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Abstract

Assays for the analysis of antierythropoietin antibodies (anti-EPO Abs) currently suffer from a high degree of

nonspecificity or are cumbersome and time consuming to perform. They are therefore not well suited for the analysis of

large numbers of human sera samples, a task that has become increasingly important due to an increase in the number of

patients developing anti-EPO Abs. The objective of this study was to develop and validate a sensitive and specific ELISA

for the determination of anti-EPO Abs that would suit these purposes.

In this new double antigen bridging ELISA, anti-EPO Abs bind via one site to recombinant human

erythropoietin (rhEPO)-biotin immobilized to streptavidin-coated microtiter plates (MTPs) and by a second site to

rhEPO labelled with digoxigenin (DIG). The amount of bound antibody is determined using an anti-DIG antibody

coupled to peroxidase. A rabbit polyclonal anti-EPO Ab purified by immunoadsorption is used as reference antibody

preparation.

The dynamic range of this ELISA was 1–75 ng/ml per assay calibrated with the reference antibody preparation. The assay

was specific for anti-EPO Abs and did not react with other immunoglobulins (Ig) present in human serum. The lower limit of

detection (LLD) of the assay was 0.5 ng/ml, and the lower limit of quantitation (LLQ) was 1.0 ng/ml. Anti-EPO Abs could

be detected in the sera of pure red cell aplasia (PRCA) patients. In contrast to previous reports, no anti-EPO Abs could be
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detected in the sera of patients with systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), Sjfgren’s syndrome

(SS), or in the sera of dialysis patients.

D 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Recombinant human erythropoietin (rhEPO) is a

sialoglycoprotein hormone with an action that is the

biological equivalent of endogenous erythropoietin

(EPO). It is used in the clinic to stimulate red blood

cell development in patients with anemia due to

kidney failure or during treatment for cancer (Dunn,

1996; Besarab and Erslev, 1997). In the last few years,

there has been an increase in the number of patients

developing anti-EPO antibodies (Abs) during the

course of therapy with rhEPO, and most of these

individuals developed pure red cell aplasia (PRCA;

Casadevall et al., 1996, 2002; Bunn, 2002; Casade-

vall, 2002; Gershon et al., 2002; Weber et al., 2002).

The increase in anti-EPO Ab-positive patients devel-

oping PRCA has been mainly associated with the use

of one rhEPO brand, namely, EPREXR, after its

formulation was changed in 1998 (Casadevall, 2003;

Hermeling et al., 2003). These incidences of PRCA

have triggered a large increase in the interest in, and

an urgent need for, the detection and measurement of

antierythropoietin antibodies (anti-EPO Abs). Four

types of assays have currently been described and

used for the analysis of anti-EPO Abs: (A) a radio-

immunoprecipitation assay (RIPA) using I125 labelled

EPO and immobilized protein G from Staphylococcus

aureus (Casadevall et al., 2002; Tacey et al., 2003);

(B) ELISA with a displacement step (Kientsch-Engel

et al., 1989; Urra et al., 1997); (C) ELISA without a

displacement step (Tzioufas et al., 1997; Sipsas et al.,

1999; Castelli et al., 2000; Voulgarelis et al., 2000;

Schett et al., 2001); and (D) BIAcore analysis

(Swanson, 2003).

A specific and sensitive RIPA has recently been

described by Tacey et al. (2003) in some detail. This

assay has been used in the seminal investigations of

Professor Casadevall’s laboratory in which anti-EPO

Abs in the sera of PRCA patients were detected

(Casadevall et al., 1996, 2002; Casadevall, 2002).
There have been several modifications of the

ELISA with displacement reactions. An ELISA

described by Kientsch-Engel et al. (1989) uses

biotin-labelled rhEPO (rhEPO-Bi) immobilized to

streptavidin-coated microtiter plates (MTPs). Anti-

EPO Abs bound to rhEPO-Bi are detected by sheep

antihuman immunoglobulin (Ig) Abs coupled to

peroxidase. This method includes control material to

assess the function of the test and uses, as a second

step, a competitive displacement reaction where

rhEPO is added to the assay in order to distinguish

between the detection of specific and nonspecific

antibodies. Another ELISA described by Urra et al.

(1997) uses MTPs coated with a high concentration of

rhEPO (10 mg/l), and a peroxidase goat IgG conjugate

specific for the detection of human Ig is used to

measure the binding of anti-EPO Abs. To evaluate the

specificity of the ELISA, patient serum samples are

preincubated with 1.5 mg/l of rhEPO for competitive

displacement in a second assay.

The ELISA procedure without displacement basi-

cally consists of the first step of an ELISA assay with

displacement. Several modifications of this assay have

been performed and published. Sipsas et al. (1999)

used polystyrene plates coated with rhEPO, and

binding of IgG antibodies was indicated with goat

antihuman IgG conjugated with alkaline phosphatase.

Castelli et al. (2000) also used rhEPO adsorbed to a

microtiter plate, but rabbit antihuman Ig labelled with

horseradish peroxidase was used to detect anti-EPO

Abs.

BIAcore analysis for the detection of anti-EPO

antibodies in human serum has been used and

described by Swanson (Mason et al., 2003; Swanson,

2003). This method detects the real-time binding of

antibodies as an increase in mass accumulating on the

rhEPO protein that is immobilized to a sensor chip.

The four test methods described above all suffer

from one or more disadvantages. The RIPA and

ELISA with displacement methods are cumbersome
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and/or time consuming. For example, the use of

radioactivity and two days of analysis time are

required for RIPA (Tacey et al., 2003), while two

assays have to be performed for the ELISA procedure

with displacement. Although the displacement ELISA

and RIPA yield very specific and sensitive results, this

is not true for ELISAs without displacement, espe-

cially with regard to specificity. Inasmuch as this

assay is based upon the detection of bound Ig and

lacks a specific displacement step, it is prone to false

positive results. Finally, BIAcore analysis needs

specialized equipment that has to be run by experi-

enced people. Its advantage that samples can be

analyzed in real time is offset by a certain lack of

sensitivity and specificity when analyzing low analyte

concentrations in sera, and nonspecific binding of

substances to the BIAcore chip surface can cause

interference.

Here, we describe the development of a sensitive

and specific test that is able to quantify anti-EPO

Abs, at least in a relative manner, and that can be

used to analyze large numbers of samples in a

reasonable time. It was used to analyze anti-EPO

Ab-positive samples that had previously been

identified by either RIPA (Casadevall et al., 2002;

Tacey et al., 2003) or ELISA with displacement

(Kientsch-Engel et al., 1989), or had originated

from screening programs of anemia patients who

were suspected of having anti-EPO Abs. Inasmuch

as a high incidence of anti-EPO Ab-positive

samples have been reported for patients with

systemic lupus erythematosus (SLE), rheumatoid

arthritis (RA), Sjfgren’s syndrome (SS), and those

undergoing dialysis (Tzioufas et al., 1997; Sipsas et

al., 1999; Castelli et al., 2000; Voulgarelis et al.,

2000; Schett et al., 2001), sera from these

individuals were used to assess the application of this

test.
2. Materials and Methods

2.1. Materials

Microtiter plates precoated with streptavidin were

obtained from Microcoat, Bernried, Germany. Anti-

EPO polyclonal antibody (PAb; immunosorbed) from

rabbit, rhEPO, antidigoxigenin–horseradish peroxi-
dase (anti-DIG–HRP) conjugate, ABTS (2,2V-Azino-
di-[3-ethylbenzthiazoline sulfonate(6)] diammonium

salt), and all reagents for the incubation buffers of the

ELISAs were obtained from Roche Diagnostics,

Penzberg, Germany. All other reagents were from

Merck, Germany, if not indicated otherwise.

Phosphate buffer (PB; pH 7.2) contained 40 mM

potassium phosphate and 0.1% Tween 20. HBe buffer

was used as the incubation buffer of the HBe

ENZYMUNR test (Roche Diagnostics).

Twenty sera from rhEPO-treated patients who were

suspected of having anti-EPO Abs were obtained from

nephrologists and several dialysis centers from Ger-

many and abroad. Control (anti-EPO Ab-negative)

serum samples for the cut-off determination were

collected from blood banks, dialysis centers, and

hospitals by Roche Diagnostics. Sera from patients

with SLE (n=51; 18–69 years), RA (n=94; 26–80

years) and SS (n=12; 32–72 years) were collected

from the Berlin–Buch Rheumatology Clinic and

stored at �80 8C until analysis.

2.2. Methods

2.2.1. Preparation of biotinylated rhEPO

Biotin was linked to rhEPO in two different ways.

One derivative was prepared by coupling biotin to

amino groups of rhEPO, using biotin-q-aminocaproic

acid-N-hydroxy-succinimide ester (rhEPO-Bi-X-

NHS). The other derivative was prepared using

biotin-q-aminocaproic acid-hydrazine to link the bio-

tin to carbohydrate groups of rhEPO (rhEPO-Bi-X-H).

Both reagents were prepared according to standard

protocols (Haselbeck and Hoesel, 1999; Peter et al.,

1999), and a mixture in the ratio 2:3 was used for

coating the streptavidin MTPs.

2.2.2. Preparation of rhEPO-DIG

Digoxigenylation of rhEPO was performed using

digoxigenin-q-aminocaproic acid-N-hydroxy-succini-

mide ester (DIG-X-NHS), according to a standard

protocol (Peter et al., 1999).

2.2.3. Preparation of PAb anti-EPO-(R)-IgG-(IS)

The polyclonal anti-EPO IgG fraction from rabbits

was immunosorbed on an EPO-Sepharose column and

eluted by 1 M propionic acid according to standard

procedures.
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2.2.4. Anti-EPO double antigen sandwich assay

A mixture of rhEPO-Bi-X-H (0.75 Ag/ml) and

rhEPO-Bi-X-NHS (0.5 Ag/ml) in HBe buffer was

incubated in a streptavidin-coated MTP at a final

volume of 125 Al/well for 30 min. The wells were

then washed three times with PB. Human control

serum diluted 1:5 with HBe buffer or reference

antibody preparation (rabbit polyclonal anti-EPO

Ab) diluted in human control serum/HBe buffer

(1:5; v/v) were mixed with an equal volume of

DIG-labelled rhEPO (dissolved at 40 ng/ml in HBe

buffer). This solution (100 Al) was added to the wells

without delay and then incubated for 2 h. After

washing three times with PB, 100 Al of anti-DIG Fab

fragments–HRP conjugate (75 mU/ml) freshly pre-

pared in HBe buffer was added to each well and then

incubated for 1 h. After washing (three times with

PB), 100 Al ABTS solution (1 mg/ml in ABTS buffer)

was added to each well and incubated for 30–60 min.

Absorbance values were measured at 405 and 492 nm

for reference. The calibration curves were calculated

using the 4-parameter regression curve. All incuba-

tions of the MTPs were performed at room temper-

ature while shaking at 300 rpm and with the MTP

sealed by a plastic cover. The overall turnaround time

for this ELISA was in the order of 4 h.

The anti-EPO two-step ELISA with displacement

was used in the present study to provide a reference.

The methods of this ELISA have been described in

detail elsewhere (Kientsch-Engel et al., 1989). Using

this assay, the sera of 20 PRCA patients from different

clinics had been unequivocally identified to contain

anti-EPO Abs. The presence of anti-EPO Abs in 19 of

these samples was further confirmed in the lab of

Casadevall et al., using the RIPA assay (Tacey et al.,

2003). The other patient has been described in detail

previously (Weber et al., 2002).
Fig. 1. Principle of the anti-EPO double antigen bridging assay for the ana

erythropoietin; rhEPO-DIG—digoxigenin-labelled recombinant human e

DIG-Fab–HRP(poly)—anti-digoxigenin Ab (Fab fragments) conjugated w
3. Results

3.1. Assay development

The principle of this newly developed ELISA is

that anti-EPO Abs bind with one site to biotinylated

rhEPO immobilized to streptavidin-coated MTPs and

with a second binding site to digoxigenin-labelled

rhEPO. The amount of Ab bound is determined

colorimetrically using an anti-DIG Ab coupled to

horseradish peroxidase and ABTS as a substrate (as

shown in Fig. 1), and a rabbit polyclonal anti-EPO Ab

is used as a calibrant.

For the most critical reagents in the assay,

concentrations of 1.25 Ag/ml for rhEPO-Bi and 0.02

Ag/ml for rhEPO-DIG were determined as optimal. In

the case of the rhEPO-Bi, a mixture of biotinylated

EPO linked via amino and carbohydrate groups was

used for the coating in order to provide as much

accessibility of the EPO at the wall surface as

possible. A typical standard curve was obtained for

the ELISA using different concentrations of the

reference Ab preparation and is presented in Fig. 2.

The standard assay detected a range of concentrations

of this material from 1 to 75 ng/ml (final concen-

trations in the well). Further characteristics of the

assay were determined as follows. The lower limit of

detection (LLD) was estimated at 0.5 ng/ml (3 S.D.;

n=8) and the lower limit of quantitation (LLQ) at 1.0

ng/ml (6 S.D.; n=8). The intra-assay variability (CV)

was below 6% at all concentrations used (n=8). Day-

to-day variation (interassay imprecision; CV) was

assessed by two individuals analyzing the standards

and controls on four different days, with the reagents

prepared freshly each day. Interassay variability for all

standard concentrations was below 6%. The CV of a

human serum sample containing a low concentration
lysis of human sera. rhEPO-Bi—biotin-labelled recombinant human

rythropoietin; SA-MTP—streptavidin-coated microtiter plate; anti-

ith polymerized horseradish peroxidase.



Fig. 2. Calibration curve of the anti-EPO double antigen bridging

assay. Polyclonal anti-EPO Abs from rabbits purified by immu-

noadsorption were used as standard material.

W. Hoesel et al. / Journal of Immunological Methods 294 (2004) 101–110 105
of anti-EPO Abs measured 13 times over a period of 2

months was 12.6%. A hook effect was not observed

when high concentrations of the reference material

were used in the assay.

3.2. Cut-off determination

Serum samples (n=159) randomly chosen from

different hospitals and blood banks, and not consid-

ered to contain anti-EPO Abs, were analyzed by the

standard assay as a representative collection of

negative samples. Relative to the reference material,

the 90th percentile of these samples was determined at
Fig. 3. Distribution of the values obtained with the anti-EPO Ab-negativ

persons, SLE, RA, and SS patients. Reference limits were calculated at 5 n
V5 ng/ml, the 97.5th percentile was at 8 ng/ml, and the

99th percentile was at 10 ng/ml (see Fig. 3).

Repetition of the cut-off determination using a

collection of 200 negative sera from dialysis patients

revealed similar values. Upon routine analysis of sera,

three samples of reference material covering the assay

concentration range were always included in the

assays, and the recoveries observed were all within

F20% of the expected value. In order to identify as

many anti-EPO Ab-positive samples as possible, all

samples which revealed values above 1 ng/ml in the

first round of measurement were analyzed again,

employing different amounts of serum and performing

displacement reactions with rhEPO in order to differ-

entiate between nonspecific and specific signals (see

next two chapters).

3.3. Analysis of anti-EPO Ab-positive samples

All of the 20 samples previously identified as

containing anti-EPO Abs (see Methods) revealed clear

positive results with this new double antigen bridging

ELISA. The values measured from these positive

samples were all well above the 99% percentile cut-

off of 10 ng/ml calibration material equivalents,

ranging from about 40 up to 30,000 ng/ml.

In order to analyze the influence of serum

erythropoietin concentrations on the results obtained
e reference group. The reference sera were selected from healthy

g/ml for the 90th percentile and 15.5 ng/ml for the 99.9th percentile.



Fig. 5. Illustration of the decrease of anti-EPO Ab concentrations in

three patients after discontinuation of rhEPO treatment.
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with this assay, displacement curves were determined

by adding increasing concentrations of rhEPO to

assays with control material and three anti-EPO Ab-

positive samples. The results obtained are illustrated

in Fig. 4. All curves follow a similar pattern, with

50% displacement observed in the range of rhEPO

concentrations from 2–20 ng/ml. Inasmuch as serum

erythropoietin concentrations observed during rhEPO

therapy are usually in the range 0.1–100 ng/ml (Allon

et al., 2002), it can be concluded that the results

obtained with this anti-EPO assay are not greatly

influenced by serum EPO levels. Indeed, only at the

highest concentration (100 ng/ml) would an approx-

imate 50% decrease in absorption be observed (Fig.

4). Inasmuch as steady state levels are usually well

below 10 ng/ml (Allon et al., 2002), they would not

have much impact on the concentration of anti-EPO

Abs measured with this assay. On the other hand, it

seems obvious that the presence of anti-EPO Abs will

have a profound influence on the EPO values obtained

with immunological tests using these sera (a consid-

erable underestimation is likely), and this has already

been observed (Tacey et al., 2003).

No inhibition or interference occurred in the assays

(data not shown), as indicated by the complete

recovery of anti-EPO Abs in the negative sera in

experiments involving mixing of anti-EPO Ab-neg-

ative and -positive sera.

Inasmuch as this new test is suitable for the relative

quantification of anti-EPO Abs, it was used for a

follow up analysis of the anti-EPO Ab concentrations
Fig. 4. Displacement of absorbance by increasing concentrations of

unlabelled rhEPO in the anti-EPO ELISA with reference material

and sera of three patients. Anti-EPO concentrations were as follows

(ng/ml in the wells): serum #3—6.3; #4—19; #15—60; reference

material—10.
of several PRCA patients whose rhEPO treatment had

been discontinued at the time of diagnosis. As can be

seen from Fig. 5, a continuous decrease of the anti-

EPO Ab concentrations was observed, albeit with

different kinetics, for the three patients studied.

An important practical question for the analysis of

anti-EPO Abs is their stability under storage con-

ditions. To study whether these antibodies remained

reactive when stored for an extended period of time,

aliquots of positive serum samples were stored under

different conditions (see Table 1). The reactivity of

anti-EPO Abs did not decline after storage at �20 8C
for 5 months, at 4 8C or room temperature for 3 days,

or at 37 8C for 24 h. Several freeze/thaw cycles of

undiluted anti-EPO positive sera had no influence on

the quantitative results obtained.



Fig. 6. Displacement of the anti-EPO Ab response by rhEPO in

serum samples from three PRCA patients whose anti-EPO Ab

measurements were near the cut-off value. The experimen

demonstrates that they did contain anti-EPO Abs (30 ng/ml rhEPO

in the assay). (open bar=-rhEPO; solid bar=+rhEPO, 30 ng/ml in the

assay.)
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3.4. Analysis of other pathological sera

There have been several reports in the literature

that patients with autoimmune diseases (e.g., SLE)

have autoantibodies to EPO (Tzioufas et al., 1997;

Voulgarelis et al., 2000; Schett et al., 2001). More-

over, in one study, a high percentage (67%) of rhEPO-

treated dialysis patients tested positive for the

presence of anti-EPO Abs with low affinity for the

antigen (Castelli et al., 2000), and in another study,

HIV patients with anemia had circulating autoanti-

bodies against EPO (Sipsas et al., 1999). Inasmuch as

all of these studies used ELISAs without displacement

steps, which are prone to high rates of false positive

results, we also analyzed sera of patients with these

diseases. The results revealed that, with the possible

exception of one SLE patient (see below), all sera

from SLE, RA, Sjfgren’s syndrome, and dialysis

patients revealed similar results as the negative

controls.

Among the SLE patients, one sample was

observed with a value above the cut-off (12 ng/

ml). Inasmuch as this was an interesting case

representing a sample in a bgrey areaQ for determi-

nations, it was further characterized in order to find

out whether it was truly positive for anti-EPO Abs.

The serum was serially diluted, and the results were

compared with those of two similarly diluted

positive samples. The positive samples increased

linearly with increasing serum concentrations,

whereas this SLE sample reached a plateau at a

low level (data not shown). Therefore, this indicated

for this sample that some nonspecific reaction was

the reason for the value slightly above the cut-off
Table 1

Stability of anti-EPO Abs under different storage conditions (%

recovery of the starting concentration)

Starting concentration Patient No. 1

(10.4 Ag/ml)

Patient No. 2

(1.7 Ag/ml)

Storage conditions % recovered

Temperature Duration

�20 8C 5 months 100 100

4 8C 3 days 93 106

RT 3 days 89 106

37 8C 24 h 91 106

RT—room temperature
t

level. This sample was also tested using RIPA and

with an ELISA with displacement, and both results

were negative.

A further much more stringent method to verify

the presence of anti-EPO Abs in low titer sera near

the cut-off is a competition experiment as illustrated

in Fig. 6. In the presence of EPO, the absorbance

values obtained in the assay will decrease to

background levels because the binding of EPO-

DIG is inhibited by the surplus of unlabelled EPO

in the assay mixture.
4. Discussion

A suitable laboratory test for the analysis of anti-

EPO Ab in human sera should be sensitive, specific,

and provide a quantitative assessment of anti-EPO Ab

concentrations. Moreover, it should be convenient to

use for the analysis of large numbers of serum

samples. None of the assays reported to date meet

all of these criteria. However, the double antigen

bridging ELISA described above meets these criteria

to a large extent.

The test features the bridging of two separate

rhEPO-molecules by anti-EPO Abs, and this princi-

ple is the basis for the high specificity observed

with this ELISA. The range of the calibration curve

illustrated in Fig. 2 was chosen with the aim of

achieving as high a sensitivity as possible to allow

the detection of low-level anti-EPO Ab-positive

samples. In order to realize the specificity and
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sensitivity of this assay, it is very important to

follow the optimized test protocol as closely as

possible, for example, the mixture of the serum and

the rhEPO-DIG should be added to the wells without

delay.

The bridging ELISA is convenient and can be used

to quantify anti-EPO Ab concentrations relative to the

reference material. Using this assay, the kinetics of

anti-EPO Ab concentrations were measured as a

follow-up to anti-EPO Ab detection in PRCA patients.

A steep decrease in Ab concentration was found in

one PRCA patient after stopping rhEPO therapy,

while a much slower decrease was observed with the

other two subjects (Fig. 5). A slow decrease in anti-

EPO Abs has also been reported by Casadevall et al.

(2002). These measurements provide important infor-

mation on the differing rates of decrease in anti-EPO

Ab concentrations in individual patients. Moreover,

the anti-EPO Ab background level for patients can be

determined due to the high sensitivity of this test.

Hence, an increase in the anti-EPO Ab concentrations,

if it occurred, could be easily identified during patient

monitoring.

Very recently, Swanson et al. (2004) described an

anti-EPO ELISA with a sensitivity of 780 ng/ml,

using affinity-purified polyclonal anti-rhEPO anti-

bodies from rabbits as reference material. Assuming

that the two reference preparations used were of equal

purity and similar properties (e.g., affinity), our

ELISA described above was at least 50 times more

sensitive than the one described by Swanson et al.

(2004). It is therefore reasonable to assume that the

two sera, which were reported as negative in their

ELISA, would have tested positive in ours. How the

sensitivity of our ELISA compares to the RIPA

described by Casadevall et al. (2002) has to be

determined. Although Rossert et al. (2004) claim that

the RIPA is slightly more sensitive then our ELISA

(Casadevall, personal communication), this has not

been demonstrated unequivocally to our knowledge.

A head to head comparison of these two assays

together with the BIAcore assay (Mason et al., 2003)

is now under way in several laboratories.

The rabbit polyclonal anti-EPO IgG used in this

investigation will serve as a long-term reference

material for this ELISA. Anti-EPO antibodies of

human origin could, of course, behave differently in

this ELISA, e.g., due to different affinities. However,
as demonstrated in Fig. 4, the anti-EPO IgG from

rabbits and the three human sera displayed IC50 values

in the same concentration range, suggesting similar

properties.

Another important feature of a diagnostic test is

high specificity, which would keep the risk of false

positive results to a minimum. This is particularly

important if a large number of patients have to be

tested and only a few positives are to be expected, as

is the case with the low prevalence of anti-EPO Abs.

Moreover, the results obtained clearly demonstrate

that the earlier reports of a high frequency of anti-EPO

Abs in patients with renal failure and treated with

rhEPO have to be regarded with much caution.

Castelli et al. (2000) reported that 67% of renal

failure patients treated with rhEPO were positive for

anti-EPO Abs, using their assay. Casadevall et al.

(2002) assumed that these were low-affinity anti-

bodies that did not neutralize erythropoietin. Sipsas et

al. (1999) observed circulating anti-EPO autoanti-

bodies in 48% of patients infected with immunodefi-

ciency virus type 1 (HIV-1). In addition, Voulgarelis et

al. (2000) reported anti-EPO Abs in 21 of 100 patients

with anemia of chronic disease (ACD) or with high

European Consensus Lupus Activity Measure

(ECLAM) scores. Inasmuch as all these data were

obtained using ELISAs performed without confirma-

tion of a displacement step and are therefore prone to

nonspecific reactions, they are very likely to be false

positive results. Indeed, a high incidence of anti-EPO

Abs would be very surprising in any pathological state

except for PRCA, and it would contradict earlier

reports that the occurrence of anti-EPO Abs was a rare

event (Casadevall, 2002, 2003. The high incidence of

false positives in patients with autoimmune diseases

such as RA, SLE, and Sjfgren’s syndrome may be

due to the presence of rheumatoid factor (RF) type Igs

in the sera. Inasmuch as these assays are based on the

detection of bound Ig, any nonspecific binding of Ig

to the wall will give a signal. Moreover, RF factors are

known to increase binding due to their inherent

protein characteristics (Johnson and Faulk, 1976).

The measurement of sera from SLE, RA, Sjfgren’s
syndrome, and dialysis patients with the bridging

ELISA described here failed to confirm the high

incidence of anti-EPO Ab-positive samples reported

in previous cases (Tzioufas et al., 1997; Sipsas et al.,

1999; Castelli et al., 2000; Voulgarelis et al., 2000;
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Schett et al., 2001). Tacey et al. (2003) have also

recently confirmed that sera from patients with

chronic diseases such as RA and SLE did not contain

anti-EPO Abs when analyzed with a RIPA. Finally,

these findings demonstrate that the addition of a

competitive displacement step adds specificity to an

ELISA.

In the meantime, another 1500 serum samples have

been analyzed with this bridging ELISA since the

development of the test, and in general, the sera

containing anti-EPO Abs had values that were very

clearly above the cut-off, indicating the suitability of

this assay for screening purposes. In the few cases

where values near the cutoff were obtained, competi-

tion experiments using rhEPO could clearly distin-

guish whether specific binding to EPO or nonspecific

binding to the well was responsible for the signal

observed. In summary, we conclude that the double

antigen sandwich ELISA described here is suitable for

the detection and quantification of anti-EPO Abs in

human sera.
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