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minotion of hormones ond tumour morkers. When
choosing o method, it is therefore essentiol to hove on
exoct knowledge of the onolyticol quolity of the pro-
duct in question, ond especiolly of ony problems which
moy orise with the chosen method.

In view of these considerotions, we ottempted to devi-
se the tests occording to o system which *ould provi-
de the greotest possible omount of informotion in relo-
t ion to ony decisions thot were mode (2) We therefo-
re considered o lorge number of somples relot ing to
di f ferent  pot ients (more thon 150)  in  suf f ic ient  numbers
for eoch ol lergen concerned in order to ochieve o
high le"e l  o f  s to i is t ìco l  s ignì í iconce.  We o lso selected
the ol lergens f 'c- ' -ose ' ,vhich \^/ere generol ly most
importont ip :e1-s c: .equests to the loborotory. We
considerec s^' '  ' , . /cs essentiol,  for the purposes of
comoc- so^ o-3 e 'voruot ion,  to  pr ior i t ise the posi t ive
scî c es c'  ecst 8O'. of the tests conducted) in our
se e:' 3- .., ' 'n Coto distributed over the whole ronge of
:c î :e^"r ' ions (0.35-100 ku/ l )  ond good represento-
'3" ci ' re lo* concentrot ions. Regording the quonti to-
've cnclyt icol methodology, we considered i t  essentiol
'o use doto expressed in Inlernotionol Units (WHO
7 s, s02) (31.
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The lmmulite 2000 Allergen-Specif ic lgE test which
wos io be evoluoted provided for the determinotion of
specific lgE ollergens by immunoossoy in two stoges
(eoch with on incubotion t ime of 30 min.) using ol ler-
gens in the liquid phose (covolenily bound to o soluble
polymer/copolymer motrix, which in turn is morked
with o ligond). The woshing ond detection system used
the conventionol beod method of the lmmulite system,
bonded with on onti-ligond in this cose (4). The control
method, UniCAP Specif ic lgE, is bqsed on the
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he recent ovoilobility of o method for the fully
outomoted determinotion of specific lgE (slgE)
bosed on o system which hos normolly been

used for conventionol determinotion by immunochemi-
col meÌhods (lmmulite ZO00; DPC Los Angeles, CA,
USA; represented in ltoly by Medicol Systems, GE),
ond which hos been used for this purpose for severol
yeors in our orgonisotion, led us to verify the onolyti-
col quolity of the proposed method, leoving oside the
purely orgonisotionol ospects which we hove discus-
sed elsewhere (l ), by corrying out oppropriote testing
in occordqnce with o sufficiently comprehensive ond
detoiled protocol. We chose os our control method the
procedure historicol ly used in our loborotory ond
generol ly considered vol id for the in-vitro determino-
t ion of  s lgE (UniCAP l0O; Phormocio Diognost ics,
Uppsolo, Sweden).

The problem foced in the evoluotion of methods of
determining slgE relotes to the lorge number of porc-
meters offecting the outcome (exhoustive in-viiro orter-
gy diognosis requires the exominotion of opproximo-
tely 150 ol lergens in the loborotory). Since eoch of the
ol lergens considered hos such dist inct ive chorocteris-
t ics, in terms of preporotion, puri f icot ion, ond ontibo-
dy behoviour towords the mony different ontigen
delerminonts, thot-the investigotor is effectively deoiìng
with completely different onolytes. Thus the conclusions
drown from onolyticol comporisons ore frequently
inconsistent or even controdictory, depending on the
ol lergen in question. Moreovel o loborotory is
obviously not free to choose different methods of deter-
minotion for the different ollergens occording to obiec-
tive evoluoiion porometers, os is commonly done, for
exomple, in the conventionol immunochemicol deter-
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- - -ncCAP technology (o l lergens bonded on o so l id
- ign-copocit 'y cel lulose-bosed motrix) with f luorescen-
:e reoding, using the UniCAP 

.|00 
outomotic system

(s,  ó)

Tqble I shows the ollergens used in our evoluofion,
selected occording to their incidence in the requests
mode to the loborotory, with the oim of representing
the vorious types of ollergens ond enobling o compo-
rotive study to be conducted on chorocterized biologi-
col somples reloting to 

,|53 
different potients. We

verified the reproducibility in respect of the selected
somples, ond the determinotions for eoch ollergen
were replicoted in both onolyticol systems in eoch of
wo different onolysis sessions, giving o totol oÍ n = 4
replicotes for eoch ollergen. An importont ospect of
the evoluotion of o method is the verificotion of its
lineority ot different concentrotions, which is o prere-
quisite for ensuring the correctness of the results over
the whole meosurement ronge (71. For this purpose,
we set up o dilution study for different ollergens (w1 ,
dl,  el ,  n6, Ì3), in which somples ot o suff iciently high
concentrotion, but not exceeding the limit of lineority
of the colibrotors (,|00 ku/ll, were diluted by seriol
d i l u t i o n  ( 1  / 3 , 1 / 9 , 1 / 2 7 , 1 / e 1 1 .  F o r  e o c h  o n o l y t i c o l
system we used the diluent recommended by the
mqnufocturer ond o serum free of lgE. To reduce ony
sources of imprecision in the dilution test to o mini-
mum, we replicoted eqch determinotion in eoch of two
different onolysis sessions (n = 4 replicotions). A com-
porison wos olso mode between the colibrotors used
in eoch system (by cross-checking) ond the possible
effect of high totol lgE levels on the determinotions wos
evoluoted. A dedicoted IQC system, bosed on one
negotive ond one positive control serum, wos estobli-
shed for oll the determinotions.
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VARIABITITY OF ANAIYSIS
Toble 2 shows the results for the voriobility in different
onolysis sessions os yielded by control serums included
systemoticolly in the individuol determinotions. The
positive control serum wos determined by using the gó
ollergen, ond the negotive serum wos determined by
meons of the fl ollergen. For the negotive control,
since the concenlrotions were below the limit of sensi-
i iv i ty of the systems (nomely 0.35 kU/l for UniCAPl00
ond 0., |0 ku/l  for lmmulite 2000) ond therefore no
concenlrotion volue wos ovoiloble, the stotisticol evo-
luotion wos conducted on the onolyticol signol sup-
pl ied by the instruments used. For UniCAP 100, the
determinotions were corried out, os for the routine
somples, by using two of the three insiruments present
in the loborotory (instruments I ond 2) olternotely in
ùe two onolysis sessions scheduled for eoch ollergen,
ond evoluoting the overoll voriobility in o cumulotive
woy. The imprecision levels oppeor sotisfoctory lor
UniCAP 100, being within o CV of 10"/" (os found nor-
molly in everydoy operotions) both the for the negoti-
ve control ond for Ìhe positive control (8), this level olso
being mointoined with lmmulite 2000, ot leost in res-
pect of the negoiive control serum (for fhe soke of cor-
rectness it should be noted thot, os specified obove, for
UniCAP l0O we were deoling with o voriobi l i ty relo-
ting to the cumuloted dqto found with two instrumenfs,
ond thot the imprecision levels ore reduced further for
on individuol instrument). The imprecision found with
lmmulite 2000 for the positive conkol serum wos mor-
kedly higher, the CV being in the region of 25%, o
level which oppeors excessive for this type of determi-
notion (9) ond which, for unknown reosons, is much
higher thon the overoge found with the some insÌru-
ment in our lqborotory lor routine immunochemicol
determinotions (where the CV ronges from 4%for IPSA
to  l l%fo r  i n toc tPTH) .
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Regording the onolyticol comporison for the 
.l53

potients èoncerned, We obtoined 1114 results for
UniCAP l0O ond 

,|009 
for lmmulite 2000 (the dif fe-

rence wos due to minor operctionol problems encoun-
tered during testing which prevented us from using
some of the replicotions for individuol somples). The
totols of negotive results were 265 124%) ond 325
(37%l respectively, while the totols of positive results
were 849 176%) for UniCAP 

.|00 
ond 634 (63%) lor

lmmulite 2000. The concentrotion of 0.35 kU/l wos
occepted os the negotive/positive discriminotion thre-



ghotd for  both systems. As rego.cs -^e sr-c es c oss -
f ied  os  pos i t i ve  by  Un iCAP lÓO 33 o :  f -e>e C 3=.  o f
the totol  ond 3.9% of the posi- i , " ,s .e. .  ^c:  ccrcentro-
t ion  leve ls  beyond the  l imì .  3 i  ^? . - . , '  o j  .ne  co l ib ro-
t ion curve ( , l00 kt l / l ) .  Íc,  - - -  -e 2a,, : ,a the number
o f  these somples  wcs  

'13  
33-  ,3  en lo  10 .7" /o  o f  the

t o t o l  o n d  1 7 . O ' ,  c t . . :  c , 3 :  - , e  - e s u l t s .  T h e  d e t o i l s  o f
the  s to t i s t i co l  euo -3 '3 - :  

j c ' .  
î "e  to to l  popu lo t ion  ond

for  the  ind iu , i c - :  r  e -oe^s  ore  shown in  tob le  3 .  In
these e,rc l -o '  c-s 

j : -  ' - -e purposes of  stot ist icol  colcu-

lol ion, concentrot ions beiow ihe sensit ivi ty of the |.wo
meihods were orb i t ror i ly  set  ot  O. l  O kU ,  I  s imi lor ly ,  the
concentrot ions obove the l imit of l ineori ly were sei qt
100 kU/|.  A globol onolysis of these doro suggesrs ro
us thot, in purely onolyt icol ond numericol teims, the
two systems oppeor to oct in such o woy os to provide
volues of concentrotion which connot be superimposed
ond ore nol comporoble, since the levels of slgE found
with lmmulite 2000 qppeor, for mony olleigens ot
leost, to be morkedly different (in thot they ihow o
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Toble 3 : Comporotive onolyticol doto
M = fftaol, sd = stondord devíotion, m = medion
For sforisticol evoluotíon: results < 0.35 kU/L = 0.10 kU/L and results > IOO kU/L = tOO kU/L
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1
cleor reduction of the volues found or, in other coses,
increosed volues) from those found for the some
somples with UniCAP 

.|00. 
Moving on from o purely

stotisticol globol comporison, which in some situotions
con omplily or mosk doto, leoding to evoluotions ond
conclusions which connot be generol ised (ond this
oppeors to be one of those situotions in which eoch
ollergen seems to ocl differently from, ond sometimes
in the opposite woy to, the rest), we found, for eoch
somple ond for eoch ollergen, situotions showing mor-
ked discreponcies both in terms of onolyticol doto ond
in terms of clossificotion of the potient os sensitive or
non-sensitive to o porticulor ollergen. For this purpo-
se, we orbitrorily described os inconsistent the results
obtoined with lmmulite 2000 which voried, in terms of
concentrotion expressed in kU/I, by more hon 50%
from the reference doto (in our cose, the volue found
with UniCAP 100), ond we described the somples
found to be negotive with one system ond positive with
the other, or vice verso, os incorrectly clossified. the
resulÌs of these evoluotions ore shown in toble 3 under
the heoding " inconsistent".

ln the detoiled study of the individuol ollergens, o first
considerotion reloted to the differences in the informo-
tion yielded ot times by the meqn vqlue of the doto
found ond the corresponding medion (for exomple, the
dl, t3, m2 ond t9 ol lergens); this f inding is probobly
due to the presence of somples with concentrotions
which ore very low (< 0.35 ku/l) or very high (> 

,|00

ku/l) ond which, olthough normolized, hove different
effects on the two porometers. However, there is evidence

100 ,00

ó0 ,00

40,00

20,00

40 ,00  ó0 ,00  80 ,00  r00 ,00

U n i C A P  1 0 0  ( k U , L )

Figure | : Comporison of oll results (using only doio for somples
with ot leost one positive volue out of those provided by the Mo sys-
tems; lhose with negotive volues for both determinotions were exclu-
ded). The frome includes volues form 0 to 2.0 kU/|.

of morked over-estimotes for some ollergens (t3, i3 ond
el ) ond o similor number of moior under-estimotes for
others lw1 , 14 ond especiolly m2 ond w19, for which
more thon 50"/" of the positive volues occording to
UniCAP 

.|00 
ore evoluoted os negotiue by lmmulite

2000). The number of inconsistent somples wos consi-
deroble: there were 138 out of 273, equivolent to
50.5% of the tested somples, of which Bó (31.5%) sho-
wed volues occording to lmmulite 2000 which were
over 50% smoller thon the volues occording to UniCAP
100, while there were qlso 52 (19.0%l with lmmulite
2000 volues more thon 50% greoter thon the volues
found with UniCAP 100. Procticolly mosl of the 4ó dif-
ferently clossified somples 116.8% of the totol) oppeored
to be non-sensitive results occording to lmmulite 2000
(to be precise, the number wos 39, i.e. 14.37"1where
UniCAP 100 provided evidence of sensitisotion for the
some ollergen. The opposite situotion wos much less fre-
quently encountered: only Z somples out of 273 (2.67"1
were ossessed os positive by lmmulite 2000 ond nego-
tive by UniCAP 

,l00, 
ond these moinly concerned two

ollergens (i3 ond el ) for which the presence of morked-
ly higher volues with lmmulite 2000 wos olso evident in
the onolysis of the globol stotisticol porometers.

Figure I shows on overoll view of the comporison bet-
ween oll the onolyticol doto found with the two sys-
tems. When compored with o "formolly" occeptoble
globol correlotion (r = 0.80,|), oreos representing
iesults differing morkedly between the two methods
ore cleorly opporent, os wos io be expected in view of
the numeric doto in Toble 3. The detoils of these doto,

o
o
o
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E
E

Figure I b : Detoil of figure 1 . Somples with concentrotions of slgE
from 0.35 to 2.0 kU/l ore represenled.
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toking into occount only the volues included in the
frome, ore shown more cleorly in Figure lb. Here we
con identify vorious somples which ho,re q negotive volue
(< 0.35 ku/l) with UniCAP 100 but sho* uolr"t obove
the limit of 0.35 kU/l with lmmulite 2000 ond vice verso.
Figures 2to 6 show correlotion diogrcms for certoin oller-
gens representotive of this sifuotion of porticulor non-uni-
formil'y in the comporison of the two sysrems

EVATUATION OF CATIBRATORS

We considered it useful to veriry ̂or.,, eoch onolyticol
system meosured the col ibrot ion scn-c es (or recol i-
brot ion somples, in the cose oÍ l--- re 2OOO where

the colibrotion curve is supplied by the monufocturer
qs the volue of the onolyt icol signol) of the other sys-
tem when they were used os biologicol somples. Given
the results obtoined for the somples, it wos to be
expected thot the UniCAP 100 colibrotors would show
higher concentrotion levels when tested by lmmulite
2000. As shown in toble 4 qnd in grophic form in
figure 7, this wos indeed the cose for procticolly oll
points of the UniCAP 100 col ibrot ion curve. This foct
moy olso be ottributoble to the different motrix in
which the colibrotors ore ploced, ond it would there-
fore be odvisoble to conduct further verificotion, pre-
ferobly using the WHO 75/502 internqtionol ston-
dord to which both systems supposedly conform, befo-
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+ +
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Figure 3 : l :-ccrot ive test: ol lergen: porieforio off icinql is (w19).
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Figure 5 : Comporotive test: ollergen: birch (t3)
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I

re giving this reoson for the higher volues found for the
biologicol somples with lmmulite 2000.

DITUTION TESTING

Using lhe concentrotion presented in toble 5, figures 8
ond 9 show the doto obtoined by plotting the concen-
trotion volues os o function of the dilution used (Port o
of eqch figure) or by normolizing the experimentol
volue with respect to the corresponding expected theo-
reticol volue (Port b of eoch figure); in the second cose,
the ideol rotio ot eoch point is considered to be I ond
the ideol test response corresponds lo o horizontol
stroight line ot the sqme volue. The behoviour of the
different ollergens voried in the dilution test olso: while
we found some completely porollel vorioÌions (for both
diluents ond both systems), represented well on the
ideol di lut ion l ine, os in the cose of the wl ol lergen
(Figure 8o ond 8b), we olso found o signif icont res-
ponse to di lut ion by UniCAP 100, with insuff icient

Toble 4 : Inversion of col ibrolors: UNICAP
on lmmulite 2000.
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Figure ó :  Comporol ive test :  o l lergen:  pol is tes species,  *osp ( i3) .
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l ineoril 'y for determinotion with lmmuliÌe 2000, for
some other ol lergens. This wos port iculorly true of
ol lergens, such os t3, which hod olreody been subiect
to moior overestimotes with lmmulite 2000 os compo-
red with UniCAP 100 (f igures 9o ond 9b). This result
implied thot there might be non-specific interference
effects in respect of these ollergens, or o difference in
the selection of the epitopes in the preporotion of the
ollergens by the different monufocturers (obsence or
different proportions of some moior epitopes?).

EVATUATION OF INTERFERENCE

To verify the presence of possible interference by lgE
other thon those being specificolly sought, we enriched
some biologicol somples with o serum token from
humon myelomo, contoining 

,|0000 
kU/l of lotol lgE.

This interference test wos conducted on representotive
somples of oll the tested ollergens, with replicoted
determinotions on OS ond enriched serum (in o 1:1
rotio) with solutions contoining 

.|0,000, 
5,000 ond

2,500 ku/l lgE respectively. ln order to olign the initiol
volues with those present in the somple ofÌer enrich-
ment, o normolizotion wos olso corried out by diluting
the somple with negotive serum in the some rotio.

Toble ó shows the experimentol doto obtoined for the
vorious ollergens in the two systems (the some prePo-
rotions were used for both, to ovoid effects due to the
preporolion of the somples). Figure l0 shows the dio-
grom used to interpret the results of the interference
test, ond Figure I I shows the results for certoin signi-
ficont ollergens, which show non-uniform behoviour,
os for the other tests described obove: the interference
of UniCAP 

.|00 
with oll the ollergens evqluoted wos

Figure 7 : UniCAP 100 col ibrotors (x) tested os somples with
lmmulire 2000 (y).

/
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procticol ly negl igible, whereos with lmmulite 2OOO we
found o motch for some ol lergens (w1 ) but onomolous
behoviour for mony other ol lergens (d1, el,  t3).

coNcrustoNs
Leoving oside the orgonisotionol considerotions reto-
ted to the high degree of ouiomotion of the lmmulite
2000 system, we must point out, in relot ion to the
purely onolyt icol ospects, the onolyt icol uoriobi l i iy
which oppeors excessive, ot lecst in the posit ive
control,  ond *e *ould recommend the veri f icot ion of
this voriobi l i ty, *hich oppeors ioo high for the normol

performonce of the system, in respect of control mote-
riols ond vorious ollergens. Attention should olso be
poid to the tendency for higher thon nominol volues to
occur when the Phormocio colibrotors qre meosureo
with lmmulite 2000, ond the evidence of o certoin
degree of interference of the totol lgE with the oller-
gens concerned, which might perhops porily exploin
(but does not justify) the higher volues returned by
lmmulite 2000 for the vorious biologicol somples.

ln methodologicol comporisons, there is olwoys o ten-
dency to look for obsolute identity between the system
under evoluolion ond the reference system, qnd the end

t -  l m m u l i t e - S F  +  U n i C A P - D i l  *  l m m u l i t e - D i l  +  U n i C A P . S F

Figure 8o : Di lut ion test: ol lergen wl.

+ UNICAP-Di |  +  lmmul i te -D i l  f  Un iCAp-SF *  lmmut i te -SF

I

2 9 . 0 8  r o , r o l

J  0 . 2 8

Figure 8b : Doto from figure 8o expressed in normolized from Figure 9b : Doto from figure 9o expressed in normolized from.
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Toble 5 : Dilution test: experimentol doto for some ollergens. o = serum free of lgE

,,,

eÉ.
&g

Toble ó : Evoluotion of interference by lotol lgE: experimentol doto. o = serum free of lgE
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use of the results in terms of their significonce ond clini-
col volue is frequenily overlooked. In the cose of slgE
determinotion it is necessory to consider in the first ploce,
os stoted obove, thot eoch ollergen hos to be evoluoted
os on independent porometer, olbeit in the context of the

70,00

ldeal  l ine of  non- in ter ference

Figure I O : Totol lgE interference test: interpretotion
Key:
Cl  :  SlgE concentrot ion in Or ig inol  pot ient  Somple (OS)
C2 :  SlgE concenlrot ion in normol ized Or ig inol  Somple resul t ing
from o one io one (volume) mix of  OS ond SlgE serum free somple
C3 :  SlgE concentroi ìon resul t ing f rom o one to one (volume) mix of
OS ond  c  25 lC  (U  I  ro to l  l gE  concen t ro t i on  somp le
C4 :  S lgE  co r :o - ' - ^ '  ̂ -  . es -  '  . g  f rom o  one  to  one  (vo lume)  m ix  o f
O S  o n c  o  5 -  - ,  ( -  ' : ' :  

3 l  : : ^ : e ^ i . : r i o n  s o m p l e
C 5  :  S l g E  . 3 - : : - - - : '  : '  - - : - ' - =  ! ' = - :  : - : ' :  : - :  . : i u m e j  n -  ̂  o f
O S  o n d  o  l l l ' - ,  . . -  ' : - r  = =  - , - . . - " = ' : -  ì r - : :

some method; it is therefore both diÉficult ond donqerous
to generolise the conclusions for one ollergen to oii other
ollergens (,l0). While toking the obove foctors inio
occount, we consider thot we should underline the siqni-
ficont discreponcy (reloting to more thon 50% of"the
somples used) found in the onolyticol doto, ond espe-
ciolly the foct thot the clossificotions of obout 2Oo/" of the
somples used in the tests differ between lmmulite 2000
ond UniCAP 

.|00 
in respect of the description of potienis

os sensitive or non-sensitive to o given ollergen, thus
potentiolly cousing the clinicol speciolist to toke different
opprooches to the treotment of potients. On the other
hond, these findings might leod loborotory reseorchers
to question the sensitivity (for somples where the lmmulite
2000 volue is lower thon the UniCAP 

,|00 
volue) ond

specificity (for somples showing the opposite result) of the
system for determining slgE with lmmulite 2000, these
being poromelers in respect of which no obiective
conclusions con yet be drown on the bosis of our doto.

ln view of the differences found between the two systems
in onolyticol terms, ond since it is procticolly impossible
to estoblish in quontitotive terms the reol volue of slgE
present in individuol biologicol somples, o loborotory
deciding to use procedures hoving different chorocteris-
tics in terms of sensitivity ond/or specificity would ot
leost hove to consider the necessif of reviewing, in relo-
lion to the different onolyticol method used, os in the
cose of mqny simpler biologicol porometers both the
posit ive ond negotive discriminotion cu'-oÉf points ond
the c loss i f icot ion leuels  used bv 3 i . igs i l  l  l2) .  These
clossif icot ion leuels sho- i  oe ' , 'e. i l ied since these ore
not  s imo e -o- '^s  c- : , :a t r - -es jc '  nd iv iduol  loboroto-
r 'es -s  ̂ c  : - - - . : '  .e  ro '3  g"d su i tob le s to i is t ico l  ono-
. . s  s ' e : ^ -  3 - e s ' o ' s o c -  n o i v i d u o l  o l l e r g e n .

c3

O U

4 0

2 0

U

- - - - r -  U-  CAP 100

t 2

+ -  Un iCAPl00

t3
I - i

3 0

t 0

90

Figure I  l .
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