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MINATION OF SPECIFIC IGE, USING IMMULITE
2000 COMPARED WITH UNICAP 100

G. Vignati (1), E Pastori (1), S. Portalupi (1), R. Temporiti (1)

INTRODUCTIO
T he recent availability of a method for the fully

automated determination of specific IgE (slgE)

based on a system which has normally been
used for conventional determination by immunochemi-
cal methods (Immulite 2000; DPC Los Angeles, CA,
USA; represented in Italy by Medical Systems, GE),
and which has been used for this purpose for several
years in our organisation, led us to verify the analyti-
cal quality of the proposed method, leaving aside the
purely organisational aspects which we have discus-
sed elsewhere (1), by carrying out appropriate testing
in accordance with a sufficiently comprehensive and
detailed protocol. We chose as our control method the
procedure historically used in our laboratory and
generally considered valid for the in-vitro determina-
tion of slgE (UniCAP 100; Pharmacia Diagnostics,
Uppsala, Sweden).

The problem faced in the evaluation of methods of
determining slIgE relates to the large number of parc-
meters affecting the outcome (exhaustive in-vitro ailer-
gy diagnosis requires the examination of approxima-
tely 150 allergens in the laboratory). Since each of the
allergens considered has such distinctive characteris-
tics, in terms of preparation, purification, and antibo-
dy behaviour towards the many different antigen
determinants, that the investigator is effectively dealing
with completely different analytes. Thus the conclusions
drawn from analytical comparisons are frequently
inconsistent or even contradictory, depending on the
allergen in question. Moreover, a laboratory is
obviously not free to choose different methods of deter-
mination for the different allergens according to objec-
tive evaluation parameters, as is commonly done, for
example, in the conventional immunochemical deter-
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mination of hormones and tumour markers. When
choosing a method, it is therefore essential to have an
exact knowledge of the analytical quality of the pro-
duct in question, and especially of any problems which
may arise with the chosen method.

In view of these considerations, we attempted to devi-
se the tests according to a system which would provi-
de the greatest possible amount of information in rela-
tion to any decisions that were made (2). We therefo-
re considered a large number of samples relating to
different patients (more than 150) in sufficient numbers
for each allergen concerned. in order to achieve a
high level of stetistical significance. We also selected
the allergens frcm —cse which were generally most
important in *erms o requests to the laboratory. We
considerec —gc* -+ was essential, for the purposes of
comoc-'sc- cmz evaiuation, to prioritise the positive
samoles =t ecst 80 of the tests conducted) in our
seeccm w'n data distributed over the whole range of
ccnce~rzrions {0.35-100 kU/I) and good representa-
“2~ 0" e low concentrations. Regarding the quantita-
-'ve cnclytical methodology, we considered it essential
- use data expressed in International Units (WHO
75/502) (3).

MATERIALS AND

%

The Immulite 2000 Allergen-Specific IgE test which
was to be evaluated provided for the determination of
specific IgE allergens by immunoassay in two stages
(each with an incubation time of 30 min.) using aller-
gens in the liquid phase (covalently bound to a soluble
polymer/copolymer matrix, which in turn is marked
with a ligand). The washing and detection system used
the conventional bead method of the Immulite system,
bonded with an anti-ligand in this case (4). The control
method, UniCAP Specific IgE, is based on the
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~~_ncCAP technology (allergens bonded on a solid
~ign-capacity cellulose-based matrix) with fluorescen-
ce reading, using the UniCAP 100 automatic system
(5, 6).

Table 1 shows the allergens used in our evaluation,
selected according to their incidence in the requests
made to the laboratory, with the aim of representing
the various types of allergens and enabling a compa-
rative study to be conducted on characterized biologi-
cal samples relating to 153 different patients. We
verified the reproducibility in respect of the selected
samples, and the determinations for each allergen
were replicated in both analytical systems in each of
two different analysis sessions, giving a total of n = 4
replicates for each o||ergen. An important aspect of
the evaluation of a method is the verification of its
linearity at different concentrations, which is a prere-
quisite for ensuring the correctness of the results over
the whole measurement range (7). For this purpose,
we set up a dilution study for different allergens (w1,
d1, el, mé, t3), in which samples at a sufficiently high
concentration, but not exceeding the limit of linearity
of the calibrators (100 kU/I), were diluted by serial
dilution (1/3, 1/9, 1/27, 1/81). For each analytical
system we used the diluent recommended by the
manufacturer and a serum free of IgE. To reduce any
sources of imprecision in the dilution test to a mini-
mum, we replicated each determination in each of two
different analysis sessions (n = 4 replications). A com-
parison was also made between the calibrators used
in each system (by cross-checking) and the possible
effect of high total IgE levels on the determinations was
evaluated. A dedicated IQC system, based on one
negative and one positive control serum, was establi-
shed for all the determinations.

f wil Ambrosia elatior 124
wl9 Parietaria officinalis 1eé
di Dermatophagoides pteron. 124
t3 Birch 136
t9 Olive 100
g6 Phleum pratense 13
el Cat epithelium 50
m2 Hormodendrum-Cladosporium 56
fl Albumen - Egg white 98
f4 Wheat 99
i3 Polistes species — Wasp § 104
\ - J

Table 1 : Allergens subjected to evaluation.

RESULYS

VARIABILITY OF ANALYSIS

Table 2 shows the results for the variability in different
analysis sessions as yielded by control serums included
systematically in the individual determinations. The
positive control serum was defermined by using the gé
allergen, and the negative serum was determined by
means of the f1 allergen. For the negative control,
since the concentrations were below the limit of sensi-
tivity of the systems (namely 0.35 kU/I for UniCAP100
and 0.10 kU/I for Immulite 2000) and therefore no
concentration value was available, the statistical eva-
luation was conducted on the analytical signal sup-
plied by the instruments used. For UniCAP 100, the
determinations were carried out, as for the routine
samples, by using two of the three instruments present
in the laboratory (instruments 1 and 2) alternately in
the two analysis sessions scheduled for each allergen,
and evaluating the overall variability in a cumulative
way. The imprecision levels appear satisfactory for
UniCAP 100, being within a CV of 10% {as found nor-
mally in everyday operations) both the for the negati-
ve control and for the positive control (8), this level also
being maintained with Immulite 2000, at least in res-
pect of the negative control serum (for the sake of cor-
rectness it should be noted that, as specified above, for
UniCAP 100 we were dealing with a variability rela-
ting to the cumulated data found with two instruments,
and that the imprecision levels are reduced further for
an individual instrument). The imprecision found with
Immulite 2000 for the positive control serum was mar-
kedly higher, the CV being in the region of 25%, a
level which appears excessive for this type of determi-
nation (9) and which, for unknown reasons, is much
higher than the average found with the same instru-
ment in our laboratory for routine immunochemical
determinations (where the CV ranges from 4% for tPSA
to 11% for intact PTH).

COMPARATIVE TESTING

Regarding the analytical comparison for the 153
patients concerned, we obtained 1114 results for
UniCAP 100 and 1009 for Immulite 2000 (the diffe-
rence was due to minor operational problems encoun-
tered during festing which prevented us from using
some of the replications for individual samples). The
totals of negative results were 265 (24%) and 375
(37%) respectively, while the totals of positive results
were 849 (76%) for UniCAP 100 and 634 {63%) for
Immulite 2000. The concentration of 0.35 kU/l was
accepted as the negative/positive discrimination thre-
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shold for both systems. As regards e sc~c &5 c.assi-
fied as positive by UniCAP 100 22 ;
the total and 3.9% of the posi-ive ez ~c
tion levels beyond the limi* ¢ ~ec-~ 5% ‘ne calibra-
tion curve (100 kU/I): for im~_ - 2300 the number
of these samples wes "2 ec_ vz entto 10.7% of the
total and 17.0% of = ccs - .2 ~esults. The details of
the statistical eve .c*2-s “or me total population and
for the indivic.c = s-zens are shown in table 3. In
these eval.crc-s “z purposes of statistical calcu-

-~ -

r
instrument | instrument 2 | instrument [+2

sessions 22 22 42 7 (21 determin.) |
n 44 39 83 4 |

x (kU/) 39.2 * 44.3 * 424 * 91988 *
min-max  33-46 * 36-57 * 33-53 % 71055-121980 *
sd | 229% 3.96 649 * 9549 %

ov% 5.83 8.93 9.75 10.38

lation, concentrations below the sensitivity of the two
methods were arbitrarily set at 0.10 kU |- similarly, the
concentrations above the limit of linearity were set at
100 kU/I. A global analysis of these data suggests to
us that, in purely analytical and numerical terms, the
two systems appear fo act in such a way as to provide
values of concentration which cannot be superimposed
and are not comparable, since the levels of sigE found
with Immulite 2000 appear, for many allergens at
least, to be markedly different (in that they show a

instrument | instrument 2 | instrument |+2 2
22 22 42 7 (20 determin.)
44 40 84 43
13.90 11.58 12.81 29.49
11.1-15.5 10.3-12.6 10.3-15.5 15.4-45.5
0.93 0.54 1.39 7.06
6.66 4.64 10.91 23.94

Table 2 : Internal Quality Control
* = analytical signal

a = mean value of the analytical signal relative to the calibrator at 0.35 kU/I: approximately 200: relctive to the blank state of the system:

approximately 20

wl 124 31 25 22 6 9 10.05
dl 19 29 22 19 7 10 15.06
t3 120 30 23 21 7 9 20.23
wl9 116 29 23 10 6 19 11.84
g6 11 28 24 20 4 8 20.20
m2 56 12 6 2 6 10 1.38
t9 100 25 20 18 5 7 6.36
fl 98 25 18 16 7 9 5.82
f4 96 25 19 17 6 8 413
i3 104 26 20 22 6 4 11.38
el 50 13 7 9 6 4 14.83
Global 1094 273 207 176 66 97 11.66
L ;

1477 176 701 1868 068 @ 12 | 3 |
2615 200 1881 33.55 | 0.86 3 6
3260 210 3502 3531 (234 | 9 3 8
2081 190 351 | 897 | 044 | 20 | 13 ;
3503 363 2671 4146 | 3.8 4 4
214 048 | 139 | 085 | 0.10 4 I
13.07 2.14 |1053 | 2552 | 1.84 2 6
1895 089 |524 | 19.82 | 0.56 4 3
638 199 | 129 | 167 (065 | 13 | 2 ;
2562 196 1596 27.11 | 364 | 3 | 14
2448 | 187 |3806! 4431 | 7.01 . . 9
2375 | 166 |1450/3097 [073 | 8 @ 39 | 52

Table 3 : Comparative analytical dato
M = mean, sd = standard deviation, m = median

For statistical evaluation: results < 0.35 kU/L = 0.10 kU/L and results > 100 kU/L = 100 kU/L
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clear reduction of the values found or, in other cases,
increased values) from those found for the same
samples with UniCAP 100. Moving on from a purely
statistical global comparison, which in some situations
can amplify or mask data, leading to evaluations and
conclusions which cannot be generalised (and this
appears fo be one of those situations in which each
allergen seems to act differently from, and sometimes
in the opposite way fo, the rest), we found, for each
sample and for each allergen, situations showing mar-
ked discrepancies both in terms of analytical data and
in ferms of classification of the patient as sensitive or
non-sensitive to a particular allergen. For this purpo-
se, we arbitrarily described as inconsistent the results
obtained with Immulite 2000 which varied, in terms of
concentration expressed in kU/I, by more than 50%
from the reference data (in our case, the value found
with UniCAP 100), and we described the samples
found to be negative with one system and positive with
the other, or vice versa, as incorrectly classified. The
results of these evaluations are shown in table 3 under
the heading "inconsistent".

In the detailed study of the individual dllergens, a first
consideration related to the differences in the informa-
tion yielded ot times by the mean value of the data
found and the corresponding median (for example, the
d1, 13, m2 and 19 dllergens); this finding is probably
due to the presence of samples with concentrations
which are very low (< 0.35 kU/I) or very high (> 100
kU/l) and which, although normalized, have different
effects on the two parameters. However, there is evidence

of marked over-estimates for some allergens (t3, i3 and
el) and a similar number of major under-estimates for
others (w1, f4 and especially m2 and w19, for which
more than 50% of the positive values according fo
UniCAP 100 are evaluated as negative by Immulite
2000). The number of inconsistent samples was consi-
derable: there were 138 out of 273, equivalent to
50.5% of the tested samples, of which 86 (31.5%) sho-
wed values according to Immulite 2000 which were
over 50% smaller than the values according to UniCAP
100, while there were also 52 (19.0%) with Immulite
2000 values more than 50% greater than the values
found with UniCAP 100. Practically most of the 46 dif-
ferently classified samples (16.8% of the fotal) appeared
to be non-sensitive results according to Immulite 2000
(to be precise, the number was 39, i.e. 14.3%) where
UniCAP 100 provided evidence of sensitisation for the
same allergen. The opposite situation was much less fre-
quently encountered: only 7 samples out of 273 (2.6%)
were assessed as positive by Immulite 2000 and nega-
tive by UniCAP 100, and these mainly concerned two
allergens (i3 and e1) for which the presence of marked-
ly higher values with Immulite 2000 was also evident in
the analysis of the global statistical parameters.

Figure 1 shows an overall view of the comparison bet-
ween all the analytical data found with the two sys-
tems. When compared with a "formally" acceptable
global correlation {r = 0.801), areas representing
results differing markedly between the two methods
are clearly apparent, as was to be expected in view of
the numeric data in Table 3. The details of these data,
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Figure 1 : Comparison of all results {using only data for samples
with at least one positive value out of those provided by the two sys-
tems; those with negative values for both determinations were exclu-
ded). The frame includes values form 0 to 2.0 kU/I.

Figure 1b : Defail of figure 1. Samples with concentrations of sigE
from 0.35 to 2.0 kU/| are represented.
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taking into account only the values included in the
frame, are shown more clearly in Figure 1b. Here we
can identify various samples which have a negative value
(< 0.35 kU/I) with UniCAP 100 but show values above
the limit of 0.35 kU/I with Immulite 2000. and vice versa.
Figures 2 fo 6 show correlation diagrams for certain aller-
gens representative of this situation of particular non-uni-
formity in the comparison of the two systems.

EVALUATION OF CALIBRATORS

We considered it useful to verify ~cw each analytical
system measured the calibratior sarces (or recali-
bration samples, in the case of I~~_ e 2000 where

the calibration curve is supplied by the manufacturer
as the value of the analytical signal) of the other sys-
tem when they were used as biological samples. Given
the results obtained for the samples, it was to be
expected that the UniCAP 100 calibrators would show
higher concentration levels when tested by Immulite
2000. As shown in table 4 and in graphic form in
figure 7, this was indeed the case for practically all
points of the UniCAP 100 calibration curve. This fact
may also be attributable to the different matrix in
which the calibrators are placed, and it would there-
fore be advisable to conduct further verification, pre-
ferably using the WHO 75/502 international stan-
dard to which both systems supposedly conform, befo-
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Figure 4 : Comparative test: allergen: wheat (f4).

Figure 5 : Comparative test: allergen: birch (t3).
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re giving this reason for the higher values found for the
biological samples with Immulite 2000.

DILUTION TESTING

Using the concentration presented in table 5, figures 8
and 9 show the data obtained by plotting the concen-
tration values as a function of the dilution used (Part a
of each figure) or by normalizing the experimental
value with respect to the corresponding expected theo-
refical value (Part b of each figure); in the second case,
the ideal ratio at each point is considered to be 1 and
the ideal test response corresponds to a horizontal
straight line at the same value. The behaviour of the
different dllergens varied in the dilution test also: while
we found some completely parallel variations (for both
diluents and both systems), represented well on the
ideal dilution line, as in the case of the w1 allergen
(Figure 8a and 8b), we also found a significant res-
ponse to dilution by UniCAP 100, with insufficient

( ~ A
r“E;")erime:tal values ] Nominal values |
0.43 0.35
0.94 0.70
4.79 3.50
25.53 17.50
88.76 50.00
> 100 U 100.00
\. J

Table 4 : Inversion of calibrators: UNICAP 100
on Immulite 2000.

linearity for determination with Immulite 2000, for
some other allergens. This was particularly true of
allergens, such as t3, which had already been subject
to major overestimates with Immulite 2000 as compa-
red with UniCAP 100 (figures 9a and 9b). This result
implied that there might be non-specific interference
effects in respect of these dllergens, or a difference in
the selection of the epitopes in the preparation of the
dllergens by the different manufacturers (absence or
different proportions of some major epitopes?).

EVALUATION OF INTERFERENCE

To verify the presence of possible interference by IgE
other than those being specifically sought, we enriched
some biological samples with a serum taken from
human myeloma, containing 10000 kU/I of total IgE.
This interference test was conducted on representative
samples of all the tested allergens, with replicated
determinations on OS and enriched serum (in a 1:1
ratio) with solutions containing 10,000, 5,000 and
2,500 kU/I IgE respectively. In order to align the initial
values with those present in the sample after enrich-
ment, a normalization was also carried out by diluting
the sample with negative serum in the same ratio.

Table 6 shows the experimental data obtained for the
various allergens in the two systems (the same prepa-
rations were used for both, to avoid effects due to the
preparation of the samples). Figure 10 shows the dia-
gram used to interpret the results of the interference
test, and Figure 11 shows the results for certain signi-
ficant allergens, which show non-uniform behaviour,
as for the other tests described above: the interference
of UniCAP 100 with all the allergens evaluated was
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Figure 6 : Comparative fest: allergen: polistes species, wasp (i3).

Figure 7 : UniCAP 100 calibrators (x) tested as samples with
Immulite 2000 {y).
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practically negligible, whereas with Immulite 2000 we
found a match for some allergens (w1) but anomalous
behaviour for many other allergens (d1, el t3).

CONCLUSIONS

Leaving aside the organisational considerations rela-
ted to the high degree of automation of the Immulite
2000 system, we must point out, in relation to the
purely analytical aspects, the analytical variability
which appears excessive, at least in the positive
control, and we would recommend the verification of
this variability, which appears too high for the normal

performance of the system, in respect of control mate-
rials and various allergens. Attention should also be
paid fo the tendency for higher than nominal values to
occur when the Pharmacia calibrators are measured
with Immulite 2000, and the evidence of a certain
degree of interference of the total IgE with the aller-
gens concerned, which might perhaps partly explain
(but does not justify) the higher values returned by
Immulite 2000 for the various biological samples.

In methodological comparisons, there is always a ten-
dency to look for absolute identity between the system
under evaluation and the reference system, and the end
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ku/ kU/I kun kU ku/l

wi-sample | UniCAP Pharmacia 27.40 9.82 3.8! 1.50 0.58
SFa 9.38 3.36 .16 0.39

Immulite DPC 14.07 4.87 1.90 0.78 0.29

SFa 4.69 1.56 0.52 0.17

wi—sample 2 UniCAP Pharmacia 55.60 18.88 6.85 2.62 1.09
SFa 18.25 6.33 2.23 0.81

Immulite DPC 34.75 12.58 4.18 1.76 0.76

SFa 10.75 3.45 1.24 0.46

3 UniCAP Pharmacia 92.60 29.08 10.28 3.98 1.54

SFa 22.85 8.78 4.43 1.32
Immulite DPC > 100 > 100 > 100 30.30 10.09

SFa > 100 > 100 39.80 9.30

\_ = - - - - - - J

Table 5 : Dilution test: experimental data for some allergens. a = serum free of IgE.

kU/I kU kU/ kU kU
di UniCAP 60.30 29.10 30.90 31.20 30.10
Immulite > 100 > 100 > 100 > 100 > 100
el UniCAP <0.35 <0.35 <035 <0.35 <0.35
Immulite <0.10 <0.10 3.80 1.93 122
4 UniCAP 13.30 9.89 .10 10.80 10.70
Immulite 1.66 1.21 1.36 1.27 1.50
f13 UniCAP 357 1.55 1.20 1.83 1.69
Immulite 0.22 <0.10 0.15 0.18 0.35
gb UniCAP 44.70 23.70 25.80 22.90 24.70
Immulite 11.25 5.83 6.01 6.46 3.61
i3 UniCAP > 100 73.80 71.80 77.50 77.80
Immulite > 100 > |00 > 100 > |00 > {00
mé UniCAP 347 1.76 2.03 2,11 2.10
Immulite 1.43 0.95 1.06 1.10 1.13
t3 UniCAP > |00 70.20 68.20 65.00 67.20
Immulite > 100 > 100 > 100 > 100 > 100
t9 UniCAP 8.07 4.09 422 427 4.14
Immulite 1.86 1.43 1.6l 1.72 1.75
wi UniCAP 33.70 17.90 19.20 19.30 18.80
L U Immulite U 19.60 U 13.35 U 12.15 U 12.50 U 11.85
W,

Table 6 : Evaluation of inferference by total IgE: experimental data. a = serum free of IgE.
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use of the results in terms of their significance and clini-
cal value is frequently overlooked. In the case of sIgE
determination it is necessary to consider in the first place,
as stated above, that each allergen has to be evaluated
as an independent parameter, albeit in the context of the

100,00
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KU/L
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70,00

60,00

50,00

Ideal line of non-interference

40,00

Cl C2 C3 C4 c5
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Figure 10 : Tofal IgE interference test: interpretation

Key:

C1 : SIgE concentration in Original patient Sample (OS)

C2 : SIgE concentration in normalized Original Sample resulting
from a one to one (volume) mix of OS and SIgE serum free sample
C3 : SIgE corcentration resulting from @ one to one {volume) mix of
OS and & 23CC KU I total IgE concentration sample

C4 : SIgE corcemrczm res. <~z from @ one to one (volume) mix of
OSanc o 5020 <. -=z zZ comcentrzton sample
C5:SIgE cerzemrzrzm m2i - -2 o~ 2 zmz vz 2re volume) mix of

OSanda 12000 <. 2oz 2Ziriemrzic-snece

same method; it is therefore both difficult and dangerous
to generalise the conclusions for one allergen to all other
allergens (10). While taking the above factors into
account, we consider that we should underline the signi-
ficant discrepancy (relating to more than 50% of the
samples used) found in the analytical data, and espe-
cially the fact that the classifications of about 20% of the
samples used in the tests differ between Immulite 2000
and UniCAP 100 in respect of the description of patients
as sensitive or non-sensitive fo a given dllergen, thus
potentially causing the clinical specialist to take different
approaches fo the treatment of patients. On the other
hand, these findings might lead laboratory researchers
fo question the sensitivity (for samples where the Immulite
2000 value is lower than the UniCAP 100 value) and
specificity (for samples showing the opposite result) of the
system for determining slgE with Immulite 2000, these
being parameters in respect of which no objective
conclusions can yet be drawn on the basis of our data.

In view of the differences found between the two systems
in analytical terms, and since it is practically impossible
to establish in quantitative terms the real value of sigE
present in individual biological samples, a laboratory
deciding to use procedures having different characteris-
tics in terms of sensitivity and/or specificity would at
least have to consider the necessity of reviewing, in rela-
tion to the different analytical method used. as in the
case of many simpler biological parameters. both the
positive and negative discrimination cur-off points and
the classification levels used by cinics (71 12). These
classification levels sno. o oe verified since these are
not simp'e ~o_"~e c-acec.es or ndividual laborato-
' = .e zz'z ond suitable statistical ana-
-es "o eccm individual allergen.
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Figure 11.
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