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The only accepted test to confirm an adverse reaction to food is the double-

bl ind,  p lacebo-control led food chal lenge (DBPCFC). Once ident i f ied the food

responsible for  the react ion,  the diagnosis of  IgE-mediated food al lergy is

stron-9ly supported by the demonstrat ion ei ther c l i rect ly or indirect ly (by skin

tests) of the presence of specific IgE, to that food Il ] '
I t  is  wel l  known that nei ther the cutaneous nor the serological  method in use

has a hi_eh diagnost ic rel iabi l i ty  in food al lergy.  This could be explainecl  in part

by insuff ic ient  standardizat ion of  food al lergens and by the low sensi t iv i ty

and/or speci f ic i ty of  the methods used [2-6] .
The DBPCFC shoulc l  not  be appl ied in the case of  l t is tory of  severe systemic

reactions to foods. Moreover, the DBPCFC may be avoidablc for the diagnosis

of  the oral  a l ler_gy syndrome when the cl in ical  h istory is unequivocal .  In th is last

case, the history can be confirmed by skin tests or by the prescnce of specific [gE

and eventual ly by chal lenge tests.

The aim of  our study is to evaluate the diagnost ic rel iabi l i ty  of  a new, corr ì -

p letely automated system. the ENEA system, for  the detect ion of  speci f ic  IgE

ant ibodies to food al lergens.



Mate r ia l s  and  Methods

( )u tp l t t i cn ts  r c tè r rcc l  t o  ou r  c l i n i c  f ì r r  t hc  susp ic ion  o l ' l ì r o r l  a l l c r t y  wc rc  sc rccncd  by  sk in
pr ick test  (SPT) and/or  C, ' \P svstcnt .  unr l  sul ' r rn i t tc t l  to Dl l [ )C]FCl i l t  r t rc lcr  to dr t ' f 'ercnt iate
p t t i c n t s  r v i t h  f i r o r l  a l l c r g y ' a n r l  p u t i c n t s  w i t h o u t  c l i n i c a l  f ì x l t l  a l l c r g v . ' I ' w e l v e  p a t i c n t s  c l i d  n o t
t tn t l c rgo  thc  cha l l e l rgc  l t ccausc  they 'hac1  p rcv ' i ous  scvc rc  r cuc t ions  anc l  t hc i r  h i s to r r  unc t lu i vo -
c l r l l r  i n t l i e  l r t c t l  i n t r r l c ranc r  to  thc  cuusa t i vc  t ì t o r l .

T t twur t l  t h i s  cn r l  wc  have  s tu t l i cc l  a  popLr la t i on  o f ' -59  adLr l t s  ( i ó  l cma le .  23  ma le )  agcd
bc twcen  l6  anc l  6 -5  years  (avcn tse  32 ) .  Bascd  o t t  unec lu i voca l  h i s to ry  anc l  cha l l engc  rcsu l t s .
thc  s tL rdy  popLr la t i on  rvas  d i v i r l cd  i n to  two  -q roL rps :  thosc  w i th  c l i n i cu l  f ooc l  a l l c ruy  (31  pa -
t i cn ts )anc l  t hose  w i thou t  c l i n i ca l  t ì rod  t l l c rgy  (  l 8  pa t i cn ts  an ( l  l 0  no r ra l l c rg i c  con t ro l s ) .  Con-
tro l  subjects hacl  negat ivc h istory of  u l lcrg ics to l ìxr i ls .  to inhalants,  to cheni icals ancl  to c l rugs.
Al l  the sLrbjects uncler  stuclv we re sLrbrni t tc t l  to SPT. CAP system and ENEA sysrcm rv i th the
tbl lowirre f ì toc ls:  cow's mi lk,  cgg r ,vhi tc .  whcat .  pei tnLl t ,  corn.  pca.  and sova.

DBPC I;C

DBPCFC vvere pcrf ì r rnrecl  in t l te fast ing stute.  Increasing anrour-r ts of  thc lvophi l izecl  or
porvdcrcd l ì rot l  or  p lacebo (dcxtrosc) wcrc ar l r r t in istcrecl  in opacluc capsules.  The suspectecl
f ì roc land  the  p lacebo  wcrc  ad rn i r r i s te rc r l  on  a l t c rna tc  c lays .  s ta r t i ng  w i th  one  capsu le .  The  c lose
w'as thcn c loublecl  cvery 30 rn in (or  at  c l i f ' f 'crer t t  in tervals.  t lcpending on the history)  unt i l  the
appearancc  o f  svn tp t t l rns  o r  u  rnax i tuunr  cumu la t i vc  c iose  0 l ' a t  l cas t  l 5  _g .  In  case  o f  nega t i ve
resu l t  o l ' t he  DBPCFC w i th  capsu les .  u  sccond  DBPCFC was  pe r fb r rned  in  pa r ien ts  w i rh  sus -
pec ted  whca t  i n to le rance ,  by  rn l t sk ing  wheu t  f l ou r  i n  rn inced  mea t  i n  a  su l ' l ' i c i en t  po r t i on  t t r
b l i nd  l (X )  g  o l 'whea t  f l ou r .  I n  th i s  casc .  thc  n t i nced  rnea t  w i thou t  r , vhea t  was  admin is t c red  as
p lacebo .  A l l  nega t i ve  cha l l cngcs  wcre  con f i rn red  bv  an  open  t ccc l i ng .

SPLr

. ' \ l l  subjccts uncler ' ' r 'ent  SPTs wi th cornrncrc ia l  lbocl  cxtnrcts l :20 rv ' /v  (Dt{S,  Slough.
UK) :  a  l -n tn t  t i p  s tan t la rc l  l ancc t  (A I l c ruy  P r i ckc r .  D I - lS )v 'nas  uscc l  w i th  the  \even  inves t iga tec l
f ì t t t t l  a l lcrgcns.  SP' l 's  rvcrc t lot tc  ot t  t l tc  vr t lur  st t r l 'ucc ol ' t l re sLrbjcct 's  forc l rnrr . ' f r t  be corrs ic l -
eret l  posi t ive.  an SPT l tat l  to proclucc a rv l tcal  rc i . rc t ion gnulecl  at  lc i ts t  2+ ( i .e. .  - tOf / r  of  the onc
e l i c i t cd  by  a  so lu t i on  o t ' l t i s ta r r t i nc  hyc l roc l r l o r i de  I0  rng /m l ) .  SPTs  r i ' i t l r  a  whca l  rnean  c l i un rc -
ter  < 3 n l r1. ì  wt :  re considcrer l  ncgut ivc.

C',.{P Sr'.rtcrr

Thc  CAP svs tc t t t  (Pharmac i l r  D iagnos t i c .  Uppsa la .  Swcc len )was  pc r to r - l r cc l  acco rc l i ng  to
thc  nu rn t r l ì r c tu rc r ' s  i  r r s tn rc t i t l r r s .

EÌ,t E,\ Sr..rlr,il

The  ENE. \  svs tcn l  (B ioa l l c rgy ' .  I r i L rn r i c ino .  I t a l r - ) i s  a  f ì r l l v  aL r ton ìa tcd  svs tcn ì .  capab lc  o f
pcr fbrminu an int t t ì t t r t r lcnzvrì l i . r t ie  lssur '  ; . tnc l  the f inal  photornctr ic  I ' r ìe i tsurcnlcnl  of  thc resul-
tan t  co lo r  changc  l7 l .  To  t l t c  i r t nc r  wa l l s  o f  t he  rcac t i vc  chanrbc rs  (ACE =  a l l e rgy  c l ra rnber
enzvnra t i c )a re  coup lec l  t l r e  pu r i f i ec l  a l l e rgcns .  IgE  in  thc  sc ru rn  san tp le  fo rms  a  spec i f i c  co rn -
p l cx  w i th  thc  i nso lub i l i ze r l  a l l c rgc t t s ,  r vh i ch  i s  subsec lucn t l v  r cuc tcc l  w i th  n ronospec i f i c  an t i -
IgE ant ibot lv  conjLrgatct l  to urcusr-  ct ìzv lne.  Bounr l  enzvlne.  in a f inal  incut lat ion wi th urea
substnr tc.  culsr 's  u r ise in pH and u y 'c l l r t r .v  to purple changc in thc colr t r  o1 ' the Bronrocrcsol
PLr l ' p l c  i r l c l i ca to r .  T l t c  i n t c r t s i t v  o l ' t l t c  co lo r  i s  t l i r cc t l v  p rop ( ) f t i on t r l  t o  thc  concc r ì l n t t i on  o f  spc -

I s pa n o/C o I a lì'u nccsctl/.\ n s a I o n i/V i s h i /( ) rt o I an r lrt2



T' t th lc / .  . ' \bsolutc r ' : . t l t tcs r - tnt l  c lasscs ot '  spcci t ' ic  IgE ant i -

bor l ies.  c lctcctccl  by 'C. \P ant l  ENEA

C A P ENlr,\

ku/r c l a s s U/rnI c lass

<  0 .35
0 .36 -0 .7
0 .71  -3 . -5

3 .5  I  -  17 . -5

1 7 . 5 1 - - s 0
- 5 1 - 1 0 0
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< 0..1-5
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Tubl t '  l .  Stat is t ic  i r tdrces

TP ( t rue pos i t ive) :  p t - ts i t ive  tes t  in  pat ients  wi th  food a l lc rgy

FP ( fa lse pos i t ive) :  pos i t ive  te  s t  w i t l lout  fooc l  a l le  rgy

TN (true negative): negative test witht lut food al lergy

FN (false negative): negativc test with f ìrod al lergy

Sensit ivi ty: TP,/TP + FN

Speci f  ic i ty :  TN/TN + FP

Eif iciency: TP + TN/TP + TN + FP + FN

P = Prevalence: patients with food al lergy/total patierl ts testec

PPV (pos i t ive  prec l ic t ive va lue) :  TPx Pf fPx P+ FP ( l  -P)

NPV (negat ive pred ic t ive va lue ) :  TN (  l -P) /TN

( l - P ) + F N x P

ci f ic  IgE i '  the serurn.  The level  of  speci l ' ic  IgE is detcrminct l  by aLl totn; l t ic  interpt l lat iorr  of

thc .et  changc i .  opt ical  c lensi t_r- ,  f ' rgm str t recl  s tancl t r r l  cLl rvcs correspt lnding t t l  the gr t l t tp t t l

rvhich thc test  a l lergcn belongs.  e.- r r .  tbods.  as reportcd ip tablc l .

The ENEA system was per lormecl  accorc l ing to the nranuf 'act t t r -er 's  instruct ions.  Dcspi tc

the c l i f fere6t  c l is t r ibut ion of  IgE tevcls accorcl ins tg c lasscs (7 fbr  CAP' 5 for  ENEAS: see

table I  ) .  thc rest  has been consic lerccl  posi t ive in both systc l l ls  r t t  c lass 2 t l r  h ighcr '  There wcre

nt i r r inral  c l i f tercrrccs in thc resul ts i f  thc tests rverc ct lns idcrei l  posi t ive at  c l tss I  or  h ighcr.

Srrl/r.r1i r '.s

On  thc  bas is  o f  unequ ivoca l  h i s to ry  anc l  cha l l enge  resu l t s ,  wc  ca lcu la ted :  t rue 'pos i t i vcs

(pos i t i ve  tes t  resu l t s  i n  pa t ien ts  w i th  fbod  a l l e rgy ) :  f a l se  pos i t i ves  (pos i t i ve  tes t  res t t l t s  t t t

p l i t ients vr , i thout  foocl  a l lergy):  t rue ne-grì t ives (negat ive test  resul ts in pat ie l l ts  wi th l ì lod

a l l e rgy ) .  anc l  f a l se  negar i ves  (nega t i ve  tes t  resu l t s  i n  pa t ien ts  w i th  fbod  l t l l e rgy )  l 8 l  bV  CAP '

I rNE.\  ant l  SPTs. TÎblc 2 surnntar ize s t i tut is t ic  int i iccs.

SPl- .  CAP. rnt l  ENEi\S in Foot l  Al le rgy 1 8 3
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Tublc  - Ì .  Rcsul ts  o f  thc  CAP svstcrn.  ENEA svstcn l  ar r r l  SPT

Foocl Pts.  n Test Sc .  % S p . % Eff .c/( '  PPV NPV

E_gs  wh i t c t 1 ( ) .J  I c A P  l ( x )  1 0 0
E N E A  I ( X )  I ( X )
SPT .93 I(X)

l ( x )
t (x)
93

l (x)  l (x)
l ( x )  100
l(x) 94

N4i lk t r .t-5 c A P  1 0 0  9 l
ENEA I0O  I (X )
SPT  66  9 I

93
100
86

'13 100
100 100
33.3 9t ì

Wheat -)+ 0.  l -5 CAP IOO
ENEA ;10
SPT 60

.il

86
83

50
80
79

49 100
8 1  9 8
95 99

Peanu t 0.331 CAP I (X)
ENEA 31
SPT 82

3 8
73
tì0

23
20
'+ -l)

51
62
8 l

100
86
96

Corn -) -) 0 .  r25 cAP r00
ENEA 25
SPT 75

44
8ó
68

5 l
7L)
70

34 100
3.1 98
45 99

Pea 57
76
66

62
75
7 l

r00
99

100

45
< . 1
- / l

-58

1 / 1

66
8-l
(t2

1 1
- l

0 . 1 2 5  c A P  1 0 0
ENEA 66
SPT IOO

Soya 0. l2-5 cAP r00
ENEA 66
SPT I0O

62
t36
62

5 1  1 0 0
81 99
20 98

Ove ra l l cAP 100 .s-5
ENEA 60 tì-t.5
SPT 10 ]L)

o+
tì0
75

Pts = Pat ients ;  P = pre va lence:  Se = sens i t iv i t l , :  Sp = spec i f ic i ty :
pos i t ive  pred ic t ive va lue;  NPV = negat ive prec l ic t ive va lue.

Ef f  = eff iciencv: PPV =

Results

Table 3 shows the resul ts obtained with the CAP system, ENEA system,
and SPT. For each tested tood is l isted the nr-rmber of patients submitted to the
test .  the prevalence of  the disease. and the data relat ing to sensi t iv i ty,  speci f ic i ty,
ef f ic iency.  posi t ive.  and negi ì t ive precl ict ive values. There Í l re di t ferent test
resul ts wi th c l i t fcrcnt  foocls.

Ispano/Colafrancesco/Ansalon i /V ighi/Ortolan r



Discussion

The CAP sys tern  has  a  h i -shcr  sens i t i v i t y  t l ran  ENEA.  w i th  c t t t rversc ly  a

Iower speci i ic i ty.  Thc SPT yic lc ls valucs intermecl iate to t l t t lse of  the twt l  in v i t ro

nrethocls.  I t  is  important to under l inc that  f ì r lse pt ts i t ive rcsul ts ( that  is  a low

speci f ic i ty)  c lo rrot  i rnply the prescncc of  i r re lcvant speci t ' ic  IgE ant ibodies.  but

rather the absence of  c l in ical  manif 'cstat ions'

In general .  the negat ive predict ive value (NPV) is very goocl  wi th al l  three

fests,  p i t r t icular ly wi th the CAP system. This resr-r l t  is  in agreement wi th c lata

from the l i terature t4.-5,91 ancl  incl ic l tes the lowest probabi l i ty  that  a pat ient

wi th a ne,qat ive test  to a food could develop cl in ical  manifestat ions to that  tbod.

The posi t ive precl ict ive value (PPV) also agrees with the l i terature [4.5,91 and is

rather low in all three tests and with all tood aller-qens that we have testecl, with

the except ion of  egg white.  This indicates that the posi t ive resul t  of  a test  can be

evaluatecl  only in reterence to the c l in ical  state of  the pat ient ;  hence the impor-

tance of  the food chal lenge to conf i rm the diagnosis.

The prel iminary c lata of  our study incl icates that in case of  a l lergens of  ani-

mal or ig in,  such as mi lk and egg white,  the rel iabi l i ty  of  the test  resul ts is higher

than in the case of foods of vegetable source. In fact it has been shown that test

resul ts are rel iable when pur i f ied al ler-uens of  animal source, l ike Gad I ,  are used

t l 0 l .
The low PPV of tests with vegetable foods probably results from poor

stanclarclization of food extritcts ancl from the known cross-reactivity between

fogcls ancl  pol lens and among var ious toocls,  most of  a l l ,  foods of  vegetable

soLlrce.  For example.  i t  has been shown that in v i t ro cross-react iv i ty among

lesurncs  c l i c l  no t  cor re  la te  w i th  c l in ica l  hypersens i t i v i t y  I l l l .  S i r l i l a r l y ,  fa lse

posi t ive resul ts of  speci f ic  IgE to wheat probably ar isc f ronl  cross-react iv i ty

between 'uvheat t lour and grass pol len al lergens [121.
ln conclusion, these prel i rn inary resul ts conf i rm the opinion that the crucial

factor in the c l i rect  or  incl i rect  measurement of  speci f ic  I -gE, is the avai labi l i ty  of

stanclarclizecl allergens. It is therefore essential to identit 'y the major allergens of

i lcl iviclual toocls. In this way the efl ' iciency of the tests in the dia-qnosis of fbod

al lergy wi l l  be improved. At present.  the evaluat ion of  the rel iabi l i ty  of  c l iagnos-

t ic tests wi th avai lable food al lcrgens shoulc l  be made with caut ion and cannot

provide absolute c lata.

SPT'.  C. \P.  arrc l  [ -NE,\S in l roocl  Al lergv I E-5
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