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A new rapid and sensitive
immunofluorescence assay
for the determination of myoglobin in serum
Ein neuer und empfindlicher Fluoreszenz-lmmunoassay für die Bestimmung
von Myoglobin im Serum
E. Hänseier, P. C. Baumann1, Katharina M. Rentsch, Silvia Brogli
Institute for Clinical Chemistry, 'Department for Internat Medicine, University Hospital Zürich, Switzerland

Summary:
We report the analytical performance of a new immunofluorescence assay (IFA) for the
determination of myoglobin using the Stratus System. Comparison of the well-
established radioimmunoassay (RIA) using 146 patient samples showed a high correla-
tion (r 0.98). The IF method however gave significantly Iower values (y = 0.78x + 0.05).
New reference ranges were established separately for men (0.79-2.87 nmol/l) and
women (0.53-2.73 nmol/l), measuring the myoglobin concentration in 104 healthy
persons.

The coefficients of Variation for the within-run (1.95-3.01%) äs well äs between-days
(2.94-3.31%) imprecision ofthe immunofluorescence assay were excellent and superior
to the data found for the RIA.

The ränge of linearity of the new method is extended up to 54 nmol/l compared to 16.6
nmol/l for the RIA. No 'high-dose hook effect' was observed with myoglobin concentra-
tions up to 1900 nmol/l. The influence ofbilirubin, hemoglobin and turbidity was tested.
While hemoglobin did not affect either method, bilirubin significantly affected the test
results of the immunofluorescence assay above a concentration of 300 / . Addition
of intralipid slightly (RIA 4.2%, IFA 2.4%) increased the results at an ÖD of 1,735 at
600 nm. The System äs a whole is very well suited. for a stat laboratory, since the
calibration curve is stable over at least ten days and single test results are available after
9 minutes.
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Zusammenfassung:
Wir berichten über die Evaluation eines neuen Jmmunfluoreszenz-Assays (IFA) zur
Bestimmung von Myoglobin im Serum. Ein Methoden-Vergleich mit einem in der
Routine etablierten Radioimmunoassay bei 146 Patientenproben zeigte eine gute Korre-
lation (r = 0,98) der Werte. Die IF-Methode ergab signifikant niedrigere Resultate
(y = Q,78x + 0,05). Anhand eines Kollektivs von gesunden Spendern (N = 104) wurde ein
neuer Referenzbereich, getrennt für Frauen (0,53-2,73 nmol/l) und Männer (0,79-2,87
nmol/l) ermittelt.

Die Präzision in der Serie (1,95-3,01%), wie auch diejenige von Tag zu Tag (2,94-3,31%),
war sehr gut und wesentlich verbessert im Vergleich zur RIA-Methode. Der lineare Meß-
bereich des IFA ist im Vergleich zum RIA (16,6 nmol/l) bis zu 54 nmol/l erweitert. Auch mit
Myoglobinkonzentrationen von über 1900 nmol/l konnten keine falsch niedrigen Werte
festgestellt werden (high-dose hoök effect).

Der Einfluß von Bilirubin, Hämoglobin und des Zusatzes von Intralipid wurde getestet.
Während Hämoglobin keine der beiden Methoden stört, verursachen Bilirubin-Konzen-
trationen über 300 / signifikant erniedrigte Meßwerte. Der Zusatz von Intralipid
erhöhte die Meßwerte bei beiden Methoden leicht (RIA 4,2%, IFA 2,4%).
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Das Stratos-System zeichnet sich durch eine hohe Stabilität der Eichkurve aus (> 10 Tage
für Myoglobin) und eignet sich damit auch sehr gut für Einzelbestimmungen. Das erste
Resultat steht nach 9 Minuten zur Verfügung.

Schlüsselwörter:
Myoglobin - Immunfluoreszenz - Stratus System - Myokardinfarkt - Notfallparameter

Introduction
In the diagnosis of acute myocardial infarction (MI) the
enzymes total CK, CKMB, LDH and AST play a major role.
Other proteins like myoglobin, Troponin T (TnT), myosin
light chains (MLC) and CKMB-mass however, are known
to have a higher sensitivity or specificity for the diagnosis
of MI (1, 2). Until nowthe latter parameters have the short
coming of a long analytical turnaround time which made
them not suitable for routine use in the diagnosis of acute
diseases like acute MI.

Myoglobin, an oxygen binding protein abundant in
myocardial and skeletal muscles, has been described äs
an important parameter not only in the diagnosis of acute
myocardial infarction but also for the monitoring of a
successful reperfusion of coronary arteries (3), äs an
estimate of the infarct size (4), äs an indicator of skeletal
muscle damage (5, 6) and äs an estimate for cardiotoxi-
city (7).

Myoglobin is a very sensitive indicator of acute MI (8).
Myoglobin levels become abnormally high in only 4.2 ±
0.9 hours following onset of the infarction (9). The short
half life of 5.5 hours (10) makes the parameter suitable for
monitoring patients in the first hours after the onset of a
pathological disorder.

Since an increasing number of patients with the diagnosis
of an acute MI are immediately treated with a thromboly-
tic agent in the modern intensive care medicine (11), a
fast and accurate diagaosis is of utmost importance for
the patient.

Radioimmunoassays (RIA) for myoglobin have a turn-
around time of about two hours and are therefore not
suited for emergency testing. The introduction of a faster
latex immunoassay for myoglobin (12) was not very suc-
cessful because only sem{.quantitative results could be
obtained. Also, false negative results were reported in the
presence of antigen excess (13). The first rapid quantita-
tive assay for myoglobin, was based on laser nephelo-
metry (14). This technique however has the disadvantage
of being suited only for mid-sized and large laboratories.
Turbidimetric immunoassays using shell-core particles
and microparticle-enhanced nephelometric immuno-
assays have the inherent disadvantage of being sensitive
to high triglyceride or chylomicron concentrations
(15, 20).

The aim of this study was to compare the analytical
Performance of this new assay to the established radio-
immunoassay and to test the suitability of the System for
the use in a 24 hour stat laboratory.

Materials and Methods
Methodology
The radioimmunoassay for myoglobin manufactured by
Daiichi Radioisotope Labs., Ltd. Tokyo, Japan, distributed
by Byk-Sangtec, Dietzenbach, Germany, was used in com-
bination with a scintillation counter Gammamaster 1277
from LKB, Turku, Finland.

For the determination of myoglobin a radial partition
immunoassay (RPIA) in combination with the Stratus
System (both from Baxter Diagnostics, Deerfield, IL, USA)
was used. It is based on the sandwich immunoassay tech-
nique using a secondary mouse monoclonal antimyoglo-
bin antibody which is complexed onto a glass fiber disc.
After adding the patient sample, a conjugate consisting of
an enzyme (alkaline phosphatase) bound to an Fab' frag-
ment of a mouse monoclonal antimyoglobin antibody is
pipetted onto the reaction site. The conjugate reacts with
the antibody-bound myoglobin to complete the sandwich.
In the final step, the Substrate wash solution is added and
the rate of Substrate conversion is read by front-surface
fluorometry. 4-Methylumbelliferyl phosphate is used äs a
Substrate.

Interference study
The influence of turbidity, bilirubin and hemoglobin on
the analytical performance of the two methods was tested
according to the procedure of the French Society for Clini-
cal Chemistry (SFBC) (16).

Intralipid 20% was purchased from Pfrimmer Kabi,
Erlangen, Germany, Bilirubin from Fluka, Buchs, Switzer-
land. The hemolysate was prepared äs described in the
procedure from the SFBC.

Patient samples
Samples for the determination of the reference ränge
were taken from patients with normal values of each of
the following parameters: creatinine, CK, CK-MB, AST
and LDH.

Samples and sample pools used for the method compari-
son, imprecison runs, linearity tests and interference
studies were from patients with the diagnosis of either
instable angina pectoris or acute MI. Serum was used uni-
formely for the whole study.

Influence ofstorage of patient samples
Aliquots of patient samples were kept at room tempera-
ture, 4°C and -18°C in order to assess the influence of
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Fig. 1: Method comparison for the determination of Myoglobin
with a radioimmunoassay and an immunofluorescence method
respectively. The solid line represents the Passing/Bablock re-
gression line, the dotted line y = x.

Table 1: Within-run imprecision for the RIA and the immuno-
fluorescence assay. Patient pool sera with three different levels
were used (for each level 10 replicates).

mean
nmol/l

3.12
4.81
8.13

RIA

SD
nmol/l

0.11
0.37
1.03

Immunofluorescence assay
CV
%

3.62
7.61

12.63

mean
nmol/l
2.45
3.94

' 8.12

SD
nmol/l
0.05
0.06
0.24

CV
%

1.95
1.49
3.01

Table 2: Between-day imprecision for the immunofluorescence
assay. Control sera were used in three different levels (for each
level 10 replicates).

Immunofluorescence assay
mean
nmol/l

2.46
12.14
22.64

SD
nmol/l
0.08
0.40
0.66

CV
%

3.31
3.27
2.94

the storage temperature on the stability of myoglobin in
serum. The results of neither assay were affected by this
procedure.

Abbreviations:
CK: total creatine kinase, CK-MB: creatine kinase iso-
enzyme MB, AST: aspartate aminotransferase, LDH: lac-
tate dehydrogenase, MI: acute myocardial infarction

Results
Analytical performance
1. Method comparison
Samples from 146 patients were analysed with both the
RIA and the immunofluorescence assay and evaluated
with the non-parametric method of Passing and Bablok
(17). The two methods correlated very well (r = 0.98).
The regression line shown in Figure 1 has a slope of 0.78.
The intercept (0.05 nmbl/l) does not deviate significantly
from 0.

The consistently Iower values resulting with the immuno-
fluorescence assay are most likely due to either the higher
specificity of the monoclonal antibodies or to a different
Standard material used for calibration.

2. Imprecision
Within-run imprecision was determined with three pools
of patient serum with the concentrations Iow, medium
and high relative to the reference value. The results of
this study are summarized in Table 1. The Stratus System
showed an excellent performance at the three different

concentration levels, all of the coefficients of Variation
(CV) being below 3.0%. The RIA method exhibited good
CV's in the Iower (3.6%) and in the medium (7.6%) ränge,
whereas in the high level a CV of 12.6% resulted, which is
still acceptable for a radioimmunoassay.

Imprecision between-days was determined with control
sera in three different levels, supplied by the manu-
facturer, using the same calibration curve. The results on
the Stratus System were very stable over a period of ten
days, the coefficients of Variation being all ^3.4% for the
three different levels (Tab. 2).

3. Stability of the calibration
According to the'data shown in Table 2 the same calibra-
tion curve can be used for at least ten days. The longest
period for which we could use the same calibration curve
in our laboratory was £1 days.

4. Linearity
The ränge of linearity was tested by two dilution series of
pools of patient serum. The first dilution series in the Iow
ränge (0.1-9.2 nmol/l) proved that both methods are
linear to concentrations äs Iow äs 0.1 nmol/l (data not
shown). The second dilution series (5.0-54 nmol/l)
showed that the RIA method reaches its analytical limit
with the level of the highest Standard at 16.6 nmcl/l
(Fig. -2), whereas the Stratus method can be used up to
54 nmol/l without any further dilution of the sample.

Myoglobin measurements in different serum samples
with concentrations >54 nmol/l (highest 1940 nmol/l) did
not reveal any 'high-dose hook effect' causing false Iow
values.
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Die Wirklichkeit ist 3dimensional!
Überzeugen Sie sich.

Betrachten Sie die Zellen einmal
so, wie unsere VCS-Technologie:

Sie differenziert die fast nativen
Leukozyten nach 3 wichtigen
Eigenschaften:
- Volumen,
- Intrazelluläre Strukturen,
- Oberflächenbeschaffenheit,
und das pro Blutbild an mehr als
8000 Leukozyten, in weniger als
45 Sekunden.

Das Ergebnis ist ein vollständiges
Differentialblutbild, bestehend aus
den 5 normalen Leukozytenpopu-
lationen.

Der MAX M mit automatischer ProbenzufOhrung
för das (deine und das große Ölutbild.

Entsprechend Ihrer Zelleigen-
schaften wird jede Zelle als Punkt in
einem Sdimensionalen Koordinaten-
system (VCS-Würfel) darstellbar.

Alle pathologischen Blutbilder
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COULTER ELECTRONICS GMBH

Europark Fichtenhain B 13 · 4150 Krefci



Originalie

20 40 60

% Poolserum

80 100

Fig. 2: In order to study the linearity of the assays, a pool of
patient sera was diluted with either phosphate buffer (for RIA, L)
or high sample diluent for the immunofluorescence assay
(supplied by the manufacturer) (Ώ).

5. Influence of turbidity, bilirubin and hemoglobin
The influence of turbidity, bilirubin and hemoglobin on
the performance of the two assays was tested by adding
different amounts of stock Solutions of intralipid, bilirubin
and hemoglobin, derived of a hemolysate, to a pool of
patient sera.

Addition of a turbid solution up to an optical density of
1.735 at 600 nm did slightly (minimum 1.7%, maximum
5.8%) increase the results on the Stratus System (Fig. 3a).
The somewhat more pronounced effect observed on the
RIA results at an D of 1.3 (Fig. 3a) is most likely caused
by the higher imprecision of the radioimmunoassay.

Bilirubin has no significant influence on the performance
of the RIA up to a concentration of 550 μηηοΙ/Ι, whereas the
immunofluorescence assay is severly affected by bilirubin
concentrations >300~μπιοΙ/Ι. Compared to the native
sample in which no additional bilirubin was added, a
30% Iower value resulted at a bilirubin concentration of
550 μηηοΙ/Ι (Fig. 3b).

The addition of different concentrations of hemoglobin
did not affect the immunofluorescence assay up to a
hemoglobin concentration of 190 μηηοΙ/Ι (Fig. 3c). The
influence observed on the RIA is again most likely due to
the higher imprecision of the radioimmunoassay.

6. Reference interval
104 Patient samples from our laboratory having normal
values for the parameters creatinine, LDH, CK-MB or total
CK were assayed for myoglobin. The distribution of the
values obtained is shown in Figure 4. According to the
non-parametric procedure by Solberg (18) the reference
r nge was determined to be 0.60 to 2.86 nmol/l when all
data were included.

A significant difference (p<0.001) was found between the
male and the female population. For women (n = 53) a
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Flg. 3: Interference study. The broken line represents the RIA
measurements, the solid line the results of the immunofluores-
cence assay. A) Addition of intralipid, B) Addition of bilirubin,
C) Addition ofaliquots of a hemolysate.

mean of 1.40 (± 0.54) was found, while the mean value of
the male population (n = 5t) was 1.89 (± 0.57) nmol/l. The
reference ranges were calculated to be 0.53-2.73 nmol/l
for women and 0.79-2.87 nmol/l for men.

7. Time study
The much shorterturnaround time of the immunofluores-
cence assay is considered to be one of the main advant-
ages compared to the RIA. Table 3 summarizes some data
for the time necessary to Start the Instrument, make a
calibration run and do single or multiple tests respecti-
vely.

The time needed to warm up the Instrument and to get to
the standby mode is 30 minutes. A calibration run takes
22 minutes, if the curve passes the internal validation pro-
cess of the Instrument. Once being in the standby mode
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Fig. 4: Myoglobin concentrations in 104 patient sera with normal
values for creatinine, LDH, total CK and CK-MB isoenzyme.

and having stored a valid calibration curve, the time to
obtain the first result is 9 minutes. The n ext results are
printed out in intervals of 1 minute.

The daily maintenance which takes about 10 minutes con-
sists mainly of checking the supplies of the System, in-
specting the tubing connections, rinsing the tubing
System and the dispenser probe tips. Cleaning of the inter-
nal reference and the fan filters and a check of the proper
positioning of the dispenser must be performed weekly.
An additional 5 minutes is needed monthly for changing
the fan filters.

Discussion
Being abundant in sceletal äs well äs in myocardial
muscle, the predictive value of the positive result of the
Parameter myoglobin for myocardial disorders is lovy.
Other proteins like CK-MB have a much higher predictive
value of positive results in this respect. It is ratherthe pre-
dictive value of the negative result which is close to 100%
that makes the parameter very suitable for 'ruling-out' a
myocardial infarction (1).

The diagnosis of a myocardial infarction has to be
established äs rapidly äs possible because the delay time
until thrombolytic therapy is started, severely affects the
outcome. Good results are usually achieved by startin g
the treatment within 6 hours after the onset of ehest pain
(11).

Myoglobin with its high sensitivity and short half life
could become one of the Parameters of choice for the
monitoring of patients with suspected myocardial dis-

Table 3: Time necessary for individual Steps in the analyticaf
procedure for the determination of myoglobin and for the preven-
tive maintenance ofthe Stratus System.

Analytical procedure:
Instrument OFF' to 'STANDBY'
calibration run
calibration run and first
patient result, after 3 controls
single result (from standby)
batch mode, first result
each additional result

Preventive maintenance:
daily
weekly
monthly

Time needed
30 min
22 min

26 min
9 min
9 min
1 min

10 min
15 min
5 min

Orders, if the parameter could be determined with a fast
and accurate method which is suited for a stat laboratory.

This study shows, that the new immunofluorescence
assay performed at least äs well äs the established RIA
and was even superior in most of the characteristics
tested.

On the Stratus System both within-run and between-days
imprecision were found to be excellent in samples of Iow
myoglobin concentration äs well äs in pathological levels
and were superior to the data found with the RIA.

The IF method gave significantly Iower values when com-
pared to the RIA used in our laboratory (y = 0.78x + 0.05).
This finding also affected the reference intervals. A discri-
mination of the myoglobin values according to sex
yielded a significant difference of the mean values and of
the reference ranges of the male and the female popula-
tion. This finding is in agreement with observations
obtained with RIA (14) or nephelometrique techniques
(19).

The ränge of linearity for the immunofluorescence assay
is extended more than three times, compared to the RIA.

The influence of different interfering substances was
tested on both the established RIA and the immunofluo-
rescence assay. The data found for the RIA are mainly a
result of the high imprecision of the procedure. Addition
of either turbid, icteric or hemolytic Solutions did not
significantly or consistently affect the results of the RIA.
For the immunofluorescence assay a significant inter-
ference was found with icteric samples. A bilirubin con-
centration of 300 / is the upper limit for reliable
results. A significant interference of turbid Solutions äs
described for the recently introduced myoglobin assays
based on the microparticle enhanced technique (20), was
not detected for the immunofluorescence assay.

Turnaround time is extremely rapid with the Stratus
system. If the Instrument is in the standby mode with a
valid calibration curve, single test results can be obtained
within 9 minutes.
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This immunofluorescence assay overcomes most of the
main shortcomings of the previous assays for myoglobin
(long turnäround time, semiquantitative results, false
negative results etc., for references see introduction).

Since the overall performance of the test was very good
and the system äs a whole proved to be easy to handle,
the parameter myoglobin can be included in the panel of
stat parameters and may play a key role in the future in
monitoring patients with acute myocardial disorders in
the first hours after the onset of Symptoms.
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