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Immunoassays are powerful qualitative and quantitative analytical techniques. Since the
first description of an immunoassay method in 1959, advances have been made in assay
designs and analytical characteristics, opening the door for their widespread implementa-
tion in clinical laboratories. Clinical endocrinology is closely linked to laboratory medicine
because hormone quantification is important for the diagnosis, treatment, and prognosis
of endocrine disorders. Several interferences in immunoassays have been identified
through the years; although some are no longer encountered in daily practice, cross-reac-
tion, heterophile antibodies, biotin, and anti-analyte antibodies still cause problems.
Newer interferences are also emerging with the development of new therapies. The inter-
fering substance may be exogenous (e.g., a drug or substance absorbed by the patient)
or endogenous (e.g., antibodies produced by the patient), and the bias caused by interfer-
ence can be positive or negative. The consequences of interference can be deleterious
when clinicians consider erroneous results to establish a diagnosis, leading to unneces-
sary explorations or inappropriate treatments. Clinical laboratories and manufacturers
continue to investigate methods for the detection, elimination, and prevention of interfer-
ences. However, no system is completely devoid of such incidents. In this review, we fo-
cus on the analytical interferences encountered in daily practice and possible solutions for
their detection or elimination.
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INTRODUCTION

Immunoassays are widely used in clinical laboratories for a vari-
ety of hormone analyses. Since the first insulin immunoassay
described by Berson and Yalow (which received the 1977 No-
bel Prize in Medicine), immunoassays have evolved consider-
ably [1]. However, with widespread adaptation of these tech-
nigues, several interferences have been identified. Immunoas-
says are susceptible to interference because of the complexities
of the antigen (Ag)-antibody (Ab) interaction occurring in a
complex matrix [2]. Such interference leads to incorrect inter-
pretation of immunoassay results, leading to unnecessary explo-
rations or administration of inappropriate therapy.
Immunoassay design initially relied on the development of
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polyclonal Abs obtained from animal sources in a competitive
format; In 1975, Kohler and Milstein [3] described the mono-
clonal Ab (mAb) development technique (which received the
1984 Nobel Prize in Medicine), leading to the development of
non-competitive (sandwich) immunoassays where two different
mAbs can recognize the same Ag in one incubation step. The
sensitivity and specificity of immunoassays made it possible to
detect and quantify analytes at extremely low concentrations,
which was not possible with other clinical chemistry techniques.
Along with the advantages of a rapid measurement time and
fully automated instruments, the improved analytical performance
led to immunoassays becoming a widely adopted technique in
clinical laboratories.

Analytical systems have been developed to be more rapid
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and efficient with advantages of the automation evolution to meet
the demands of an augmented workload and the need for rapid
analysis. However, these advancements are associated with draw-
backs such as the low specificity of direct steroid immunoas-
says.The systems have also become more reliable owing to im-
provements in immunoassay reagents and signal detection sys-
tems.

These advances have decreased, but not completely elimi-
nated, the incidence of interference in immunoassays. Analyti-
cal errors from endogenous interferents still occur with some
patient samples [4]. Interference might induce false-positive re-
sults, false-negative results, or both, which can simulate a seem-
ingly coherent hormonal profile that might drive unnecessary
explorations, inappropriate treatments, or a missed diagnosis.

Laboratory quality control efforts (i.e., compliance with regula-
tory and accreditation demands, instrument maintenance, inter-
nal and external evaluation programs) have an ultimate goal of
rapidly obtaining reliable and accurate results. However, inter-
ferents in patient samples are not detectable by standard quality
control procedures and are reproducible within a given analyti-
cal system [5]. Laboratory specialists must take a critical view of
results and not blindly trust the instruments. Knowledge of physi-
ology and normal variations in biological markers enables assess-
ing whether discordance with previous results is acceptable, or
for identification of an aberrant result in some cases. Precise
understanding of the analytical principles and assay design is
also necessary for the correct interpretation of laboratory results
and suspicion of erroneous results.

In this review, we discuss the types of immunoassays com-
monly used in laboratories, the mechanisms involved in possible
in vitro analytical interference, and the solutions and strategies
employed to suspect and overcome such interference, includ-
ing recently reported emerging interferences. Hormone concen-
trations modification by the pharmacological action of a drug is
beyond the scope of this review and will not be addressed.

METHODS USED IN HORMONE ASSAYS

There are two main methodologies widely used in hormonology
laboratories: immunoassay methods and mass spectrometry
methods. In this review, we exclusively focus on immunoassays,
which can be classified into competitive and non-competitive
(sandwich) immunoassays.

Competitive (limited reagent) immunoassays
In competitive immunoassays, the analyte (Ag) competes with a

Ghazal K, et al.
Hormone immunoassay interference

signal-labeled Ag (tracer) for limited quantities of Ab (Fig. 1A).
After a washing step, the bound signal is produced and the ana-
lyte concentration in the sample is inversely correlated with the
generated signal. These assays can be performed either simul-
taneously (the majority), where both the patient sample and la-
beled Ag are added at the same time, or sequentially, where the
labeled Ag is added in a second step after allowing the Ab—Ag
reaction to reach equilibrium.

Non-competitive/sandwich or “two-sites" (excess reagent)
immunoassays

In non-competitive immunoassays, the capture Ab is fixed on a
solid phase, and then the analyte (in the sample) and labeled
Ab (tracer) are added (Fig. 1B). The two Abs recognize different
epitopes on the analyte. The capture and labeled Abs can be
monoclonal, polyclonal, or both. After a washing step, the tracer
signal is produced and the analyte concentration in the sample
is directly correlated with the generated signal.

Competitive versus sandwich assays

The majority of hormone immunoassays are heterogeneous;
thus, the choice of methodology for immune complex separa-
tion is specific to each reagent manufacturer and each analyte.
In competitive and sandwich immunoassays, the capture Ab
must be separated from the reaction mixture at the end of the
reaction. This is facilitated either by a solid-phase coating of the
capture Ab or by using a biotinylated Ab (or biotinylated Ag),
which will be captured by a streptavidin solid phase. Other meth-
ods use a solid phase-coated Ab directed against the capture
Ab specific to the analyte (separation step using a second Ab).

Sandwich immunoassays are suitable for larger molecules
[e.g., polypeptide hormones, pituitary hormones, parathyroid
hormone (PTH), calcitonin, thyroglobulin (Tg), insulin, C-pep-
tide, insulin-like growth factor 1 (IGF-1), proteins, anti-Mullerian
hormone (AMH), inhibin], whereas competitive immunoassays
are better suited for detecting smaller molecules because only
one antigenic site will be recognized by one Ab [e.g., thyroid
hormones T3 and T4 (either total or free), steroids, 25 hydroxy
vitamin D] [6]. Many assays for Ab detection and quantification
are also designed according to the “competitive” format [Ab to
thyroid-stimulating hormone (TSH) receptor, anti-thyroid peroxi-
dase, and anti-Tg].

Both competitive and sandwich immunoassays have their ad-
vantages and pitfalls. Competitive immunoassays are mandatory
for small molecules but are susceptible to cross-reactions with
precursors or metabolites of the analyte or with drugs, and to in-
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Fig. 1. Two types of immunoassays. (A) Competitive immunoassay. The sample is incubated with an anti-cortisol antibody (Ab) (for exam-
ple), and a tracer (cortisol labeled with a measurable signal: enzyme, fluorescent, or luminescent compound isotope) is added. Competition
occurs between the cortisol in the sample and the labeled cortisol for the Ab-binding sites. These cortisol molecules bound to the Ab are
captured on a solid phase. Unlike sandwich assays, the higher the cortisol concentration in the sample, the lower the signal-labeled cortisol
bound to the antibody and finally linked to the solid phase. (B) Sandwich immunoassay. TSH (for example) is “sandwiched” between two
different antibodies: one is labeled with a signal to be measured (luminescent or fluorescent compound, enzyme, isotope) and the other
one, named the “capture antibody,” will allow the separation of the immune complexes on a solid phase. The higher the TSH concentra-

tion, the higher the signal linked to the solid phase will be.
Abbreviations: Ab, antibody; Ag, antigen; TSH, thyroid-stimulating hormone.

terference from endogenous Abs and biotin when the biotin—
streptavidin complex is used to separate the immunocomplex.
Sandwich immunoassays are usually more robust since Ab re-
agents are introduced in excess. Sandwich immunoassays also
present higher specificity and a lower limit of quantification; how-
ever, these assays are prone to some interference due to endog-
enous Abs, biotin, and the hook effect, which is specific to the
sandwich format.

TYPES OF INTERFERENCE

Pre-analytical factors

Obtaining reliable laboratory results begins at the sample collec-
tion stage. Pre-analytical conditions have to be respected, such
as the tube type (serum vs. plasma, type of anti-coagulant for
plasma, with or without a separating gel); time of collection for
hormones with time-dependent concentrations (e.g., cortisol
and testosterone concentrations are higher in the morning and
estradiol concentrations depend on the day in the menstrual cy-
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cle); storage and transportation temperature [adrenocorticotropic
hormone (ACTH) at +4°C, renin at 20-25°C]; and the absence
of hemolysis (insulin) [7-9]. Bilirubin and lipids can also inter-
fere with immunoassays, depending on the immunoassay de-
sign and signal detection system.

Azides are commonly used as preservatives for long-term stor-
age, but they have been shown to destroy peroxidase labels.
EDTA is a powerful chelating agent that binds to the metallic
ions of labels (e.g., europium) or to the cofactor required for
some enzymes’ activity (e.g., zinc for alkaline phosphatase)
[10]. Since samples stored in EDTA require more caution than
serum regarding the risk of signal interference, serum is the ma-
trix of choice for many analytes.

Cross-reaction/assay specificity

The presence of molecules structurally related to the Ag within
the biological sample might lead to a cross-reaction and unwanted
recognition by the Ab, leading to specificity problems. These
cross-reactants can be either metabolites or precursors of the
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analyte or drugs (either native or drug metabolites). Some clas-
sical examples of such challenging interference are presented
in Table 1, together with recent drugs leading to specificity prob-
lems such as fulvestrant (in estradiol immunoassays) and pegvi-
somant, a growth hormone (GH) analog and receptor antagonist
(in GH immunoassays).

Biochemical evaluation of menopausal status with accurate
estradiol concentration measurements are needed for establish-
ing the treatment strategy in patients with estrogen receptor-pos-
itive breast cancer. Fulvestrant is a selective estrogen receptor
antagonist that triggers degradation of the receptor. In breast
cancer patients, fulvestrant leads to marked cross-reactions in
estradiol immunoassays because of structural similarities (the
long half-life of fulvestrant leads to interference lasting for months
in these patients) [11]. Likewise, the aromatase inhibitor exemes-
tane is a structural analog of estradiol prescribed in breast can-
cer therapy. Biochemical evaluations of estradiol in exemestane
therapy cause false-positive results in most estradiol immunoas-
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says because of cross-reaction with exemestane metabolites [12].

The presence of a cross-reactant can lead to inaccurate re-
sults depending on the assay format, with competitive immuno-
assays being the most susceptible to this problem. In a compet-
itive immunoassay, the cross-reactant usually induces a false
increase (except in one estriol immunoassay, owing to a particu-
lar design [131). Notably, direct steroid immunoassays (without
an extraction step of the sample with an organic solvent) can be
affected by cross-reaction (e.g., cortisol metabolites, synthetic
glucocorticoids in cortisol immunoassays) [14]. In testosterone
concentration measurements, second-generation immunoas-
says avoid dehydroepiandrosterone sulfate (DHEAS) cross-reac-
tion [15, 16]. However, an extraction step prior to the immuno-
assay is required for samples from women and children to pro-
tect against other cross-reactants [17].

For molecules large enough to bear two unhindered specific
epitopes, two-site sandwich assays exhibit superior specificity to
that of competitive assays. Interference is less frequent in a sand-

Table 1. Common problems of cross-reaction and specificity in current immunoassays

Analyte Cross-reacting compound

Context Reference

Competitive immunoassays

170H progesterone

Cortisol

Estradiol

Progesterone
Testosterone

Testosterone
T3 (either total or free)
DHEAS

Sandwich immunoassays
ACTH 1-39
Insulin

Growth hormone

170H pregnenolone sulfate

11 desoxy cortisol

Prednisone, prednisolone and
methylprednisolone

Estrone sulfate

Fulvestrant

Exemestane metabolites
Di-hydroprogesterone

Fetal and placental steroids

DHEA-S
Triiodoacetic acid
Pregnenolone sulphate

Fragments, precursor
Pharmacological analogs

Pegvisomant

Placental GH

Neonates (especially preterm)
11 Hydroxylase defect
Metyrapone test

Corticoid therapy

Hormone replacement therapy (oral administration)
Breast cancer therapy

Breast cancer therapy

Micronized progesterone therapy

Females, children

Females

Pregnancy

Paraneoplastic tumors
Inappropriate injection leading to hypoglycemia

Acromegaly therapy

Pregnancy

Wong, et al. 1992 [182]
Makela and Ellis, 1988 [183]

Ward, et al. 2017 [26]
Hawley, et al. 2016 [184]

Ward, et al. 2017 [26]
Vogeser, et al. 2017 [185]

Thomas, et al. 1993 [186]
Owen, et al. 2019 [11]
Mandic, et al. 2017 [12]
Nahoul, et al. 1987 [187]

Taieb, et al. 2003 [188]
Honour, 2010 [17]

Warner, et al. 2006 [189]
Piketty, et al. 1996 [190]
Krasowski, et al. 2014 [191]

Raff and Findling, 1989 [20]

Parfitt, et al. 2015 [22]
Giurgea, et al. 2005 [24]
Dayaldasani, et al. 2015 [23]

Paisley, et al. 2007 [18]
Manolopoulou, et al. 2012 [19]

Dias, et al. 2013 [192]

Abbreviations: ACTH, adrenocorticotropic hormone; DHEAS, dehydroepiandrosterone sulfate.
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wich immunoassay because of double epitope recognition. How-
ever, its manifestation will depend on the epitopes involved in
sandwich formation; if both the capture and signal Abs bind a
structurally related cross-reactant, a false increase will occur
(e.g., pegvisomant for some GH assays) [18, 19]. Conversely, if
only one Ab (either the capture or signal Ab) attaches to the
structurally related cross-reactant, a false decrease will be ob-
tained, because the sandwich complex will not be completed
and the signal Ab will be washed away after the separation step
[18]. In some cases, it is clinically important to detect precur-
sors or fragments present in certain tumors, together with the
intact form of the hormone such as ACTH [20, 21]. High speci-
ficity for intact pituitary ACTH 1-39 is not always desirable. An-
other example is insulin immunoassays, where recognition of
insulin pharmacological analogs can be useful in the rare cases
of surreptitious administration [22-24]. The lack of recognition
of all hormone isoforms can also be deleterious in some cases
such as TSH immunoassays that do not recognize variants pres-
ent in some ethnic groups [25].

A lack of or too high specificity can, in some circumstances,
lead to inaccurate results. Wide specificity can be of great value,
depending on the clinical context, which will define the appro-
priate specificity; the choice of epitopes to be detected is crucial
and will depend on the clinical utilization of the assay. Reagent
manufacturers are continuously selecting new Abs to reduce
specificity problems and improve their immunoassays [26]. In
any case, appropriate interpretation of the result depends on
the knowledge regarding assay specificity.

The hook effect

This phenomenon may occur in sandwich immunoassays when
measuring very high hormone concentrations; the hook effect
occurs specifically in progressive tumor pathologies, in which

Washing step

@ Saturation of all binding sites of
both capture and labeled Abs
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the magnitude of variation between the physiological and patho-
logical concentrations can be extreme (such as in prolactinoma,
thyroid carcinoma, and hydatiform moles). To our knowledge,
the hook effect has never been described in cases of somatotro-
pinomas (acromegaly) or corticotropinomas (Cushing disease),
possibly because these tumors are rarely large enough to pro-
duce extreme hormone concentrations [27]. In two-site sand-
wich immunoassays, the excess Ag might prevent sandwich
formation with the capture and signal Abs separately bound to
the Ag and the signal Ab being washed away, resulting in an ap-
parently lower concentration (Fig. 2). This could result in de-
layed diagnosis and treatment for serious conditions, or even
misdiagnosis with serious consequences. For example, an un-
recognized hook effect can result in erroneous diagnosis of a
non-functioning pituitary tumor, subjecting the patient to unnec-
essary surgery instead of prescribing dopamine agonists (in the
case of macroprolactinoma) [28]. The hook effect impacts only
sandwich immunoassays, and sample dilution will reveal the
presence of excess analyte; with serial dilutions, the concentra-
tion of the analyte will increase until two coherent successive di-
lutions are obtained. Manufacturers tend to use excess Abs or
reduce the required sample volume to minimize possible Ab sat-
uration and the frequency of the hook effect. Table 2 presents
recent examples of reported cases of the hook effect for hormone
concentration measurements.

Interfering Abs

Endogenous interfering Abs are highly heterogeneous in nature
and in their interference mechanisms. The problem induced by
endogenous Abs that can inhibit either the Ag—Ab complex sep-
aration (at the end of incubation in the reaction mixture) or the
signal development will be addressed in subsequent sections
(Their impact on these steps gives them the ability to affect mul-

3 Labeled Ab
Y Capture Ab
® Measured molecule

@ No or little immunocomplex
formation (false negative)

Hook effect in Sandwich Immunoassay

Fig. 2. The hook effect in sandwich immunoassays. The excess Ag saturates both capture and labeled Abs; no or little amount of the Ab—

Ag—Ab complex is formed, leading to false low results.
Abbreviations: Ab, antibody; Ag, antigen.
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tiple immunoassays simultaneously in a bidirectional way). This
section discusses other interfering Abs, including those affect-
ing immunocomplex formation or analyte recognition, directed
against animal reagent Abs or the analyte itself.

Table 2. Examples of reported cases of the hook effect for hormone
measurements

Measured .
X Actual concentration
Analyte concentration . Reference
o after serial dilution
before dilution
Prolactin 164.5ng/mL 26,000 ng/mL Frieze, et al. 2002
(macroadenoma) [28]
Calcitonin 182 ng/L 450,000 ng/L Schiettecatte, et al.
2016 [193]
Thyroglobulin 3.8 ng/mL 207,855 ng/mL Hillebrand, et al.
4.6 ng/mL 140,462 ng/mL 2020 [194]
HCG Low/normal 5,899,478 mlU/mL Cormano, et al. 2015
(gestational [195]

trophoblastic disease)

Abbreviation: HCG, human chorionic gonadotropin.
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Heterophile Abs and anti-animal Abs

Heterophile Abs are polyclonal Abs found in human samples
that can react with assay reagent Abs obtained from different
species. They may lead to false high (mostly) or false low results.
Studies on the prevalence of this interference in immunoassays
have yielded values ranging from 0.4% to 0.5% [29, 30].

The definition of heterophile and human anti-animal Abs [HAAA;
mostly human anti-mouse Abs (HAMAS)] is confusing and over-
lapping among studies, because some authors have used the
term “heterophilic Ab” to refer to any endogenous interfering
Ab, regardless of the mechanism. Heterophile Abs are typically
of human origin, endogenous, and weakly poly-specific Abs;
they are considered to occur naturally and are able to react with
Abs from multiple species. In contrast, HAAAs are monospe-
cific, high-affinity Abs, which can appear after exposure to ani-
mals or animal products, viral or bacterial infections, in an auto-
immune clinical context, or without any identified cause. Their
interference mechanism is, however, similar to that of hetero-
phile antibodies. In laboratory practice, the term “heterophile
Ab” is typically used whenever an endogenous Ab is suspected

9 Competitive immunoassay

® Y Capture Ab
. Interfering Ab
. « Measured molecule
\Y/4 A\Y/4 - Labeled molecule

(@ Antibodies against capture
Ab (false positive)

(2 Antianalyte (labeled or not)
Ab, causing lower signal
(false positive)

Fig. 3. Mechanisms of Ab interference in immunoassays. (A) In sandwich immunoassays, the Ab

can (1) cross-link the capture and detection Abs (false positive), and (2, 3) prevent the formation of
the Ab—Ag—Ab complex by blocking the Abs or the analyte (false negative). (B) In competitive im-

@ Antibodies against analyte
(false negative)
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munoassays, the Ab can block the capture Ab or the analyte giving false high results.
Abbreviations: Ab, antibody; Ag, antigen.
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to bind to the assay Abs [29, 31]. Knowledge of previous expo-
sure to diagnostic or therapeutic Abs is important; the term
“heterophile” should theoretically be used only when there is no
evidence of exposure to animal Ig [31, 32]. Heterophile Abs can
be of the 1gG, IgM, or IgA isotype. Although they bind mostly to
the Fc region of the assay Abs, there are reports of these inter-
fering Abs binding to other parts of the assay Abs (such as the
idiotope or the hinge region) [33, 341.

The Ab interference mechanism varies depending on the as-
say design. In sandwich immunoassays, a heterophile Ab can
form a bridge between capture and labeled Abs (cross-linking
the two Abs), resulting in false-positive interference in most cases
(Fig. 3A-1) [35]. Rarely, a heterophile Ab can prevent formation
of the Ag—Ab complex by binding and blocking only one of the
assay Abs, preventing binding of the analyte through steric ef-
fects, resulting in false-negative interference (Fig. 3A-2) [32, 36].
Although this interference mostly concerns sandwich immuno-
assays, in competitive immunoassays, the interfering Ab can
also give false high results by blocking the capture Ab (thus de-
creasing the assay signal) (Fig. 3B) or false low results [37-39].
In rare cases, heterophilic Ab interference can affect multiple
hormone immunoassays simultaneously [37, 39-41].

HAAAs differ from heterophile Abs by being theoretically spe-
cific to a species and having higher avidity. Anti-animal Abs (IgG,
IgM, IgA class, anti-isotype, and anti-idiotype specificity) include
human anti-mouse, anti-rabbit, anti-goat, anti-sheep, anti-cow,
anti-pig, anti-rat, and anti-horse Abs, and those with mixed speci-
ficity [32]. HAAAs can be transient, lasting from a few days to
several months or years [42, 43]. These arise because of iatro-
genic and non-iatrogenic causes of exposure to animal Ags. The
exposure can happen to a variety of workers, such as animal
breeding facility workers, laboratory animal technicians, and butch-
ers, as well as from pets and dietary sources [44, 45]. Since mu-
rine mAbs are used for medical purposes, HAMAs are the most
commonly encountered interfering HAAA type.

The reported prevalence of HAAA interference of less than
1% might seem low, but the impact can be greater than expected
when considering the prevalence of the disease being diagnosed
based on the immunoassay results. Ismail [46] showed that at a
0.4% probability of analytical interference for subclinical hypo-
thyroidism with a 2% prevalence (for both sexes at all ages), only
83% of the results are diagnostically correct, meaning that 17%
of the cases will be falsely diagnosed.

There has been recent revolutionary progress in immunother-
apies for treating cancers, autoimmune diseases, and other clini-
cal conditions. As of December 2019, the United States Food

https://doi.org/10.3343/alm.2022.42.1.3
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and Drug Administration agency has approved 79 therapeutic
mAbs [47]. This increases the possibility of Ab-related interfer-
ence, because a therapeutic Ab can act as an Ag leading to the
generation of HAMAs. Immune checkpoint inhibitors can induce
real endocrine disorders such as dysthyroidism, hypophysitis,
and adrenal insufficiency, and thus represent a crucial problem.
The discordant clinical picture with laboratory results raises the
question of possible interference in immunoassays, especially
when the mAb used in treatment is not completely humanized;
the probability of detecting HAAAs is theoretically 90% for a mu-
rine mAb, 40% for a chimeric mAb, and 10% for a humanized
therapeutic mAb [48, 49]. In 2010, Koshida, et al. [50] devel-
oped an assay for HAMA, and recorded 11.7% positive samples
among inpatients and outpatients. A very small percentage of
HAMAs will produce an erroneous result. However, the number
of potential errors with clinical consequences is worrisome ow-
ing to the vast number of immunoassays performed [51]. For
example, Jonklaas [52] reported a case of falsely elevated free
thyroxin (FT4) concentration in a patient after starting treatment
with checkpoint inhibitor murine mAbs for metastatic melanoma.
Interestingly, heterophile Ab interference was recently reported
in PTH and Tg immunoassays for three patients after the trans-
fer of ex vivo-expanded natural killer cells [53].

Rheumatoid factors (RFs)

RFs can interfere with immunoassays via the same mechanisms
as those of heterophile Abs. RFs are predominantly of the IgM
isotype, which interact with the Fc part of human IgG but can
also react with that of different species with variable affinity, al-
though their affinity seems to be low with mouse IgG [54]. RFs
are found in more than 70% of patients with rheumatoid arthri-
tis and other autoimmune diseases. The RF concentration can
also increase during infection with inflammation.

RFs can be measured in suspected samples and eliminated
by different techniques. Astarita, et al. [55] reported a case of
interference in Tg concentration measurements in a woman with
differentiated thyroid cancer and a rheumatoid arthritis history,
where detectable Tg became undetectable after eliminating RFs
through polyethylene glycol (PEG) treatment. RF interference
can affect multiple parameters simultaneously; Mongolu, et al.
[56] reported the case of a 60-year-old male patient with a his-
tory of rheumatoid arthritis, who had high serum concentrations
of luteinizing hormone (LH), follicle-stimulating hormone (FSH),
sex hormone-binding globulin, prolactin, human chorionic go-
nadotropin (HCG), and TSH. They suspected assay interference
and performed further tests after eliminating RFs, which revealed
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normal hormone concentrations.

In most cases, comparison with alternative immunoassay re-
sults is useful when suspecting Ab interference, as the interfer-
ing Ab is most potent with the Abs of a specific class/subclass
or isotype, resulting in strikingly different results with different
methods [57]. Dilution tests lacking linearity, use of heterophile
blocking tubes (HBTs), and protein A pretreatment are also use-
ful to demonstrate that a result is erroneous [39]. However, no
single test can be used as evidence or to rule out an erroneous
result [26].

To reduce such interference, manufacturers have developed
some strategies such as inclusion of non-immune animal Ig from
the same species as reagent Igs, aggregated Ig, use of chime-
rized or humanized Abs, or two F(ab) fragments instead of in-
tact Ig on their solid phase [26, 29]. However, heterophilic Abs
are highly heterogeneous in nature, their concentrations vary
largely between patients, and no blocking reagent/method is
completely successful in preventing such interference. Although
the frequency of heterophilic Ab interference may be declining,
recent reports concerning erroneously elevated concentrations
of PTH, FSH, LH, and prolactin demonstrate that this type of in-
terference can still occur with any immunoassay [58-60].

Anti-analyte Abs and macro-analytes

Prolactin

An Ab can bind to the analyte in vivo altering its half-life and
physiological role, while preserving its antigenicity, or can inter-
fere directly with the in vitro immunoassay. Circulating mono-
meric prolactin can bind to IgG Abs in vivo, resulting in an inac-
tive form with a much longer half-life, now termed “macropro-
lactin,” and giving higher prolactin concentrations in immunoas-
says. This can lead to the physician/gynecologist pursuing un-
necessary explorations in approximately 4-10% of women [35,
61, 62]. The macroprolactin complex is a source of interference
in prolactin immunoassays and commonly results in the misdi-
agnosis of hyperprolactinemia. Removal of macroprolactin by
precipitation with PEG is an effective technique to identify such
interference but is unfortunately not universally employed due
to the manual nature of the procedure [63]. A possible explana-
tion for the development of these anti-prolactin Abs is post-trans-
lational modifications that give rise to immunogenicity and the
development of anti-prolactin autoAbs [64]. Another form of cir-
culating prolactin is the result of auto-polymerization of prolactin
in vivo, yielding large prolactin molecules that can be measured
with different immunoassays. Macroprolactin can react in all
prolactin immunoassays, albeit to different extents, which might
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be related to the degree to which the prolactin epitopes are ex-
posed in the macroprolactin complex [35, 63, 65]. Clinical labo-
ratories should implement a validated screening procedure to
exclude macroprolactinemia in all patients presenting with hy-
perprolactinemia. PEG precipitation allows for the production of
an lg-free sample, which is effective in a variety of hormone im-
munoassays (prolactin, TSH, and FSH), resulting in at least 60%
recovery. Since PEG precipitation is non-specific, some amount
of the analyte is lost due to co-precipitation. PEG reduces sol-
vent availability due to which proteins solubility is exceeded, lead-
ing to their precipitation [66]. However, the precipitation of IgA
is only partial; a case of IgA macroprolactinemia with a false-
negative PEG screening test was reported [63]. Since the pres-
ence of macroprolactin can change over time, an assay to de-
tect macroprolactinemia should be repeated and macroprolac-
tin might still develop even if it has been excluded previously [67].

Other macrohormones: macro-FSH, macro-LH, and macro-TSH

Similar to macroprolactin, macro-FSH, macro-LH, and macro-
TSH can be identified, although they are less common. Macro-
TSH was detected in 0.17% of infertile women with the PEG
screening test, although the pathogenesis was not fully clear
[68, 69]. Commercial TSH immunoassays recognize macro-
TSH, resulting in a false diagnosis of hyperthyrotropinemia [35,
69]. PEG precipitation, dilution, and recovery tests could be
useful in detecting this situation [70]. This finding has also been
observed in euthyroid neonates due to transplacentally transmit-
ted maternal anti-TSH Abs [71, 72].

Thyroglobulin (Tg)

In Tg immunoassays, the binding of Tg to an anti-Tg autoAb
prevents the formation of many sandwich immune complexes
with the assay Abs, which can underestimate Tg concentrations
(Fig. 3A-3); anti-Tg Ab interference is the most serious problem
currently limiting the clinical utility of Tg immunoassays [73].
Current guidelines mandate that every Tg immunoassay include
anti-Tg testing, and the indirect Tg recovery approach can also
be useful to detect interference, regardless of the cause [73-75].

Insulin

Insulin auto-immune hypoglycemia is an under-recognized pa-
thology, which is common in Japanese patients (Hirata’s dis-
ease) but rarer in Caucasians [76]. Anti-insulin autoAbs have
heterogeneous clinical and analytical consequences [77]. These
Abs are a cause of misleading and discordant results between
different insulin immunoassays (with either highly elevated or
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normal results). Assaying for insulin Abs is therefore needed for
the differential diagnosis of hypoglycemia in non-diabetic pa-
tients [78].

Fibroblast growth factor 23 (FGF23)

The most frequent heritable disease involving FGF23 is a variant
in the phosphate-regulating endopeptidase homolog X-linked
(PHEX) gene, causing X-linked hypophosphatemia (XLH), with
a clinical presentation of rickets/osteomalacia, growth retarda-
tion in children, demineralization, and bone pain. This loss-of-
function variation leads to the upregulation of FGF23 production
from the bone and resultant kidney phosphate wasting. Recently,
the anti-FGF23 Ab burosumab emerged as a breakthrough ther-
apy for XLH, targeting the chronic upregulation of FGF23. Buro-
sumab is a fully human IgG1 mAb that binds intact FGF23. In
vitro, burosumab inhibits recognition of the intact FGF23 mole-
cule by preventing binding of one or both reagent Abs in sand-
wich two-site assays, indicating that the intact FGF23 molecules
were no longer recognized in vitro [79].

Free thyroid hormones

The interfering anti-analyte Ab can also bind to the labeled ana-
lyte in vitro in competitive immunoassays. In one-step free thy-
roid hormone immunoassays, the presence of thyroid hormone
autoAbs may induce spuriously elevated results (Fig. 3B-2). Im-
munoassays show diverse sensitivities to this pitfall, inducing
variable magnitudes of interference [70, 80-82]. In vivo, the free
thyroid hormone Ab seems to behave like another endogenous
binding protein. The frequency of anti-T4 and anti-T3 autoAbs
specifically relates to autoimmune thyroid disorders such as Hashi-
moto thyroiditis and other autoimmune diseases (e.g., lupus er-
ythematosus, vitiligo) [80, 83-86]. These autoAbs can be induced
by interferon-a therapy or can be transient and associated with
Epstein-Barr-virus infection [87, 88]. Radiolabeled T4 (or T3)
incubation followed by PEG precipitation can be useful when
suspecting this type of interference [81, 82, 841.

Interference affecting immune complex separation

To help separate the reagent Abs from the reaction mixture, the
streptavidin—biotin interaction is a rapid, efficient, and conve-
nient method. The biotinylated Ab or Ag is separated on a strep-
tavidin-linked solid phase, and this method has been widely ad-
opted by many manufacturers. Any interferent that prevents the
separation of immune complexes, will affect this interaction and
potentially disturb multiple immunoassays. Either biotin or anti-
streptavidin Abs (ASA) can be involved in the mechanism of this
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type of interference.

The biotin problem

Biotin interference has been recognized for decades, but only in
the context of rare hereditary metabolic disorders [89]. How-
ever, in the last four years, the combination of the widespread
use of streptavidin-biotin technology, and the more frequent
therapeutic or non-therapeutic use of supraphysiological doses
of biotin have led to numerous reports of erroneous hormone-
and non-hormone immunoassay results [90-93]. Biotin can in-
hibit immune complex separation, leading to opposite erroneous
results of falsely elevated or depressed hormone concentrations
in competitive or sandwich immunoassays, respectively, using
techniques involving streptavidin-biotin separation [90, 92, 94].
This bidirectional behavior with opposite effects may mimic an
endogenous endocrine pathological condition, representing a
special challenge for endocrinology assays: results seemingly
consistent with a biochemical diagnosis of hyperthyroidism can
be obtained indicating a “perfect storm” [falsely elevated con-
centrations of FT4, free T3 (FT3), anti-TSH receptor Ab, and
falsely lowered TSH concentration] [91, 92]. Vitamin D intoxica-
tion, testosterone-producing tumors, hyperandrogenism, hyper-
corticism, or PTH suppression have also been reported as “fake
news” related to high biotin intake [95-100]. Conversely, some
real endocrine disorders, including primary hypothyroidism, may
be missed because of biotin distortion of the assays lowering the
elevated TSH concentration [89, 101, 102].

Biotin therapy can be prescribed in dermatology for the treat-
ment of various hair, nail, and skin disorders [103]. However,
there is limited clinical evidence on its efficiency, except in bio-
tin deficiency, which is a very rare situation since biotin recom-
mended intake of 30 pg/day is easily obtained from a normal,
balanced diet [104]. Over-the-counter biotin supplements with
moderately high doses (1-30 mg/day) are widely available and
are now glamorized by popular media. Despite limited benefits
for the treatment of hair loss or skin and nail health, the popu-
larity of biotin appears to be important [105]. Most patients fail
to mention taking this supplement to their physician, because it
is not seen as a “real treatment,” and some patients are not aware
of the composition of the dietary supplement. Since February
2019, the European Medicines Agency imposed including a
warning message concerning the risk of erroneous laboratory
results, which must accompany any biotin supplements con-
taining biotin dose higher than 150 pg (popular vitamin cock-
tails, containing the usual 30 pg recommended daily intake, will
not induce any in vitro laboratory distortion with any assay) [106].
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The worldwide prevalence of high-biotin supplement use is not
well-known but seems to be country-dependent. Some studies
have evaluated the biotin concentration in patient samples from
different countries. A study quantifying biotin in plasma samples
from emergency department patients in the USA showed that
7.4% of samples had a biotin concentration at or above 10 ng/
mL (considering a low threshold, above which interference will
occur for the most sensitive immunoassays) [107]. In Australia,
0.8% (4/490) of patients sampled presented with a biotin con-
centration above 10 ng/mL, whereas in the Netherlands, this
percentage was estimated to be 0.2% [108, 109]. In the UK, no
patients presented with a biotin concentration above 2.5 ng/mL
in a group of 524 patients examined in 2020 [110].

Recent therapeutic protocols involving very high doses of bio-
tin (300 mg) for progressive multiple sclerosis have highlighted
the biotin problem in the last four years [111]. Since the most
recent studies (by the end of 2020) showed the ineffectiveness
of these very high doses for progressive multiple sclerosis, with
a risk of erroneous laboratory results and associated negative
consequences, these protocols will now be abandoned [112,
113]. Lastly, hospital departments specialized in the detection
of inborn errors of metabolism use biotin in their protocols for
several biotin-responsive medical conditions such as biotinidase
deficiency, holocarboxylase synthetase deficiency, and biotin-
thiamine basal ganglia disease, with high biotin doses being
prescribed [102, 114-116]. The biotin-associated risk is rele-
vant in neonatal care, as biotin can be empirically (and tempo-
rarily) prescribed for neonatal epileptic encephalopathy [117].

For susceptible methods, the magnitude of error is proportional
to the free biotin concentration in the sample; for very high doses
of biotin, extreme pathological results may be recorded [118].
The most problematic situations are high doses administered
for inborn errors of biotin metabolism, multiple sclerosis, and
kidney failure, since biotin is mostly eliminated through the kid-
neys [99, 101, 119, 120]. With moderately high intake such as
10 mg (for cosmetic purposes), the extent of analytical error is
less remarkable as far as endocrine assays are concerned, but
these doses remain a main source of confusing erroneous re-
sults. The major determinants of such errors for susceptible im-
munoassays are the biotin dose, time elapsed since last intake,
and kidney function if altered. The maximum biotin concentra-
tion is observed approximately 1.5 hours after intake, and the
half-life of biotin is 15 hours on average [121-124]. The suscep-
tibility of different immunoassays involving streptavidin-biotin
separation is also highly variable.

Different strategies have been proposed to minimize the risk
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associated with biotin for susceptible methods [125, 126]. Each
laboratory should evaluate this risk according to methods used
and specific recruitement (e.g., inborn errors of metabolism)
[90]. The reformulation of immunoassays for biotin-resistant
methods is successfully progressing, but many biotin-suscepti-
ble methods remain in widespread use [127].

While waiting for these improvements, public education and
patient awareness of this issue are necessary. Because of this
new situation, a component that can interfere with laboratory
assays is continually being absorbed by a significant number of
patients. Therefore, inquiry about biotin intake has become a
key question. Patients who need laboratory assays should be
notified to refrain from taking any supplement and allow several
hours or days to “wash out” any residual biotin. Since the wash-
out period needed will vary according to the assay performed,
no single recommendation can be given for the time of washout
[93, 122].

In patients with inborn errors of metabolism, biotin adminis-
tration cannot be stopped, and in case of emergencies, it is not
possible to wait for hours or days for biotin clearance; therefore,
a contingency procedure must be established by the laboratory
for these cases if the methods in use are susceptible to biotin
interference [118].

Not all laboratories have the capability for biotin measurements,
making it difficult to identify supra-physiological biotin intake;
dilution tests and neutralization assays can help when suspect-
ing this problem in a patient [120, 128, 129]. Some biotin-sen-
sitive tests have been used as “biotin-detecting tests,” (e.g., false
high testosterone measurements in women, false high estradiol
measurements in men) [130]. Once biotin interference is identi-
fied, it should raise the possibility of other affected results for this
patient.

ASAs

ASAs in a patient’s serum can cause the same bidirectional in-
terference as found for biotin (i.e., falsely lowered in sandwich
immunoassays and falsely increased in competitive assays). Un-
like biotin, this interference is endogenous and is thus suspected
to be non-transient. Given the possibility of interference for an
extended time, cautioning the patient is necessary to provide in-
formation on the potential effect of this Ab on future medical ex-
aminations and to avoid the risk of future inappropriate treatments
or investigations [131]. The seroprevalence of ASA seems to be
higher than previously thought [132, 133]. Interference analysis
in samples from 42 patients presenting with discordant thyroid
assay results with a streptavidin-biotin methodology, 34 cases
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were found to be due to ASA [133]. In another study involving
an anti-cyclic citrullinated peptide assay, 0.6% of the patients
presented with a false-positive result due to the presence of ASA
[134]. The mechanism of appearance of this Ab is still not elu-
cidated. Streptavidin is produced by Streptomyces avidinii, a
soil microorganism, and the circumstances that could lead to
immunization are unknown. Based on the cases reported to
date, the interferent will have a more pronounced effect on com-
petitive immunoassays than on sandwich immunoassays; for
example, FT3 and FT4 concentrations could be overestimated,
whereas the TSH concentration could be apparently lowered,
but not fully suppressed, as should be recorded in a real hyper-
thyroid patient sample. This Ab is less potent than biotin (with
extremely high affinity for streptavidin, and higher than any Ag—
Ab binding). The lack of TSH suppression, associated with dra-
matically high “thyroid hormone” concentrations, will be noticed
and evoke the syndrome of inappropriate thyrotropin secretion
[131, 135-137]. By affecting a common step in immunoassays,
as for biotin, multiple erroneous results can be recorded [131,
133, 137, 1381.

Interference affecting signal generation or quantification
Rarely, the affected element in the immunoassay is the mole-
cule that is supposed to generate the signal to enable quantifi-
cation of the analyte. In some patients, an interferent present in
vivo will inhibit the production of a measurable signal. For ex-
ample, interference from the ruthenium signal led the manufac-
turer to modify and improve the ruthenium label and linker, as
well as to add Ab polymers to block anti-ruthenium substances.
The interfering factor could be an anti-ruthenium Ab or some
unidentified substance [139, 140-143]. The anti-ruthenium
component diminishes the amount of signal, resulting in false
high or false low analyte concentrations, depending on the as-
say format. The magnitude of interference in competitive immu-
noassays (particularly FT4 and FT3) seems to be more impor-
tant than that in sandwich immunoassays, indicating that the
thyroid profile may evoke the syndrome of inappropriate TSH
secretion [140, 142, 143]. When the presence of an anti-ruthe-
nium Ab is confirmed, the origin of the immunization is not known.
Buijs, et al. [140] proposed that anti-ruthenium Abs might be
induced by the intake of ruthenium from the food chain or fol-
lowing exposure to residues on clothing (as ruthenium is used
in the dying industry). It is also possible that the immune reac-
tion against ruthenium (or ruthenium binding to the immunoas-
say reagent) is coincidental.

Other cases of interfering Abs directed against other labels

https://doi.org/10.3343/alm.2022.42.1.3

ANN
LAB
MED

have been sporadically reported in competitive assays using
method-specific labels [144, 145]. These include falsely ele-
vated androstenedione concentrations owing to Abs against the
horseradish peroxidase label and erroneous estradiol and estriol
concentrations due to anti-bovine alkaline phosphatase Abs,
which can induce both positive and negative interferences be-
cause of the heterogeneity of available epitopes. Synthetic alka-
line phosphatase (asfotase alfa) is a pharmacological recombi-
nant alkaline phosphatase that is approved as the first therapy
for hypophosphatasia, a rare inherited disease; a patient taking
asfotase alfa will show a false low testosterone concentration in
alkaline phosphatase-conjugated immunoassays. The proposed
mechanism is that elevated phosphatase is not sufficiently re-
moved during the washing step, and a falsely elevated signal
will be produced, translating to a false low testosterone concen-
tration because of the competitive design [146]. Fluorescein,
used for ophthalmologic angiography examination, can also dis-
turb fluorescent signal measurement in immunoassays involving
a fluorescence measurement [147, 148].

Other conditions that affect immunoassays

The presence of particular proteins within the biological sample
can disturb Ag-Ab binding and the awaited equilibrium and can
induce laboratory test distortion.

Monoclonal gammopathies

“Paraproteins,” specifically monoclonal Igs, can affect Ab bind-
ing and cause interference in TSH immunoassays, either by
hindering the recognition of the Ag by binding to an idiotope of
a reagent Ab or by behaving like a heterophilic Ab [149, 150].
The interference caused by these mAbs can be transient and is
method-specific [150, 151]. HBT can efficiently remove these
mAbs or can fail to reduce such interference [150-152]. Dilu-
tion tests may or may not be efficient in demonstrating the pres-
ence of interference [150, 152, 153]. A recent study demon-
strated complex interference in some 25-hydroxy (OH) vitamin
D immunoassays in eight patients, involving paraproteins (IgG,
IgM, or IgA) [154]. An effect of the dissociation agent (added to
release 25-OH vitamin D from its binding proteins), leading to
precipitation, is evoked in the presence of the monoclonal com-
ponent. This underlines the complexity of some interfering mech-
anisms, although simple PEG precipitation was found to be ef-
fective in removing the interference. The extent of interference
seems to correlate with the concentration of the monoclonal com-
ponent in some case reports [152, 155].
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Binding proteins and free hormone measurements

Free hormone measurements are aimed at avoiding the influ-
ence of binding proteins and to obtain a better estimate of hor-
mone actions compared with total hormone measurements. Al-
though free thyroid hormone assay accuracy has been greatly
improved in recent decades owing to the improvement in meth-
odologies and tracers, their fragility remains evident for some
patient groups such as patients with non-thyroidal illness (NTI),
pregnancy, familial dysalbuminemic hyperthyroxinemia (FDH),
and those presenting with thyroid hormone Ab (see the anti-an-
alyte Abs section) [156]. The first two conditions (NTI and preg-
nancy) represent an analytical challenge because of the large,
adaptive modifications of binding proteins, and free thyroid hor-
mone estimates in these conditions remain a subject of debate
[156]. FDH is a dominantly transmitted condition, in which an
albumin variant is present with increased affinity for T4 (approx-
imately 60-fold). This syndrome does not cause disease, is as-
sociated with increased circulating total T4 concentrations, and
is a source of spuriously elevated FT4 concentrations (possibly
associated with elevated FT3 concentrations) [157]. Current
free thyroid immunoassays frequently produce artifactual re-
sults, although with varying susceptibility, irrespective of a two-
step or a one-step design [158, 159]. The prevalence of FDH in
the Caucasian population is estimated at 1 in 10,000 patients
with the prevalence in patients of Hispanic origin being much
higher (1.0-1.8%), whereas this condition was reported to be
extremely rare in Japan [160-162]. The R218H albumin variant
is the most frequent in FDH, although R218P and R218S can
also be detected. FDH can mimic the biochemical picture of in-
appropriate TSH secretion (whether due to resistance to thyroid
hormone or to TSH-secreting pituitary adenoma) and seems to
be an underdiagnosed entity; therefore, strategies have been
established to avoid this pitfall [163, 164]. FDH can be identi-
fied by radiolabeled T4-binding electrophoresis and albumin
gene sequencing [1571.

Free testosterone concentration measurements are very chal-
lenging, and direct methods using an “analogue” tracer are a
subject of caution and not widely recommended in clinical guide-
lines. Equilibrium dialysis and ultrafiltration methods are consid-
ered the gold standards to separate the bound form from free
hormone. However, these methods are labor-intensive and pres-
ent many technical issues; further, they lack common reference
ranges and are not widely adopted in routine clinical laborato-
ries [165, 166]. Several equations have been proposed to esti-
mate the calculated free testosterone concentration in both men
and women [166].
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Complement

Negative complement interference can cause an increase in
AMH concentrations in stored sera as compared with the results
in fresh sera [167]. An interaction between complement fraction
Clg and the immobilized anti-AMH capture Ab is followed by
activation of the complement cascade pathway, with C3 cleav-
age and C3b deposition. The steric hindrance from this complex
prevents AMH binding to the capture Ab. This assay is particu-
larly susceptible due to the use of the 1gG2a isotype as the cap-
ture Ab since this Ig has potent complement-activating abilities
[168]. This problem is now avoided with the use of EDTA sam-
ples or EDTA-containing buffers to pre-dilute the sample, which
reduces interference from calcium-modulated complement ac-
tivation.

CIRCUMSTANCES OF SUSPICION OF
INTERFERENCE IN CLINICAL LABORATORIES

Analytical artifacts must be considered in one or more of the fol-
lowing situations [10]: (1) lack of coherence with the clinical
presentation and other investigations, such as a thyrotoxic bio-
chemical profile in a clinically euthyroid patient, undetectable
FSH/LH in a young patient who has completed puberty with no
signs of gonadotrophin deficiency, or normal prolactin in a pa-
tient with a known prolactin-secreting tumor [28]; (2) extremely
unusual analyte concentrations, even in pathological states; (3)
disrupted normal physiological regulatory feedback loops, evok-
ing, for example, the very rare syndrome of inappropriate TSH
secretion [163]; (4) inconsistent laboratory results obtained by
different analytical methods, since the analytical errors are often
method-dependent (notably for the streptavidin—biotin separa-
tion methods or signal-specific methods [57, 142]); (5) different
results from anterior assays without any possible explanation,
such as therapeutic-induced evolution.

Cases in which the results are falsely normal or slightly abnor-
mal, although clinically plausible, are more difficult to detect [30,
51]. Laboratories must pay special attention to certain patient
groups (e.g., those with hereditary disorders or autoimmune dis-
orders, and those receiving immunotherapy or neurosurgery).
Some external quality assessment schemes have specifically fo-
cused on some of the interference types reviewed herein (e.g.,
macroprolactin, pegvisomant therapy, proopiomelanocortin, HCG
hook effect, and biotin) to raise awareness on these problems
[5, 95, 169].
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SOLUTIONS IN THE FACE OF SUSPECTED
INTERFERENCE

When laboratory specialists suspect interference, different ap-
proaches are possible. These approaches are general and do
not always identify the exact nature of the interfering agent, wher-
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eas others are more specific. The first question to answer is: “is
there interference?”

Repeating the measurements and then questioning the com-
plete assaying process is the starting step.

Strategies and algorithms have been defined, either in general
or dedicated to thyroid function, Tg, or PTH assays [2, 31, 75,

Table 3. Troubleshooting the most frequent types of immunoassay interference

Interference type Error type |dentification Troubleshooting
Method-specific interference
Biotin Competitive assay: 1 Patient’s file Withdraw biotin if possible, and obtain a new
Sandwich assay: | Adsorption if validated sample
Dilution Test with an alternative method

Anti-streptavidin antibody

Signal-specific antibody interference (anti-
ruthenium, anti-alkaline phosphatase)

Fluorescence signal
Alkaline phosphatase label

Common interference
Hook effect (prolactin, HCG, Tg, calcitonin)
Cross-reaction

Macro analyte (prolactin, TSH, FSH, LH)

Anti-insulin Ab (insulin assay)

Anti-Tg Ab (TG assay)

Burosumab therapy (intact FGF23 assay)
Heterophile Ab, HARA, RF (all assays)

Gammopathy (all assays)

FDH, thyroid hormone autoantibody (FT4, FT3
assays)

Competitive assay: 1
Sandwich assay: |

Competitive assay: 1
Sandwich assay: |

tor
tor

!

Competitive assay: 1
Sandwich assay: 1 or |
(depending on specificity

characteristics)

1

1 or normal

0

0

Mostly 1
| possible

1
1 possible

Adsorption if validated

Alternative method comparison

Fluorescein injection

Recombinant alkaline phosphatase
therapy

Progressive dilutions
Patient’s file, therapeutic information

PEG precipitation
Recovery test
Gel filtration chromatography

Assay anti-insulin Ab
Assay anti-Tg
Patient’s file, therapeutic information

Dilution test

HBT pretreatment

PEG pretreatment

RF assay

RF adsorbent

Adding non-immune Ig

Patients’ file: looking for immunotherapy,
auto-immune context

Dilution test

HBT pretreatment

PEG pretreatment
Protein electrophoresis

Specific assay

Test with an alternative method

Alternative method needed

Obtain a new sample after washout
Obtain a new sample after washout, if possible

Two coherent successive dilutions

Appropriate interpretation
LC-MS/MS control (steroid assays)

Appropriate interpretation and percent recovery
post-PEG

Control TG with LC-MS/MS, if available
C-terminal FGF23 assay, if available
Alternative method needed

Alternative method needed

Notify in patient’s file, alternative methods
needed

TInterferences are either method-specific or common to all immunoassays (although errors of different magnitudes are recorded among the different methods).
Abbreviations: Ab, antibody; HAAA, human anti-animal antibody; FDH, familial dysalbuminemic hyperthyroxinemia; FGF, fibroblast growth factor; FSH, folli-
cle stimulating hormone; FT4, free thyroxine; FT3, free triiodothyronine; HBT, heterophile blocking tube; LC-MS/MS, liquid chromatography coupled to tan-
dem mass spectrometry; LH, luteotropin hormone; PEG, polyethylene glycol; RF, rheumatoid factor; TSH, thyroid stimulating hormone; Tg, thyroglobulin.
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170-172]. The most recent strategies consider the biotin prob-
lem [31, 170]. Each laboratory must validate the interference
testing protocol for each immunoassay, as some methods are
not valid after HBT or PEG pretreatment [173]. Methods involv-
ing a second Ab separation step prohibit the use of any blocking
agent containing a mouse component [174]. Negative controls
(and positive controls if available) are also needed.

A troubleshooting list is proposed in Table 3. This list supposes
that method-specific interference or those related to specific sit-
uations have been identified, such as biotin treatment or new
therapies. A useful approach could be to add a warning of a spe-
cific interference to remind clinicians of a possible pitfall or limi-
tation of the assay (e.g., burosumab in the FGF23 analysis re-
port). When possible, a new sample obtained after a washout
period will be needed if an exogenous interferent is identified in
the therapeutic file of the patient.

Among the different interference types, cross-reactivity is more
or less foreseeable. This is mentioned in the reagent package
insert, because cross-reaction from closely related molecules is
usually tested by the manufacturer (although cross-reaction might
be studied with a single, clinically irrelevant concentration). When
a cross-reaction is suspected, appropriate interpretation of the
result is helpful. In contrast, the presence of endogenous Abs is
unpredictable, sporadic, and may induce complex analytical in-
terference and inaccuracy [153].

Measuring an analyte using another method is very useful
and essential, provided that the methodology used is different;
this implies that an alternative method is available, for example
in nearby laboratories. For steroid immunoassays, liquid chro-
matography coupled to tandem mass spectrometry (LC-MS/MS)
will be the most appropriate control method.

Serial dilution of the sample is the simplest approach when
interference is suspected (or for a hook effect). This could be an
orienting assay and an adapted diluent must be used. Some
immunoassays do not support sample dilution because of the
matrix effect or because they “resist” dilution (e.g., free thyroid
hormone assays) [175]. When applied, the dilution test will dem-
onstrate negative or positive interference. However, it can be
challenging to interpret dilution test results, as some samples
with heterophile Abs can give a linear response (falsely confirm-
ing the original results) or a nonlinear response (potentially caus-
ing false confirmation of suspected interference) [29, 176]. A
dilution test introducing animal serum or Ig (from the same spe-
cies) can be useful [1771].

No single test can identify or rule out interference from an en-
dogenous Ab. Identifying Ab interference might involve the use
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of HBTs (Scantibodies Laboratory, Santee, CA, USA), dilution
test, RF-absorbents, PEG precipitation, and protein A and G pre-
adsorption or the addition of animal serum or Ig (see Sturgeon
[2] for a description of the protocols). The use of three simple
tests (dilution test, HBT pretreatment, and PEG precipitation)
could identify interference in 90% of suspected samples [153].

Samples from patients with a known history of rheumatoid ar-
thritis or other autoimmune diseases associated with RF pres-
ence can help determine the cause of interference. Some com-
mercial assays can detect HAMA-positive samples [178]. Nota-
bly, none of these commercial assays can detect all HAMA clones;
thus, negative results based on these assays do not exclude the
presence of an interfering HAMA [179].

Biotin interference is method-specific and can be simply over-
come by comparing the results with those of a different separa-
tion methodology. The neutralization of biotin or ASA can be ob-
tained with the aid of a high-capacity streptavidin solid phase
[120, 128, 129, 1801. Other particular approaches are as follows:

- Heterophilic Abs are found in serum, plasma, or whole blood.
Such interference is not found in urine; thus, discordant re-
sults with urine, for molecules eliminated in the urine, are an
excellent way to detect this interference (HCG, cortisol) [1771.

- A comparison of results obtained in newborns (e.g., elevated
TSH screening result) with those observed in the mother can
be helpful [71].

- Simultaneous measurements of procalcitonin can be useful
to exclude a falsely elevated calcitonin result due to hetero-
philic Ab interference [1811.

Precise identification of the interferent may require a special-
ized laboratory. For example, FDH requires a specialized tech-
nique using radiolabeled T4 capture by serum protein and albu-
min gene sequencing. Manufacturers can also help identify an
interference.

FUTURE PERSPECTIVES

Improvements in assay design, Ab structure and specificity [196],
and signal generation and detection, with an increasing number
of assays developed to detect more molecules, have made im-
munoassays one of the most used techniques in clinical labora-
tories. However, there has also been a trend to simplify methods
to facilitate automation, and new innovative therapies result in
new interferences.

Some of the major specificity problems in competitive assays
are related to the measurement of steroids and structurally re-
lated compounds. Therefore, many laboratories have started
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using LC-MS/MS for the quantification of these analytes, although
these methods are more expensive and technically demanding
than immunoassays. LC-MS/MS avoids main specificity prob-
lems and also provides multi-parameter quantification in the
same analytical session, allowing for steroid profiles to be gener-
ated with a dramatically reduced sample volume, which is valu-
able for newborns and infants. Unfortunately, these powerful
and reliable measurements are not yet adapted to high-through-
put sandwich assays. As protein and macromolecule assays with
LC-MS/MS become more amenable, the use of immunoassay-
based measurements may decline to improve specificity and ro-
bustness with respect to immunological interference, notably for
some critical assays such as Tg as a major biomarker for the
follow-up and management of differentiated thyroid cancer [75].
While waiting for these improvements, immunoassays, despite
their drawbacks, will still be in general use, at least for a few years,
and the problem of immunoassay interference will persist.

Laboratory knowledge plays a central role in highlighting pos-
sible interference. When a clinician deals with unexpected or in-
coherent results regarding patient conditions, a strong interface
with laboratory specialists facilitates the rapid identification of
incoherent results. Informing the clinical staff of the ever-present
possibility of unexpected sporadic interference, notably from an
endogenous Ab, is needed [2].

When facing unknown interference, which might require more
deep and specialized investigations, feedback from laboratory to
manufacturers enables the manufacturers to actively search for
a solution to the emerging problem and to keep improving the
immunoassay robustness with respect to the risk of interference.
Granting laboratory specialists access to the clinical and thera-
peutic records of patients is important when they suspect and
try to detect interference. Specifically, the notion of biotin or a
specific therapy has become a key question. In addition, the
notion of previously administrated immunotherapies must al-
ways draw the attention of laboratory specialists to the possibility
of Ab-induced interference in immunoassays. Ideally, an inter-
fering therapy should automatically be flagged; thus, minimizing
interference risk can also be achieved by connections between
health information systems and laboratory information systems.

CONCLUSION

Immunoassays are inherently fragile but will remain in practice
for many hormone measurements for years to come. This re-
view outlines the importance of having excellent knowledge of
the design and characteristics of laboratory immunoassays to
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appropriately suspect interference. Changes in medical practice
and development of new therapies and sociological trends (such
as biotin-loaded dietary supplements) might affect immunoas-
say-based diagnoses. New interferents will be identified; there-
fore, laboratory specialists should not ignore or underestimate
immunoassay weaknesses and should establish a bi-directional,
open, and permanent dialogue with clinicians to rapidly identify
any suspected results before making further diagnostic or thera-
peutic decisions.
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