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Abstract

Background: Multiplexed cytokine measurement offers
many advantages over the conventional enzyme-linked
immunosorbent assay (ELISA) format when applied in large-
scale epidemiological studies or clinical trials. In the present
study we set out to define the reliability and consistency of
a suspension multiplexed protein array, the cytometric bead
array (CBA), in large-scale, longitudinal studies.
Methods: The cytokines interleukin (IL)-5, IL-10, tumor
necrosis factor-a (TNF-a) and interferon-g (IFN-g) were
measured in pediatric samples from childhood asthma and
allergy studies. Analytical performance of CBA was deter-
mined in sample supernatants and CBA was compared to
conventional ELISA.
Results: Within-run and total imprecision were between 5.2%
–10.8% and 5.6%–13.2%, respectively, at three different con-
centrations for all cytokines. Slopes of dilution linearity were
between 1.01 and 1.31 for the four cytokines. The recovery
rate at two different concentrations of the cytokines was
between 97% and 113%. Lower limits of detection and quan-
tification as well as functional sensitivity were determined.
Comparison of the multiplex array and solid phase method
showed good correlation with r between 0.82 and 0.93. The
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sample volume required for the multiplex format was 25%
of the ELISA sample volume.
Conclusions: CBA analytical evaluation and comparison to
an ELISA format demonstrated high reproducibility, sensi-
tivity and good applicability for small volume samples.

Keywords: allergy; analytical performance; cytokine meas-
urement; immunology; multiplex assay system.

Analysis of immune functions in bio-samples collected in
population-based epidemiological studies or large-scale clin-
ical trials is of increasing importance. An important aspect
in this regard is the simultaneous assessment of a large panel
of cytokines to obtain a ‘‘fingerprint’’ of innate and/or adap-
tive immune responses. Clinical trials employing pediatric
samples add further requirements on careful utilization of the
often limited sample volume. This may require multiple
cytokine measurements under high throughput conditions in
small sample volumes. Therefore, we have validated and
implemented a multiplex immunoassay system allowing
measurement of multiple analytes simultaneously in a single
assay procedure, the cytometric bead array (CBA) (1), using
a FACSArray bioanalyzer system (BD Biosciences, San Jose,
CA, USA).

A recently published review by Ellington and colleagues
provided an extended overview on the usage of multiplex
assay techniques for protein determinations (2). Besides
many advantages of this assay format, the reliability and con-
sistency of suspension multiplexed protein arrays in large-
scale studies still remains unknown and the ability to analyze
many samples without affecting inter-assay imprecision has
not yet been adequately documented (2). We therefore com-
piled the evaluation data on the CBA assay and our technical
experience with this assay format in a concise report to doc-
ument the applicability of this multiplex assay technique for
the analysis of longitudinal series of small volume samples.

Our laboratory participates in several multicentered stud-
ies, including the birth-cohort PASTURE (Protection Against
Allergies-Study in Rural Environments)/Efraim (Mecha-
nisms of Early Protective Exposures on Allergy Develop-
ment) studies, designed to assess prospectively the role of
farm exposures in the development of childhood asthma and
allergies in rural environments across Europe and to gain
insights into cytokine networks (3). Comparability of meas-
urements from different sampling time points and stimula-
tions is of great importance for longitudinal studies like
PASTURE or Efraim requiring high analytical quality of the
employed methods. In all study samples, the signature cyto-
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Table 2 Comparison of multiplex array CBA and OptEIA method.

Cytokine Slope"SD Intercept"SD r-Value

IL-5 1.69"0.07 16.03"9.69 0.903
IL-10 1.66"0.03 –44.29"9.00 0.930
IFN-g 0.88"0.03 223.3"113.0 0.917
TNF-a 0.45"0.02 100.3"22.39 0.815

Comparison of the multiplex array CBA to the solid phase OptEIA
method (ELISA) by linear regression analysis according to Deming
(slope, intercept) and correlation coefficient according to Pearson
(r), the data were normally distributed (Shapiro-Wilk test); SD, stan-
dard deviation. Measurement range: 5–10,000 ng/L, ns556 meas-
ured study samples.

kines interleukin (IL)-5, IL-10, tumor necrosis factor-a
(TNF-a) and interferon-g (IFN-g) were measured as key
components of the adaptive immune balance. According to
the study protocol, blood samples were drawn at birth (cord
blood), 1, 4.5 and 6 years of age and stimulated as described
previously (4), supernatants were stored at –808C. The study
was approved by the responsible university Ethics Commit-
tees of all participating study centers, in accordance with
institutional guidelines and the Declaration of Helsinki (2008
version). Informed consent was obtained from all parents of
the index children.

For validation and comparison studies, supernatants from
blood samples of 4.5 years collection of the PASTURE/Efraim
cohort were measured with the multiplex bead array CBA
(Human CBA flex sets, BD Biosciences) according to the
manufacturer’s instructions, paralleled by analysis with solid
phase technique using Opt-EIA ELISAs (BD Biosciences).
For the CBA assay, standards from 5 to 10,000 ng/L were
reconstituted and serially diluted in assay diluent, standards
and samples were measured in a 96-well format by means
of specific antibody-coated 7.5 mm capture beads and phyco-
erythrin-conjugated detection antibodies on the FACSArray
system (BD Biosciences). The standard curve and cyto-
kine concentrations were calculated with FCAP Array soft-
ware (version 2.0, Soft Flow, Burnsville, MN, USA, http://
www.softflow.com). CBA measurements were compared to
conventional ELISA as the standard procedure by means of
Opt-EIA kits for the individual cytokines performed accord-
ing to the manufacturer’s instructions, as described in detail
previously (4).

Our results indicated a good analytical performance in
small volume samples using the CBA system (see Table 1).
The dilution linearity of the system was high. Within-run and
total imprecision were below 15% at low, normal and above-
normal concentrations tested in the biological matrix of study
samples. Analytical specificity determined by measuring the
recovery rate, as well as the lower limits of detection and
quantification describing analytical sensitivity, and lastly the
functional sensitivity are also given in Table 1.

Comparison of the multiplex array CBA to the solid phase
OptEIA method (ELISA) by linear regression analysis
according to Deming showed acceptable slopes and inter-
cepts. There were 556 samples included in the study. Data
of IL-5, IL-10, IFN-g, and TNF-a were normally distributed
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according to Shapiro-Wilk and both methods showed good
correlation coefficients according to Pearson (Table 2). The
measurement range was 5–10,000 ng/L. Correlation between
the two methods was high; differing slopes and intercepts
were mainly due to different antibody reactivity of both
methods.

In addition, our study revealed that the cumulative sample
volume for measurements of all respective cytokines required
for the multiplex array method was reduced to 25% (55 mL
vs. 221 mL) compared to the total sample volumes needed
in the solid phase test system.

Multiplexed cytokine measurement therefore offers sev-
eral advantages over the conventional ELISA format when
applied in large-scale longitudinal studies: analytical per-
formance of the multiplexed system CBA described in this
work was demonstrated to show high reproducibility, sensi-
tivity and good applicability for small volume samples.
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