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bout  98% o f  b i rch  po l len  a l le rg ic  pa t ien ts  a re

sens i t i sed  to  the  major  a l le rgen,  Bet  v  1  (1 ) ,  a

highly conserved pathogenesis-related pro-

tein c lass 10. Due to the cross-react iv i ty between Bet

v  1  and homologue pro te ins  p resent  in  a  number  o f

p lan t -der ived  foods  a  la rge  propor t ion  o f  b i rch  po l len

al lergic pat ients also develop food al lergy to an arraY

of f ru i ts and vegetables (2,  3\ ;  apple represents the

most f requent ly involved food in these subjects (2-41'

Bet  v  1 -homologue app le  p ro te ins  a re  ra ther  lab i le

and sens i t i ve  to  heat ,  peps in  d iges t ion  and ox ida t ion

(5,  6) ;  as a consequence symptoms induced by foods

a r e  g e n e r a l l y  s l i g h t ,  o f t e n  l i m i t e d  t o  i m m e d i a t e
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SUMMARY:
Background: - Due to the cross-reactivi ty between Bet v 1 and proteins present in vegetable foods, birch pol len al lergic

patients frequently develop al lergy to fruits and vegetables, mostly apples. since many apple cult ivars exist '  some of them

might contain suff iciently low amounts of Mal d 1 to be tolerated by most al lergic patients'

objective: To assess whether apple cult ivars containing low amounts of Mal d 1 are better tolerated by apple-al lergic

patients.
Methods:  -  Mal  d  1  content  was determined in  many apple  cu l t ivars  by ELISA.  Selected cu l t ivars  conta in ing h igh (Golden

Del ic ious)  or  low (or im,  G 19g and Vienna)  amounts  o f  Mal  d  1  were compared in  apple  a l lerg ic  pat ients  both by sPT and ora l

cha l lenges.
Resul ts :  The 3 d i f ferent  apple  cu l t ivars  induced wheals  o f  s imi lar  s ize in  most  pat ients '  upon ora l  cha l lenges no pat ient

repor ted the to ta l  absence of  ora l  symptoms fo l lowing the ingest ion o f  e i ther  h igh or  low a l lergenic  apples '  Golden Del ic ious

and G-1gg e l ic i ted oAS of  s imi lar  sever i ty  3 /7  cases.  Íhe 2  cu l t ivars  induced s ign i f icant ly  more severe symptoms in  2  cases

each.
conclusion: Al lergy to Mal d 1 is characterized by signif icant inter-patient variabi l i ty. Moreover, marked inter-apple and intra-

apple  var iab i l i ty  ex is ts .  As a  consequence,  the amount  o f  Mal  d  1  in  apples c lass i f ied as conta in ing low concent ra t ions o f  a l le r -

gen may be suff icient to induce both cl inical symptoms and skin reactivi ty in birch pol len-al lergic patients'  The search for low

allergenic apples therefore should be continued and extended to other germplasm accessions, be i t  cult ivars, breeding l ines

or wild species.
Key -wo rds :  Food  a l l e rgy -App le -  Ma l  d  1 -  B i r ch  -  Be tv  1 '

i t ch ing  o f  the  l ips  and ora l  mucosa fo l low ing  the

ingest ion of  the f resh, raw of fending frui ts and vege-

tab les  ( the  so-ca l led  ora l  a l le rgy  syndrome [7 ] ) ;  none-

theless,  cases of  laryngeal  oedema have been some-

t imes repor ted  (8 ) .  A l le rgy  to  app les  can be  induced

by th ree  fu r ther  a l le rgens :  Ma l  d  2 ,  a  thaumat in - l i ke

protein (TLP) of  31 kDa, Mal d 3,  a 9 kDa non-speci f ic

l ip id t ransfer protein (LTP),  wi th high resistance to

pept idase and heat ,  and Mal  d  4 ,  the  pana l le rgen pro-

f i l i n  o f  approx .  14  kDa (9 ,  10) .  The d i f fe ren t  types  o f

app le  a l le rgy  show a  typ ica l  geograph ic  d is t r ibu t ion '

w i th  Ma l  d  1  a l le rgy  tha t  i s  v i r tua l l y  absent  in  a reas

where  b i rch  po l len  is  no t  p resent  and LTP (Mal  d  3 )

a l l e r g y  t h a t  h a s  b e e n  m o s t l y  r e p o r t e d  f r o m

Medi te r ranean count r ies '  The concent ra t ion  o f  Ma l  d

l m a y s h o w m u c h v a r i a b i I i t y f r o m o n e a p p I e c u l t i v a r
t o  a n o t h e r  ( 1 1 , 1 2 ) .  S i n c e  a  n u m b e r  o f  a p p l e  c u l t i v a r s

are  ava i lab le  th roughout  the  wor ld ,  i t  m igh t  be  pos-

s ib le  tha t  in  some o f  them amounts  o f  Ma l  d  1  a re  su f -

f ic ient ly low to guarantee good tolerance by most
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app le -a l l e rg i c  pa t i en t s .  I ndeed  the re  a re  repo r t s  o f
app le  a l l e rg i c  pa t i en t s  t o l e ra t i ng  one  o r  t he  o the r  cu l -
t ivar .  The ind iv idua l  k ind o f  pat ient  react iv i ty  can be
an addi t iona l  fac tor  jus t i fy ing to lerance to  apples wi th
d i f f e ren t  amoun ts  o f  Ma l  d  1 .  I n  t he  p resen t  s tudy  t he
Ma l  d  1  concen t ra t i on  range  was  de te rm ined  i n  a
number  o f  app le  cu l t ivars  and the ef fec ts  o f  se lected
cu l t i va rs  con ta in i ng  h igh  o r  l ow  amoun ts  o f  Ma l  d  1
were compared in-v ivo in  apple  a l lerg ic  pat ients .

PATTENTS AIIID METHODS

&pple e u*t ivar setr*ening

Apples  f rom an exper imenta l  f ie ld  on  sandy  so i l s  near
the Adr iat ic seaside with dr ip i r r igat ion systems were
harvested at  cul t ivar speci f ic  dates,  and stored for
three months at  4"C before extract ion.  Integrated
plant protect ion was carr ied out according to Reg.
CEE 2078, including herbic ide t reatment wi th in the
rows.  C lear ly ,  to  assure  a  va l id  rank ing ,  the  sampl ing
procedure  had to  be  adapted .  In i t ia l l y ,  to  de termine
the  in t ra  and in te r  app le  var iab i l i t y  fo r  Ma l  d  1  in  d i f -
ferent cul t ivars,  f ive apples of  d i f ferent cul t ivars were
cut into quarters,  and each piece separately extracted
and ana lysed fo r  i t s  Ma l  d  1  conten t  by  ELISA.  For  th is
work  we have se lec ted  two cu l t i vars ,  Go lden
Del ic ious  and Jonago ld ,  wh ich  are  c lass i f ied  as  h igh
a n d  l o w  a l l e r g e n i c  i n  c u l t i v a r  r a n k i n g  ( 1 2 ) .  A s  a  c o n s e -
quence f rom the  ob ta ined da ta ,  we cons idered the  fo l -
low ing  procedure  as  re l iab le  fo r  the  purpose o f  ran-
king of  the Mal d 1 content of  d i f ferent cul t ivars:  f ive
app les  per  cu l t i var  were  pee led  (5  mm) w i th  a  pa i r ing
mach ine ,  shock  f rozen and powdered in  l iqu id  n i t ro -
g e n  b e f o r e  e x t r a c t i o n  a s  d e s c r i b e d  n D .
Concent ra t ion  o f  to ta l  p ro te in  was de termined w i th
the  BCA pro te in  assay  k i t  (P IERCE,  U.S.A)  accord ing
to manufacturer 's instruct ions.  Al l  extracts were buf-
f e r - e x c h a n g e d  i n t o  P B S  u s i n g  P D - 1 0  c o l u m n s
(Amersham B io tech ,  U.S.A. )  be fore  pro te in  de termi -
na t ion  due to  h igh  conten ts  o f  reduc ing  agents  in
app le  t i ssue.  E igh t  app le  cu l t i vars ,  inc lud ing  cur ren t ly
c o m m e r c i a l i s e d  ( G o l d e n  D e l i c i o u s ,  J o n a g o l d ,  F u j i ,
Rubens,  Granny  Smi th ) ,  loca l l y  g rown o ld  cu l t i vars
( V i e n n a )  a n d  n e w  b r e e d i n g  l i n e s  ( O r i m ,  G  1 9 8 )  w h i c h
s t i l l  d id  no t  en ter  the  marke t  p lace ,  were  compared fo r
the i r  Ma l  d  1  conten t  (pg /g  f resh  we igh t )  us ing  ELISA
as prev ious ly  descr ibed (12) .  Br ie f l y ,  m ic ro t i te r  p la tes
(Nunc- lmmuno P la te  Max iSorpru  Sur face)  were  coa-
ted  w i th  po lyc lona l  rabb i t  an t i -Ma l  d  1 .  For  the  de tec-
t i o n  a  m u r i n e  a n t i - M a l  d  1  m A b  4 C 3 C 1 0  a n d  a l k a l i n e
phosphatase- labe l led  goat  an t i -mouse lgG (Fab spec i -
f i c ;  S igma 41682)  were  used.  App le  ex t rac ts  and an t i -
bodies were di luted in TBS + 2Yo PVP + 0.5% BSA +

0,1o/o Tween20. Photometr ic measurements were per-
formed at  405 nm (reference wavelength 620 nm)
wi th  a  mic rop la te  reader  (SLT) .  Absorbance va lues
were expressed as ng Mal d 1 per ml extract  by inter-
polat ion wi th the reference curve using the software
Del taSof t  f rom B ioMeta l l i cs  (based on  the  4-parame-
te r  log / log i t  f i t  regress ion  ana lys is ) .  A l l  de termina-
t ions  were  run  in  dup l i ca tes  and Mal  d  1  amounts
were converted to pg Mal d 1/g f resh frui t  and as % of
Mal  d  1  o f  to ta l  so lub le  p ro te in .

Obtained data of fered an insight into al lergen levels of
eight di f ferent apple cul t ivars -  ranging between 0.84 -

33.17 Lrg/g f resh weight.  Cul t ivars could be div ided
in to  th ree  groups  conta in ing  h igh ,  med ium or  low
amounts  o f  Ma l  d  1 ;  cu l t i vars  known as  h igh ly  a l le rge-
n ic  f rom c l in ica l  p rac t ice  (e .9 .  Granny  Smi th  o r  Go lden
Del ic ious)  were  f ina l l y  found in  the  h igh  rank ing  group
and Or im and G198 in  the  low group.  Prev ious  s tud ies
showed tha t  the  Mal  d  1  i s  equa l ly  expressed bo th  in
pee l  and in  pu lp  o f  a l l  cu l t i vars  tes ted  (10) .  Based on
data  ob ta ined in  the  f i rs t  cu l t i var  sc reen ing  car r ied  ou t
in  2003 Or im,  G 198,  and V ienna app les  were  chosen
as low a l le rgen ic  app les  fo r  a  compar ison w i th  the
h igh  a l le rgen ic  Go lden De l ic ious  on  a l le rg ic  pa t ien ts
( table 1).  Apples of  the 2004 harvest were handled in
separate batches for the measurement of  Mal d 1
content and for SPT exper iments in 2004.

Fat ients

Seventeen consecut ive adul t  pat ients (M/F 8/9;  mean
age 33 years,  range 26-49 years) wi th a history of  oral
a l le rgy  syndrome (de f ined as  ora l  i t ch ing  w i th  o r
w i thout  ang ioedema o f  the  l ips  and/or  tongue)  indu-
ced by apple seen dur ing the second hal f  of  2004 were
s tud ied .  A l l  were  d iagnosed as  be ing  monosens i t i zed
to birch pol len on the basis of  a c l in ical  h istory of  sea-
sona l  rh ino-con junc t iv i t i s  w i th  o r  w i thout  as thma f rom
the beg inn ing  o f  March  to  mid  May and o f  a  s t rong ly
posi t ive SPT with a commercial  b i rch pol len extract
(50000 SBUiml ;  A l le rgopharma,  Re inbeck ,  Germany)
in the absence of  skin react iv i ty to grass,  mugwort ,
ragweed, pel l i tory,  p lantain,  o l ive,  and cypress pol len
(A l le rgopharma)  as  we l l  as  to  la tex  p ro te ins  (0 .5
mg/ml;  Abel lo,  Lainate,  l ta ly) .  This excluded sensi t isa-
t ion  to  app le  p ro f i l i n  (10) .  Hypersens i t i v i t y  to  l ip id
transfer protein was excluded by negat ive SPT with a
commercial  peach extract  (5% wlv;  Abel lo)  as pre-
viously observed (13, 14).

No pa t ien ts  had undergone spec i f i c  immunotherapy
with birch pol len extract  before,  and no pat ient  was
tak ing  an t i -h is tamines  or  cor t i cos tero ids  when SPT
and ora l  cha l lenges  were  car r ied  ou t .
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Based  on  t he  2003  app le  cu l t i va r  r ank ing  ( see  above )
a l l  s t udy  pa t i en t s  unde rwen t  SPT  w i t h  one  f r esh  "h i gh
a l l e rgen  con ten t "  app le  (Go lden  De l i c i ous )  and  2  " l ow

a l l e r g e n  c o n t e n t "  a p p l e s  ( G - 1 9 8  a n d  O r i m  i n  g

pa t i en t s ;  O r im  and  V ienna  i n  8  pa t i en t s ) .  G  198  and
Or im  were  b reed ing  l i nes  p rov ided  t oge the r  w i t h
Go lden  De l i c i ous  by  C IV  (Conso rz io  l t a l i ano  V i va i s t i ,
Fe r ra ra ,  l t a l y ) .  The  V ienna  app le  was  p rov ided  by
l A M ,  B O K U ,  P l a n t  B i o t e c h n o l o g y  U n i t ,  V i e n n a ,
Aus t r i a ,  f o l l ow ing  t he  obse rva t i on  t ha t  t h i s  o l d  l oca l
cu l t i va r  cou ld  be  i nges ted  w i t hou t  d i s tu rbance  by  an
Aus t r i an  pa t i en t  t ha t  had  o the rw i se  app le  a l l e rgy  as
con f i rmed  by  SPT  and  o ra l  cha l l enges  w i t h  Go lden
D e l i c i o u s .

A l l  SPT  were  ca r r i ed  ou t  i n  dup l i ca te  by  t he  p r i ck -p r i ck
techn ique  us ing  t he  f r esh  app les  and  read  f o l l ow ing
es tab l i shed  me thods  (15 ) ;  a  mean  whea l  d i ame te r  >
3mm was  cons ide red  pos i t i ve .  SPT  w i t h  sa l i ne  and
h i s tam ine  10  mg /m l  we re  ca r r i ed  ou t  as  nega t i ve  and
pos i t ive  cont ro ls ,  respect ive ly .

ffirw* *fuat$mmg*m

Seven  pa t i en t s  accep ted  t o  unde rgo  s i ng le  b l i nd  com-
p a r a t i v e  o r a l  c h a l l e n g e s  w i t h  o n e  " h i g h  a l l e r g e n
con ten t "  app le  (Go lden  De l i c i ous )  and  one  " l ow  a l l e r -
gen  con ten t "  app le  (G -198  i n  6  cases ;  O r im  i n  1  case ) .
The  V ienna  app le  was  no t  emp loyed  f o r  o ra l  cha l l en -
ge tests  due to  i ts  poor  s torage capac i ty ;  ora l  cha l -
l enges  w i t h  t h i s  cu l t i va r  a re  schedu led  f o r  t he  nex t
season .  I n  o rde r  t o  avo id  recogn i t i on  o f  t he  cha l l en -
ged  cu l t i va r ,  o ra l  cha l l enges  we re  ca r r i ed  ou t  us ing
on l y  f r esh l y  cu t  app le  pu lp  (w i t hou t  pee l ) ;  p rev ious
s tud ies  showed  tha t  Ma l  d  1  concen t ra t i on  does  no t
d i f f e r  i n  app le  pee l  and  pu lp  (12 ) .  Pa t i en t s  we re  asked

Apple l .  Mal d 1 l .  Total Protein l l .  Mal d 1 l l .  Total protein
cultivar content Ug/g pg/g content pg/g trg/g

to  chew abou t  15  g  o f  app le  f o r  abou t  3  m inu tes  be fo -
re  swa l l ow ing  i t .  A f t e r  15  m inu tes  pa t i en t s  we re  asked
to  repo r t  whe the r  t he  f r u i t  i nduced  any  o ra l  symp tom
and ,  i f  so ,  t o  g rade  t he  seve r i t y  on  a  v i sua l  ana logue
sca le  rang ing  f r om 0  t o  10 .  Cha l l enges  w i t h  t he  two
d i s t i nc t  app le  cu l t i va rs  we re  ca r r i ed  ou t  a t  l eas t  2  days
apa r t  i n  a  randomised  sequence .

RESUTTS

Resu l t s  ob ta ined  f r om the  de te rm ina t i on  o f  i n te r -  und
in t ra -app le  va r i ab i l i t y  o f  t he  Ma l  d  1  con ten t  o f  d i f f e -
ren t  cu l t i va rs  i nd i ca te  a  ub iqu i t a r y ,  t hough  uneven
d i s t r i bu t i on  o f  t h i s  a l l e rgen  i n  d i f f e ren t  cu l t i va rs  ( f i gu -

re  1 ;  r e f  12 ) .  W i th  t hese  da ta  we  cou ld  demons t ra te
the  re l a t i ve  va r i ab i l i t y  o f  Ma l  d  l  con ten t  i n  f i ve  i nd i -
v i d u a l  a p p l e s  o f  t h e  s a m e  c u l t i v a r ,  a n d  w i t h i n  f o u r
p i e c e s  o f  e a c h  s i n g l e  a p p l e .  T h i s  h a s  l e d  t o  a n  a d a p -

F igure 1 :  To moni tor  the in ter -  and in t ra-apple  var iab i l i ty  for
Ma l  d  1  con ten t ,  f i ve  app les  (1 -5 )  o f  cu l t i va rs  Go lden
De l i c i ous  and  Jonago ld  we re  cu t  i n to  qua r te r s  (a ,  b ,  c ,  d ) ,
ex t racted and analysed by ELISA.  A l l  determinat ions were
run  i n  dup l i ca tes ,  and  ca l cu la ted  as  mean  va lues .  The  ba rs
ind icate  the s tandard dev ia t ions.

% M a l  d 1 l t o t a l  l l l . M a l  d l  l l l . T o t a l  P r o t e i n  % M a l  d 1 l t o t a l
soluble protein content Fg/g Fg/g soluble protein

Go lden
Del ic ious 5 .6  n .d .  12.18 1675.5 0 .78 5.5  1281.2
Granny
Smi th  5 .45  n .d .  12 .14  1200 .3  1 .01
Fuj i  5 .4  n .d .  1  1 .b  1826.9 0 .24
Rubens 6.72 n.d .  7 .23 1t  4g.g 0 .38
Jonagold 5 .05 n.d .  3 .33 17 42.4 0 .19
Vienna 2.gg n.d. 2.4s 1212.0 o.2o g.7g 24oo.o
G198 2.g4 n.d .  3 .47 2037.s  0 .17 4.7  1364.3
o r im  1 .05  n .d .  0 .84  2080 .5  0 .04  2 ,62  1881 .0
Table 1: Serial measurements of Mal d 1 content in dif ferent apple cult ivars. Mal d 1 values are expressed in pg/g fresh weight, and in % of
total soluble protein. l :  Mal d 1 content of dif ferent cult ivars was measured for the f irst t ime in 2003. l l t  Measurements were repeated from
a new lot of the same cult ivars in the same year 2003. l l l :  Results obtained for the cult ivars used for cl inical tr ials ìn 2004.
n.d.: not determined.
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ta t ion o f  the ext ract ion procedure for  s tandard ext ra-
c t i on  (12 ) .  The  resu l t s  ob ta ined  showed  tha t  t he  ca l -
cu la ted  Ma l  d  1  con ten t  i s  a  no rma l i zed  va lue ,  no t
va l i d  f o r  each  i nd i v i dua l  app le  o f  t he  same  cu l t i va r  o r
f o r  a l l  t i s sues  o f  a  s i ng le  app le .  Add i t i ona l l y  t he  ra te
o f  t he  va r i ab i l i t y  i s  d i f f e ren t  f o r  va r i ous  cu l t i va rs ,  d i f -
f e ren t  yea rs  ( t ab le  1 ) ,  and  a l so  p roduc t i on  sys tems
(12 ) .  Jonago ld  showed  a  h ighe r  r a te  o f  i n t r a - (up  t o  20
fo ld )  and  i n te r -app le  va r i ab i l i t y  ( up  t o  5  f o l d )  t han  o f
G o l d e n  D e l i c i o u s  ( 2  f o l d ) .

The new apple  cu l t ivar  screening showed that  the d i f -
ferences in  Mal  d  1  content  between the cu l t ivars
employed for  th is  s tudy resu l ts  were much less ev ident
i n  2004  than  i n  2003  ( t ab le  1 ) .  The  marked  va r i ab i l i t y  o f
batches f rom d i f ferent  years  was fur ther  conf i rmed in  a
shel f  l i fe  exper iment  car r ied out  wi th  a  few cu l t ivars  in
200312004 (Marzban et  a l . ,  unpubl ished) .

Resul ts  o f  SPT and of  ora l  cha l lenge tests  wi th  d i f fe-
ren t  app le  cu l t i va rs  a re  summar i zed  i n  t ab le  2 .

A p p l e s  b e l o n g i n g  t o  t h e  h i g h  o r  l o w  M a l  d  1  g r o u p
i n d u c e d  w h e a l s  o f  s i m i l a r  s i z e  i n  m o s t  p a t i e n t s ,

t h o u g h  w i t h  a  s l i g h t l y  r e d u c e d  w h e a l  i n  t h e  c a s e  o f

Pat ient  - - - - - - - - -S PT---- - - - - -C h a |  |  e n ge---- - - - - -
Go lden  D  G-198  Or im Wien  Go lden  D  G-198

1  8 .5

2 8

3 B

4  7 . 5

5  6 .5

6 9

7 6

I  1 4

9  1 1

1 0  5

1 1  4

1 2 4

2110 2110

2110 2110

6110 3110

2110 5/10

2110 8110

8

5

7

6

6 .5

1 0

8 .5

1 4

1 0

8

9

7

6.5

5

9

4 .5

1 1

5 8/10 5/10

4 .5  5

4 .5  5

6 3

13 Neg Neg Neg

1 4 5 5 , 5 5

1 5  5 . 5  4  3

16  4  3 .5  3 .5

1 7 8 8.5 6  4110 4/10 (Or im)

Tab le  2 :  Resu l t s  o f  SPT and  o ra l  cha r -
l enges  w i th  d i f f e ren t  app le  cu l t i va rs .
SPT a re  exp ressed  as  mean  whea l  d ia -
mete r .  Neg :  nega t i ve .
Cha l lenges  a re  exp ressed  as  sub jec t i ve
sever i t y  o f  o ra l  symptoms where  0  co r -
responded  to  absence  o f  any  symptom
and  10  co r responded  to  ex t reme ly  severe
s y m p t o m s .  ( O r i m ) :  t h i s  p a t i e n t  w a s  c h a l -
l enged  w i th  the  cu l t i va r  Or im ins tead  o f
G  1 9 8 .
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" l o \ / "  c a n d i d a t e s .  O n e  p a t i e n t  d i d  n o t  r e a c t  i n  t h e
S P T  w i t h  a l l  a p p l e  c u l t i v a r s  ( t a b l e  2 ) .  O n  o r a l  c h a l -
l e n g e s  n o n e  o f  t h e  c h a l l e n g e d  p a t i e n t s  r e p o r t e d  t h e
to ta l  absence  o f  o ra l  symp toms  fo l l ow ing  t he  i nges -

t i o n  o f  o n e  o f  t h e  t w o  a p p l e  c u l t i v a r s .  G o l d e n
D e l i c i o u s  i n d u c e d  m o r e  s e v e r e  o r a l  a l l e r g y  s y n d r o -
m e  i n  2  c a s e s  ( p a t i e n t s  n o . 4  a n d  9 ,  t a b l e  2 ) .  T h e

s e v e r i t y  o f  o r a l  s y m p t o m s  e l i c i t e d  b y  G o l d e n
D e l i c i o u s  a n d  b y  t h e  l o w  a l l e r g e n  a p p l e  w a s  i d e n t i -

ca l  i n  3 /7  cases .  G -198  i nduced  a  more  seve re  o ra l

a l l e r g y  s y n d r o m e  t h a n  G o l d e n  D e l i c i o u s  i n  2  c a s e s
(pat ients  no.6 and 7,  tab le  2 l ' .

IDISGUSSIOIU

The  impress i ve  i nc rease  i n  t he  p reva lence  o f  r esp i ra -

t o r y  a l l e rg i es  i n  Wes te rn  coun t r i es  t ha t  occu r red

du r i ng  t he  l as t  decades  was  pa ra l l e l ed  by  an  i nc rease
in  vege tab le  f ood  a l l e rgy  f o l l ow ing  p r ima ry  b i r ch  po l -

l en  sens i t i sa t i on .  As  a  consequence ,  p l an t -de r i ved

foods current ly  represent  by far  the most  f requent

cause  o f  f ood  a l l e rgy  i n  adu l t s .  The  impo r tance  o f  Ma l

d  1  f o r  r ea l  f ood  a l l e rgy  i n  No r the rn  and  o f  Ma l  d  3  i n

Cen t ra l  Eu ropean  coun t r i es  has  been  demons t ra ted
(16 -18 ) .  I n  t he  p resen t  s tudy  we  i nves t i ga ted  whe the r

the d i f ferences in  Mal  d  1  content  between d is t inc t
app le  cu l t i va rs  cou ld  t r ans la te  i n to  a  good  to l e rance

o f  cu l t i va rs  con ta in i ng  t he  l owes t  concen t ra t i ons  o f

t h i s  a l l e rgen  i n  a  g roup  o f  app le -a l l e rg i c  pa t i en t s

monosens i t i zed  t o  b i r ch  po l l en .  Cu l t i va rs  p resumed

t o  c o n t a i n  h i g h  ( G o l d e n  D e l i c i o u s )  o r  l o w  ( O r i m ,

G198 ,  V ienna )  amoun ts  o f  Ma l  d  1  t o  be  t es ted  i n  a l l e r -
g i c  pa t i en t s  we re  se lec ted  on  t he  bas i s  o f  t he  rank ing

in  a  l a rge  app le  cu l t i va r  sc reen ing  ca r r i ed  ou t  i n  2003
( 1 0 ) .  S u r p r i s i n g l y  e n o u g h ,  t h e  c o m p a r a t i v e  i n - v i v o

tests  car r ied out  in  2004 d id  not  show any re levant  d i f -
f e rence  i n  sk i n  reac t i v i t y  o r  i n  t o l e rance  upon  o ra l

cha l l enge  be tween  these  app le  cu l t i va rs .  I n  keep ing

w i th  i n - v i vo  f i nd ings ,  new  Ma l  d  1  measu remen ts  ca r -
r i ed  ou t  on  t he  same  cu l t i va rs  f ound  t ha t ,  i n  2004 ,  t he

concen t ra t i ons  o f  t he  a l l e rgen  d id  no  l onge r  co r res -
pond to  those recorded in  2003 and d i f ferences bet -
w e e n  G o l d e n  D e l i c i o u s  a n d  t h e  " l o w  a l l e r g e n

c o n t e n t "  c u l t i v a r s  w e r e  m u c h  l e s s  p r o n o u n c e d .

None the less .  Ma l  d  1  concen t ra t i ons  as  l ow  as  2 .6
pg /g  f r esh  f r u i t  (O r im  cu l t i va r )  we re  ab le  t o  e l i c i t  bo th
s ign i f i can t  sk i n  reac t i v i t y  and  s i gn i f i can t  o ra l  a l l e rgy

synd rome  i n  some  Be t  v  1 - sens i t i zed  pa t i en t s .  One

mus t  cons ide r  t ha t  s tudy  pa t i en t s  we re  ce r ta i n l y
hype rsens i t i ve  t o  Ma l  d  1  and  no t  sens i t i sed  t o  Ma l  d
4  (p ro f i l i n )  and  Ma l  d  3 ,  whe reas  poss ib l e  sens i t i sa -

t i on  t o  Ma l  d  2  was  no t  r u l ed  ou t .  Howeve r ,  Ma l  d  2

sens i t i sa t i on  seems  ra the r  unusua l  i n  l t a l i an  pa t i en t s ;

i n  t he  recen t  EU- funded  SAFE s tudy  (18 )  on l y  6 /98

app le  a l l e rg i c  l t a l i an  pa t i en t s  showed  s i gn i f i can t  l gE



l eve ls  to  rMa l  d  2 .  In  the  same ser ies  91  pa t ien ts  were
strong Mal d 1 reactors.  As a consequence i t  seems
ra ther  un l i ke ly  tha t  poss ib le  Ma l  d  2  sens i t i sa t ion  may
have heav i l y  in f luenced the  resu l ts  o f  the  present
s tudy .  The h igh  var iab i l i t y  in  Ma l  d  1  conten t  o f  s ing le
app le  cu l t i vars  in  d i f fe ren t  years  and fo l low ing  s to ra-
ge  fo r  3  weeks  a t  20"C RT ( tab le  1 )s t rong ly  suggests
tha t  even cu l t i vars  cons idered as  conta in ing  reduced
amounts  o f  Ma l  d  1  may on  some occas ions  show
al le rgen concent ra t ions  tha t  a re  no t  s ign i f i can t ly  d i f -
fe ren t  f rom those found in  cu l t i vars  c lass i f ied  as  h igh-
l y  a l l e r g e n i c  ( s e e  f i g u r e  1 )  a n d ,  h e n c e ,  h i g h  e n o u g h  t o
e l i c i t  bo th  s ign i f i can t  sk in  reac t iv i t y  and c l in ica l  symp-
toms in  a l le rg ic  pa t ien ts .

A l t h o u g h  f u r t h e r  s t u d i e s  b a s e d  o n  b r e e d i n g
approaches and long- te rm ser ia l  measurement  o f  Ma l
d  1  a re  needed to  de f in i t i ve ly  c la r i f y  whether  some
spec i f i c  cu l t i vars  remain  under  a  cer ta in  concent ra -
t ion  year  a f te r  yea l  the  marked in t ra -cu l t i var  var ia t ion
in  Ma l  d  1  conten t  observed in  th is  s tudy  suggests
that the search for apples constant ly expressing suff i -
c ient ly low levels of  Mal d 1 to be tolerated by most
a l le rg ic  pa t ien ts  migh t  be  a  d i f f i cu l t  task  and there fo-
re  shou ld  be  cont inued and ex tended to  o ther  germ-
p lasm access ions  be  i t  cu l t i vars ,  b reed ing  l ines  or
w i ld  spec ies .

This study was performed within the SAFE project
funded by  the  European Commiss ion :  OLC-CT-2000-
0 1 394.
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