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Abstract

Substances that alter the measurable concentration of the analyte or alter antibody binding can potentially result in immunoassay
interference. Interfering, endogenous substances that are natural, polyreactive antibodies or autoantibodies (heterophiles), or
human anti-animal antibodies together with other unsuspected binding proteins that are unique to the individual, can interfere
with the reaction between analyte and reagent antibodies in immunoassay. Lipaemia, cross-reactivity, and exogenous
interferences due to pre-analytical variation, matrix and equipment reaction also affect immunoassay. Interfering substances
may lead to falsely elevated or falsely low analyte concentration in one or more assay systems depending on the site of the
interference in the reaction and possibly result in discordant results for other analytes. The prevalence of interference is
generally low in assays containing blocking agents that neutralise or inhibit the interference but is often higher in new, untested
immunoassays. A wide range of analytes measured by immunoassay including hormones, tumour markers, drugs, cardiac
troponin and microbial serology may be affected.

Interference in immunoassay may lead to the misinterpretation of a patient's results by the laboratory and the wrong course of
treatment being given by the physician. Laboratories should put processes in place to detect, test and report suspected
interferences. It is equally important that physicians communicate any clinical suspicion of discordance between the clinical
and the laboratory data to the laboratory. The detection of interference may require the use of an alternate assay or additional
measurements, before and after treatment with additional blocking reagent, or following dilution of the sample in non-immune
serum. It is imperative that laboratories inform physicians of the follow-up procedure and report on the presence of any
interference. The establishment of on-going laboratory-physician contact is essential to the continuing awareness of wrong
patient results due to interference. (Clin Biochem Rev 2004; 105-120)

Introduction

Despite the analytical sensitivity of immunoassay and
measurements often being made without the need for prior
extraction, immunoassays may lack adequate specificity and
accuracy.] Specificity is dependent not only on the binding
property of the antibody but also on the composition of the
sample antigen and its matrix, reagent composition, and
immunoassay format. Substances that alter the measurable
concentration of the analyte in the sample or alter antibody
binding can potentially result in assay interference.
Analytical interference is defined as the effect of a substance
present in the sample that alters the correct value of the result.

When interference is present it may be analyte-dependent or
-independent. Analyte-independent interferences refer to the
common interferences of haemolysis, lipaemia and effects of
anticoagulant and sample storage, and are independent of the
analyte concentration. Analyte-dependent interferences in
immunoassays refer to interaction between constituents in
the sample with one or more reagent antibodies. They include
compounds with chemical differences but structural
similarities that cross-react with the antibody, heterophile
antibodies, human anti-animal antibodies, autoanalyte
antibodies, rheumatoid factors and other proteins.
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Interference can lead to falsely elevated or falsely low
analyte concentration depending on the site of the
interference in the immunoassay reaction. The interference
may result in discordant results for one or more analytes, and
may be detected in one or more other assay systems for the
affected analyte. The magnitude of the effect depends on the
concentration of the interfering substance, but not necessarily
in a directly proportional way. Interference affects a wide
range of immunoassay analytes including hormones, tumour
markers, drugs, cardiac troponin, and microbial serology. It
may result in the misinterpretation of a patient’s results from
which the wrong course of treatment is given.3 For example,
human chorionic gonadotropin (hCG) assays have the
potential for misdiagnosis of either pregnancy or malignancy
and unnecessary treatment of non-existent trophoblastic
disease.” Other clinical sequelae of wrong results include
unnecessary further laboratory and clinical investigations,
and unnecessary drug therapy.l13 The consequence of falsely
negative results and subsequent drug overdosing of the
patient is another serious clinical plroblem.]4 It is important to
recognise the potential for interference in immunoassay and
to put procedures in place to identify them wherever
possible.” "

Nature of Interferences

Interfering, endogenous substances that occur in both healthy
and pathological patient samples arise from properties of the
specimen. The sample properties are unique to the patient and
interference results from an interaction with one or more
steps in the immunoassay procedure such that the measurable
analyte concentration in the sample or antibody binding is
altered (Table 1).19'20 Other unsuspected binding protein(s) in
the individual also can cause interference in immunoassay by
interfering with the reaction between analyte and assay
antibodies. In reagent-excess assays in which the two-site
immunometric assay (IMA) is commonly used, there is an

Table 1. Nature of Interferences.

1. Interferences that alter the measurable

analyte concentration in the sample

o Hormone binding proteins

o Pre-analytical factors, e.g.,
anticoagulants, sample storage

o Autoanalyte antibodies

2. Interferences that alter antibody binding
o Heterophile antibodies

a Human anti-animal antibodies

o High-dose hook effect
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increased likelihood of a potential cross-reactant forming a
bridge between the two antibodies. During the antigen-
antibody interaction conformational changes to antigens,
induced by antibodies, may alter the specificity of antibodies.
For these reasons there may be a higher prevalence of
unpredictable cross-reaction in IMAs compared with a
single-site antigen-antibody reaction in reagent-limited
assays.21 Exogenous antibodies given to a patient for therapy
may also compete with the assay antibody for the analyte and
disturb the antigen-antibody reaction resulting in
immunoassay interference, e.g., administration of Fab
fragments derived from anti-digoxin antibodies (Digibind).22

Immunoassays are generally unaffected by sample
haemolysis and icterus unlike other analytes measured by
spectral or chemical means.” However, lipaemia can
interfere in some immunoassays especially those by
nephelometry and turbidimetry.24 Other non-specific,
exogenous interferences can arise from aberrant assay
reagent or equipment interaction with patient sample,
dissimilar reactions for the standard matrix and patient
sample, e.g., sample-induced changes in pH and ionic
strength of the reaction mixture, or from pre-analytical
variables affecting the sample analyte concentration by
physical masking of the antibody label.” Potential sample
carryover due to inadequate assay washing or failure to detect
a sample clot can also result in over- or under-estimation of
values. Samples or assay reagents contaminated with
substances that interfere with measurement of the label, e.g.,
enzyme inhibitors, fluorophores from ophthalmic
examination, or radioimaging isotopes, require removal by
washing.

Cross-reacting species also result in over- or under-
estimation of sample analyte
immunoassay reagent contains antibodies directed toward
molecules other than the antigen of interest. Cross-reaction is
a problem in diagnostic immunoassays where endogenous
molecules with a similar structure to the measured analyte
exist or where metabolites of the analyte have common
cross-reactive epitopes, and where there is administration of
structurally similar medications.” Early hCG immunoassays
were cross-reactive with luteinizing hormone (LH)25 but the
development of more specific antibodies has led to most of
today’s assays for hCG having little or no cross-reaction with
LH. However, cross-reactivity with drugs and their
metabolites is still a problem for the measurement of steroids
by immunoassay. For example, cortisol assays can show
significant cross-reactivity with fludrocortisone derivatives
and result in false-positive cortisol values in patients using
these drugs.26 In immunoassays for drugs of abuse screening,
false-positive interference may occur from medications or

concentration if an
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their metabolites that have similar chemical structures.” For
the monitoring of the transplant anti-rejection drug
cyclosporin A in whole blood, required for dosage adjustment
in patients after heart or liver transplantation, the concen-
tration of the parent drug is used. Immunoassays of
cyclosporin A show cross-reactivity for cyclosporin
metabolites with levels up to 174% higher in individual
patients compared with the HPLC reference method.” In
digoxin immunoassays also, the presence of digoxin-like
immunoreactive factors that are commonly found in renal
failure, liver disease and hypertension, cause interference by
cross-reaction. Falsely low assay results can also occur
when a cross-reacting substance is present in the sample and
a wash or separation step is used in the assay protocol
whereby the cross-reactant dissociates faster than the
analyte.]7 Steimer et al.” initially reported a false-negative
case of digoxin intoxication due to canrenone interference in
a digoxin assay and have since shown that several
steroid-like  compounds, including spironolactone,
canrenone, and their metabolites, cause suppression of
digoxin results in some commercial immunoassays.34
Minimisation of the interference by cross-reacting substances
that are present in a high enough concentration to cause a
false-positive or false-negative result is desirable.”
Interference due to cross-reactivity is highly dependent on
assay specificity, which is not the focus of this paper.

Changes to the Measurable Analyte Concentration in
the Sample

Hormone Binding Proteins

Hormone binding globulins can alter the measurable analyte
concentration in the sample either by their removal from or
blocking of the analyte. For example, steroids can bind to sex
hormone binding globulin%‘37 or cortisol, to cortisol binding
globulin38 and cause decreased free analyte concentration.
Binding of cortisol can be minimised by denaturation of the
binding protein or by the addition of blocking agent.
Displacement of analyte from endogenous hormone binding
proteins, e.g., free thyroxine (FT4) displaced from thyroid
binding globulin by non-esterified free fatty acids (FFAs),
can alter assay equilibrium and either decrease or increase the
analyte concentration. " These FFAs can be generated
in-vitro in non-frozen samples from patients treated with
heparin, secondary to the induction of heparin-induced lipase
activity.‘”'43 Increased serum triglyceride levels can
accentuate this problem.u

Pre-analytical Factors

Binding of cations present in serum, e.g., Mg2+ or Ca2+, to
drugs or proteins can change antigen conformation and the
measurable analyte concentration. Sample type can affect
analyte concentration with differences in results for samples
collected in lithium heparin, EDTA, and sodium
fluoride/potassium oxalate or tubes without anticoagulant
reported for some analytes, e.g., cardiac troponin,
hormones.”" Inappropriate sample type and specimen
processing or storage can change the properties of a sample
over time and affect results. For example, adrenocorti-
cotrophin (ACTH) is reported to be stable in EDTA plasma at
4°C for only 18 hours compared with 18 other hormones that
are stable for >120 hours.”” Increased EDTA concentration
in the sample-reagent mixture due to insufficient sample
volume causes chelation of Mg2+ and Zn2" and can affect
the activity of the alkaline phosphatase enzyme label used in
chemiluminescence assays. Filling of EDTA-sample tubes to
<50% affects intact parathyroid hormone’ and ACTH
measurements by the DPC Immulite assays. The physical
masking of the antibody by lipids and silicone oils present in
some blood collection devices or tubes, or by fibrin in plasma
samples, can physically interfere with antigen-antibody
binding.m’m50 Siliconised plastic tubes caused a 30-60%
decrease in ACTH immunoreactivity by the Nichols Institute
radioimmunoassay (RIA) possibly by interference with
formation of either the biotin-avidin complex or the
antibody-antigen-antibody sandwich.” Conversely, silicone
formed a complex with C-reactive protein (CRP) that
enhanced the antigen-antibody reaction in the Vitros CRP
assay and falsely elevated results.”

Autoanalyte Antibodies

Autoantibodies have been described and can cause
interference in both non-immunoassay and immunoassay
methods for a number of analytes including macro-enzymes
(creatine kinase, amylase), thyroid hormones in both free and
total forrns,mz’53 thyroglobulin,52 insulin,54~55 prolactin,56 and
testosterone. False-positive or false-negative values may
arise, depending on whether the autoantibody-analyte
complex partitions into the free or the bound analyte fraction.
Regardless of whether a reagent-limited or reagent-excess
immunoassay is used, interference from autoantibodies can
occur in both formats.

Autoantibodies to thyroid hormones have been reported in
patients with Hashimoto’s thyroiditis, Graves’ disease,
hyperthyroidism after treatment, carcinoma, goitre and
non-thyroid autoimmune conditions.” The prevalence of
thyroid hormone autoantibodies is dependent on the
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detection system and may be as high as 10% in patients with
autoimmune disease although only a minority of samples
cause interference.” Their presence should be suspected
when FT4 and thyroid-stimulating hormone (TSH) results
appear to be discordant to the laboratory or the clinician.”
Sakata et al. reported that the prevalence of anti-T3 or anti-
T4 antibodies among a healthy Japanese population was
1.8% but that concentrations of free thyroid hormones and
TSH i1519 autoantibody-positive sera were within the normal
range.

Interference is also a problem for thyroglobulin (Tg) assays
with endogenous Tg antibody autoantibodies (TgAb) a major
contributor to such interference and present in up to 30% of
differentiated thyroid cancer patients.60 Falsely low Tg results
can occur by IMAs and falsely elevated results by RIA. This
has led to the suggestion that discordance between IMA and
RIA reésl,ults indicates the presence of assay interference from
TgAb.

The presence of anti-prolactin autoantibodies in the form of
macroprolactin (macro-PRL) can cause hyperprolactinaemia
without pituitary disease and may lead to unnecessary
medical or surgical procedures.56 Macro-PRL is primarily a
macro-molecular complex of prolactin (PRL) and an IgG
antibody directed against specific epitope(s) on the PRL
molecule, and generally is regarded as biologically inactive
because of its decreased bioavailability.62 Smith et al.” report
an incidence of 24% of hyperprolactinaemic sera containing
macro-PRL with differences of 2.3- to 7.8-fold in PRL
concentration observed in ten of these sera using nine
immunoassay systems. There was no single assay that gave a
normal concentration of PRL for all sera in the presence of
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Figure 1. A diagrammatic representation of analyte and
interfering antibody-binding substance (I) binding in a
conventional two-site immunoassay. By linking the capture
and signal antibodies, these multivalent substances produce
an assay signal and result in a false-positive analyte value.
Reproduced with the permission of Clinical Chemistry from
Ref ' 79.

v
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macro-PRL. Whereas the ACS:180 and Tosoh 1200 assays
have similar immunoreactivity towards monomeric PRL,
reactivity is variable for macro-PRL from different
individuals due to differences in the degree to which
macro-PRLs contribute to total serum PRL concentration.”
Laboratories should know how their PRL assay reacts with
macro-PRLs and ideally test for their presence in all patients
with hyperprolactinaemia by gel filtration chromatography or
pre-treatment with polyethylene glycol (PEG). It is important
to both recognise the presence of macro-PRL and provide an
estimate of the monomeric PRL concentration because some
patients with macroprolactinaemia may have clinically
significant, elevated monomeric PRL levels.”

Antibody Interference
Changes to Antibody Binding
Heterophile Antibodies

Heterophile antibodies consist of natural antibodies and
autoantibodies that are polyreactive against heterogeneous,
poorly defined antigens of different chemical composition
and generally show low affinity, weak binding.%'67 Natural
idiotypic antibodies are antibodies produced by an idiotype
(anti-id) that can bind other antibodies. They may affect
antigen binding to antibody in immunoassays by binding to
the antigen and affecting analyte concentration, or by
mimicking the binding of antigen due to its mirror-image
structure.” Anti-ids together with polyspecific and natural or
autoimmune rheumatoid factor (RF), account for most
heterophile interference in immunoassays.%' Interfering,
endogenous antibodies are called heterophile antibodies
when there is no clearly defined immunogen, and the
antibody reacts with immunoglobulin from two or more
species, or has RF activity.m In the case of RF, false-positives
arise by binding of RF to the Fc constant domain of
antigen-antibody complexes if the detection antibody is
labelled anti-human IgG. The presence of RF in serum can
cause false-positives in troponin assays,g’m'73 thyroid function
tests,u’74 and with the detection of HCV-specific IgM.75

Heterophile antibodies interfere with immunoassays by a
non-competitive mechanism. Heterophiles can bind to the
conjugate, enzyme, or other parts of the detection system in
reagent-limited assays, mainly of the non-RIA type, and
cause interference in assays for steroid hormones, thyroid
function tests, and digoxin.mr7x In conventional two-site
IMAs for the measurement of non-immunoglobulin antigen,
heterophile antibody or any multivalent antibody-binding
substance binds animal capture antibody to the detection
antibody and falsely elevates the patient value by producing
an assay signal (Figure 1).” Assays using either polyclonal
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or monoclonal antibodies may be affected. The same
heterophile may react differently for different antibody
combinations hence giving rise to a falsely elevated result in
one assay but a lower result in another assay. The presence of
excess non-human immunoglobulin in the assay reduces the
possibility of the interfering substances binding to the capture
and detection antibody by binding instead to the interfering
immunoglobulin (Figure 2).79 Although manufacturers
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Figure 2. A diagrammatic representation of the elimination
of interference from antibody-binding substances (I) binding
to the reagent antibodies in two-site immunoassays by the
addition of non-human immunoglobulins (Ig), which binds
to 1. Reproduced with the permission of Clinical Chemistry
from Ref 79.

routinely add blocking agent to their assay formulations, not
all heterophile interference can be blocked by non-immune
globulin, including pooled globulin from several species.
Heterophile antibodies may show reactivity to idiotypes that
are not present in the blocking agent. Both I1gG and IgM
heterophile antibodies are reported to occur.

Human Anti-animal Antibodies

Human anti-animal antibodies (HAAA) are high affinity,
specific polyclonal antibodies produced against a specific
animal immunogen whole immunoglobulin of IgG or IgM
class.” They show strong binding with antigen of a single
chemical composition and are produced in a high titre such
that they compete with the test antigen by cross-reacting with
reagent antibodies of the same species to produce a false
signal. HAAA are most commonly human anti-mouse
antibodies (HAMA), but also include antibodies to rats,
rabbits, goats, sheep, cattle, etc. and are reported to occur in
30-40% of patient samples.81 A large number of documented
examples of circulating antibodies produced to animal
immunoglobulins have been reported, with those against
mice, rabbit and goat immunoglobulins important as these
animals are used to produce commercial immunoassay
reagents.80 Mouse antibody is especially prevalent in the

serum of animal workers, patients on monoclonal antibody
for therapy or imaging, and others exposed to mice.
Interfering, endogenous antibodies should be called a
specific HAAA rather than a heterophile when there is a
history of medicinal treatment with animal immunoglobulin
and immunoglobulin from the same species is used in the
immunoassay.69 The nomenclature becomes confusing where
the immunogen is not known and a heterophile antibody is
recognised in mouse or other animal-specific immunoassays.
The term HAMA or other HAAA is often used to refer to
these heterophile antibodies.

HAMA interference has been reported for numerous analytes
including cardiac marker assays,gz’83 thyroid function ‘[ests,mr87
drugs,78 tumour markers.” Two-site IMA methods are more
prone to interference from antibodies to animal IgG in human
serum and may cross-react with reagent antibodies especially
those from the same species. Reaction with both the capture
and detection antibodies forms an antigen-antibody complex
that behaves immunochemically in the same way as the
analyte-antibody complex resulting in false-positive results.
False-negative results can occur in two-site assays also,
presumably due to HAMA reacting with one of the antibodies
and preventing reaction with the analyte.so Methods that use
only one mouse monoclonal antibody in IMA assays are less
prone to interference from HAMA." The interference caused
by anti-animal antibodies can be ecliminated by sample
pre-treatment or assay redesign.gﬂ

High-dose Hook Effect

In IMA systems where the analyte concentration range is
large, antigen-antibody reactions can go into antigen excess
and can result in false-negative results, e.g., ferritin, growth
hormone, hCG, prolactin, Tg,g‘)-93 and potentially lead to
misdiagnosis.91 In particular, for two-site immunoassays in
which both the capture and detection antibody are added
simultaneously, free analyte and analyte bound to labelled
antibody compete for the limited number of antibody-binding
sites and in the presence of higher analyte concentration will
decrease rather than increase label bound to the solid phase.
The high-dose hook effect can be averted by a change of the
sample antigen to reagent antibody ratio either by assay
reformulation or dilution of the sample. For example, a
prolactin concentration of 1500 mU/L increased to 950,000
mU/L when dilutions of the sample were reassayed.92 To
detect a high dose hook effect in Tg assays, it is
recommended that specimens be analysed undiluted and in
1:10 dilution.”
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Table 2. False-positive immunoassay results in a multicentre study of 74 analytes *

Analyte

No.of assay
systems tested

Number (%) of heterophile
false-positives per number
of analyses performed?

Number (%) of false-positives
of uncertain etiology per number
of analyses performed®

Thyroglobulin Antibody 3 2/19 (11%) 4/19 (21%)
AFPe 12 0/105 9/105 (8.6%)
B-hCG + hCG 15 14/281 (5.0%) 26/281 (9.3%)
CA 19-9¢ 10 1/84 (1.2%) 9/84 (11%)
Cortisol 8 0/85 17/85 (20%)
Estradiol 7 3/59 (5.1%) 34/59 (58%)
FSH/LH 12 0/136 9/136 (6.6%)°
Myoglobin 7 28/59 (48%) 0/59
PTHe 4 6/43 (14%) 1/43 (2.3%)
TNI 9 18/156 (12%) 9/156 (5.8%)
TSH 14 10/249 (4.0%) 4/249 (1.6%)

* Heterophile false-positive when immunoassay result was elevated above the reference interval and restored to within the
reference interval by pre-treatment with heterophile blocking reagent, or within the reference interval

but nevertheless reduced by >30% by pre-treatment with heterophile blocking reagent.

® Abnormally increased results that were not restored to within the reference interval by pre-treatment with heterophile

blocking reagent.

¢ AFP, a-fetoprotein

¢ CA 19-9, cancer antigen 19-9
¢ PTH, parathyroid hormone
fTNI, cardiac troponin I

¢ Results were false-negative

Other Proteins

Other proteins that affect antibody binding and can interfere
in immunoassays include complement, lysozyme and
paraprotein. Binding of an IgG kappa paraprotein to a TSH
assay antibody may have sterically blocked the binding of
TSH and led to a falsely low TSH value.” Complement
interferes by binding to the Fc fragment of immunoglobulin
and can block the analyte-specific binding sites on an
antibody. This inhibits the binding of labelled and unlabelled
antigen.20 Lysozyme also binds to immunoglobulin and can
form a bridge between solid-phase IgG and detection
antibody.gl

Incidence of Immunoassay Interference

The prevalence of immunoassay interference is variable and
dependent on the type of antibody interference. It may vary
from 0.05% for interference from heterophile antibody and

HAMA,()5 to 26%,52'66'68'%_99 depending upon the assay and the
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analyte. Approximately 40% of serum samples contain
non-analyte antibody binding substances, with 15%
interference in non-blocked assays.w"mo Ward et al. identified
7 out of 21,000 samples from a hospital population with
heterophile interference and HAMA, the interference being
as low as 0.03% in blocked IMAs. ” However, the addition
of blockers does not guarantee the elimination of
interference. Despite the occurrence of immunoassay
interference having been initially reported in the 19705,10”03
the problem remains today with heterophile antibody
interference frequently detected for new immunoassays when
tested in the field. Preissner et al.” recently reported a high
heterophile antibody interference rate of >1.5% for a new
commercial Tg assay.

The extent of affected immunoassays was highlighted in a
multicentre survey of erroneous immunoassay results from
assays of 74 analytes in ten donors conducted by 66
laboratories in seven countries. Approximately 6% of
analyses gave false-positive results with the potential for
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incorrect clinical interpretation. Of these analyses, 1.8%
(n = 65) of results involving 13 analytes were determined to
be heterophile false-positive while another 4.2% (n = 146) of
results involving 17 analytes gave false-positives of
uncertain etiology that were not restored to within the
reference interval by addition of heterophile blocking
reagent. The blood was from donors with RF-positive
illnesses, multiple sclerosis, or lupus, and had detectable RF
(31 to >1000 kIU/L) and/or HAMA (3-589 ug/L). Examples
of some of the affected analytes are shown in Table 2
Bloods from nine of the ten donors resulted in false-positive
results of uncertain etiology for six of seven estradiol assay
systems (58% of analyses performed) and for two of eight
cortisol systems (20% of analyses). For blood from one
donor, eight of the eleven tested follicle-stimulating hormone
(FSH) and LH assay systems reported false-negative results.
The highest percentage of heterophile false-positive results in
this survey occurred for plasma myoglobin (48% of analyses
performed in two of seven tested assay systems).

Properties of Interfering Antibody Substances

The interfering antibody substances in immunoassay have
several properties in common (Table 3). These include their
uniqueness within any one individual and the ability of the
concentration to change over time within the same individual
due to, e.g., infection, immunisation, blood transfusion, or to
remain permanent, e.g., autoimmune disease, animal
handling, ingestion of animal food products. False-positive
or false-negative results can arise from antibody
interferences compared with quality controls, which remain
unaffected. The interfering antibody substances may be assay-
dependent and interfere within one or more manufacturers’
immunoassay systems, or they may interfere in a number of
immunoassays for different analytes.w8 Because the antibody
source is different in different assays, it may be affected to
varying extents by interfering substances.

Table 3. Properties of interfering substances.

An example of an analyte that may be affected by heterophile
antibody interference in one or more commercial assays is
hCG. Cole and co-workers have highlighted how
false-positive hCG results led to unnecessary further
laboratory and clinical investigations and unnecessary
surgery and/or drug therapy in choriocarcinoma or
gestational trophoblastic disease.” False-positive hCG
concentrations were detected using most of the currently
available, commercial hCG immunoassays (Table 4).6’104
Because the different hCG assays have diverse assay formats
and use antibodies from different animal sources, the
presence of heterophile antibodies may affect hCG tests in
differing ways and produce widely varying results.

Interfering proteins can be low affinity polyspecific
antibodies present in high concentrations or high affinity in
low concentrations. Because these interfering substances
vary from patient to patient, and their concentration may
change from time to time in one patient, they can be difficult
to detect and avoid. Covinsky et al.” showed the multiple
effects on many assays of an interfering antibody from a
patient with an Escherichia coli (E. coli) septicaemia and
how the interference changed with time in the patient (Table 5).
Cardiac troponin I (TNI), measured by the Dade Behring
Dimension-RxL IMA, increased from 8.7 pug/L on day 3, to
220 ug/L on day 7 following admission of the patient with a
urinary tract infection. This was despite any evidence of
cardiac damage and a TNI of <0.4 pg/L by the Dade Behring
Stratus II assay (Table 5). Other assays for TSH, o-
fetoprotein (AFP), cancer antigen-125 (CA-125), and hCG,
measured with the Abbott AXSYM, also gave false-positive
values. Incubation of the sample with the patient’s E.coli
isolate largely adsorbed out the interference. An IgM A
antibody, identified on immunofixation electrophoresis and
produced in response to the E.coli infection, caused the
falsely increased values in the various two-site IMAs.

o  Unique to an individual

concentrations

all assays

o Interfering antibody concentration can change over time within the same individual
o Low affinity polyspecific antibodies can be present in high concentrations or high affinity in low

o Can produce falsely high (false-positive) or falsely low (false-negative) results
o  May interfere within one or more manufacturers' immunoassay systems but not necessarily in

o May interfere in a number of immunoassays for different analytes
a The inclusion of one or more interference blocking agents in manufacturers' immunoassay
reagents may be insufficient to overcome the interference

Clin Biochem Rev Vol 25 May 2004 | 111



Tate and Ward

Table 4. Examples of false-positive hCG results® for different assays in seven patients erroneously diagnosed with

choriocarcinoma or gestational trophoblastic disease

6,104

Patient No® | RIA Abbott Bayer Beckman DPC Dade Behring Serono
AxSYM ACS:180 Access Immulite Stratus MAIAclone
or Centaur
(IU/L) (IU/L) (IU/L) (IU/L) (IU/L) (lU/L) (IJ/L)

1 28 14 9.7 30 - <2 <2

2 <2 68 <2 4.6 <2 <2 2.0

3 10 110 4.5 6.6 4.2 2.6 13

4 11 175 <2 <2 <2 - 7.8

5 - 139 32 - <2 - -

6 - - 12 - 42 - -

7 - - - - - 23 -

-, Not measured
*hCG values 210 IU/L are highlighted

* All false-positive hCG results were identified by finding hCG immunoreactivity in serum but not in a concurrent urine
sample. The addition of heterophile blocking reagent prevented false results

Techniques to Minimise Antibody Interferences in
Immunoassay

Methods for the reduction of heterophile antibody and
anti-animal interferences in immunoassays are shown in
Table 6 and include ways to remove or block the interfering
antibody.m81 The interference can be removed by prior
extraction of the analyte from the sample, e.g., by gel
chromatography, or immunoextracted by the addition of
murine or other animal species serum immobilised onto
Sepharose beads, or the addition of immobilised Protein A
suspension. Alternatively, precipitation with PEG 6000 can
remove an anti-animal interference. Heating to 70-90°C is
useful for heat-stable analytes only.

Addition of low concentrations of serum or immunoglobulin
from the same species as the antibody reagents in the reaction

mixture can prevent interference in some samples by
neutralising or inhibiting the interference (Table 6). The
blocking reagent can be included in the assay diluent or the
sample can be pre-treated with additional blocker prior to
assay. Determination of the exact amount of blocker
sufficient to eliminate interference in all patient samples is
difficult to determine in practice as the immune response to
interfering antibodies is so variable between individuals. The
effectiveness of the added reagent on blocking the
interference depends on the species and subclass of the
blocker. Non-immune serum, species-specific polyclonal
IgG, anti-human IgG or polymerised mouse IgG,
non-immune mouse monoclonals, or species-specific
fragments of IgG [Fc, Fab, F(ab’),] from the same species
used to produce the reagent antibodies, are commonly used
as blocking agents by the manufacturers of kit assays.go’m

Table 5. False-positive results in multiple immunometric assays due to an interference that changed over time®

Analyte /Assay system

Untreated sample

Patient sample pre-treated
with patient's E.coli isolate?

TNI Dade Dimension RxL (ug/L) 235 <2
TNI Dade Stratus Il (ug/L) <0.4 Not done
AFP Abbott AXSYM (ug/L) 41 5
CA-125 Abbott AXSYM (kU/L) 225 14
hCG Abbott AxXSYM (IU/L) 17 <5
TSH Abbott AXSYM (mU/L) 14 14

* Incubation of sample with patient's E.coli isolate for 16-18 h prior to assay
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Table 6. Methods for reduction of interference from heterophile antibodies and human anti-animal antibodies®*

1. Removal of interfering antibody

o  Prior extraction of analyte from sample, e.g., by chromatography

o  Immunoextraction by addition of;

- Murine or other animal species serum immobilised onto Sepharose beads

- Immobilised Protein A suspension
o Polyethylene glycol precipitation (PEG 6000)
o Heating to 70-90°C (for heat-stable analytes only)

. Addition of blocking agent from the same species as the antibody reagents
Non-immune serum, species-specific polyclonal IgG, anti-human IgG or polymerised mouse IgG

Species-specific fragments of IgG [Fc, Fab, F(ab'),]
Heterophile blocking reagents (HBR), immunoglobulin inhibiting reagent (IIR), and antibody blocking

2
a
o Non-immune mouse monoclonals
a
a

tubes

Several  heterophile  blocking reagents (HBR),
immunoglobulin inhibiting reagent (IIR), and antibody
blocking tubes are commercially available."” However, in
some cases addition of one or more of these blocking agents
in manufacturers’ immunoassay reagents is either insufficient
or not successful in preventing interference; approximately
two-thirds of the observed interferences in a multicentre
study were not abolished by blocking agents.98

Detection and Testing for Interference in Suspected
Samples

Processes need to be in place to make both laboratories and
physicians aware of the potential for immunoassay
interference, which can lead to clinical misinterpretation. The
processes include on-going education, review of patient
results in the clinical setting, protocols for the testing of
suspected interference, and notification of interferences both
to the physician and to the diagnostic manufacturer. To
minimise the reporting of false-positive or false-negative
results, a constant dialogue is required between physician and
laboratory about unexpected immunoassay results. In
general, physicians fail to provide sufficient if any clinical
details on request forms and need to be educated about the

Table 7. Testing for interference in suspected samples.

limitations of assays including possible interferences, the
laboratory’s need for relevant clinical notes and medication
information, and the likelihood of a patient’s exposure to
animals or anti-animal diagnostic or therapeutic agents when
taking a clinical history. Physicians should be encouraged to
communicate specifically with the laboratory about
discordance between results and clinical findings. At the
same time senior staff should be proactive in improving the
laboratory-clinical communication link by presentation and
discussion of laboratory data at local journal club meetings, etc.

If a discrepant result is suspected, there are various
procedures that can be implemented to test for the
interference (Table 7). These include analysis of the sample
using an alternate assay that, if possible, employs antiserum
that is raised to a different species and normally gives
agreement between methods. If the interference is due to
mouse immunoglobulin for example, alternate assays should
not use monoclonal mouse antibody reagent because the
assay may also be inaccurate. If a significantly different
result is detected between methods there is the likelihood of
interference. However, agreement between methods does not
necessarily exclude interference nor does disagreement, if
methods lack standardisation and clinical decision limits

o Use of an alternate immunoassay that preferably uses antibody raised to a different species

o Measurement before and after addition of a blocking reagent, especially bovine, or a series of
concentrations of the blocker, or a combination of blockers from different species

o Measurement of dilutions of the sample using the manufacturer's diluent containing
non-immune globulin

a Sample pre-treatment (see Table 6)

o Radioimmunoprecipitation of labelled thyroid hormones to detect anti-T3 and anti-T4 autoantibodies
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Table 8. Procedures to identify a false-positive prolactin result due to a heterophile antibody interference”

Treatment procedure to patient or Patient Control Conclusions
control serum and re-assay by VIDAS sample sample
or alternate assay where indicated Prolactin Prolactin
(ug/L) (ug/L)
Untreated:
a bioMérieux VIDAS >200 - False-positive
o Roche Diagnostics Elecsys 21.6 - Consistent with
a Ortho Diagnostics Vitros ECi 19.1 - patient's clinical
a Abbott AxXSYM 18.4 - status
Dilutions in VIDAS prolactin diluent 117-191% 83-97% Increasing
(5- to 320-fold, patient; 2- to 32-fold, recovery recovery recoveries for
control) patient sample
suggest interference
Addition of mouse, bovine or rabbit No change - Insufficient to block
serum interference
HAMA-ELISA assay (immobilised 63 pg/L - Weakly positive
mouse IgG and mouse conjugate) HAMA
Addition of protein A-Sepharose No change - Not an IgG antibody
Heterophile blocking tubes (Scantibodies; 17.4 - Interfering antibody
murine 1gG directed against human IgM): 23.3 likely to be a natural
(Elecsys) IgM idiotypic antibody
Precipitation with 25% PEG-6000 and 76% - Negative for
reassay of supernatant recovery macroprolactin
(Elecsys) (>60% recovery)

differ. The assumption that a result is correct because a
majority of immunoassay methods give similar values was
shown to be invalid in the multicentre study by Marks in
which nine of eleven LH and FSH systems were in agreement
but gave falsely low results for a 72-year old postmenopausal

. 98
woman who was positive for RF.

Another procedure for detecting and identifying a suspected
interfering antibody is measurement before and after the
addition of a blocking reagent to the sample and the finding
of a significantly different result (Table 7). If the suspect
interference was not reduced by the addition of more
blocking agent then the addition of a series of concentrations
of the blocker, or a combination of blockers from different
animal sources, from very low to very high, is recommended.
This will avoid either too little blocking or forcing the
reaction into antigen excess.. Measurement of a series of
dilutions of the sample made using manufacturer’s diluent,
provided that it contains non-immune globulin, is another
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indication whether there is parallelism or non-parallelism
with the calibrator (Table 7). For example, a lack of 100%
assay recovery for dilutions of 1+1, 143, and 1+7 of sample
compared with a calibrator may indicate heterophile antibody
interference. Demers and Spencer recommend that for
unexpectedly high TSH the specimen should be diluted
preferably in thyrotoxic serum and remeasured to check for
parallelism.]05 This is equivalent to adding different
concentrations of blocking agent to the sample. Ismail et al.”
noted in a survey of 5,310 sets of TSH and gonadotropin
results that of 28 cases with interference in the antibody
blocking studies, six demonstrated interference only by
dilution and not by blocking studies. This implicates other
proteins or non-heterophilic interacting, endogenous
antibodies.

Testing for the presence of anti-T3 and anti-T4 autoanti-
bodies is mainly performed by radioimmunoprecipitation of
labelled T3 or T4 hormones.” However, radioactive thyroid
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Table 9. Baseline thyroid function investigations in four patients with heterophile antibodies®

Patient No. Centaur Centaur Centaur Clinical data
FT4 TSH TSH
Reference Reference Additional
Interval Interval sheep serum?
(9-23 pmol/L) (0.3-5.0 mU/L) (mU/L)
1 17 0.10 <0.03 Possibly thyrotoxic state
2 27 26.0 <0.03 Thyrotoxic state
3 17 11.8 0.6 Receiving thyroxine
4 13 24.0 1.2 Possible hypothyroid

* With these patients 10-50 pL of extra sheep serum was required to eliminate the observed interference

hormone tracer is no longer readily available in routine
laboratories due to the use of automated, non-isotopic
immunoassays.

In an example of a case of false hyperprolactinaemia, a
number of these procedures were used to identify the
presence of a heterophile antibody interference (Table 8).I3
The use of three alternate PRL immunoassays indicated a
normal PRL value, in keeping with the patient’s clinical
status. The falsely elevated PRL was normalised by the use of
heterophile blocking tubes and the interfering antibody was
identified as a natural IgM idiotypic antibody that bound to
the bioMérieux VIDAS mouse assay antibodies but not to
other PRL assay antibodies or to blocking agents in the
VIDAS assay.

The use of test profiles and cumulative reports together with
the patient’s clinical information and history can alert
laboratories to inconsistencies between the clinical and
biochemical data. Typical examples include the lack of
agreement between a profile of tests, e.g., LH and FSH
profiles, or discrepant results in thyroid test panels, e.g., FT4
and TSH. In patients routinely tested for thyroid function,
patient samples that have FT4 and TSH results in which the
concentrations together are considered discordant should be
investigated for immunoassay interference. With the Centaur
or ACS:180 TSH assay, the solid phase and Lite Reagent
contain normal sheep serum and mouse serum, respectively,
as blocking reagents to adsorb endogenous heterophile
antibodies. Suspected heterophile patient samples are
routinely incubated with additional blocker (50 UL of sheep
serum is added to 400 UL of patient serum before assay).
Examples of a suppression of apparent TSH concentration on
addition of sheep immunoglobulin or non-immune sheep
serum are shown in Table 9 for four patients investigated for
heterophile antibodies.” The falsely elevated TSH result for

patient 1 was only detected because the clinician insisted that
the patient was in a thyrotoxic state. The unusual result for
patient 4 was detected when the thyroxine dosage was
increased with a concomitant increase in FT4 and FT3 while
the TSH remained elevated.

In practice it may be difficult to identify false-positive results
in some patients. The physiological condition of the patient
can lead to misinterpretation of results due to differences in
metabolism, receptor binding, or post-translational defects,
e.g., the “sick euthyroid” patient.
measurement may not translate to bioactivity in a patient or
relate biologically. For example, in central hypothyrmdlsm
immunoreactive TSH has reduced b10act1v1ty,
hyperprolactinaemia there may be biologically inactive but
immunochemically reactive macro-PRL present in serum.’

Some suspected heterophile antibodies
interference, e.g., elevated hCG in renal disease, menopause,
or in the blood of non-pregnant women on haemodialysis.m7
In contrast, two-site IMAs that use monoclonal antibodies
may result in assay hypersensitivity and a lack of recognition
of all hormone isoforms including the biologically active,
clinically important forms. For example, certain isoforms of
LH, FSH, and B-hCG may not be recognised by some

. . . 81,104
immunoassays resulting in falsely low results.

An immunoassay

and in

may mimic

Conclusions

Despite advances in our knowledge and understanding of the
mechanisms of interference in immunoassays, there is no
single procedure that can rule out all interferences. Even now
there are reports of newly developed assays that suffer from
high levels of interference when tested in the field.”” It is
important to recognise the potential for interference in
immunoassay and to put procedures in place to identify them
wherever possible. Most important is a consideration of the
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final clinical picture. If there is any clinical suspicion of
discordance between the clinical and the laboratory data an
attempt should be made to reconcile the difference. The
detection of interference may require the use of an alternate
assay, or measurement before and after treatment with
additional blocking reagent, or following dilution of the
sample in non-immune serum. If testing is inconclusive and
the interference cannot be identified, the laboratory report
should indicate there is a discrepancy for that analyte due to
some technical inaccuracy and suggest the test be repeated
using another sample. The analyte concentration should not
be reported.

Interference in immunoassay is one factor that contributes to
the uncertainty of medical testing. Laboratories should be
aware of the potential for interference in all immunoassays
and how artefactual results may cause misinterpretation of a
patient’s results and a subsequent wrong diagnosis and
unwarranted treatment. The recognition of such aberrant test
results requires constant surveillance by both laboratory and
physician.
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