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Diagnosis and Immunotherapy
of Mould Allergy
HI. Diagnosis of Cladosfxmum Allergy by Means of
Symptom Score, Bronchial Provocation Test,
Skin Prick Test, RAST, CRIE and Histatnine Relcas.

H.-J. MALLINC;,' S . DREUOIU;^ and B. WEKKE'
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1-;!. Ac,,>r,ling 1,1 the cla.s.sific,ui,)n a linal ,iiaL;n,isi.s (p,isiti\,' ,>r nr^alivc") ,oul,l li

Amplrit for Imhtnalum 21 Aui;uxl 19ll.''>

allergic patients is to obtain a precise diagnosis allergy have implied a cimbinatidii of history
of the causative allergen (1, 20, 21, 24). and skin Icsl and in rare cases some son o:
Without a precise diagnosis neither allergen provocation (est (1, 20, 21, 24). The intioduc-
avoidance nor specific treatment are to be tion of in vitro tests wilhin recent decades ha;
instituted. widened the diagn,)stic spectrum, but the vakK
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in relation to improving the diagnostic cap- peak Cladosporium season (14 weeks) in 1981

ability is still a subject of debate (3, 11, 13, 29, (32). Fourteen females and 19 males (median

31). age 24 yeans (range 16-58)) werx included in

Diagnostic lests used in allergy all estimate the study. Most patients wcrx allcr-gic to other

specific IgE in different compartments. 'I'hc allergens, but with the majority of symptoms

skin prick test (SPT) is a result of IgE localized elicited dur'ing the mould .season. Prcviou.s

on skin mast cells (20, 24). Bronchial provoca- immunother-apy with mould cxtr-acts within the

tion lest (BPT) is an expression of IgE bound to last 2 years resulted in exclusion from the

bent test (RAST) estiiTiatcscirxulating IgE (13). performed simultaneously outside the mould

Flistammc release from basoj)hil leukocytes season.

(HISl^) is a function of IgE fixed on circulating

basophils (28) and finally, crossed radioim-

munoelcctrophorcsis (CRIE) rt^easurxs circulat- ^'''''^^"'" '''""''

ing IgE (7). A lyophiliscd, partially purifrcd and slandar'd-

As pointed out by Aa.s et al. (2) the diagnosis ized preparation of Cladosporuwi hvrbanwi

difficult, as it rs highly dependent on the rxconstilutcd to a concentr'ation of 100,000

potency and antigenic composition of the HU/rnl and diluted in HSA buffer (0.03 %

allergen extracts. The relative value ofa test in human serum albunrin, 0.9% sodium chloride

depends on lhc sensitivity and the specificity MIST. To ensure nraxirnurn potency, extracts

being a function of (he quality of lhc allcr-genic wci'c reconstituted and diluted at the day of

extract used. Recently, intense r-cscarxh on testing and then discarded,

especially Cladosporium allergens has been car- An intermediate produci of lhc raw cxliad

productiorr of an extract wilh a high potency mentioned above was used for RAS'f and

and optirnurrr allergenic composition. CRIE. The only discrepancy from lhc Pharrri-

Thc jjrcscnt study pr-escnts a detailed invcs- algcn estimated by CME (crossed imnuino-

tigation of the diagnostic capacity of allergologi- clcctrophorxsis) being a few mor'c prx-cipilatcs in

cal proccdur-cs and the relation between these the intermediate product. The IgE-binding

tests in patients with clinical suspicion of mould (CRUi) to these precipitates was ncgligablc.

allergy.

Bronchial provocation test (BPT)

IV1ATERIAL AND METHODS !arn"' ' ir ' '^ ' ' " '^°!!""" "^''^ (̂ ^̂ irricd out at tho

^^"''''"'' steroids, sodium cromoglycatc, bcta-2-agonists

l''rom a |)opulation of 62 adult asthmatics and xanthine derivatives was discontinued for a

lurther' evaluated. All patrcnts had a history ol trvely pr'ior lo BP1\ Systemic .steroid < 10 mg

aggravation of respiratory allergy in the peak prcdnisolonc used by two patients was not

ol 3 years. 1 he clinical relevance ol mould response (24). Using the tidal volume the

allergy was further evaluated by a detailed patients inhaled 1 ml of aci-osolizcd material

registration of subjective symptoms, consump- (Pari nebulizer, Pariwerk, W. Gernrany) for 5

tion of anti-allergic drugs and peak-llow mca- min. The flow was 5 1/min and the output 0.221
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(FEV,) was measured using a Vilalograph .

spirometer (Buckingham, England). The pr'o- ''•""^•"' • ' ' ' '"" '

cedur-c of HPT was to obtain a baseline FEV, Venous blood was drawn immediately prior lo

before arrd alter inhalation of HSA buffer. Alter SPT and BPT. Scrum was scpar'atcd and stored in

an inlcr-val of 10 min 1 ml of Cladosporium 1 small aliquots at-20° C until analysed. Sanrplcs

BU/;H) wa.s inhaled and V\i\'^ registered. After- wcrx only IVozcn and thawed once,

another 10 min FEV, was repealed, and if not

r-cduccd > 20 %) frorti the baseline value, the
:,,-ovocition wts continued with 10-fold rnorx li'"l'oallergosorbent test (RAST)

concentrated extract trntil either- a positive RAST was performed accor-diirg to Ccska cl al.

r-eaction (> 20% decrease in FEV,) or up lo a (12). In br-icf, the intcr-nicdiatc pr-oduci of lhe

conccntralion of 10,000 BU/rnl. When rntcr- Clado.spormm extract was coupU-d to CNBr-acti-

rupting BP'f hrlorc ncbulization of 1 ml the vated paper discs. The discs were incubated with

residual volume was recorded and the BPT patient sernni tindiluied and diluted 5- and 25-

result corrected accordirtgly. The bronchial fold over-night at room tempcr-ature rn drrplicate.

ir-ealed by inhalation of hela-adr-energic medica- al room tcinper'atur-e with '-'n-labelled affinity-

tion. FHV, obtained after inhalation of allergen pur-ified rahhil anti-human IgE (Phadebas*-"̂

was plotted as per-cent of the baseline value RASTIsotope). Theassay wascalibratedby uscof

ol>tair»-d by HSA diluent as a function of lhe a htiman rvler-ence and the r-esults were expressed

aller-geii cotrcerrtr-ation, and the allergen con- in RAST classes according to the PRLJ value

centi-ation eliciting a decrease in FEV, of 20 % (Phadehas RASTunits) in undiluted serum. Dilu-

was calculated (the bronchial serrsitivity = tion of patient sei'um was per-for-rned in order to

PC.,,,). Late asthmatie response was only rxad the hindingof'^'i-anti-lgE at the steepest par-t

repeated BPT was within 1/2 log step of run inonesetup, and therepr-oducihility ofdouble

allcrgen dilution. Challenge wilh doses up to determination was within 10 % of the mean.

100,000 BU/ml did not restilt in unsijeeific

non-a.sthniatu no.inal i.>eisons. Hutamine relea.u(HlST)

Skin prick te.st (SPT) HlSTfrorrrbasophilswascan-iedou, asprevrously

^ de.scr-ibed(16, 28). In .shor-t, Fieoll-Hypaqueiso-

(18). In shorl, quadruplicate tests with at least at 37° C with 10-fold dilutions of Cladosporium

thr-ee 10-fold diltitions of Pharnralgen (10- extr-act. The release of histamine was expres.sed as

100,000 BU/ml) were pcrlor-mcd on the pa- the pcr-cenlagc ol the total histamine contents of

by planimctr-y and plotted in a log-log-.systerri as r-elease amounting Ir-om 0-5 % was made. The cell

regr-ession analysis was performed and tests cerrtration eliciting a 20 % histamine r-elease.

with a coefficient of corr-elation < 0.9 wer-e dis-

charged as non-valid. 'Fhe skin sen,sili^'ity
(SSH) was calculated as the allergen con- Crossed radunmmunoelectrophorc.us (CRIE)

centration eliciting a wheal eqtral to the one CRIE was iK-rlbr-med with 5 1̂ dialysed Clado-

pr-odueed hy histamine HCl 1 rng/ml. Anti- .v/;onwm extract (60 mg/ml) applied in the well and

histamines and .steroid dinlrnents wer-e with- r-un in the 1st dirnensionfor25 min(10 v/cm)using

drawn al least 72 h prior to skin testing. Steroid a 1 % A-agar-ose gel (I'liannacia I'irre CheniicaJs)

doses < 10 mg pr-ednisolone per day wcr-e in'FRlS-trieinc buffer, pH 7.8. The 2nd dimen-

allowcd (20). sion electrophoresis was rtrn at 2 v/cm overnight at
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whereas 25-30 % of the patients with negative exceed figures found using single tests only

RAST, HIST and CRIE were found to be (Table 4).

allergic to Cladosporium by clinical evaluation. The common practice in allergological diag-

l^he risk of being allergic with regard to an equiv- nostic work of stepwise combination of tests in

ocal test result was found in 0 % , 3 3 % and 100% order to build up a final diagnosis was also

using BPT (definition), SPT and RAST, HIST investigated. The results of combining SPT (lst

and CRIE respectively (based on a few observa- screening test) with RAST or HIST in patients

tions). Positive tests indicated clinical allergy in with a final clinical diagnosis are given in Table

90-100%. 6. The outcome of SPT, RAST and HIST is

The reliability of the individual tests, i.e. the stated as positive, equivoeal or negative accord-

percentage of final diagnosis (clear-cut positive or ing to the definitions. As is evident (Table 3) a

between 67 and 8 5 % were found with BPT being a positive SPT and positive RAST was only

the optimum and RAST the least useful test. found in allergic patients. Twenty-four percent of

The sum of scores obtained by combination of the patients with clinical allergy, however, were

tests in relation to the clinical diagnosis is given in missed due to negative or ecjuivocal lvAo 1 , I he

Table 5. The Chi-square values obtained by figures of a combined positive SPT and HIST

combination of SPT + RAST, SPT + HIST, result in elinieal allergy in 90 % thus "catching"

and SPT + RAST + CRIE -H HIST are also 86 % of all allergies. The combination of S P T ' +

evident. Erom Table 5 it is also seen that a RAST + HIST results in a diagnostic reliability

complete concordance (positive or negative) between SPT + RAST and SPT + HIST,

between all four diagnostic procedures was found The relationship between the exact degree of

only in 21/33 (64%) of the patients. Even if allergie sensitivity as estimated by the different

tninor discrepancies are accepted, the diagnostic tests was calculated by performing paired corre-

lation (Rho = 0.85) was found between HIST vs

I'ablc .3 SPT (P < 0.001). In decreasing order the corre-
The relative risk c.f b<:ing allergic to Ctado,pouurr, <alculat<̂ <i lallon (Rho) was RAST vs SPT 0.68, RASl^ vs
lor diagnostic test result negative, equivocal, and positive HIST 0.66 and SPT VS BPT 0.59 (P < 0.001).

,,̂ .̂ lî .(î ^ ^.,1,^^ of di>.nostic tests ^^^^^ ' '•^•'"•l^''"" between HIST vs \WT was cal-
rec ictive V,, ,ie o J i.̂ nostic tests ^ ^ culatcd as 0.52 and RAST vs \WT as low as 0.48

lim'' 3m 25% DISCUSSION

,.:.., , , . ., :. . .., . _ ,.. diagnosis in jnuients suspected of mould allergy
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arc evident (2, 14, 17, 21, 26). The value of provocation test (most often bronchial) is an
using different allergological tests and especially expression of a "true diagnosis" (4, 8,9, 11, 14,

been stated (30, 31). Almost all studies suffer of a positive bronchial provocation test was
from the error of assuming that a positive evaluated, and the final diagnosis of respiratory

AgreeriKMU between the clinical diagnosis and the sum of score obtained by the combination of diagnostic tests

SPT + RAST - " " ' ° " " " -

63
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o the mould Cladosporium was I

mbincQ willi ciinictil symptoms

iscd on bc a small group of patients impossible to dassi-
of the fy. However, from a clinical point of view this

centration. Inver.sely, negative BPT and lack of tive or positive,
respiratory symptoms in the peak Cladosporium During recent decades

ly unimportant allergy (asthma
Thus we were able to different

ical allei
o Cladosp

te betwet

tests) and (he specific diagnosis (clinic
ifest allergy).

Using this approach an inevitable

eagin allergy (3, 7, 13, 16)' However, some
mportant factors must be borne in mind. As
iscussed above, all tests estimate IgE in dif-
rent compartments, but are not able to evalu-

te Ihe clinical importance of the deteeted IgE.
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Furthermore, the capability of determining IgE with clear-cut rhinoeonjunctivitis symptoms in
is highly dependent on the quality of the the Cladosporium season. No "false positive"
allergen extract used (13, 17). Both in terms of RAST was found, indicating that the registra-
potency and antigenic composition the extract tion of circulating IgE in Cladosporium allergic
must be of a high quality in order to give patients is evidence of clinical disease. This may
optimum information. Several studies have doc- be due to low binding of Cladosporium extract to
umented the advantages of the Cladosporium the discs, and consequently only patients with
extract employed in this study compared to high values of circulating specific IgE are
other commercial extracts (2, 17). The use of detected by the RAST (5, 13). Using HIST,

further strengthens the validity of our findings. conclusive patient (the one with a "false posi-
tive" SPT) and in the rhinitis patient with
"false positive" SPT too.

The problem oi "false positive" test is rather
tssified as complex and the positive reaction might repre-
lused by sent a) a true "false positive", b) compartmen-
ere found talization, c) latent allergy or d) allergy in
inition of another shock organ than the one used to evalu-

ltients with ale the true diagnosis.
!)toiTis, I.e. As rcg3.rQs «i)) this phenomenon mit̂ ht bc
a negative caused by irritants in the extract (BPT, SPT,

found in HIST) (1, 20) or by non-specific binding to the

Diagnostic value of individual tests

positive (clinically manifest asthma c
Cladosporium) no false negative tests v
using BPT (due to the chosen de
positive allergy). Furthermore, no pa
a negative BPT had clinical symp
clinical score 0 in all patients with
BPT. "False negative" te
increasing order (5%-27%) with the use of
SPT, HIST and RAST. The problem is well-

/ith regard to RAST (15) and is proba-

(RAST). Compari

bly a

and
similar findings,

specific IgE localized in the skin for

allergens to the solid phase (3, 6). Concerning circulating (1, 20). As for d) i( implies positi
HIST, "false negative" tests might partly bc tests in patients with rhinitis caused by t
caused by the observation that up to f5% of examined allergen, but without asthma, i
patients with IgE-mediated disease do not liber- negative BPT and asthma symptom score,
ate histamine by challenge with the causative In the present study the highest correlati

negativc" SPT was not exclusivel>
but the SPT reaction is classified as i
positive, which may be a result of
limits between positive and negative reaction

i of 100,000 BU probably express
lo\

the positi'
e" BPT V s found in 27 % of

'c, tests and the clinical diagnosis was found for
lly BPT (Table 2). SPT, CRIE, RAST, HIST
en followed in this order. This is in contrast to

other studies that have found RAST (4, 9) or
HIST (31) superior to SPT. The high validity
oi SPT (10) is probably duo to the use of
quantitative SPT in the present study, which is
further strengthened by the data in liable 3,

nly E md SPT a
Cladosporium spore peak season. Two of these useful in ruling out clinical allergy. No signifi-

t i t h d l h h l d d i h i i i
BPT, indicating non-specific hyperreactivit
(21). The third patient was positive in BPT t The number of tes

allergy
s found (10, 25).

vance. "False positive" SPT was found in one of interest when ev;iluating the overall reli-
patient classified as inconclusive (latent aller- ability of tests (Table 4). The highest reliability



5 H.-J. MALLING E'l' AL.

'ith SPT, HIST, CRIE and RAST,

Diagnostic value of

combination of tests

of the defii night

to allergens, bronchial and skin mas

•single population of reactive cells ir
um' with circulating specific IgE (10

rtly ruled out by ihe

nofahighly.specif-

itably invalidates the reliable tests. The disi
pancy in relation to the clinical diagnosis:
individual tests is reinforced by the coinbinal
of tests. On the other hand, conibinatior

il (1, 13, 20, 21, 23).

Based on c

Due
espira )ry allergy t mids

pensive, fast and sale, it is often used as the first pollen allergy (2, 21, 26). Even if a
screening test in clinical practice (20). Negative Cladosporium extract including a rcprc.sc
SPT excludes allergy to the allergen in question composition of epitopes (2) is em])loyed i
on condition that an extract with optimum mum diagnostic tests, a final diagnosi
potency and antigenic compo.sition is employed. clinically relevant allergy, can only bc
The combination of a positive SPT and RAST lished by completion of daily symptom s,
indicates a clinical relevance of the allergen and the peak mould season. The occurrc
makes BPT unnecessary. Positive SPT and "false positive " BPT is extremely iinpoi

clinical symptoms, and an additional BPT has rules out clinically important allergy a

However, as pointed out earlier the final jiositivc SFT and RAST was lotind

m) and BPT. In
ent study HISl^ was of less value than RAST ii
the capacity of predicting clinical allergy.

T h e

Ids a BPl' niigh
The combination of positive SPT
RAST called for a BPT. I'll
HIS'f and CRIE in relation to c
ruling out, respectively, a specil
mould allergy is inferior to the al:

elati

tistically significant, but with a lower coefficient of patients, and indiscriminate

the optimization of the quantitative tests. The date the specificity and sensiti
results, however, arc in agreement with other prest;nt study.
reports (10, 19, 23, 27). Based on the coefficient
of ct)rrelation the interpretation of the data
might be that the different tests to a high degree A C K N O W L ] ' : D G E M E N ' J \ S
measure the same phenomenon. The definition T,,;, ,n,dy „, ûppoitcd h^ 4rants I,
of the degree of sensitivity, however, is arbitr- Fond, I o,ts,ut,ls.ss> ,̂ kassu, Dannu
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