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AnrjHril fill fmlilirntion 2'J Aui;u\l l')H5

IdcntifK ;xli(in ol an olTcndini; allcigt;n in prcst-nl .sittdy was tmdcrlakcii lii (( impart ' iht-

cxogcntiu.s hr(in(-hial as thma in (hi ldrcn ( aiindt setisilivily and spceiru ity (il llu- (lilTrtc-nt in oivd

always be mack; by a (arcl'ul case hisUjry ( C H ) and in vitro assays, including H R , while al (he

combined with a skin prick test (ST) . It i.s often same time analysing the value uf combin ing

necessary to perform a l ironthial provocation these lesls.

test (BPT) . Th i s is, however, time-c-onstiniing

and requires hospitalization ft)r safety. Il is

,, f . ' , , . . . , ' , MATI-:RIAL AND MI',TMODS
theretore important to elearly establish (o what
extent BPT may be replaced by RAST, or the

1 I , , I . , , Patients

more recently developed technique based on
release ol histamine from leucoeytes exposed lo The sttidy comprised 26 children (I.'5 boys and
allergen (HR). The latter teehnique has been X'.'i girls aged 7-14 years (mean 9.())) with a
found to correlate well with BPT in adulls (B) history of exirinsie asthma. All had asthma as
but experience in children is still limited. The lh<-ir main disease. None of the thildien had
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over received immimotlicrapy. Alter tlic Ĉ H
had been obtained the (hildrcn were h().s|ji-
lalizcd and BPT. ST, RAST and HR carried
out. At tiiiK- of study, none received systemic
steroids. Brotn luxiiiatmg medicine was sus-
petided for at least 6 h, and aininophyllitie and
antihistainines for at least 72 h prior to study.

Expi'rirnenlal drstgn

A total of 122 comparable investigations
between CH, ST. RAST, HR and BPT were
carried out. All were performed in a blinded
inatiner, tndependetit ol eaeli t)thet\ CH were
obtained by the same experienced clinical
allergologist ( O . 0 . ) . ST were done by the .same
experienced nurse, BF 1 by a lew expertencetl
investigators, and HR and RAST by tlie same
itivestigator but without knowledge of the rela-
tionship between samples lot' tlie two tests.
Results retnained confidential until all analyses
had been ecjmpleted and scored as showti tti
Table I.

Each child was provoked with the suspected
allergens and at least one non-suspected alU igeti.
Tests were made with nine different allergens
IVoni the following four grotips; house dii.st
mite, animal dander, pollen and mould fungi.

A llcrgen cxiracis

Standatdized allergen extracts were supplied by
the AUergological Laboratory A/S Copenhageti,
and the same batches were used throughdut the
study. For each extract, ST. HR. RAST and
Bl''i" were clone- with preparations iVoin ihe
same orii^inal IVee/.e-dried hatcli.

Skin prick Icsl (ST)

S T were perfornied oti the X'olar surtaee cil tlie

forearm willi eaeli extract iti cHitieeturalicins

0 . 0 1 , 0 . 1 , 1, and 5 HKP (Histat i i ine Kc^uivalent

Prick) pel- nil (1). T h e wheals were reeordeci

when the reaetions were at tnaxinnmi and eoin-

pared with a positive relerenee contai t i ing hist-

aniitie ehloride, 1 nig/tnl (Table 1). T h e con-

tdtirs of the wheals were marked wtth a tilt-

tip])ed pen and iranslerred to sc|tiarec) iiitii

jiaper with a strip of tape. The si/e ol' the

wheals was meastired tising llie lormula

(D + d)

where D is the biggest diatneter atid cl is tlie

perpendicular d iameter .

Table 1

Si 'orr sysU

.Store

0

1

2

C a s e

history

Negative

l)ovii,lful

Probable

('ertain

Skiti test

< 75 % of
histamine reference
with 5 HFP' extracts

> 7r) % of

histamine referenee
with 5 HFP extracts

> 75 % of
histattiitie reference

with 1 HEP I'.xli'acls

> 7 5 % of
h i s t a m i n e r e l c r e i u c

wi lh t i l ().t)l l l l- .P

ex t r ac t s

RAST

allergy.'
class 0

altcrg\'

el.-.ss 1

allergy
class 2

allergy
class 3-'l

i 1 lstamme
release

< 20 ''•;>
5 HI'.P

> 20 %

5 HFP

> 20 %
1 HFP

> 20 •;;-

t i l - ( ) . ( )

extracts

with

CXI 1 acls

ivilh

exiracis

with
extracts

wilh

1 H1',P

Hronclii.il

pro\-O( alioir'

negati\ (•

>20'7; ' fall in FKN','-'
with .'i 11I'",P 1 xlrac Is

>20% fall in FF\',
willi 1 1 ll-'.P exiracis

> 20 % fall in FFV,
wilh O,l-O.t)I H F P

exn .icls

I Hi ' .P = hist ainliu' (•(iui\'a!ciil prit k ( I ) ,

' FEV, = tor(('(! expiratory \ 'oluinc in 1 sec,

' V a n i o cl al. (6).

' HPT usint^ tvini;i were onlv tar i ic i l out (d a luaxinia! (o iu cn l ra t inn dt 1 lU' .P .
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Allergen-specific IgK (RAST)

Allergeii-spee-ific Igl'j was deterriiined using a
modilied tadioallergosorbent technique as de-
S(ribt-d by Weeke (7) on sera slored al -20° C.
The allergens were cotipled t(j Alhydrogel®
(Stjperfos, Vedbaek, Deninark) and the analyses
perlormed as previously described and the
results expressed in the allergy cla.sses 0 lo 4 (6).
The difference lietween ihis RAST and Pha-
debas RAST is in essence dial the allergen here
is coupled (o a gel whilst the allergen in Pha-
debas RAST is coupled to a paper di.sc. Vanio
et al. (6) have made a comparison between the
two lests and this showed a good correlation,
although A1--RAST was more sensitive and less
specilu- ihati Phadebas RAST.

Histamine release from

ba.uiplitl leucocytes (HR)

The iiiediod usc-d was a llttoiinielrit- deteriiiina-
ticin ol histamine released Ittiin 1\I)I A sta-
bilized blood (.5). The blood (-i-lls W(-r(- wash<-d
extensively as described in delail Ijy Diamanl e&
Patkar (2), and finally restispended in bulTerec:!
balanced sail solution lo a final volume ol twice
the original blood sample. 1 ml samples were
transferred to .'5 ml jjlastie (tibe.s, and 10 \i\
samples of a(|ueous allergeti solutions at con-
centrations 0.001, 0,01, 0,1, 1, and .") Hl'.P
added. The tubes were incubated at 'M°C for
40 min, transferred to an ice bath for 10 min to
s(o|) ihe reaetioti, and eeiUrifuged. 0,6 ml of ihe
supernatants were transferred to IechnK on cups
and precipitated with an equal voltiine ol 7 %
perchloric- acid. At this stage the etips were
stored at -20° C until further analysed. The
histamine in the precipitate was estimated in a
Teehnieon Autoanalyzer system (2, 4). Release
is given as per cent ol tcjtal histamine content of
the blood sample as determined by perchloric
ac:id precipitation of washed blood samples
(mean of three determinations). The re.sulls
were scored as shown in Table 1. For eaeh
patient, the release of histamine upon exposure
to rabbit anti-human IgE at final coneentrations
of 25 ng, .") ng, and 2.5 ng, instead of allergen,
was determined.

Bronchial provocation test (BPT)

BPT were carried out by free inhalation of 1 ml
samples of ncbt,ilized aqtteous allergen extracts
in increasing c-onceni rations ofO.Ol, O.I, I, and
5 HEP, except mould ftjngi where 1 H I'JP was
maximum. Before and after inhalation of eac:h
eonccMitration, I'̂ EV, was recorded on an elec-
tronic spirometer (Spirotron®, Driiger) and the
|)atienl was asked for symptoms, and ehest aus-
eullalion performed before raising the con-
centration one decade. A positive reaction was
defined as a decrea.se in FEV, by 20% or more.
The reaction was scored as shown in Table 1,
but in the subsequent calculations of sensitivity
(SE) and specificity (SP), all positive reactions,
regardless of the score value, were regarded
"positive". I.e. "the true diagnosis". Inhalation
was started eac:h lime with phenol saline as
negative c-ontrol, and all patients showed a
negative result with at least one allergen extract
at maximum concentration. After BPT, peak
expiratory flow rate (PEFR) was retorded every
half hour for the next 6 h to detect any lale
reac:lions none ol which were seen.

BP r was carried out with only one allergen
per day. We regard the results from these tests
as independent in spile of the somciitiies short
interval Ijetween tests. There is no evidence that
a positive reaction one day increased die likeli-
hood of a positive reaction the following day.
Following a positive test result, 14 patients
showed a BPT result that agreed with the result
])reclic-ted from the CH. Only two showed an
"unexpected" positive result, i.e. the Ĉ H seore
was 0, whilst eight showed an "unexpected"
negative result. Positive and negative restilts
were evenly distribtited throughout the entire
investigation, and we are satisfied that the
interval between tests is sufflcienl.

Galculation of sensitivity (SE)
and specificity (SP)

SL indieates how well eaeh analysis, or analyses
cotiibiiiation, can prediel a positive BPT, i.e.
make a correct diagnosis of the "ill" group.
Conversely, SP indieates how well each analy-
sis, or analyses combination, can i^rediet a



SPECIFIC DIAGNOSIS OF ENDOCFNOUS ASTHMA 113

negative HPT, i.e. make a correct diagnosis of
the "well" group (8).

If a positive analysis result is confirmed by a
positive BPT, then the analysis result is a "true
positive" (TP) ("ill"). On the other hand, if
BPT is ne,gative, the analysis would have been
"false positive" (FP) ("well"), and the analysis
would have given a wrong diagnosis, because a
"well" person would be classified as "ill".

If a negative analysis was confirmed by a
negative BI'T, the analysis result was "true
negative" (TN) ("well"). If BPT was positive
the analysis would be "false negative" (FN)
("ill"), and an "ill" person would be classified
as "weli",

BPT

Analysis TP
FN

FP
TN

Combining SE and SP gives a measure of how
well a single analysis or a combination oi dil-
ferent analyses can distinguish between ill and
healthy subjects.

The terms (aJculated are

TP X 100

TP + I'N
SP% =

TN X 100

TN FP

With a graded seore system using a scale oi
0-3, the bound.iry between "ill" and "well"
ean be arbitrarily set at 3 points on the scale.
This produces a set of results which can be
shown graphieally as "discrimination curves"
(Figs. 1 to 7). At the point shown as "A",
patients with score 0 were classified as negative,
while those with scores 1, 2, and 3 were dassi-

ileci as positive. At point " B " , the limit was set
between seores 1 and 2, and at " C " , between 2
and 3. Each "discrimination curve" therefore
consists of the set of three points; A, B, and C.
It is clearly seen that A. which lcpresents a
limit at a low seore, i.e. a weak reaetion, gives
the highest sensitivity. Conversely, point C,
with the highest score-limit, represents the
highest s])eciilcity.

RESULfS

'Fable 2 shows the distribution oi' score values
iV)r all aller,gens within each oi' the ihur analyses
(Ci-I, ST, RAST, HR) in relation to the BPT
seore values.

Fig. 1 shows tlie discrimination cur\cs i'or
each of the four assays using house cfust mite.
Ihe ie are no points dose to the ideal (BPT),
although ST, HR, and CH were very specific
(few FP) and RAST very sensitive (no FN at
point A). S'F was the best single analysis.

l'ig. 2 shows the results when animal dan-
der is used. Ihese results are generally better
(han (liose obtained witli liusl mile. 1 he results
oi' S'l" are clearly the best, with hi,gh sensitivity
and speeiiicity (points A and B).

Fig. 3 shows the discrimination (urves for
liollcn. None oi the lour analyses was in iact
very reliable, showing low sensi(ivit\' but
acceptable speeiiicity at high score limits.

Fig. 4 shows the results for mould fungi. ST
was highly specific and also highly sensitive
(points A and B) whereas the other analyses,
partieulaily RAST, showed low sensitivity.

The tesults lor eacii of tliese four different

C o n i h i n a t i o n ol resi.ilts ol ease l i istoiy (CJI 1), skin lests (S T), al lergen-speeit ' ic s e i i n n Igl'. ( R A S T). a n d h i s i an i inc re lease tVoiii

basopl i i l Ii'iict)cyles ( I I R ) , witli fhe resul ts ot broncl i ia l p r o v o r a l i o n lests (BI* I ) Cnv n ine alleri^ens in 2(i < h i ld ren will)

e x o g e n o u s a s t h m a

BI'
score '

0
1

2

•'

0

2.'")'
.'•)

:i

0

CM

1

31
9
9
.=,

s<()re'

2

1
2

10

a

3

2
2
:)
4

0

43

li

2

1

SI

1

8
3

H

0

seore'

2

3

7
12

Ii

3

2

4
4

7

0

18

.'•)

(i

1

RASr

1

27
.'j

4
•}

score'

2

10

( i

(i

2

3

:i

2

9

10

0

•18

8

8

MR

t

0

0
2
0

seoie'

2

9

4
4

2

3

2
,••,

' Score va lue nl ;t r r s u h is t a l ru la te( i as clcfincd in T a b l r 1,

lMi^urcs r cp icscn l llu' nviinljcr ol lcsu l t s with i h r given (onil>iiialion ol si (^ic--\'alu<- in H P T ant] the i;i\-cn lest ( he re C U ) .
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i n c l i v i c i i i a l . - i n a l y s e - s ; C i l . f ) ; S T . x ; R A . S T , • : I I R , [ I ;
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i i u i u l c l t u n i ^ i . c e i m h u u - c l a l U - r i ^ v n s ,

A . B , a n d ('. i c p r c - . s i - i i l t i n - i l i l l c - n - n l l i i j i i l s l i c - ( w e - i - i i a

j i o s i l i v c - a n d a n e - i ; a l i \ - ( - r i - s i j l l :

A : 0 / 1 I 2 I : ( . I h r l i i n i l i s s i - l l i e - t w e - c - n 0 a n e l 1 ,

U : t ) ) 1 / 2 I ; l , I h c - l i m i t i s s e - t l i e - l w e e - i i I a n e l 2 .

C : 0 1 1 I 2 / 3 . t h e - l i i i i i l i.s ,sc-l l i e - t w e - e - n 2 a n d , ) ,

A p e i s i t i v e - r e - s u l l i n H P T w a s | -< -L , ' a re l e -e l a s l l l e - I n n - e i i a i : ;

n e i s i s , r c - i ^ a r d ! i - s s e i l t i n - s e e i t e - v a l u e - o l l l i e - U P T i i - s u l l .
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CJ lOO-r: »BPI

100
specificity(7o)

50-

100
specificity (7o)

l''ii;. (). SK % (onl inate) and S P % (abscissa) lor tin' Viv,. 7. SE'A- (onl i i ia tc) and S I " ; ; (.ib.scissa) lor ST lor

!bllowin,i; analysis combinations: (^11 i ST, x ; (^ l l t combined allert;etis. .\, l i , atid (1 represent the di l lcrent

R A S T , • : S'l ' + R A S T , * ; C U < ST i RAS' I ' , A ; atui l ini its Iwtween a p(,sitixc and ;i tiesative r<'sull lor ST.

C M I ST 1 R A S T 1 M R , 11. The three ctnxi's rcpri'si^nt dil'lcii^til seore hunts ol' reac-

A, H. and (; represent the dil lcrent litnits between a t i \ i (y in H1*'I':

positive and a nc,i,'ali\-e rc.siill :is described for l-'iî .s. 1-5. x ; 0/1 + 2 t ; i , thi- l in i i l i.s .set belwei^n 0 .md I.

O : 0 < 1/2 t :t. the l imit is s.-l between I and 2.

• : 0 f 1 I 2/: i . ihe littnt is set between 2 .ttui 3.

allergen groups have been combined and plot-
ted as before (Fig. ."j). The discrimination
curves for the three analyses, HR, CH, and
RAST, are similar. In general, 8'F is a \'eiy
reliable analysis and clearly better than aiiy of
the others.

Since in clinical [practice a number oi' dii-
i'erent analyses are used in the examination oi'
allergic patients, we have combined the results
i'rom the different analyses in various ways (I'ig.
6). As mi,ght be expected, a combination of all
analyses gives the best result. The most reliable
combinations all include ST, as could be
expected from the results oi the indiviciual
assays. The least reliable combination is that of
CH and RASF.

It might be argued that BPT was too sensi-
tive when the limit was .set between no reac-
tivity and reactivity at the highest HEP con-
centrations resulting in false p()sili\'e BPf,
which could jeopardize the results of the other
tests. The SF and SP were therefore re-calcu-
lated for the combined ST al the three different
seore limits of reactivity in BPT: the original
limit between score 0 and 1, between 1 and 2,

and finally between 2 and .'i. Mg. 7 shows that
as the limit decreases, the ST becomes more
sensitive, but at the expense of loss of specif-
icity. The discrimination curve is clisplaced
upwards and to the leit. Comparable restths
were i'ounil wilh CH, HR, and RAST (data not
shown).

DISCUSSION

In the [iresent study, all analyses were carried
out iM-ospectivcIy in a defined group of ehildren
in a controlled, double-blinded manner. For
each allergen, the same batch was used for all in
vivo and in vitro tests. The importance of the
study is, therefore, (hat the results permit a
direct comparison of the diagnostic \'alue of the
different tests - as well as combinations of tests
- available to the allergologist. A rather com-
plex picture was disclosed, with differences
from test to test and from allergen group to
allergen group. However, some more general
conclusions can be drawn. Thtis, when only one
test is applied, the ST appears to be the most
reliable. RAST, on the other hand, was the
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most unreliable single analysis, and only rea-
sonably dependable when the allergcti was
hottse dust niicc. Nt)ne ol' the tests was .satisfac-
tory in pollen allergy. However, most of the
ehtldren wet'e multtallergie and besides asthma,
some had rhinitis, mc.ltjding pollen rhinitis, but
possibly not pollen asthma. Nasal provoeaticjn
tests were not done in this study and a high
ftecjueney of "false positive" BPT has been
shown tn hay fever patients (3).

Previous studies in adults have shown the
novel HR lo he ol' i cjnsideialjle diagnostic aid
(8). This was not eonlirmed in the present study
in ehildren. However, the studies are not
directly comparable. I''irst, ihe adult study was
done with .i method which did not include
atitomtzed analyses (8). Second, the limit of
positive reactit)n at 20 % release may be too
htgh. Diamant (2) has used 8 % as the limit,
and this would have increased the sensitivity in
this study. Further, scjme of the false negative
results with HR were iti patients whcj reacted
weakly to aiiti-Iglv 1 his control measure may
be of possible value in the tnterpretaticjii of the
reliability of the HR. It appears, however, that
the value of HR needs to be further clarified in
controlled studies like the. present.

It is possible that BPT was too sensitive (too
many false positive) with 5 HKP extracts, and
that reaetions at this concentration do not rep-
resent "the true diagnosis. Ihis prcjblem can-
not be solved by the present study. It is clear
from the data that there is a relationship
between the strength, i.e. the score value of
BPr and the store valtie of other tests. In other
words, the sensitivity atid specificity of a test
with a given antigen concentratKjn depend on
the limit set for a positive BPT, i.e. "the true
diagnosis". This is most simply illustrated by
the data given in Fig. 7, showing that as the
criteria for a positive diagnosis at BPT are
tightened, i.e. the patient must react at a lower
concentration, then the sensitivity of the ST is
increased, but at the expense of loss of specif-
icity. The criteria and the limits thus have a
reciprocal influence. It is interesting to note
that as more and more data are accumulated in
a discrimination curve (Fig. 6), the middle part,
which represents an intermediate limit,

becomes successively clo.ser to 100% siiecificity
and sensitivity. Deviations from this point may
increase either sensitivity or specidcity, but cjiily
at the expense of the other. Exactly the same is
true of the limit for a positive BPT, i.e. the
referenee.

It is important for the allergologist to under-
stand this ccjmplex ielationshi|). If BP'F is not
used, the variotis m vivo and in vitro tests can be
used singly, or in combinations, to give apprt)x-
ltiiate predictions of how the patient will react
tcj inhalation of the allergen. The reliability cjf
this approximation depends u])on proper sclee-
tion ol allergen ctjncentration, proper evalua-
ticjii (jl the relatKjnship between reactivity in the
test or tests, and level of reactivity in BPT, i.e.
"the true diagnosis".

When looking at the figures it is cjbvious that
1 HEP and 3 HEP concentratitjtis give very
different results. With 1 HEP there is a high
risk of false negatives, while with 3 HEP there
IS a high risk of false positive results. In our
department we now use a 3 HEP concentration
as standard in ST with the allergens used in
this study. RAST and HR are used only rarely.
In eases where there is a discrepancy between
CH and ST, or the results from the ST need
corroboration, the BPT is used.
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