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Use ofthe extended Phadebas RAST® panel in the
diagnosis of mould allergy in asthmatic children
A. KOIVIKKO, M . VlA.NDER' & A.

Tin- (linn ill siiinjrn-^uKf ol tiiniikl allei-i;fns in Phadi.^xis R.AST'' pano! was iiivt-siigati-d

in 121 asifiKi.iiK' iiukkrii. Th'-v Hcn- sdcavd Ircn, .T roMl populamm ol 1649 parirni.v

•flic [-|atu•nt.^ •,̂ ^R• di.'^ti-ihLm-d iino fc-ui" !;TOLips, based u:i \hc coriibin^uion al posuivc ,,r

ni'fjailvL skin prHk u-sis ( S F T ) iug,/flirr wiiii svin | i tnnis ^u<^i^cw\f nr nul oi (iioulc!

sr;isinvit%' Mna!(i->ixrJi"n l - E anlibo•:lu'^ ^^^•^• inv-i-MiyaitJ usint; dw oripin:Ll R A S T

p^inrl i.-i/!n':,ir/^L .i^;,,!!;,!/,,;. Cmulida.. CJado^porwm. .Muai' and Pniinlint"i) and a s«-i of }iJ

addi i ion^l lEnulld-allfi'iiril Ui-i's \.-\ur,-uba..-.i'iluTn. / IW-. ' /M. CUT: ulr.r,!,. Epu-i.,f[wn. Fusauum.

llrh'unlh.ufwiium. Fhcmu. Rfuz,,pu'.. Slnidihxin.ir, :ind 1'iclu,d,-rrna\. The s.-i ot addir ional

RAS ' t di.Ms [•.•v,'ak-d p.ni.-iv.v wiih iiKHiId-icayinii. aiiiifHHfi;-. not found « u h lin: ungin.-il

R A S T p a n d . T ins o u n i T r d In io,, . ol 4^M)1.2':: i R A S T p o s u . v . ( da s s > 2\ paiu-nls . Th<'

a!k-|-t,'cn^ inosi lii^inicniK pii-Hivc \>.M-< Ciu'lo'.piirni't: lin '2H^~, ol die palu-nts j . Ciuiilrih

(L'Ji^f ) ;(i!d /Jr/.-'.'ifj.'>!!'i/.'!.":ij'.', i2h''/ ) . \ rCHj^iJ-kab)!- d^-j^irc DI .•.iiijuli;ijj.-ou'^ r r a u i v i i v Co

\v<-ic i-H.-ciiM'K |)iiijiojn(i-d tisinii .liiv duplnau^ lo in l j inauoi i oi --I'lmiha^ic/mrn. Br,lr:ir.

Candida. CImUpomwi. Hthinnlh':'.pi,<:in,:. Pai-,r,i!lun: ain.i Su-'upkximrn

Kry :n>'d: a l l r r ^ - \ , a - l l n i i a . n x n i l d . J ^ F . i n l i b o d i ^ v

.-\,;,-ptfd !uT p,Mt:atu,<, lO Ju:,, I'NV

CLINICAL ASPECTS

Jmn-asiiig the numbt-r of mould aJUTijcns in iht RAST pane! increases the possibil-

lty III pinpmul w padî nt with mould allfr^'. ConiUmations of .Atireoijas^tfjum.

Botryih. Candida. Cladosptirium. Hclminlliusporiuin. Penicillium and Slemphyli-

um ill the lest panel tan efrcctivt-ly reveal patients with muiliple mould allergy. This

is often as.s,>ciattd with multiple olher allcrsies and many symptoms.

Mould allergy was first described by C'luiilcs rmns (or niosi fungi .suJI await.s hn.^ic research.

Blacklcy (6) more than ]()() years ago. I'.vcn 2. Mould-alk'rgic paiicnis are usually also stnsi-

bfiort- thai Floyt-r (7) had drawn attention lo tive to many diiYcrcnt allergen sources, such as

ihc occurrence ol asthma in damp environ- pollens, epithelia. mites, etc. Thus analysis of

ments. The (-linical impact of airborne fungi on the impat:l of moulds alone on symptoms is

respiratory allergic disease is still largely un- difficult. 3. There is no clear-cut mould season,

known. This is due to many factors, among which would enable easy observations on dose-

which are the following: 1. Diagnosis of mould response relationships between exposure and

allergy i.s .stil) far from adequate. The optimal .symptomy.

panel of mould allergens is not known. Rela- Substantial advances have been made in the

ttvely few moulds have been investigated in past 10 years. It is now known that mould

detail. 'I'ihus production of good diagnostic ex- aiiergen extracts arc extremely variabie and
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complex, thus making it diffuult to produce
scandardizfd mould allergen e.\uacis.

The original Phadebas R.^S'^^' moulct panel
consKStmg ol 6 mould genera has undergone
many stages of de\'elopmen[. This has been due
ro miprovements in manufacturing mould aller-
gen e-xtract.s and in RAST disc tcehniques and
has led lo more cffuient diagnosis ol' mouhi
allergy (16).

The aim uf this sludy was to explore the
diagnostic capacitv of an extended Phadebas
RAST mould [)ancl and relationships between
mould allergie.s.

MATERIAL AND METHODS

The [latients for ihis study were selected from
the Childrens" Asthma Rcgi.sler of Turku Uni-
versity (10). Asthmatic children are followed-up
regularly until 17 years oi age. an(J theii dala
on symptoms, medication, allergy tests, etc. are
entered into a compuler. The total tiutiibcr ot
children in the register at the lime of the study
was 1649. For this study 121 children with a
total of 785 follow-up years w-ere selected.

To ensure that the study comprised all tyjies
of mould allergy-related asthmatics, 121
children were distributed into four primary
groups according to their symptoms and previ-
ous .skin prick test (SPT) results (Tabie 1). As
asthmatic symptoms suggestive of mould allergy
are supposed to be perennial, we selected only
children w îth perennial asthma for Groups A
and B (symptoms -i- ) and specifically those with
aggravating symptoms during the snow-free
period (April through November in the, Turku
area of Finland). Mould SPT-positive patients
were defined as those showing multiple mould

reactions, sonte of at least magnitude + + +
according to the Nordic norm (1). Mould SPT-
negative patients were not only tho.se who were
totally negati\e on repeated test occasions but
also those w ĥo had occasionally shown a posi-
tive SPT. i.e. the .same SPT was negative on
the majoritv of test occasions.

Estimation oi' tnouId-specific IgE antibodies
was done by rnean.s of Phadebas RAST, Phar-
macia Diagnostics AE. Uppsala, Sweden. The
original panel (ml-tiib) was e.xtended witli 10
otiier experimental moulds (m7-m]6), which
are all now included in the Phadebas RAST
panel. The original panel consisted oi Alternaria
aliernala (tenuis) (mb). A.iprr!;ilius fumigatui (m!)),
Candida albicans (inr)), Cladosporium hf.rharmn
(m2). Mucor racemoKUS (tn4) and PcmaUiurn noUi-
lum (ml). The experimental set of new mould
RASTs cotisisted of Anreobmidium pullulans
{ni 12), Bolrytu cinerm (in 7). Curvularia lunuta
(ml6), Epicmcurn pnrpurasccns (ml4), Fuiariimi
inonittformi' (m9), Helmintho<.porium halodiw (m8).
Phonia bflM (ml 3), Rhizojms mgricam (mi l ) .
Slanphyltum hotryonm (nilO) at\d Trichoderma vi-
rtdf (nilf)). These moulds were selected an the
basis of a curreni analysis of the moulds impli-
lated in allergy, e.g. extracts available for skin
testing, requests for RAST discs, and dis-
(ussions wiih experts. In this study RAST class
2 or liigher was considered as positive.

The SPT results used for scoring (see below)
were gatliercd from those done during the years
1974-1984. No new SPT were perfonned espe-
cially for this study. All SPT were evaluated
according to the Nordie norm (I).

To grade the patients' total sensitivity ;] SP'l
score was constructed. The scores were chosen
from five allergen groups. When several aller-
gens from one group were tested the one with
the strongest reaction (frotn - lo 5 + in the
Nordic histamine reference syslem) was chosen
to represent the group. Consequently, a scale ol"
0-5 was used as SPT seore.s. The five allergen
groups selected for SPT scoring were: I) tree
pollens (aider, birch, willow), 2) grasses (mix),
3) mugwort, 4) epithelium (cat, dog, horse, cow
and house dusl mixture) and 5) moulds (6 lo 16
different moulds have been tested at various
occasions). The highest score in each group
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represented the group and the total scoir from

all 5 groups (maximum 25) was calculated.

The patient's mould RAST scoie (maximum

64) was calctilated as the sum of ihe 16 RAST '^^'^''^"'•^"""^

class results (dass^cs 0-4). Sera tor RAS7' anaiy- Table .'? shows ihe number ol' patiejiis with

ses hatl been taken during patients visits to the positive (class > 2) mould RAST responses dis-

asihnia clinic and stored at -2(t°C tjntil analy- tributed between the original Phadebas RAST

sis. The meati age of the samples stored vvas 4 pane! (m!'-m6) and the extended (m7-ml6).

years. Forty-nine patients (40.5 A ) had RAST class

> 2 to one or more mould ailergens. (iroup A

patients are more frequently sensitive to moulds

,^ ... belonging to either the original or extended

RAST panels (94 (̂̂  ) than those in the B. C and

D the Groups (36, 31 and 3 Tr. respectivelv).

i'.iglit patients were RAS i -positive (class

The characteristics of the primarily selected pa- > 2) to one or more moulds of the original

Jient gmup.s are preseiiled in 'I'able 2. The panel bui negative lo all of ihe extended one

ttiean age of the patients was almosi the same in and the reverse pattern was seen in four pa-

the 4 groups (Table 2). There was a clear ten- tients. One of these four had no symptoms

deney to higher SPT scores to inhalant allergens suggestive of mould allerg\' and was mould SPT

in Groups A and C (the patients selected on the negatix'e (C;rou[) D). Ten ol' 60 patients (Group

fjasis of positive skin tests to moulds). The B. 9 patients and 1). \ pahcnr) u-jth pre\-ioiisl\'

mould SPT scores of Groups B and D were negatixe SPT to moulds were mould RAST-

higher than zero because patients with occasion- positiv<-. l'his mould R.AST panel detected nine

al positive I'cactions to single moulds had not oi' the 29 patienis (Group C:} wiih pre\-iousiy

been excluded. The total SPT score was lowest positi\e SPT lo moulds.

in Group D. The msiuld R.-^ST score of Ciroup In addition lo the above mentioned mouid-

A was higher than in (he other ginup.s. An positi\c patients (RAST class > 2). there \^ere

alnjosi ideniical mould RAST store vv,!S seen m ] :3 parienis showing class 1 R.^ST results | 1 . 4.

Ciroups B and C. Asthmatic sym])toms ai the 7 and 1 in (irouj)s A to D. lespectiveh ).

age of 12 years were clearly highesi in iiioups .A Table 4 gives the frequency of posiii\e mould

and R dtie to selection criteria. RAST responses to various motilds. The high-

est frequency of positive RAST results was seen

ii.n- CJad(npi'num ,ini\ Candida (each posirivr in

.̂ ,̂ )_l̂ , ,, 2B9' of all patients) followed bv Hclmmthospon-

urn (26'/i.). Holrylu (24%) and Aurfubasidium. Fu-
(;h.,r,K,.ns(K.olsuKlvtM.ou|><..x,ot) ^̂ ^̂ .̂ ^̂ ^̂  ^̂ ^̂ 1̂ Stemphylium (each 22%)- For 12

^̂  , '. ^ moulds the frequency w'as 15 % or higher.

Mr.ui .1 ,̂- u. ,-ninH,^ Seven of these 12 moulds beicmged to the 10

•iVrin'c '-I4 '\ \A >' i i ' ' '^^'^ experimental moulds added to the original

Mi;iii Sf'l sfori-s panel. As expected, the highest frequency of

(«•(. pollen ••..' lA l.R I II positive R A S T was seen in Group A compared

i5̂ '̂-M'"ii.T> 2.'S 1,8 2,0 L.̂  with Groups B-D. Sensitizaiion to seven or

inugwdin |ioHi-ii 2,,) II,t> 1.2 0.3 more moulds occurred frequently,

^̂ ^̂ ^̂ iî ĵ  ,j y ~ I r/- I, .- Positive mould R A S T responses generally

'ioiyl si'T scim- I4.:i H.(> 10.4 :i.;i showed a high correlation between the )6

Mould RAST.s.nir '22,2 4.2 ^A^ 0.09 moulds (Table 5). The highest correlation 0.97

Sviiipiunis nia.sTlHiia ^ ^ 97%) was between Aureohaue/ium (ml2) and
{&.>y./y.-Hv) â  12 yr : . r s 47_o !19̂ 1̂ ' ^ -1 '^- ' Sternphylium (m!0). In 38 of the 240 possible
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Mould R.AST pane!

Original -f / r..v:T,-Tided --

(.)nt!iii,il + ; E.vti-nded"

OrigiiiLiI- / FxtL-nded -̂

(Jrjixinal- / K.xi.-iidcd-

RAST piisiiivc

RAST pnsitivt ( %)

'!7 '10.1

correlations the r-valties were > 0.80 and in 98
>0.70. In only three cases we

two-niould combinations (Table 6) elfectively de-
they <n.4O. tected these pauettts, particularly combinations

In five of the seven highest correlations j-Iure(;/)fl- oi Aureobasidium. Hotrytis. Candida, Cladosporium.
sidmm was invoked. There vva.s no out.^tanding- Hclnunthosportum. Pniicilluim and Stcmphyiium with
ly high correlation between ihe two moulds Al- ch oiher, or with musi oiher moulds, are nearly
ternaria and Stnjiphy/ium (r = 0.66), bolh of which 100 V'̂  cftectivc in detectittg these highly inoukt-
contain the antigen .^h 1. sensitive patients.

Altogethf-r. 28 patients had multiple ( > 7) JJDS-
itive mould RAST responses. Of (hese. 25 be-
longed to Groups A and B wiih many asthmatic
ymptoms. No single mould allergen RAS'T in-

DISC:USSION

dicated which pa
multiple mould

wcre most likely to ha\'e The patient selection used can be eotisidei'ed lo
lc(i a material ri'pre.scntative ol allHowe hav.
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lypes of mould-related aslhmatics in our asthma Coneordances between the positive mould

register. However, mould-allergic patien(s are RAST were generally high. The highest were

overrepresenied. beeause the study groups .A, B between Aunvhasidium-Stempfiytmm (97%) and

and C (many asthmatic symptoms and/or previ- Bolryii^-Helminthosporium (89%). Five of seven

ously positive skin tests to moulds) were pur- con( ordanc:es of 85%. or more were between

posely r(-quired. Aureobasidiimi and other moulds. A high con-

The results of the present study are in line cordance between two genera may indicate that

with previous ones (2. 4, 5, L'J), .showing thv ;hv ivvo gcncrii combined share the same (ma-

diagnostic \'alue ofthe RAST in mould allerg). jor) allergen(s), or that patients are sensitized

Cutnpaied with the original panel the extended separately ui two genera not cross-reacting with

panel tietected lour new positive patients with each other. In two ol rhe three cases witli a ]o\v

mould allergy, and up to ] 5'/'• of new cases of concordance ( < 40 %.) Epicoccum was involved,

mould aiiergy in Scandinavian patients (L.̂ ) and This may indicate that Epicnccwn does not share

up U) '11% in sera from USA (9). One ol' the any antigens with the other genera or. that if

new positive mould RASl' results was found in Epitoccum does, (hey are only minor ones. The

Group D where neithei' syrnpioms nor SP 1 antigen AL'I' 1 has been found to occ ur in

indicated mould allergy. .Altirnar'ia. and Slrrnphylium {3). The concordance

C.-omparing ihe results with the findings hv rate between ihese (wo genera was not, how-

Jonsson e( ai. (9) and Foueard ef ai. (8) showed ever, \er\' high {ti69c], mdii.B.ung thai (he pa-

roughly the .satne most frequentiv occurring tients studied were not often sensitized to that

positive responses: C/adosporiiim, Candida. Hcl- aniigen.

mnithosponum and Hotryln, indieating a similar Some ot the high and low concordances are

paitern ot s<-nsitizatiou in Finland and other similar to those observed b\ Foucard et al. (8).

Scandmax ian countries. Two micldle-Kiuupi an bul manv differences exist. 'Fhis mav depend on

materials ( 12, 17) suggest Alternann sensinvitv to the paiieni selecti<)n or rc'ftect diflerent sensitiza-

he tnore eommon there than the :ibove tion j)Htterns in these two neighboring Scandi-

rneiirioned. naviau popukfnons.

•1 ahU- ",
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'I able 6

ni.iikl RA.S'r

.-\LT ASP .WK B O T C.-W CM.A CL 'R KFl l ' i :S H E L MUf: I'l'.N I ' H O R H I S'll

Al -T 71

AS1> 86 fil

AL"R 93 93 W<

HOT U){) 9:i 100 93

t lAN 100 100 % 100 93

Cl.A 9fi 9(i mo 100 !0(i 96

C;UR 79 fib 93 9«.> 93 96 61

Ki'l 79 75 93 100 93 96 68 '.'rJ.

FL'S 89 Hb 96 93 100 100 9.'̂  8^' 79

H H L 96 93 100 9tj HHI lOO 96 9h 96 9:5

Mix; H2 86 9n 9G 96 100 '61 79 86 '-13 lil

PF.X 9:! 90 luo 100 'Hi 96 8(> 8b 96 100 93 86

P H O 82 79 96 i 00 100 96 86 71 93 96 89 '!6 dJ!

RHI 79 7i K9 ••!?, y . ^ 9G hK '-A B'i M''> b4 ISi") m '.'.b

S T F i!9 8'i '"16 iOII iOO 96 89 89 100 96 96 96 89 89 89

liifurr of ciith iTixv iiidiiatcs ihv dnrcikm ol iriLiltipl.- moiikl stiiMii/aiini, !>> the Mll̂ U• i.iniiUI RAS"1"

whole ttiaUTJal.

Only slight exposurt' appt'ars siifricicnt lo .se'ii- ccpuon ol Cladospormm ihesie mouids occur m
sitizc. Examples ot fiequcni sensitization wiih- Finland only in small quantities. 'I'his may in-
out high general atmospheric exposure (11) are ditaic that high capacity tor developing mould
Aureohandtum (22 9̂c ). Botrylis (24%) . Helrruvlho- alicrgv (= inuhiplc sensitization) is best diag-
spormrn (26 (̂ ) and Stemphytium {22%). Exposure nosed by using RAST to moulds which seldom
to these genera is likelv as human beings spread occur in the environment in question,
mould spores into the air by their own outdoor Malliiig ei al. (13j lound RAS'l' had higher
activiues. This is exemphfied by the finding that speciiicicy but less sensitivity than SPl ' in tbe
in Finland Botryti.^ and Helminthospiornmi occur diagnosis ol' C.lado.\poriuni allergy in asrhmaties.
almost only in the air ot chiidrens' playgrounds Also in ttiis study the mould RAS'i' panel did
[1:>}, but not HJ meters distant. Hflminthosporium ttcit dete( t all ihe patients witb pieviously pi;)si-
and Epicoccum are botb moulds with only a small tivc SPT to nioulflfi. In ciiuieal practice this
atmospheric occurrence m Finland (11). ') he means that RAST tan give "lalse-negati\'e"
observed irequeneies of positive RAST re.sults results. One possible- eause is the inatiility to
were 26% and 7%, respectively. Such a large bind some of the mould allergens to a solid
difference cannot be explained only by the phase. The binding capacity of Phadebas RAST
amount of exposure. discs has since been improved and the sensi-

It is noteworthy that, due to selection criteria, (ivity and speciticity ol mould RAST are now
Group A patients have many symptoms and a better (14, 16). In keeping wiih this we found
high incidence of mould allerg^'. These patients three patients of 60 with previously negative
tended to have multiple mould allergies as well SPT to moulds to have more than six positive
as high SPT scores. They eould be eftectively mould RAST results. The question of overall
pinpointed, using pairs of RAST tor Aureobasid- test efficiency for each mould RAS'l' must fmal-
ium, Botrytts, Candida, Cladosporium, Helminthospo- ly be investigated by comparing with provoca-
rtum, PemciUmm and Stemphylium. With the ex- tion test results.
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