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Background: Serum/plasma albumin is
an important and widely used laboratory
marker and it is important that we mea-
sure albumin correctly without bias. We
had indications that the immunoturbidi-
metric method on Cobas c 501 and the
bromocresol purple (BCP) method on Ar-
chitect 16000 differed, so we decided to
study these methods more closely. Method:
A total of 1,951 patient requests with albu-
min measured with both the Architect BCP
and Cobas immunoturbidimetric methods
were extracted from the laboratory system.
A comparison with fresh plasma samples
was also performed that included immuno-
turbidimetric and BCP methods on Cobas c
501 and analysis of the international protein

calibrator ERM-DA470k/IFCC. Results: The
median difference between the Abbott BCP
and Roche immunoturbidimetric methods
was 3.3 g/l and the Roche method overesti-
mated ERM-DA470k/IFCC by 2.2 g/l. The
Roche immunoturbidimetric method gave
higher values than the Roche BCP method:
y = 1.111x – 0.739, R² = 0.971. Conclu-
sion: The Roche immunoturbidimetric albu-
min method gives clearly higher values than
the Abbott and Roche BCP methods when
analyzing fresh patient samples. The differ-
ences between the two methods were simi-
lar at normal and low albumin levels. J. Clin.
Lab. Anal. C© 2016 Wiley Pe-
riodicals, Inc.
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INTRODUCTION

Albumin is the most abundant plasma protein in hu-
mans, accounting for 50–60% of the total amount of pro-
teins (1). Serum or plasma albumin is also one of our
most frequently requested laboratory tests. Albumin has
been extensively studied and over the last 50 years we have
seen major advances in our understanding of the different
functions of albumin (2).

Albumin is responsible for approximately 70–80% of
the colloid osmotic pressure of the blood compartment
(3). Many endogenous compounds and drugs are bound
to and transported by albumin (2, 4). Albumin also
has metabolic, antioxidant, anticoagulant, and acid–base
functions (5–7).

Hyperalbuminemia is mainly due to dehydration
(8), while hypoalbuminemia may be caused by a wide
range of disorders including decreased synthesis due to

malabsorption, malnutrition, malignancies, inflamma-
tion, and liver disease or increased losses due to nephrotic
syndrome, protein-losing enteropathy, and burn injuries
(2, 7, 9). The serum albumin concentration is often used
as a marker for protein status and protein malnutri-
tion (10, 11). Albumin is also widely used as a prognostic
marker. Prognostic plasma biomarkers are of consider-
able clinical value due to their accessibility. Albumin has
been shown to be a prognostic marker in various can-
cers (12–14). It is also a prognostic marker in end-stage
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renal disease, geriatric patients, hip fractures, broad hos-
pital populations, and general populations (15). Albumin
was also included in the original APACHE score for risk
assessment of intensive care patients (16). National or in-
ternational cut-off values are usually applied when using
biomarkers for risk assessment and it is thus important
that the calibration of the methods used for setting the
cut-off values and the local albumin method do not dif-
fer.

Albumin is usually measured with dye-binding assays
such as bromocresol green (BCG) or bromocresol purple
(BCP) or with immunological assays. The BCG methods
have been reported to overestimate albumin because of in-
terference by acute-phase proteins (17–19), while the BCP
methods have been reported to have a good agreement
with immunological albumin methods (20, 21). The cali-
brations of current commercial albumin assays are usually
traceable to the international protein calibrator European
reference material (ERM)-DA470k/IFCC (22, 23). With
the same calibrator, the tests should give similar results.
At our laboratory we have two plasma albumin assays:
a BCP assay on an Architect 16000 available around the
clock and an immunoturbidimetric assay on a Cobas c
501 instrument available during office hours.

We had initial indications that our two albumin meth-
ods did not provide the same results. We thus decided
to compare the two methods more closely with patient
samples to evaluate if there were differences that could
have clinical implications. We also wanted to compare the
agreement at different albumin concentrations as it has
previously been reported that the absolute overestimates
by dye methods are greater in the low albumin range, be-
cause these patients often have elevation of other proteins
that could react with the dye.

MATERIALS AND METHODS

Samples

Test results were extracted from laboratory information
system at the Department of Clinical Chemistry and Phar-
macology, Uppsala University Hospital, Uppsala. Only
test results for individuals with complete personal num-
bers were extracted. The results were extracted together
with information of age and sex of the patient. The study
was approved by the local ethical board (01-367) and com-
plied with the World Medical Association Declaration
of Helsinki regarding ethical conduct of research. The
samples were collected in Li-heparin PST tubes (366567,
Becton, Dickinson, and Company; Franklin Lakes; NJ)
for both albumin methods. Fresh patient samples were
collected at Akademiska University Hospital in Uppsala
and sent to Karolinska University Hospital in Stock-
holm (Beckman Coulter Immage and Roche Diagnostics

Modular P) and Falun (Architect c8000) for comparison
of albumin results on different instrument platforms.

Albumin Methods

In Uppsala, albumin was measured immunoturbidimet-
rically with reagent (product number 04469658190) from
Roche Diagnostics (Mannheim, Germany) on a Cobas
c 501 (Roche Diagnostics). The method is calibrated us-
ing CFAS calibrator from Roche Diagnostics, which is
traceable to the international protein calibrator ERM-
DA470k/IFCC. The total coefficient of variation (CV)
for the immunoturbidimetric albumin method was 2.8%
at 24.4 g/l and 2.8% at 48 g/l. Albumin was also mea-
sured with BCP reagent (7D54-21) from Abbott Diag-
nostics (Abbott Park, IL) on an Architect 16000 (Abbott
Laboratories). The method was calibrated using Multi-
constituent Calibrator 1E65-05 from Abbot Laboratories,
which is also traceable to ERM-DA470k/IFCC. The to-
tal CV for the BCP method was 0.3% at 39 g/l and 0.4%
at 49 g/l.

Albumin was also measured with Roche Diagnostic
BCP reagent and Abbot Diagnostics BCP reagent on the
Cobas c 501 as a comparison. In the second round, albu-
min was also measured with fresh patient samples on sev-
eral instrument platforms with different immunological
methods; Beckman Coulter Immage (Stockholm), Roche
Diagnostics Modular P (Stockholm), Roche Diagnostics
Cobas c 501 (Uppsala), and Abbott Laboratories Archi-
tect c 8000 (Falun). The total CVs for albumin were 7% at
26 g/l and 5% at 37 g/l for the Beckman Coulter Immage
method, 1.5% at 25 g/l and 1.2% at 43 g/l for the Roche
Diagnostics Modular P method and 1.0% at 40.9 g/l for
the Architect method (Falun).

Statistical Analysis

Linear regression analysis and median differences were
calculated using Excel 2013.

RESULTS

Comparison Between Architect and Cobas
Methods for Plasma Albumin

Requests for albumin measured on 1,951 patients as-
sayed both with the Architect BCP and Cobas c501 im-
munoturbidimetric methods were extracted from the lab-
oratory system during the time period January 1, 2013, to
February 10, 2014. The linear regression equation was y =
1.047x + 1.687, R²= 0.930, with the cobas 501 method as
the dependent (y) (Fig. 1). The median difference between
the two methods was 3.3 g/l.
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Fig. 1. Comparison between Architect and Cobas methods for plasma albumin. The comparison is based on simultaneous requests for both
methods (n = 1,951).

Comparison Between Architect BCP (Uppsala) and
Immunoturbidimetric Methods on the Cobas
Instrument

A total of 43 samples were analyzed on the Cobas
instrument with Roche immunoturbidimetric and BCP
methods and Abbott BCP method. There was a good
agreement between the two BCP methods when analyzed
on the Cobas instrument: y = 0.987x – 0.453, R²= 0.996.
The Roche immunoturbidimetric method gave higher val-
ues than the Roche BCP method with patient samples: y
= 1.111x – 0.739, R² = 0.971. The corresponding equa-
tion for the internal controls was y = 1.063x – 0.542, R²
= 0.991, indicating that the median difference between
the two methods when analyzing nine internal laboratory
control samples was smaller than for the patient samples
(Fig. 2).

Comparison Among Architect BCP (Falun),
Immage Immunological (Stockholm), Modular P
(Stockholm), and Cobas c 501
Immunoturbidimetric (Uppsala) Methods With
Simultaneous Measurement of ERM-DA470k/IFCC

A total of 20 patient samples were analyzed with im-
munological methods on Immage, Modular P, and Cobas
c501 instruments and with BCP method on Architect c

8000 instrument. Albumin concentrations varied between
13 and 38 g/l in samples analyzed with BCP method on
Architect c 8000. Results from Cobas c501 instrument
were generally higher than results obtained with other in-
struments. The mean difference between results obtained
with Immage and Architect was 1.2 g/l, between Modu-
lar P and Architect 1.4 g/l and between Cobas c501 and
Architect 2.5 g/l.

ERM-DA470k/IFCC has an assigned value of 37.2 g/l.
When analyzed with the Cobas immunoturbidimetric as-
say the result was 39.4 g/l. Architect reported a value of
37.3, Immage 36.6 and Modular P 37.6 g/L (Fig. 3). The
equation for the correlation between Architect (Falun)
and Cobas c 501 (Uppsala) with 19 patient samples was y
= 0.954x + 3.869 (R² = 0.958).

DISCUSSION

The laboratory in Uppsala has two albumin methods,
and the BCP method is a STAT test with test turnaround
times of approximately 40 min. The immunoturbidimetric
method is used in conjunction with our plasma protein
electrophoresis and the test turnaround time is usually
>24 hours. The number of immunoturbidimetric albu-
min tests performed is less than 10% of the bromocresol
tests performed. We used to consider the immunologi-
cal method superior to the BCP method especially for
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Fig. 2. Comparison between the Roche BCP method (x-axis) and immunological method (y-axis) on Cobas c 501. Black markers are patient
samples and gray markers are internal laboratory controls. The equation presented in the figure is based on the patient samples. The equation for
the internal controls was y = 1.063x – 0.542 (R² = 0.991).

patients with low albumin values. This was the reason
for having two albumin methods. It is an old saying that
dye-binding assays overestimate albumin in the low range
(<25–35 g/l) since patients with low albumin values often
have elevated levels of other proteins that could interfere

with the dye-based albumin methods (24, 25). This could
lead to misclassification of patients.

The immunoturbidimetric Cobas c 501 method overes-
timates the albumin values in patient samples by slightly
more than 3 g/l in comparison with the Abbott BCP

Fig. 3. Test results obtained with the international protein calibrator ERM-DA470k/IFCC analyzed on Immage, Modular P, Cobas c 501, and
Architect c8000. The ERM calibrator was run in duplicate on each instrument.
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method. The overestimation by the immunoturbidimet-
ric method is supported by the result obtained with the
ERM-DA470k/IFCC calibrator and the results obtained
with the Roche BCP method.

When we compare the results obtained with the im-
munoturbidimetric Roche method and the dye method
on the Architect, there is no indication that the BCP
method gives higher results than the immunoturbidimet-
ric method at least down to 10 g/l. Less than 0.1% of our
albumin requests have albumin values below 10 g/l and
when we look at repeated results in the same patient the
samples give similar results from day to day, indicating
that the results from individual patients can be monitored
over time.

Immunological methods have higher reagents costs
than dye-binding assays. Immunological assays thus have
to provide higher-quality test results to motivate the
higher costs. Looking at the present data, it could be ques-
tioned if the increased cost for the c 501 method could be
motivated. To us, it is not acceptable to have two albumin
methods that differ by more than 3 g/L.

In conclusion, we here report data strongly indicating
that the immunoturbidimetric albumin method on Cobas
c 501 is not correctly calibrated according DA470k/IFCC
and thus overestimate the albumin concentration in fresh
patient plasma samples. The methods differences were
smaller for internal controls. The results show the impor-
tance of using fresh patient samples for method compar-
isons.
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