution. The mentioned
parameters are often tested individually therefore an implausible
finding is potentially not obvious. Hence, a biotin interference could
be unnoticed.

As indicated by Roche Diagnostics, for the interference sup-
pressed immunoassays there should be at least eight hours between
the last biotin supplementation and the blood collection.®’ Based
on the presented data it is obvious that this indicated period of time
is not precise enough to avoid a biotin interference neither in the
sandwich immunoassays nor in the competitive immunoassays. The
lowest time limit of 8 h is selected too short considering that the
volunteers still had an elevated biotin level 24 h post intake.

However, the initial increase in the measured results for the
lower biotin concentrations in the sandwich immunoassays is still
unexplained (Figure 3). A plausible cause may be the interference
suppression of the immunoassays by the manufacturer Roche
Diagnostics. The manufacturer refers the tests as interference sup-
pressed up to biotin concentrations between 30 and 100 ng/ml.(”g
By observing the measuring range of these biotin concentrations,
the measured values approach the original value noticeably.

One assumption is that the high initial increase in the measured
values, especially at low biotin concentrations, represents an over-
correction of the interference suppression of the tests. In order to
be able to prove this, further information from the manufacturer
about the exact mode of operation of the interference suppression
of the immunoassays is needed. However, the current interference
suppression is an unreliable tool to avoid a biotin interference.

In order to prevent a biotin interference, the use of streptavidin-
coated microparticles can be considered.?>?® The usage of these
particles resulted in an adequate depletion of biotin in serum/
plasma without affecting the precision of the used method.??
Furthermore, these diagnostic tools offer a possibility to avoid a

biotin interference without affecting a patients medication because
a suspension of the biotin intake is not needed.??% The list price can
range between $2.50 and $20 per treated sample.23 As the method
has to be adapted to the routine operation of a laboratory and is a
potential expense, it represents especially a solution for suspicious
patient samples.

The medical staff as well as the patients should be sensitized
for biotin interference. In case of implausible or abnormal findings
a biotin interference and a biotin depletion with re-assaying should
be considered.®'® During the medical anamnesis it is always recom-
mended to ask specifically about the use of lifestyle products and

618 |t is also important to inform patients with

dietary supplements.
no medical need for biotin to suspend the biotin intake over 48 h
before blood collection.' Moreover, it is substantial to encourage
the exchange between laboratorians and clinicians in case of a sus-

pected biotin interference.

5 | CONCLUSIONS

The interference suppressed immunoassays of the manufac-
turer Roche Diagnostics are susceptible to a biotin interference.
Therefore, measurement distortions due to a biotin interference
cannot be excluded in the test results. Contrary to previous assump-
tions in the sandwich immunoassays, falsely elevated test results
occur more frequently than falsely low results. Furthermore, Roche
Diagnostics’ indicated time period between the biotin intake and the
blood collection is not precisely enough defined since the period of
at least 8 hiis not sufficient. Laboratory institutions and medical staff
must be aware of these issues. In addition to this, Roche Diagnostics
may consider reviewing the interference suppression and their indi-

cations of the immunoassays.
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