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ABSTRACT

A free full-text copy of this article can be found at the web page of Upsala J Med Sci: 
http://www.ujms.se

Background: A new automated multicapillary zone electrophoresis instrument with
improved resolution buffer (Capillarys® with HR buffer, SEBIA, Paris, France) for
analysis of human plasma proteins was compared with erythrocyte sedimentation
rate (ESR). ESR determinations have been performed for more than eighty years
and it is still one of the most frequently used laboratory tests, mainly to monitor the
inflammatory response and as a tumour marker. Methods: We studied the relation-
ships between ESR, capillary electrophoresis and nephelometric determination of
fibrinogen and albumin in 503 consecutive patient samples. The samples were ana-
lyzed on the Capillarys®. The albumin concentration from the nephelometric deter-
mination was used for quantification of the individual peaks in the capillary elec-
trophoresis electropherogram. Results: We found no significant correlation between
presence or size of M-components and ESR. There were moderate to strong correla-
tions between ESR, fibrinogen and capillary electrophoretic determination of �1-
antitrypsin, �1-acid glycoprotein or haptoglobin for the detection of acute phase
response. Conclusions: We suggest that ESR could be replaced by capillary elec-
trophoresis for the assessment of inflammatory conditions and to detect M-compo-
nents.

INTRODUCTION

Substantial changes in the levels of several plasma proteins accompany infections or
tissue injuries due to trauma, malignancy, or ischemia, as well as inflammatory con-
ditions [1]. The characteristic pattern of these changes is termed the acute phase
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response, which appears to play a significant role in the host defence. The most
widely used assays for measurements of the acute phase response are C reactive
protein (CRP) [2–5] and the erythrocyte sedimentation rate (ESR) [6–8]. ESR was
originally described as a disease marker more than eighty years ago but still retains
an important place in medical practice, probably because it is an easily performed
and inexpensive test, and a wealth of information about its clinical significance has
accumulated over the years. The test measures the distance that erythrocytes have
fallen after one hour in a vertical column of anticoagulated blood under the influ-
ence of gravity. The accepted upper limits of normal are 15 mm/first hour for males
and 20 mm/first hour for females, based on reference values from students in their
twenties. Values up to 40 mm/first hour are not uncommon in healthy elderly people
[9]. Elevated ESR is a non-specific finding but it is often used as an acute-phase
response marker. However, the ESR is influenced by several other factors such as
anaemia, erythrocyte size, white blood cell count, immunoglobulins, monoclonal
gammopathies, renal failure, pregnancy, age, sex, red cell morphology, room tem-
perature and the placement of the ESR tube [10, 11]. Capillary electrophoresis is an
interesting alternative to ESR, as this method can differentiate between M-compo-
nents and acute phase response and can more accurately measure the increment of
individual acute phase proteins including fibrinogen which is the protein that has
the largest impact on ESR in the inflammatory response [12, 13]. Any condition that
causes a general increase of acute phase proteins (e.g. infectious diseases,
polymyalgia rheumatica, temporalis arteritis, diabetes mellitus, heart disease, malig-
nancies, renal failure and pregnancy) will also elevate ESR [13–15]. Capillary elec-
trophoresis systems have been adapted to allow rapid separation of plasma samples.
Assay time with the Capillarys® capillary electrophoresis system is less than 10
min. With an automatic interpretation program it should be possible to perform cap-
illary electrophoresis determination of acute phase proteins with shorter turn-around
times than ESR, with concomitant determination and quantification of M-compo-
nents. We were thus interested to study the correlation between ESR performed with
Seditainer tubes and capillary electrophoresis for quantification of acute phase
response in consecutive patient samples. An automatic ESR reader was used to min-
imise variations due to interindividual interpretation of the ESR results.

MATERIALS AND METHODS

Patients

The samples (n=503) were from consecutive patients referred to the Department of
Clinical Chemistry, University Hospital, Uppsala for ESR determination. The study
was approved by the local ethical committee at Uppsala University (01–167).

ESR and nephelometric determination of albumin and fibrinogen

For ESR analysis, blood was collected in Seditainer tubes (366065, Becton Dickin-
son, Franklin Lakes, NJ USA) and analysed by Sedimatic 100 (Analys Instrument
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AB, Bromma, Sweden); normal range 1–20 mm/first hour (< 50 yrs), and 1–30
mm/first hour (> 50 yrs). After ESR analysis, the tubes were centrifugated for 10
min at 1300 g and room temperature. The plasma was transferred to plastic tubes
and frozen at –70°C. Plasma fibrinogen and albumin were analysed utilizing a BN
Prospec™ nephelometer (Dade Behring, Deerfield, IL, USA) with reagents from
the same manufacturer, including a calibrator related to CRM 470. The results were
adjusted for the dilution in the Seditainer tubes. All assays were performed at the
clinical chemistry laboratory, Uppsala university hospital.

Capillary electrophoresis

Capillary electrophoresis was performed using Capillarys™ Capillary Electrophore-
sis System (Sebia, Paris, France) utilizing the new HR buffer and the same samples
used as for the nephelometric determinations. The instrument is equipped with eight
capillaries allowing a throughput of approximately 60 samples per hour. The protein
separation is performed at pH 9.9 in silica capillaries and the proteins are detected
at an absorbance of 200 nm. The instrument expresses the size of the individual
peaks as absorbance percentage of the whole sample. The nephelometric albumin
value was used to convert the percentage values for the a1-antitrypsin, �1-acid gly-
coprotein and haptoglobin peaks to protein concentrations in g/L.

Statistical analysis 

Statistical analysis was performed with Statistica 4.5 (Statsoft Inc., Tulsa, OK,
USA) and Excel 97 (Microsoft Corp, Seattle, WA, USA). P < 0.05 was considered
significant throughout the study. 
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Fig 1. Correlations between ESR and M-component size in samples containing M-components.



RESULTS

ESR

The 503 samples were collected from a total of 538 samples referred to the labora-
tory for routine ESR analysis. In 35 (6.5%) cases the technician responsible for rou-
tine analysis had judged it impossible to perform the assay due to preanalytical
errors (insufficient volume or visible clots). 

The ESR showed a broad distribution range but with a large group of samples
within the normal range. 197 samples (39%) had ESR £10 mm while 74 samples
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Fig. 2. Correlations between ESR and fibrinogen values in individual patients (n=503).

Fig. 3. Correlations between fibrinogen and �1-acid glycoprotein values in individual patients (n=503).



(15%) had ESR ≥50 and 27 (5.4%) samples had ESR ≥110. The capillary elec-
trophoresis detected M-components in several of the patient sera. There was no sig-
nificant correlation between ESR and the presence or size of M-component (Fig. 1.). 

Correlations between ESR, fibrinogen and electrophoretic determination of 
acute phase proteins

There were significant positive correlations between ESR and the other acute phase
protein studied: fibrinogen (R2=0.595), �1-antitrypsin (R2=0.437), �1-acid glycopro-
tein (R2=0.451) or haptoglobin (R2=0.388). The correlation between fibrinogen and
the other acute phase proteins measured in g/L was stronger than the corresponding
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Fig. 4. Correlations between fibrinogen and �1-antitrypsin values in individual patients (n=503).

Fig. 5. Correlations between fibrinogen and haptoglobin values in individual patients (n=503).



correlations with ESR: �1-antitrypsin (R2=0.610), �1-acid glycoprotein (R2=0.604)
or haptoglobin (R2=0.630). If the percentage of the individual peaks from the capil-
lary electrophoresis was used without adjustments for albumin concentration the
correlations to fibrinogen were less pronounced: a1-antitrypsin (R2=0.348), �1-acid
glycoprotein (R2=0.350) or haptoglobin (R2=0.363). (Fig. 2–6)

DISCUSSION

The major indications for the measurement of acute phase proteins are to monitor
disease activity, and sometimes to provide prognostic information. The tests may also
occasionally be used to support a clinical diagnosis [16]. ESR and CRP are the most
widely used assays to monitor the laboratory part of the inflammatory process. Cur-
rently, ESR is preferred in the Unites States and the CRP is preferred in Europe [17],
while fibrinogen and other acute phase proteins are rarely used. In Europe there is a
wider use of plasma or serum protein electrophoresis in the southern (e.g. Italy) than
in the northern parts. ESR is influenced by several factors unrelated to the inflamma-
tion as mentioned in the introduction. During an inflammatory reaction, ESR is
mainly influenced by fibrinogen (55%), followed by a2-macroglobulin (27%),
immunoglobulin (11%) and albumin (7%) [18]. It usually takes about four to seven
days for ESR and fibrinogen to respond, while CRP reacts within one to two days
[19]. In chronic diseases like RA it may be an advantage to have a slow and stable
inflammatory marker like fibrinogen, a1-antitrypsin, a1-acid glycoprotein or hapto-
globin in addition to CRP. There are several factors, other than the acute phase
response, that can influence individual plasma proteins. Thus, it may advantageous to
determine several acute phase proteins as in capillary electrophoresis. Low �1-antit-
rypsin may be due to genetic deficiency while increased levels may be caused by liv-
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Fig. 6. Correlations between fibrinogen and �1-acid glycoprotein percentage values in individual pati-
ents (n=503).



er damage or oestrogen therapy. �1-Acid glycoprotein is influenced by the glomeru-
lar filtration rate with increased levels in plasma from patients with kidney damage
while haptoglobin is low in plasma from patients with liver cirrhosis or haemolysis.

We have previously shown significant correlations between CRP, ESR and fib-
rinogen in a small group of RA patients [20, 21]. The CRP and fibrinogen, but not
ESR, showed highly significant correlation with a functional test (MHAQ) [21].
CRP and fibrinogen have previously been shown to be associated with radiographic
evidence of disease progression in RA. There was (at the end of a twelve months
period) a better correlation between radiographic progression and CRP than with
ESR [22]. Similar results were found in the study by Sjøblom et al., who found
good correlation of Larsen index with fibrinogen and CRP, but not with ESR [23].

This study confirms the earlier observations of a correlation between ESR and fib-
rinogen [12, 20, 21]. Many of the confounding factors of ESR could be avoided using
fibrinogen or plasma protein electrophoresis. The many factors influencing ESR makes
it difficult to interpret an ESR result. This is probably the cause of the great inter-indi-
vidual variability in interpretation of ESR results previously reported [24]. In contrast
to ESR, capillary electrophoresis can be analysed retrospectively on stored plasma
samples and the assay can be centralised, which is important in clinical studies to elim-
inate interlaboratory variation. The percentage of preanalytical error for ESR (6.5%) is
extremely high for a high volume laboratory assay. As insufficient sample and clots
have a minor impact on the capillary electrophoresis we also analysed these samples.
In a number of these cases, where it was impossible to perform ESR, the capillary elec-
trophoresis revealed the presence of a M-component. The high rate of preanalytical
errors is just another argument for the replacement of ESR by more specific assays.

The health care strives to shorten the patient turnaround times (TAT) and thus
also laboratory test TAT. The transit from paper and agarose electrophoreses to cap-
illary electrophoresis has made it possible to shorten TAT significantly. The use of
lithium-heparin PST tubes eliminates delay due to sample clotting. With PST-tubes,
preanalytical automation, capillary electrophoresis, computerised interpretation and
an electronic request-result system it should be possible to provide test results with-
in 30 min from the time that the sample arrives to the laboratory. This is superior to
ESR TAT. In the future we believe that plasma protein electrophoresis with capillar-
ies will be an interesting alternative to ESR providing shorter turnaround times and
more information to the clinician.
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