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CASE STupy

Assay Interference Leading
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Immunoassays are widely used to determine hormone
levels. Antibodies directed against components of the
immunoassay system can interfere with analyte con-
centration estimates. When unrecognized by clini-
cians, inappropriate clinical intervention may follow.
The case of a young child with premature thelarche
and elevated basal and stimulated luteinizing hormone
(LH) levels is presented, in whom it is hypothesized
that heterophile antibodies (HAs) caused interference
in the LH immunoassay. LH concentrations were mea-
sured in two different assays: LH-microparticle enzyme
immunoassay (MEIA) and LH-immunochemilumino-
metric assay (ICMA). To detect HA interference, LH level
was remeasured after both preincubation with mouse
serum to neutralize human anti-mouse antibodies, and
treatment with a heterophile-blocking tube. The mean
basal LH concentration by LH-MEIA was 7.4 mIU/mL
and for LH-ICMA was 0.08 mIU/mL (normal range for
age: 0.02-0.3 mlIU/mL). LH concentration by MEIA was
0.08 mlU/mL after preincubation with mouse serum
and 2.7 mlU/mL after preincubation with a hetero-
phile blocking tube. In conclusion, HAs were identi-
fied in the serum of a child with premature thelarche.
The presence of HAs led to spuriously elevated basal
and gonadotropin-releasing hormone-stimulated LH
concentrations, resulting in a diagnosis of central pre-
cocious puberty and unnecessary therapy. To avoid
similar cases in the future, clinicians should consider
the possibility of assay interference when the clinical
picture is incongruent with the laboratory data.
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Introduction

Heterophile antibodies (HAs) are IgG antibodies to non-
human immunoglobulins (Igs) that have been reported to
cause interference in a number of clinical laboratory tests
(1-6). Their presence may lead to misdiagnosis or to errors
in clinical management that can adversely impact patient
care (1,2,6-8). We present the case of a young child with
premature thelarche who had basal and stimulated lutein-
izing hormone (LH) concentrations that were falsely ele-
vated owing to HA interference. To our knowledge, this is
the first case in which HAs in an LH assay led to an errone-
ous diagnosis of central precocious puberty (CPP) and un-
necessary treatment.

Case Report

A 19-mo-old girl presented with Tanner stage I1I breast
development. There was no pubic hair or acne, although
there was a white vaginal discharge and estrogenized mucosa.
There was no evidence of a growth spurt with height stan-
dard deviation scores (SDSs) of 2.01 and 1.76 at 10 mo and
19 mo, respectively. Bone age by examination of the left
hemiskeleton was appropriate for a 19-mo-old girl (43 cen-
ters of ossification; normal range: 17.2-50.8). Magnetic
resonance imaging of the head was normal. Pelvic ultrason-
ography revealed a prepubertal uterus (length 2.9 cm) and
normal-appearing ovaries (right: 7 x 9 x 12 mm; left: 5 x
8 x 11 mm). A standard 100 pg gonadotropin-releasing hor-
mone (GnRH) stimulation test was performed to investigate
the status of the hypothalamic-pituitary-gonadal axis. A peak
LH response of 16.3 mIU/mL by microparticle enzyme immu-
noassay (MEIA) was considered elevated. On the basis of
clinical evidence of estrogen exposure and the elevated
GnRH stimulated peak LH level, a diagnosis of true CPP
was made and GnRH analog (GnRHa) therapy was initiated.
Results of the initial and subsequent GnRH stimulation tests
are presented in Table 1.

During follow-up, there was no evidence of pubertal pro-
gression, excessive linear growth, or accelerated bone age
advancement, but repeat stimulation testing showed persis-
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Table 1
GnRH Stimulation Tests and Treatment Time Line
Indicating in Chronologic Order GnRH Stimulation
Test Results and Subsequent Clinical Intervention®

MEIA ICMA
GnRH LH FSH LH FSH
Age stimulation (mIU/mL) (mIU/mL) (mIU/mL) (mIU/mL)
Ist IRP
19 mo 0 9.6 5.56
20 10.8 14.7
50' 16.3 25.8
Initiated GnRHa 3.5 mg q4 weekly
25 mo 0' 19.8 0.7
20 24 2.3
40' 19.3 2.4
60' 19.6 2.1
GnRHa increased to 7.5 mg q4 weekly
2y 4 mo 0' 17.8 0.5
20 15.4 0.7
40' 14.7 0.7
60' 13.8 0.7
GnRHa increased to 7.5 mg q3 weekly
3y 8 mo 0' 16.8 0.3
20 17.5 0.4
60' 18.6 0.5
Discontinued GnRHa
2nd IRP
4y 8 mo 0' 37.9 0.4 0.24 0.31
20" 38.2 0.5 0.8 0.32
60’ 38.3 0.5 0.51 0.47
S5y 0 32.4 <0.2 <0.15
20 33.0 0.7 <0.02
60’ 28.7 0.7 <0.02

“At the last time points, 4y 8mo and 5y, LH assays were run in the
MEIA and ICMA assays demonstrating discordant LH levels. This raised
the suspicion of HA interference. 1st IRP and 2nd IS refer to a switch
in reference standards for LH that occurred in the Indiana University
laboratory.

tently elevated LH levels (Table 1). In response, the dose and
frequency of GnRHa injections were escalated. At4.7 yr of
age, her case was reviewed and GnRHa therapy was with-
drawn. Subsequently, there was no clinical advancement in
secondary sexual characteristics or bone age, but the LH
elevation persisted: basal LH 0of 37.9 mIU/mL and peak LH
of 38.3 mIU/mL. LH levels performed by an alternative
immunochemiluminometric assay (ICMA) were in the pre-
pubertal range: basal LH of 0.24 mIU/mL and peak LH
of 0.8 mIU/mL. We hypothesized that HAs in the child’s
serum interfered with the LH immunoassays, resulting in an
incorrect initial diagnosis of CPP rather than isolated pre-
mature thelarche.

Results

The LH concentrations obtained from repeat testing with
both assays and other tests are presented in Fig. 1. The mean

basal LH concentration by LH-MEIA was 7.4 mIU/mL
(5.89, 8.3, and 8.55 mIU/mL), whereas the concentration
by LH-ICMA was 0.08 mIU/mL (normal prepubertal range
0f'0.02—0.3 mIU/mL). The LH concentration after treatment
in the heterophile blocking tube was 2.7 mIU/mL. After pre-
incubation with mouse serum, the LH concentration by MEIA
was 0.08 mIU/mL.

Discussion

HAs are common () and arise early during the genera-
tion of antibody diversity (9—11). They are typically weak
antibodies that are capable of recognizing a wide range of
molecules (712). Recently, Kaplan and Levinson (/1) pro-
posed a new nomenclature to classify interfering antibodies,
defining HAs as endogenous antibodies that are present in
the absence of a clear history of exposure to animal or other
well-defined immunogens. These antibodies are multispe-
cific in that they react with Igs from two or more species (13).
By contrast, human anti-animal antibodies develop in people
in whom there is a clear history of treatment with animal Ig.
Making this distinction is important, because both the nature
of the antibodies involved and the measures one can take
to circumvent them are different (71).

Clinically relevant HA interference has been reported
in assays for C-reactive protein (CRP) (7/4), human chorio-
nic gonadotropin (hCG) (15), thyroid-stimulating hormone
(TSH) (7,8, 16), luteinizing hormone (LH) (/-3,6), and fol-
licle-stimulating hormone (FSH) (7,2,6). In most cases, HA
interference was suspected because laboratory findings were
incongruent with the clinical picture. In all cases involving
gonadotropins, serum LH levels were within the normal range
using alternative assay systems. Most studies confirmed HA
interference by demonstrating lower or normal LH levels
after preincubating the sample with animal sera. In a longi-
tudinal observation of patients with apparent elevations in
LH (n=15), FSH (n=5), and BhCG (n =9) caused by HA
interference, Dericks-Tan et al. (6) demonstrated temporal
and quantitative differences in BhCG levels and fluctuat-
ing HA titers. We suspect that the observed temporal changes
in LH-MEIA levels in our patient most likely reflect fluctu-
ating HA titers.

Boscato and Stuart (5) developed a murine monoclonal
antibody (MAD) assay using a modified two-site immuno-
radiometric assay (IRMA) to study HA interference. Using
this highly sensitive assay, they found significant quanti-
ties of HA in 40% of human serum samples (35). Using this
model and through the investigations of others (7/-3,6-8,
14-16), it appears that HAs are able to cause interference
in any assay system that relies upon antibody for analyte
recognition. Even though HAs appear to be common, their
ability to cause clinically significant interference is vari-
able and depends on antibody concentrations, relative bind-
ing affinities, the type of assay being performed, and the
assay protocol.
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Fig. 1. Basal LH by MEIA and ICMA and investigative studies performed on single study sample. Basal LH levels were elevated in the
MEIA consistent with levels in CPP. After preincubation with a heterophile blocking kit (HBT), the measured LH concentration
decreased, suggesting HA interference. Preincubation with mouse serum (HAMA) neutralized the HAs that were present. The same
serum assayed in the LH-ICMA yielded a prepubertal LH level.
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Fig. 2. Normal mechanism (A) and possible means (B,C) of HA interference in an LH-MEIA. (A) LH capture antibody is bound to a
microparticle matrix. In the absence of HAs this antibody binds LH. Subsequently, a signal antibody binds the LH-capture antibody
complex. (B) Interference occurs when an HA in the serum bridges the capture and the signal antibody in the absence of analyte,
simulating a positive signal. This is the most likely mechanism in this case. (C) Interference occurs when an HA binds to the capture or
signal antibody and inhibits analyte recognition through steric effects.

HA interference can cause spurious results in two-site body and simulating the presence of analyte (Fig. 2B). Sec-
immunoassays, through two probable mechanisms (Fig. 2). ond, when analyte is present, HAs can cause both over- and
First, HA interference can generate positive results in the underestimates of analyte concentration in two-site immu-

absence of analyte, by bridging the capture and signal anti- noassays (Fig. 2C), radioimmunoassay (7,2,8,16), and other
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competitive binding assays when the HA interferes with
analyte recognition by the reagent antibody through steric
effects (4). The degree of interference is dependent on the
HA concentration and relative binding affinity for the re-
agent antibodies. Competitive binding assays are prone to
HA interference because analyte is usually present in low
concentrations.

HAs are relatively weak antibodies of the IgG subclass,
which have been reported to bind epitopes on the Fc and
Fab portions of a number of animal Igs, typically at a dif-
ferent site from the antigen-binding site. Similarities exist
between the Fab fragments of different animal species, pro-
viding an explanation for HA crossreactivity between bovine,
ovine, equine, guinea pig, rat, and monkey Igs. Mouse anti-
bodies appear to be particularly promiscuous, whereas rab-
bit antibodies seem to react little with other species (4).

Several measures can be taken to protect against or to
minimize HA interference. These include using reagent anti-
bodies from two different species (35, 77), which may reduce
the possibility of HA interference, but do not eliminate it.
An alternative would be to use antibodies that are less prone
to HA interference such as rabbit or human MAbs. It is also
possible to decrease HA interference by preincubating the
patient serum with serum from the same species as the re-
agent antibodies (18), since this will precipitate the HAs. In
addition, HA interference can be screened by using a com-
mercial heterophile blocking kit that uses specific binders
that inactivate HAs. If the treatment result is different from
the original untreated sample result, then HA interference
should be suspected.

In retrospect, our patient’s initial clinical presentation was
most consistent with isolated premature thelarche with lack
of'a growth spurt and a normal bone age. Alternative clini-
cal management might have been to continue observation
for increases in secondary sexual characteristics, evidence
of bone age advancement, or increased growth velocity.
An important laboratory clue to the correct diagnosis in
this patient was the elevated basal LH level and the lack of
a change in LH in response to GnRH agonist stimulation.
This led us later to consider the possibility of assay interfer-
ence. We believe that the interference was caused by HAs, as
defined by Kaplan and Levinson (117), because our patient
had no history of exposure to goats and mice and the anti-
bodies were multispecific, binding both goat and mouse re-
agent antibodies used in the LH-MEIA assay.

Conclusion

HAs were identified in the serum of a child with prema-
ture thelarche. Their presence led to spuriously elevated
basal and GnRH-stimulated LH levels resulting in a diag-
nosis of CPP rather than isolated premature thelarche. One
should focus on the clinical as well as the laboratory pre-
sentation of children with premature pubertal development.
The presence of HAs should be considered when the clinical

picture is incongruent with the laboratory data. The preva-
lence of HAs and their ability to interfere in immunoassays
suggests that investigators and clinicians should be aware
of their potential to impact both diagnostic and therapeutic
decisions that are influenced by laboratory investigations.

Materials and Methods

The Indiana University institutional review board classi-
fied the study as “exempt,” because the laboratory studies
performed were part of routine patient care, of clinical rele-
vance to the patient’s care, and involved only a single patient.
A single serum sample was obtained at 8 yr of age, on which
all tests to requantify LH levels and to characterize the pres-
ence or absence of HAs were performed. LH levels were mea-
sured in triplicate by MEIA (Abbott Axsym system; Abbott,
Chicago, IL) at the Clinical Pathology Laboratory at Indiana
University, Indianapolis, IN, and once by ICMA (Esoterix;
Calabasas Hills, CA) at Esoterix Endocrinology Laborato-
ries, Calabasas, CA.

The LH-MEIA is a two-site antibody assay using a mouse
monoclonal BLH capture antibody and a goat polyclonal aLH
signal antibody. The assay has a lower limit of detection of
0.5 mIU/mL, using the World Health Organization (WHO).
Second International Standard, Human Pituitary LH 80/522.
The test is highly specific, with crossreactivities of 0.02,
0.00, and 3.5% for hCG, FSH, and TSH, respectively. At
low (0—5 mIU/mL) and high (20-70 mIU/mL) LH levels,
there are intraassay coefficients of variation (CVs) of 3.7
and 4.6% and interassay CVs of 6.2 and 8.4%, respectively.

The LH-ICMA is a two-site antibody assay using paired
monoclonal anti-human LH antibodies, an aLH capture
antibody, and a BLH signal antibody. The assay has a lower
limit of detection of 0.02 mIU/mL using the WHO Second
International Standard, Human Pituitary LH 80/522. The
LH-ICMA exhibits minimal crossreactivity with TSH, FSH,
or a-subunits. Intraassay CVs are 4.7 and 3.4%, and inter-
assay CVs are 5.2 and 10.7% at low (0—5 mIU/mL) and
high (21-70 mIU/mL) LH ranges, respectively.

In addition, the LH concentration was obtained by LH-
MEIA after two additional tests. First, serum was preincu-
bated with nonimmune mouse IgE serum (Sigma, St. Louis,
MO) to neutralize human anti-mouse antibodies. Second,
serum was treated with a commercially available kit to detect
HA interference, Heterophile Blocking Tube, (Scantibodies,
Santee, CA).
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