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Cereals

Introductiort

Many species of the grass family are important solrrces of allergens.
Various anatomical parts of the plant are involved - the pollen, straw, chaff
or the pericarp or endosperm of the grain. Contact may be with the skin,
through inhalation or ingestion. The aim of this chapter is not only to give
a perspective of man's contact with grasses and cereals as allergens, but also
to provide the important background information needed to appreciate their
role in allergy in contrast to other sources of hypersensitivity.

The chapter sets out to explain taxonomic rèlationships betlveen cereals,
other grasses and other plants, to indicate the occupations and situations
where they are most l ikely to occur as allergens, and to describe the parts of
the plant and likely contaminants suspected of producing hypersensitivity.
The review is also designed to correct various botanical misconceptions
amongst allergists. These include the common division of pollens into those
from grass or weed species (when many grasses are themselves weeds), the
use of trivial or confusing plant names (e.g. rye, couch) with no clear
meaning beyond the locality, and the failure to indicate the anatomical
source of plant allergens.

In reviewing cereal-induced hypersensitivit ies, we have concentrated on
IgE-mediated allergic reactions and emphasized, where possible, those
studies designed to isolate and characterize important allergens. Although
little progress has been made in identifying and isolating allergens from grain
contaminants such as fungi, beetles, moths and mites, a discussion of the
role of these organisms in initiating allergic disorders is presented in some
detail. This has been done since the allergenic properties of organisms that
infest grain do not appear to have been reviewed before and because some
of the organisms, such as storage mites, are being increasingly recognized as
potent allergen sources for man.



C i n r s s , - \ l l c r g e n s .  i v i t l t  P a r t i c u l a r  R e t c r c n c e  t c )  C c r c l l s

Lt' h i q t t i t o Lrs (yrul.l.lc.r

C I t u r u c I t' t'istrr'.i ' o I' G r as.sa s

Crass  a l l c r ccns  a re  cvc ry r l , hc r c .  We  a l l  b r ca thc  t hc i r  pc r l l cns  l r r d  cu t
t hc i r  p ro t c i r t s .  Thc  -q r i t s ses  u rc  i n  f ac t  an - i ongs t  t he  rnos t  p ro t i f ì c  o f  t he  p lan t
t ì L I t t i l i c s .  r " ' i t h  r csp - r cc i  t o  nL rmbers  o f  spcc ies  (ubo i r r  9 ,000 ) .  l v l o re  s i gn ì t r can r l - v -
t he  c r l t s s  t ì r r t t i l i ' '  con tn ins  t he  p lan t s  o f  g r ca tes t  ag r i cu l t L r ra l  i r npo i - t ance  [ o
n l L n ,  s i n c c  t i r e  v u r i o u s  m e n l b e r s  o t ' t h i s  f r i m i l . v  p r o v i c i e  f o o d  ( f - r o m  t h e i r
g l ' x l n s .  s t c t t t s .  l c l L v c s ,  r o o t s  u n d  s h o o t s ) ,  b L r i i d i n g  n l i t e i - i u l s ,  f l a p r f  p L r l p .
l t i r , vns .  p l t s t L t t c ,  h l t v  and  cven  pe r tL l n l cs .  ( i r - asscs  c l omrn tL t c  l , l i s t  i ì . r c i . r s  o t ' t l i e
c i - L r t h ' s  sL r r t ì t c c .  bo th  cL r l t i va t cc l  and  n l r t i v r  r r r c i r s ,  cx tenc l i ns  f i - on r  t hc  t l op i cs
th roL rc l t  t e r t ' t pc ra t c  s i t v i ì , nnas ,  p ra i r i es  l r nc i  cvcn  n tn r shcs .  t o ; \ r c t i c  l unc i ra .
T i l e i r  sL l cccss  i s  sL rch  t l t a t  t he rc  l r e  p robab l , v - ' t no rc  i nc l n ' i t l r u r i  g rass  p lan t s
t l t a n  t h c r c  a r e  o f ' a i l  o t h c r  v a s c u l a r  p l a n t s  c o r n b i n c c i .  T h i s  s L r c c c s s  a l s o  n t e a n s
tha t  r nanv  o f '  t he  r l os l  t r oL rb l cso rnc  wcec l s  a r c  gn rsscs .

I n  s i zc  t hcy  r i Ln t c  f r o tn  t i n , " - ' l a * ' i r  g ru ì sses  t o  g i an t  l l Ln tboos  r v ' h i ch  rnav
g row  to  l L  hc rgh t  o f  30  rn .  I - { o r t ' c ve r ,  t hc  g rasscs  shu rc  t he  sa i l e  gcne r l l

p l l t t c rn  o i  hav ing  r i bbon -shaped  l cavcs  r i ' i t h  pa ruL l l c l  ve ins ,  i i nd  a  ho l l o r v
c , , l i nc l r i c l t l  s t cm i , ' h i ch  i s  l a rue l , u -  n  l eu f - - shca th  w , i t h  l euvcs  a r i s i r - r q  l i l t e rna t c l v
t ' r on r  oppos i t e  s i des .

Ccrcal G ruit ts

Thc  cc rce l s  a r c  l t n rongs t  t hc  r r r os t  i r npo r tun t  o f ' t hc  s r l t s s  spcc ies .  Thc
te rn l ' ce rea l ' t cnds  t o  havc  a  f ' r - r nc t i o r ra l  conno ta t i on  (a  f ' ooc l  _g ra in  o l  t he
g r l l s s  f i r r n i l y ) ,  r a the r  t han  a  s t r i c t  I uxonomic  mean ing .  The  co r ìmon  ce rea l s
a re  l i s t cd  i n  t ab le  I .  O the r  non -ce rca l  - s ra i ns  L r sed  f o r  f ood  o r  f cec l  i nc l uc ie
peas,  be l ins ,  soybeans,  lurp ins,  r i ipeseed,  cot tonseed,  l inseed,  saf l lo rver  anc l
sun f l o t ve rseed .  B r : ck r vhea t  i s  no t  a  ce rea l .  [ t  i s  some t imes  ca l l ec i  a  pseuc lo -
c e r e a l ,  b L r t  i s  q u i t e  d i s t a n t  i n  i t s  r e l a t i o n s h i p  r o  t h e  q r a s s e s  ( t a b l c  I i ) .

Ce rca l  g ra ins  cons t i t L r t e  t he  s tap le  f bod  f o r  mos t  o f  r nank ind .  They
con t r i bu r te  abo i r t  ha l f  t he  l vo r l d ' s  s r - rpp l y  o f  human  d ie ta r y  p ro te in  e rnd  an
even  h ighe r  p ropo r t i on  o f  t he  ene r -qy  needs  i n  man ' s  d i e t .  Annua l  r vo r l d
product ion o f  the three main cerea l  gra ins ( rvheat ,  r ice  and maize)  averages
near ly  300 kg per  person.  The cr . r l t iva t ion o f  cerea ls  accompanied the r ise o f
c iv i l i za t ion in  var ious cent res bet lveen 5,000 and 8,000 years  ago.  Cerea ls
are now -qrown on a large sca le  in  a l l  cont inents  and at  v i r tua l ly  a l l  la t i tudes.
The d is t r ibut ion o f  ind iv idua l  cerea ls  is  spread even more rv ide ly  by the
in ternat iona l  t rade which cont inues on a mass ive sca le .

I
i
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Tuhle I .  The cercal  grains:  wor ld annual  prodt tct ion ancl  loocl  uses

J
Cereal \ legatonnes Major  uses in fbodr

prodr-rcedt

Whea t

Rye

Bar ley

Oats

R ice

! la i ze

Sorghr"rn-t
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4-+ I bread  ( l eavened  and  un leavened) ;  pas ta  ( spaghe t t i ,

macaron i ) ;  nood les ;  b reak fas t  ce rea ls ;  cakcs ;  b i scLL i t s ;

cookies;  scor. ìcs ;  chappzrt is  ;  porr idge;  cxtr r :der l

s r rack fbods ;  bL r lgu r ,  bce r ;  t ' l avour ings  ;  many  canned ,

packaged, f rozen and convenience foods and sweets
h r e r r - l ' , ' r i c n h r , ' : r r l '  .j p r n l j

po r r i dge ;  cooked  g ra ins ;  ma l t  ;  bee r ;  sp i r i t s

po r r i dge  ( ro l l ed  oa ts ,  oa tmea i ) ;  mues l i ;  oa tcakes

cooked  g ra ins ;  b reak fas t  foods :  ex t ruded  s t tack  foods ;

sake

h o r n i n y ;  t o r t i l l e s ;  c o r n b r e a d s ;  c o o k e d  g r a i n s ;  p o l e n t a ;

b reak fas t  toods ;  popcorn :  ex t ruded  snack  foods ;

corn syrup;  many manufactured foods

cooked  g ra ins ;  po r r i dge ;  un leavened  b read ;  f l a t cakes ;

beer

l  Wor ld  p roduc t ion  in  1978  accord ing  to  FAO [77 ]
2 From Saxelbl, and Venn-Brown l2l0l.

Uses of Cereal Proclttcts

Table I  l is ts many of  the f  ood uses for the indiv idual  cereal  grains.  The

range of  products extends wel l  beyond the obvious short  l is t  of  baked foods

and breakfast  ioods. Nor is table I  exhaust ive s ince wheat and maize (corn)

products in part icular are used in an endless var iety of  processed foods.

Cereals are of ten used in contèct ionery,  spreads and condiments,  in processed

meat products,  as dust ing or batter around foods, as th ickening agents,  f i l lers

and binders,  and in many dr inks (e.g.  malted mi lk,  hot  chocolate).

A considerable proportion of the cereal crop is processed in developed

countries to separate the starch from the protein. The starch, either partly

or completely freed of protein, is widely used in food processing often after

chemical modification or degradation [99]. The cereal protein fraction is

incorporated in a wide variety of baked and processed foods. Wheat gluten,

in particular, is used to manufacture flavourings such as monosodium

glutamate, but in addition the elastic properties of gluten suit it to the

development of new foods and textured products which mimic animal
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p Í - o t c i r l  1 9 6 ]  T h c  e x p t c t c r l  c x p a n s i o n  i n  p r o d L r c i n s  l i c p r i d  t L r c l  ( r n a i n l v

e  t h rLno i  -  ' qasoho l ' )  
f ì ' t , - r r n  cc reu l  s ta r ch  anc l  b ran  [ 215 ]  i s  l i ke l y  t o  g r ca r l v

c \ i " ' t . ì c l  t he  i nco rpo ra t i on  o l - cc reu l  p ro t c i n  i n  f boc l s  r vhc rc  i t s  p resencc  w i l l

bcce r r r - r c  r n tposs ib l e  t o  recogn i zc .

l r L r c l  p r o d r : c t i t t n  i :  o n l , l ' o n c  o f  m a n , v  i n d u s t r i a l  p r o c e s s c s  r c l i u n i  o r r
cc r c l L l  s t e r ch  l t r t d  p ro t c i n  f b r  r aw  n l r t e r i a l s .  Thc  i nc r c l r s i ng  p r i ce  o f  pe t ro l cL r rn

i ) i ' odL t c t s  *  i l l  i eac l  t n l L i t L t l ì t e  t L r re r s  t o  changc  t i t  ec ru l l  p roc iL r c t s  f o r  n ta r r v
p i ' r ) ccSS tS  [99 ] .  A l r c r t d - v "  t hc l ' u r c  w ' i c l e l v  r - r sec l  i n  t hc  pap r t ' unc i  t c x t i l c  i ndus t r i c s .
t ( )  r t l i t nu t r t c t u r c  g l ucs  an t l  u t l hes i vcs .  p l 1 , , , voo r i  l nc l  pu r t i c l c  boa rc l .  i n  r c f ì n i ng
I t t c t e l s .  t t r t d  i n  t hc  l t o l t ' r . r t c r  i ndus t r v  ( r , vhe rc  rnco rpon r t i on  o f  s ta r ch  i n  p l as t i c

p rod r - r c t s  o f i c r s  t hc  p ro r t r i se  o f '  b i oc l cg radub i l i t y , ) .

- \ c i d  t o  t hese  uses  o l ' c c r cu l  p rodL rc t s .  t he  f cc - c i i ns  o t ' r vho le  g r i L i n  and  n r r l l

b1 " -p rod t t c t s  t r )  an i t t l t i s .  and  i t  i s  obv ioL rs  t l uL t  cc r c l i l s  cn t c r  o i r r  l i v cs  a t  mar r v
p o r r t t s .  T h i s  c o n t a c t  i s  b o t h  g c n c r a l  a n d  a l s o  s p e c t i ì c  l ì t r  c c r t a i n  o c c u p l i t i o n l i l
g r o L l p s  i n r  o l l ' c d  i n  t h c  i n d L r s t r i c s  l l c n t i o n e t i .

. l i r I torrte Produc'ts

I nh l l e t r on  i s  eno thc r  w i . r y  i n  l vh i c l i  c c r cu l  l nd  s r i i s s  a l l c r cens  i t r r
t n tnsm i t t cd .  Po l l cns .  t he  r -nos t  obv ioL t s  cxu t ì l p l c .  a r c  p roc iucec l  by  u l l  t l i e
g rasscs  -  cL t i t i va t c t l  c c r cu l s .  l a r vn  l i nc l  pas tu rc  spcc i cs  and  r , vccc l s  -  s i ncc  u l l
; . t r c  f l ow ' c t ' i nu  p lan t s .  Dc ta i l s  o f  t hc  l l o r vc r i nq  t i r l c s  huvc  bccn  pL rb l i shed  f b r
s p e c i e s  i t t  m u n v  l o c a l i t i c s  [ 1 0 ,  ] 0 5 .  1 2 0 .  l - 5 6 ] .  P o l l c n  o t ' o n c  t y p e  o r  a n o t h c r
r t t ay  bc  p rcscn t  a t  a lmos t  any  t i r ne  o f  t he  yc i i r ,  c xccp t  r v i n te r  i n  co ld  c l ima tcs .
Less  obv ioL rs  i nh l t l a t i on  o f  u  ce  r ca l  p roc ' l L r c t  occL r r s  r vhen  f l ou r  i s  r - r sec1  i n  t hc
hon te .  I n  son te  cascs ,  sL t ch  cxposu rc  has  been  sL r f - l ì c i cn t  t o  p roc lL l ce  sevc re
r r l l c r g y  t o  t h e  ! n r i n  p r o t c i n s .

Ho r ' r  eve r ,  occu rpa t i ona i  cxposu re  i nc reases  t he  i nc i dcnce  o l '  i nha lan t

a l l c rgy  t o  ce rea l s .  C ro i rps  a t  r i s k  a re  f r - r rmc rs  n r ssoc iu ted  r v i t h  t he  g ro rv i ng

and  h r i r ves t i ng  o f  t he  q ra in ,  r vo rkn ten  i nvo l ved  i n  t he  hand l i ng  and  t r anspo r t ,
nnd  m i l l e r s  and  bake rs  r vho  mav  i nha le  b ran  and  f l oL r r .

Taxonornt,

Table  I I  shows re la t ionsh ips rv i th in  the grass fami ly ,  and bet rveen the
grasses and other  p lants .  Knorv ledge of  these re la t ionsh ips prov ides a bas is

for  pred ic t ing s imi lar i t ies  i ind d i f ferences in  p lant  anatomy,  chemica l  com-
pos i t ion and immr-rno log ica l  c ross- react iv i ty .  The major  cerea ls  have been

i
I
I

i
t__

w#iW
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SL rb fa r l i l y Tr ibe Cer rL rs  and  spee  ies Cornmon name
j

Tri t iceae

A v e n e a e

Festucoideae

Agrost ideae <

Phalaricleae <

Festuceae

Eragrostoideae -  Chlor ideae <-

Oryzoideae

Oryzeae

Zizanieae

Ehrharteae

Tr ipsaceae

Tr i t icut t t  aesI iv ,unr

Tritir:urtt r/urutrt

T-ritico.sec'ale

Secole cereale

Agropyron repens
H,,trtleum leporinurn

Horleum t,ulgare

,tlvena sativtt

,4v'ena fatua
Av'ena barhata

,1 n I ho.r u n t ltu ttt r.t do ra t u rt t
Holcu.s lanatu.y

Ilolcus ntollis

Phleunt pralense

Agrostís species

Pha[oris canqriensis
Phu lo r is rtrunc! i nu ceu

Lo/iurrt perenne

Poo onnuct

Poe prtrtensis

Dactylis glomerata

Brontus catharticus

Festuca pratensis

Cynodon dactylon

Cltloris ga),une

Oryza sativct

Zizania ctcluaticct

Ehrharta erecta
Ehrharta calycine

Zea ntays

Sorghunt sudanense

Sorghum halepense

SorghLtm bícolor
Themeda australís

Echinochloa spp.
Panícum míliaceum
Pennisetum typhoides
Paspalum dilatatum
S t eno tap hrum sec undat u tn

Phragmites species

brcad r .vheat

durr-r rn wheat

t r i t  i ca le

rye

Engl ish couch grass

bar ley grass

bar ley '

oa ts

rv i ld oats

bcarded  oa ts
sl r 'ect  vernal  grass

Yorksh i re  tog  (meadow ve lve t )
c reep ing  tog

t imothy grass

bent grass

canary grass

reed canary grass

perennial  rye grass

.  lv inter  grass

Kentucky blue grass (June grass)
cocksfoot (orchard grass)
prai r ie grass

meadorv fescue

couch grass (Bermuda)

Rhodes grass

r ice

wi ld r ice

veldt  grass,  panic

veldt  grass,  perennial

corn or  maize

Sudan grass

Johnson grass

grain sorghum

kangaroo grass

Japanese millet

common millet
pear l  mi l let
paspalum grass

buffalo grass

reed grass

///
// -/ -/'

Panicoideae é/\
\

\
\

Andropogoneae

Eu-panicoideae

Arundinoid Arundineae
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f ) lan teg inac  P lc r t r ro {o  lo r tcco lu t r t

l l o r e g i n a c e  [ : c i r i t r n t  p l t t t t t u , g i r t c t t t t t
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Ur t i caccac  Lr r t  i ca  spcc ics

\ f  a ì i ' accac  ( ìo .s .s . r .p i tu t r  spec ics

S a i s o l o i d c a  . S u l s o l u  k u l i

Po iygonaceac

Clrcnopocf iaccae .'/

f-o { o p t' r tt ttt e.t' ( tt I e t t I t u rt

Rtrt t tc.r cr i .sptt.r

Rurne.r ecelosetlLt

C lr e no pocl i  u rrr q I  b tur t

C/te no poc/ i tt trt t. r is tu I tutt

t i l  ndc l i o r r

o \ - c ) , c  t i a ì sy  (marguer r te )

n lUgwor t

Canad ian  go lc ie  n  roc l
rltu rv e ecls

s tu r l l i ) r r c r

r  j b r i  o r t  ( p l a n t a i n )

I ) l t icrsoi t 's  cLrrsc

l -crr i tc l

ì i nsec t l

c l o V e r

ÌL r  p  i n

s())  Deatì
pea

peanu t

Ind ian  hcdgc  n rus ta rd
ra pe

n c t t l c s

co t  to l lsccd

pr i ck l y  sa l t \ \ ' o r t  ( [ ì L rss ian  th i s t l e )

b uckrv 'heat

dock

sor rc I

fa t  hen

c res tcd  goose foo t

Non-appro\ .ed nanles eppear in parent l teses.

i nc lL rdec l  in  tab le  I I ,  toge ther  w i th  the  gr r Ìsses  cornmonly  i l ssoc ia tec l  rv i th
po l len  a l le rg ,v .  r \ l so  inc ludec i  by  way o f  con t rasr  i ì re  some o f  the  comrnon
pol le n- i ì .nd gra. in-producing plants that  are not grasses.

A l l  the  p lan ts  l i s ted  in  tab le  I I  a re  f lo rver ing  p lan ts  (Ang iosperms)  and
are  thus  po l len  producers .  These in  tu rn  a re  subd iv ided in to  monocoty le -
donous p lan ts  and d ico ty ledonous p lanrs  (o t ien  abbrev ia ted  to  monocors
and dicots) .  Use of  these names should be encoura-sed instead of  .weeds, 

and
grasses'  Monocots and dicots i ì . re dist ingLr ished by the number (one or two,
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respec t l ! ' c l -v - )  o f  seed leaves  (co ty ' ledons)  in  the  embryo .  The grasses  rcpresent
on ly  onc  o f  many fami l ies  o f  monocoty ledons .  Others  inc luc le  o rch ids ,
tL r l ips  anc i  l i l i cs .  The l 'ami ly  namc fo r  g rasses ,  approved by  t l re  " l ' r ve l f th

In te rna t iona l  Botan ica l  Cor rgress  in  1975 12251,  i s  Poaccae i ru t  Grar l ineae
has a lso  been in  con lmon us í rc ,e .  The sc ien t i f i c  names g iven in  tab le  I l  have
been chccked as far  as possible to bc the approved ones. and nrav c i i f fer  l ' rom
other Versions st i l l  in use. Conrnron nar-nes i ì , re even more cl i f ì rcLr l t  to stan-
dard izc .  . \  l i s t  o f  s tandarc i  p la r r t  n lmes l l06 ]  r .vas  Lrsec i  t c ' r  compi le  tab le  I I ,
bu t  d i f f c rc r r t  comnlon  nan. res  f i r r  so inc  spec ies  are  l i ke ly  to  bc  encountered .

Ta. ro t tomic  c lass i f i ca t ions  a lso  Lrndcrgo rev is ion  anc l  consrcpre  n t  change.
The re la t ionsh ips  be t rveen thc  g ras :es  in  tab le  I l  a re  basec j  on  c lass i f ì ca t ions
bv  sc ' , 'e ru i l  au thors  f21 ,229.21 .1 ]  r ,v i t t r  persona l  ac iv ice  on  son lc  i t spcc ts  f ro rn
('-rarrtltÍott and frorn Cli l l 'orrt. Relationships lretrveen clicrlts are taken from
He,v ' t t ' oo t l  [117 ]  anc l  Srcbb in .s  t228] .  Tab le  I I  i s  se t  r rp  ro  p r in rar i l y  i l l us t ra te
relat ionships to u 'hei ì t .  l t  shorv 's the c lose rel i i t ionship betrveen the foLrr
ccrea ls  - tenera l l y  assoc ia tec l  l v i th  coe l iac  conc i i t ion  ( rvheat .  rye ,  bar lev ,  oa ts  -
tn  decreas ing  order  o f  impor tance) .  Durum wheat  ( l - r i t i cun t  d t t r t rn t )  i s  a
te t rap lo id  spec ies  conta in ing  t rvo  (A  and B)  o f  the  th ree  genomes o f ' conrmon
rvheat  (7 .  ues t i ,um)  (herap lo ic i .  genomes A,  B  anc i  D) .  T r i t i ca le  ( -uenomes A,
B and R) is a nran-made hybr id of  ivheat r i , i th rye.

Tab le  i I  shor . rs  the  c lose  re la t ionsh ip  in  some cases  be t rveen spec ies
general ly associated r .v i th pol len al lerey,  and those -rrrown for grain produc-
t ion .  Such ins tances  are  En-q l i sh  coLrchgrass  rv i th  rvheat  and bar ley ,  and
ragrveed iv i th sunf lowers.  Horvever,  i t  should not be sug-eested that there is
a  c lear  d is t inc t ion  be t rveen po l len-  and gra in -produc in -e  p lan ts :  many gra in -
produc ine  spec ies  may be  s ign i f i can t  sources  o f  po l len  a l le rgy  because o f  the
large areas given to cul t ivat in-s them, e.g.  rapeseecl  in Srveden [40].

Inltalecí Cereal Allersens

The extent to rvhich rve inhale air-borne part ic les depends on their  s izes,
in part icular,  and also on their  shape and densi ty.  Figure I  shows the de_sree
of penetrat ion into the respiratory t ract  of  part ic les of  var ious s izes.  pol lens
are the most obvious of  these inhaled part ic les of  -erass or i_ein.  In addi t ion,
the harvestin*e, storage, transport, and lrrocessing of cereals prodr"rce a wide
spectrum of inhalable particles which have a potential to provoke hyper-
sensitive reactions in the nasal passages and lungs.
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F i ,q . l '  Ex tcn t  o f  peno t ra i i on  o f  ce rca l  dus t  pa l t i c l cs  i n to  the  rcs t r i ra to rv  t rac t  i ì cco rc i -
i n g  t o  p a r t i c l e  s i z e .

Po llt'rt.s

C rass  F lo rvcr
As i l lLtstrateci  in f ìgure 2,  thc grasses have f io lvers i Ì l thoLrgh they are not

the  decora t ive  type  borne by  o ther  p lan ts .  The i lo rver in t  o rgans  o f  the  gra .ss
f loret  are \vhol ly enclosed by green scale- l ikc structLrres (glLlmes, lemnt i ì .  and
pa le l )  r i , ' h ic i r  look  l i ke  pe ta ls  in  f i -sLr res  2  and 3 .  A t  the  t ime o f  f lo rver ing  thesc
g lumes are  p t rshed apar t ,  the  s ta lks  ( f i laments )  t i ra t  suppor t  the  an thers
lengthen rap id ly ,  and each i ln ther  beg ins  to  sp i i t  open on  bo th  s ides ,  re leas íng
a shorver  o f  po l len  gra t ru les  [07 ,  256] .  Some o f  the  po l len  (ma le  gamete)  f  a l l s
direct ly on the feathery st ignra where i t  germinates,  ieading to f -er t i l izat ion of
the ovary ( female gamete) at  the base of  the f loret .  The ovary develops into
the nerv seed (caryopsis, grain), l,vhich remains betrveen the floral glumes
(fig a) unti l harvest. In rvheat, but not barley, the grain is threshed free from
the lemma and palea.

MLrch of  the pol len also fa l ls outs ide the f loret  and becomes airborne.
Plants that  are natural iy cross-pol l inat in-s depend on the wind (anemophi lous
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Fic '  l  '  Thc f l t r rvcr  t r l 'br-erdccl  rvcgr l rss t  l ,o l i tut t  terr t t t lc)r Í t r t t t r  ! f ' rorrr  rcf .  l6 ] .  T l rc lcrr . rahas  bccn  c l ra r rn  d ( ) \ \ ' n  t c l  t he  lo r i c r  r i g i t t  t r t  c l  i sc lpsc  the  9 ra r . t . r v i t h  i t s  t r ro  l i u t i t c r - ) . \ t i g l l l t s .
Thcse  rv i l l  i ' ece i r c  thc  p . l l c t t  a f t c r  i t  i s  r c l casc r l  f r r r r r  t l r c  un thc rs  ab ( )vc  thc r r r  l t  t hc  t r ì r r  ( ) r -
f ' e r t i i i z a t i o r r '  ( P i r o t o  b ) ' c o L u ' t c s y  o f ' c o Ì i n  T o t t c r c l c l l .  a - s l f ì o .  D i ' i s i o n  o t ' p l a r r t  l n c l L r s r r - v . ,
Can  bc r ra . )

f - i c .3 .  i ì c i case  o f  l ro i r c r  f ' r o r '  t l r c  a r t r r c - r s  . r ' l ì  r . r . hc -u t  r l . *e  r .

p l a n t s )  o r  o n  i n s e c t s  ( e n t o r r t o p l r i l o L r s )  l o  c r r l l , t h e  p o l l e n  f - r o n i  t h e  a n t h c r  o f
o n e  f l o w ' e r  t o  t h e  s t i g r r l a  o f  a n o t h c r .  I n s c c t - b o r n c  p o l l e n  t e n c l s  t o  b c  s t i c k y
i t n d  t h u s  r n a v  n o t  b e  s o  r e a c l i l y  r r , , i n c i - b o r n e  o r  s o  l i k e l y  u  s o L l r c e  o f . a l l c r u y .  I n
- 9 e n e r a l ,  t h e  c c r e a l s  a r e  i ì . n e m o p h i l o u s .  l n  s o n r e  - g r a s s e s ,  s L r c h  a s  n . u r r z e .  p o l l e n
l s  p r o d u c e d  i n  a  c o m p l e t e l - v ' s c p a r a t e  s t n t c t u r c  ( t a s s e l )  f - r o n t  t h a t  c o n t a r n i n s
t h c  o v a r v  ( t h e  e a r ) .

Pol ien Structr-rre
The number  o f  po l len  -q ra ins  p rodr , rcec l  i s  enormoL ls  -  over  20  mi l l ion

f ' rom one corn  tasse l  o r  f rom one pan ic le  o f  sorghLrm [107] .  In  n  h igh  rv ind ,
some o f  these may be  car r ied  fo r  hundreds  o f  met res .  F isLr re  5a  .nd  bi l lustrates the surfàce structLlre of  a grass pol len grain.  The range of  d iermeters
normal ly  encountered  is  20-50  pm.Grass  po i lens  tend to  be  smooth  and

I 0
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/ - i . < . ' i . . - \  - s i l l g i c  s l ) i k c l c t  o n  a  r i i l c  \ \ l l c l ì t  h c a r l  r v i t i t  ( ) r h c r  5 p i k c i e  t s  r . c r r i g v c r l  I ' r t - 1 1  i h c
l ' l l e  ì ì l s .  ( ) n c  o t ' t l t e  t l t r c c  l l o r c t s  h l r s  t l c c n  i l n r r v n  ( ) p J n  t ( )  : l t o y ,  i t g r r  L ì t e  l ì  \ \  l t c l t  g 1 r i l  i s  l t c l t l
b c t i i c c n  t h c  l c r r r n t a  l i n r l  n u l c l r  ( h r r s k s )  [ f ' r o n t  r c t ' . 7 , ) 1 .

l 'oL ln t l  \ \ , 'h tn  cot ' r rparcc i  to  thosc r ) l '  o ther  p la l l ts  r i  l - i i ch  are po l l inutec l  by
i r r sec t s  anc l  b i r ds .  Ca rc f ì r l  s t L r c l v  o t ' su r f l c c  s t r L l c tL r re  r l l r l ,  pc rn l i t  i dcn t i f ì ca t i on
o f ' t h c  p l a n t  l ' r o m  r v h i c h  p o l l c n  i s  r l c r i v c d  b u t  t h i s  i s  a  s p e c i a l i z e c i  t a s k  [ 7 , 5 .
l 4 - 1 , 2 5 6 ] .  T h c  g r a s s  p o l l e n  q r i ì i n  i s  c l i s t i n c t i v c  i n  h r L v i n g  o n l ) /  a  s i n g l c  p o r c ,
co r l l pu red  t o  t h r ce ,  i n  genc ra l ,  t o r  d i co t s  t 22 ,3 ] .  \ / i ab i l i r y  o f  _q rass  po l l c r r  i s
sh t l r t  ( l ess  t han  a  day )  comr ra rec l  t o  o t l i e r  uns iospe rn l  po l l cn ,  t ho l sh  i t s
a l l e rgen i c i t y ' i s  r e l a t i ve l - v  una f f cc ted  bv  s to rasc  anc i  i s  r e t l r i ncd  un t i I  i t  has
been  rno i s tened .

When  a  po l l en  s r î i n  con res  i n  con tac t  r v i t h  t he  rno i s t  s r - r r f ì r ce  o f  t hc
f l o r v ' e r ' s  s t i gn ta  (o r  o f  t he  b ronch ia l  r nL rcosa ) ,  t hc  gc rn l i na t i on  p roccss  s ta r t s
( f r g .5c ) .  The  -e ra in  hyd ra tes  and  s r ve l l s ,  and  t he  a l l e r -eens  (p ro te ins  anc l
g l .v -coprote ins)  r .vh ich are s tored in  the rva l ls  o f  the sur face of  the sra in  are
re leased [146] .  These mi lc ro f f ìo lecr - r les  then b ind spec i f ica l ly  to  the sr - r r face of
t he  s t i gma  to  i n i t i a t e  po l l en -s t i gmacommun ica t i on .  The . " -  maya l so  b inc i  spec i t -
ica l ly  to  IgE molecr - r les  on the sur face of  mast  ce l ls  o f  the bronchia l  n- rucosa
and  i n i t i a t e  t he : r l l e rg i c  r esponse  i n  s r - r scep t i b l e  i nc i i v i dua l s  [ 129 ,  183 ,2271 .
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Fig.5.  Scanning electron nr icrographs of  pol len grai r rs f rom ryegrass (  Lol ium
pere t tne ) .  a  Who le  po l l en  g ra ins  show ing  po re  (p ) .ó  De ta i l  o f  su r face  pa t te rn ing .  c  Rye-
g rass  po l l en  ge rm ina t ing  on  the  s t i gma.  Each  po l l en  g ra in  i s  abou t  50  pn r .  I n  some cases ,
the pol len t t tbes can be seen penetrat ing the f 'eathery st igrna to take the male gametes to
the  ova ry  o f  the  l ì o *e r  [ i r om re f .  l 15 ] .



C r a s s . \ l i e r g c n s ,  r v i t h  P a r t i c u i a r  R e t e r e n c c  t o  C c r c l r i s

P u r i f i e d  C r a s s  P o l l e n  A l l e r g e n s

T h e  a l m o s t  t r b i q L r i t o u s  o c c u r r c n c c  o t ' p o l l c n s .  t h e  e a r l y  r e a l i z a t i o n  6 l i
t h e i r  r v i d e s p r c l d  o c c u r r c n c e  i n ' h a y t e v e r ' [ 1 9 . 4 .  1 9 7 ,  ] 5 6 ] ,  a n d  t 6 e i r  l c c e s s r -
b i l i t y  r t nc l  l t c c r t r nL t l r t t i on  i n  qL ran t i t i es  sL r t l ì c i cn t  f o r  s tuc l v  a r c  p r . . 5 l i 6 l y  t hc
t l r a i n  I e l ì sons  i vh l ' l t o l l cns  a re  t he  mos t  r v i c i c l l '  s t L rd iec l  o f  a l l  t hc  . l l c rgcn
soL l r c t - s .  Desp i t c  t i i i s ,  sa t i s f ac to r v  p rog ress  i n  a l l c r scn  i c l en t i f ì ca t i on .  i so la t i on
lLnc l  cha rac te r i za t i on  hus  been  made  r v i t h  po l l cns  f r om on l y  t r vo  spcc ies  g i '
g r l Ìsscs,  I 'o l iu t t t  PCt 'c t lnc  (perennia l  rveqrass)  anc i  Ph l t , t tn t  pra ten5c (  t r inothy,
u rass )  a l l d  on t  c l i co t  , . l t nh ros ia  e l a r i o r  ( sho r t  r ug rvecc ' l ) .  . , \ l t hogch  mapv
c i i t ' l e r c r r t  s p c c r c s  c l f  l t o l i c n  n t a v  o c c l l r  i n  l t n y ' o n c  l o c a l i t v  a n c i  h c n c c  h c . v . i l -
ab l c  f t l r  s c r l s l t i za t i o t t .  t he  pos i t i on  i s  so rn * r ' i u r t  s i n tp l i f ì ec l  by  t hc  p r cc lo r t r i -
n l l nce  .  po l l e  n - s i r cc i c l i nq  cha ra . c t c r i s t i c s  enc i  u l l c r sc r r i c  po t cncv  o f  a  f  c r i '  spcc rcs
I t n d  b V  t h c  i ' a c t  t h a t  l t  n r t m b c r  o f  p o l l e n s  c r h i b i t  e l l c r c c - n i c  c r o s s - r . c i r u r i v i t \ , .
' \ n  i nc i i ca t i on  o f  l i ke l l ' c ro5s - r cac t i v i t v -  m lL r , '  be  p ro r , ' i c l c c i  by  co r r s i t l c ra t i on  o i
t u x o n o r r i c  r e  l a t i o n s h i p s  ( t a b l c  I I ) .  T h i s  s u r - ' , , c y  c o ! , c t . s  t m p o r t r . n t  a l l e r g e n i c
po l l ens  f r o r t l  t he  t ew 'gn t sses  t ha t  havc  bccn  s tuc j i c t i  so  f ì i r  anc i  r ev i * r s  r csu l t s
t l b ta i ncd  on  t he  an t i gen i c  nnc i  a l l c r c r ' n i c  c ross - r c l c t i v i t y , t ha t  occL r r s  bc t i v , cc l . r
t h c  p o l l c n s .

r \  n t t n tbe r  o f  g r l r ss  po l l ens  have  bce  n  f r ac t i o r ra t cc i  r v i t h  u  v i nv  t g  pL r r i l ì -
c a t i o n  o f  t h c  i m p o r t a n t  r i l l c r g c n s  I l l ,  l - ] ,  1 2 , , 1 9 ,  1 8 4 .  l 9 l ,  1 g 1 . 2 2 ( : .  J 3 7 ]  b L r r ,
u ' i t h  c ' i n l ) ' pc r cnn ia l  r yeg rnss  i i nd  t i n to thy  q r r ì ss  has  t he  r i , , o r k  l c c l  t o  a  f ì r i r l , v -
con lp r c l l cns t vc  phys i cochen t i cu l  cha ruc t c r i za t i on  o f  t he  i n tpo r t l i . n t  t l l e rgcns .

I l - t ' cgra.ss  Pol lcn.  Pcrcnniu l  rycuress íL .  pcren i le)  is  r i , , i c lc ly  c l is t r ibLr tcc l
t h ro r - r sho t r t  t hc  t empera te  zoncs  o f  t he  ea r th  and  sens i t i v i t y  t o  t he  po l l cn  i s
l i ke rv i se  r v i desp read .  Fou r  c l i f Tc ren t  a l l e r sens ,  c l cs i sna t cd  r ro r - rps  [ ,  I I ,  I I I anc ]
lV have been iso la ted f rorn ryegrass po l lcn bv . lo l t r tson anc l  ,1 , [ar .sh I l j3 - l j5 ] ,
t l [ a r s l t  [ 177 ]  and  i l [ a r s l t  e t  a l .  I i 78 ] .  A l l e rgcn  g roL rps  [ ,  I I  anc ' l  I I I  cach  ex i s t
i n  more  t han  one  i soa l l e rgen i c  f o rm ,  g roL rp  I  hav ine  f o r - r r  sL rch  f o rms  I -A ,
I - 8 .  I -C  anc l  I -D  and  g roups  I I  and  I I I  a t  l eas t  t r vo  each .  Thc  n r . r yo r  cop l -
p o n e n t s  o f  g r o L r p  [ ,  [ - B  a n d  I - C  h a v e  i s o e l e c t r i c  p o i n t s  o f  5 . 2 5  a n d  5 . 1 5 ,
respec t i ve l l ' ,  and  a re  D -mannose -  and  D -ga lac tose -con ta in i ng  _u l ycop ro te ins
w i th  mo iecu la r  r ve igh t s  (Mw)  o f  27 ,000 .  S tud ies  r v i t h  enzy rnes  have  de -
mons t ra ted  t ha t  t he  ca rbohyd ra te  mo ie t y  (5% o f  t he  mac romo lecu le )  does
no t  con t r i bL r te  t o  t he  a l l e rgen i c  de te rm inan ts ,  bL r t  a l l e rgen i c  ac t i v i t y  i s  l os t
f o l l ow ing  p ro teo l y t i c  d i ges t i on .  The  a i l e rgen i c  p rope r t i es  o f  t he  g roup  I
molecu les are res is tant  to  bo i l in -e  a t  neut ra l  pH for  30 min Ulg) .  Group I l
and i I I  a i le r -sen molecu les have molecu lar  rve ights  o f  11,000 but  the former
is  an ac id ic  and the la t ter  a  bas ic  prote in .  L ike group I ,  group i l  a i le rgenic
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l r c t i v i t y  i s  dcs t roycc l  l ' o l lo rv ins  p ro teo ly t i c  c l iges t ion .  GroLrp  IV  a l le rgen,  a
bas ic  p ro te in  o f  -10 ,000,  does  no t  g ive  r i se  to  rn r r l t ip le  banc ls  fo l lo rv ing
c lec t rophores is  anc l .  r i s  y 'c l ,  l i t t le  i s  kno iv r . r  o f  i t s  s tab i l i t y  anc l  b io log ica l
i )otencv.

In  re r , ' i e rv ing  s tL rc i ies  o f ' the  b io iog ica l  i t c t i v i t ies  o f  the  d i f le re r r t  rvegrass
po l lc r l  a l le rgens .  .V lu rs l t  !77 ]  repor ted  tha t  ovcr  9 -50ó o f  250 grass  po l l cn-
a i le r -s ic  ind iv idura ls  \ \ ' c rc  sens i t i ve  to  rycgrass  groLrp  I  a l le rgcn .  60n io  o f
7 , Í  g rass  po l len-a l le rs ic  sLrb jec ts  \ \ 'e re  scns i t i vu  to  g roup I I  a l le rgens  l rnd
cach o f  these inc l i v idLur ls  rvas  e i ther  n lo rc  scns i t i ve .  o r  eqLra l l y  sens i t i r , ,e ,  to
s r o L r p  I  a l l e r e e n .  U s e  o f  a l l e r g e n  g r o u p s  I  a n c l  I I I  i n  6 l  s u b j e c t s  r e v c a l e d
lha t  70o, ' , t  o f  thc  sub jcc ts  \vere  eqLra l l y  o r  n lo rc  scns i t i ve  ro  s roLrp  I i l  than
l roLrp  i  a l le reens .  On l r '20 ' l z i ,  o f  50  su t r . jec ts  a l le rg ic  to  g roup I  a l le rgcns  rvc re
a lso  sens i t i v 'e  to  s t 'oL tp  IV  a l le rcens .

Ti t t tot l t t '  Gras.s Ì 'o l ler t .  Dctai led invest igat ions of ' the al lergens of  pol lcn
f ' rorn t i rnothy -erass (P. pruten. ie l  cornmenceC lv i th the i i , 'ork ot '  r lugust in ancl
1{u.vwurcl  !3] .  Al lergens A and B and ant isen D rvere isolatccl  by i , la l le l 'et
a l .  i l 75 ]  and,v la l le l 'and  Dobson [173]  rvho  shorved thar ; \  anc l  B ,  and B and
l )  wcre  an t isen ica l l y  re la ted .  In  ac ld i t ion ,  u l le rqen.A w 'as  shorvn  to  have a t
l c a s t  o n e  a l l e r g e n i c  d e t e r m i n a n t  n o t  s h a r e d  b y  a l l e r g e n  B  [ 1 7 4 ] .  D e t c r m i n a -
t ions  o f  mo lecu la r  rve igh ts  gave sed imenta t ion  coef f i c ien ts  o l  2 .1  S  anc l  1 .4  S ,
respec t ive ly ' .  fo r  a l le rgens  A and B,  a l thoLrgh a  subsequent  examinat ion  o f
a l le rgen B in  the  ana ly t i ca l  u l t racent r i fuge gave a  MW of  10 ,500.  The
a 'verage MW of  an t i -sen  D,  p repared f rom the  d ia lyszr te  o f  t imothy  po l len ,
rvas  es t imated  to  be  approx imate ly  5 ,000.  Ce l  f i l t ra t ion  o f  an t igen D re -
vea led  2  smal le r  f ragments ,  an t igen D,  (Mw approx imate ly  2 ,50)  and
ant igen Dr  (MW appror imate ly  1 ,000) .  Pr io r  in t ravenous cha l lenge r ,v i th
ant igen D:  up  to  3  h  be fore  cha l lenge r ,v i th  an t igen B inh ib i ted  pass ive  cu tu-
n e o u s  a n a p h y l a x i s  r e s p o n s e s  t o  a n t i g e n  B  i n  g u i n e a - p i g s  [ 1 7 ] ,  1 7 4 ] .  A n t i g e n
D, also inhibi ted al lergen- induced histamine release from passively sensi t ized
monkey lung by urp to 78o/o.  At tempts to chemical ly character ize ant igen D.
revealed the presence of  the f lavanoid quercet in and a disacchar ide, probably
cel lobiose, apparent ly l inked to threonine or ser ine by an 0-glycosidic l inkage
[17],  172).The authors bel ieve their  studies su-egest that  quercet in represenrs
the major port ion of  the ant i_eenic determinant of  ant igen B.

By combining the radioal lergosorbent test  (RAST) wi th isoelectr ic
focusin,e in polyacrylamide gel, Varga and Ceska 12381 studied the distri-
but ion of  a l ler-eens in [our commercial  t imothy pol len extracts and in an
extract prepared by the method ol Malley et al. [t75]. The latter extract
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j  

l ) c i ' C c n t  ( \ \ , \ \ )  1 r f ' t 1 1 1 .  r , . c i g i r i .
j  l t l  i . t l t r s t  c i t s c s  i h c  s L r r ì ì  ( ) l  i l r c  a c t i r i t i e s  o t ' t h c  i i r t l  i r i t i L r e l  a j l c r g u n s  r v l s i ( x ) ' l

r c t l r i r l cd  t hc  l o r i '  \ 1W '  t ì ' agn l cn t s .  I soc l cc t r i c  po in t s  ( ) f ' t l . ì r  r . n i ùo r  u l l c r -gc rs  r '
l i i l  o l ' t hc  c r t r l t c t s  \ \ , ' c r t  i r r  t l r c  r xngc  1 .5 -  5 . ( r  l i l t l r oL rg l . ì  s r ) r ' Ì r e  o t ' t he  co r l r nc rc i u l
p r cpa ru t t r c ' r r . r s  co r ' ì t u i ncd  u l l c r cens  i i  i t h  i soe l cc t r i c  p ( ) i n t )  up  t o  s .

I ì c ccn t l l ' . . l r l . r ' ,  i r r  co l l l i bo ra t i on  \ \ ' i t h  \ \ ' o r k r r s  u t  t he  Nvc , . r a r c l  Co r r -
p r . i t r \ ' .  N o r r r A v  [ 9 0 '  i 0 l ,  l 0 ] 1 ,  h a s  c l c s c r i b c c l  a  ' p r r r i f ì c c l  

u l l c r s c n  p r c p l l r t i o r ì ' .
T i l r t o t h y  N .  $ h i c h ' c o t l t l t i l l s  l I  i i r r i i t e c i  r . ì L u r b c r  o f ' p r t > t c i n s ' i y l ( l  r v h i c h  c o r s r s t s
o t ' tw 'o  a l l t - ' r ' g c r t s  o f ' IV IW 15 ,000  anc l  , j 0 , 000 .  No  c i c t l i l s  o f  t 5c  pL r r i f ì c . t i o *  o l '
t hc  a l l c rgcns  i l r c  s i v r -11 .  bu t  t l r c  uL i t ho rs  : t l t t c  t ha t  9 .1 , , , , r  t t f -  t hc  p ro t c rns  anc l
99 ' ) i r  t l f -  t he  ca rbohvc l ra t c  \ vc r c  ren lo r  cc l  c l L r r i ng  t hc  pL r r . i f ì ca t rop .

Us ing  c rosscc l  i t t l I ] " l L tnoc l cc t ropho re  s i s ,  , \  r c l . s c t r  c t  a l .  [ 196 ]  f ' oL rnc l  a t  l cus l
2 8  a r l t i g e n s  r n  t i m o t h v  p o l l c n  e x t r î c t ,  c i c v c n  o l - w h i c h  * , c r c  s h o r v '  b y , c r o s s e c i
r a d i o i n l n l u t t o c l e c t r o p h o r c s i s  t o  b c  a l l c r e c n i c  i n  I t u m e n s  1 2 4 6 1 . I - o u r  o t ' t h e s c
\ver t  co l ' l s iderec l  to  be nra jor  a t rc i  scvcn l i ' c rc  jLrc . lcec l  r r inor  e l lergens.  T6c Lrse
o f  ge l  f i l t r a t i on .  i on  cxch i ì . nse  and  a f - l ì n i t y  ch roma toq raphy  t oge thc r  r v i t h
c rossec l  i n l t r unoe l cc t ropho res i s  164 ]  l e t t  t o  t hc  i so la t i on  o f '  t r v , o  an t i sens ,
l 9  and  25 ,  r vh i ch  t oce thc r  cons t i t L r t cc i  n l o r c  t han  909 . í r  o f -  t he  c l e tec tab l c
an t i sens  bL r t  on l y  15 " , / , t  o f  t he  t o ta l  a l l c rgen i c  ac t i v i t y  i n  t i r r " r o th , v -  po l l en
ex t rac t .  I n  a  subsequen t  s t l t dv ,  Lo t rens teù r  | 61 ]  i so la t cc l  t r vo  r r - r o r c  pu rc
a l lergens,  n l tmbers 3  and 30.  anc l  presentec i  c la ta  on the character izat ion a .nc l
a l l e rgen i c i t y  o f  t hese  two  p l r r e  po i l en  componen ts  anc i  o f  an t i sens  l 9  and  25 .
These  resu l t s  a re  summar i zed  i n  t ab le  l l l .

Cross-React iv i t i r  of
Al though there are

an t r  gen l c  c ross - reac t i v i t y

expe r imen ta l  ev idence  t o

Crass  Po l len  A l le rsens
many s tud ies  in  ìn .  l i te ra tu re  tha t  demonst ra te

between var ious  po l lens  L l2 ,  j8 ,254,255) ,  c lear_cut
back up the cl in ical  observat ions that al lersenic



f J . r l r l , '  S i t t t o n  W r i q l c r

c r o s s - r c i l c t i v i t v  t x i s t s  [ 5 6 , , 3 9 , 2 0 6 ]  h a s  o n l v  r e c c n t i y ' b c c n  t o r t h c o r l i n g .  A s
r v i t h  p L r r i f i c a t i o n  o f  i m p o r t r L n t  a l l e r g e n s ,  a  k n o \ v l c d s e  o f  t h e  p a t t c r n s  o I
c ross- reac t iv i t ies  o f  a i le rgcns  f ' ron l  d i f lè ren t  soL l rccs  is  in rpor tan t  f  o r  d iagnos is
ant l  in tn runotherap) '  o f  a l le rg ic  sLrb jec ts  and fo r  s tanc ie rc l i za t ion  o f '  ex t rac ts .

- l -he  
be l ie t 'pers is ts  un tongs t  manv c l in ic ians  t l ' r t t  n ros t  g rass  po l lens  ha i , 'e

c l t l :e lv  re la ted  a l ie rgcns  bu t  there  is  e  paLrc i t l  o i  c la ta  { ì 'o r l  exper i rnents
c i c s r g n e d  t o  i n v e s t i g u t e  t h i s  c i u e s t i o n . l n  a c l i n i c a l s t L r d y ' n o t a b l e  f o r  t h e  s i r n p l i c -
ì t y 'o f  i t s  approach and the  percept ive  in te rprc tu t ion  o f  the  resu l ts ,  I ,Vr ig l t t
and Ct i . i 'nrr l l259l  cxírnr inecl  skin test  responses to l2 c l i l lèrent -urzrss pol le ns.
A l though s imi ia r  pu t ic ' r ' ì t  rcsponses  \ \ 'e re  genera l l ; -  foLrnd  be t lveen the  po l lens
t ' ro tn  g rasses  r .v i th in  the  samc taxonorn ic  g roLrp ,  the  i ru thors  conc ludec i  tha t
thc  sk in  tcs t  rcsponsc  to  ( )n r -  spcc ies  o f  po l le  n  c iocs  no t  necessar i l y  n tean tha t
a  pa t ien t  l v i l l  respond to  another  c losc lv  re lu tec l  1 , - ,o l le  n .

Us ing  f rac t ions  iso la ted  by  e lcc t rophorcs is  in  s ta rch  ge ls , , l1ars l r  e t  a l .

I i78 ]  invc-s t iga tec l  the  d is t r ibLr t ion  o f  f rz rc t ions  in  ex t rac ts  o f  seven d i f le ren t
grass  po l lens .  Ant i *qen ic  con lponents  f ronr  ge l  f r l c t ions  \ \ ' c rc  examined by
imntunod i f lL rs ion  a-qa ins t  rabb i t  an t isera  to  c rude perenn ia l  ryegrass  po l len
anc l  pur i f ied  group I ,  I I  and  I I I  ryegrass  a l le  rcens .  A l le rgen ic i ty  o f  the
f rac t ions  was inves t iga ted  by  sk in  tes t ins  g rass  po l le  n -a l le rg ic  ind iv idua ls .
Resu l ts  shorvcd  tha t  an t igen ica l l y  c ross- re i ìc t in_u  po l lens  gener i t l l y  exh ib i ted
s i rn i la r  a i l le rgen ic  p roper t ies  rvhen tes ted  in  the  same a l le rg ic  sLrb jec t  and the
authors  conc lL rded tha t  po l len  an t iqens  r ,vh ich  c ross- reac t  in  rabb i ts  _uenera l l y
show a l le rgen ic  c ross- reac t iv i t y  in  man.  Sk in  reac t ions  to  g roups  I  and l l l
pol len ant igens were observed rv i th rye_srass,  orchard,  nre:rdorv fèscue,
meadorv veivet ,  sweet vernal  and t imothy grass pol len f  r i rct ions,  and i t  lvas
concluded that the -qroup I  ant igens of  orcha.rd,  meadow tèscLre and meador,v
ve lve t  po l lens  are  probab ly  the  major  a l le rgens  in  these po i lens .  Pos i t i ve  sk in
react ions to group I I  pol len ant i -eens occurred r .v i th ryegrass,  orchard -erass,
meadorv fescue and meador.v velvet  pol len f ract ions.  Al thoLrgh srveet vernal
and t imothy pol len extracts cross-reacted both ant igenical ly and al lergeni-
cal ly rv i th ryegrass group i ,  I I  and I I I  ant igens. the react ions rv i th these two
pol lens rvere less pronounced than rvas observed rv i th the corresponding
antigens from orchard -srass, meadow fescue and meadow velvet pollens.
Failure to find antigenic and allergenic cross-reactivity between Bermuda
(couch) grass pol len extract  and other pol len extracts studied agrees with
previous reports l l2,  87,  254] and subsequent studies (see below),  and is
reasonable in v iew of  taxonomic relat ionships ( table I I ) .

The RAST 12491, particularly rvhen used as an inhibit ion assay [86], is
provin-e of great value in studies designed to investigate allergen potency and
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( i : : l : s  , \ l l c r g e n s ,  ' , v i t h  l ) a r t i c L r l l r '  l ì c l c r c n r r  t ( )  C e  r c a l s  i 7

' l - u l t l c  
l l . , - \ r r t i g c n i c  a n d  a l l c r g c n i c  c l o s s - r ' c a c t i v i t i e s  b e t r i ' c c r ì  l ) c r c n i l i a l  l r , e g r a s s  i  L o l i u t r t

l ) c t a n i l ( ' )  p o l l c n  a l l c r g c n s  I t ' r  o n r  r e l ' .  1 1 7 ]

\  l l c r g : n s r

, - \  n  t  r  gc  i i  r  c  c ro : \s -  reac t  l \ ' r  t v

- \  I  l c r g .  ; r i -  .  r ' ( ' \ \ - r c J C t  i \  i t \

n o t  t l c t c e  t c t l  b c t r "  c c r r

r l c tec lcc l  bc t r i  ccn

n r ) t  ( l c t t c l . c d  o r  s i i g h t  r r i r c t i ( ) l - .e i l i  te l t

I  a r r d  l l

I  a n d  I f l

I I  a n c l  I

I t  a n d  I l  I

I I  a n d  I

I I e n c l  I I I

I  l l  a n d  I

I  a n d  f i

I a n t l  l l l

I l l  a n t l  I  I

I  S c c o n r i  , , i r i t t c r r  e l l c r g c n  L r s c t l  t o
r  De tcc tcd  by '  ra r f  io i rnn ìLu lo i ìssa_v-
r D e t e c t e d  b ; "  R , , \ S T  i n h i b r t i o n .

i n  h  r b i t .

r v i t h  spcc i i ì c  l abb i t  an t iboc i r

c ross - r cac t i v i t v .  Th i s  e rpe r ìn l cn ta l  app roa ,ch  has  r ccen t l _V  becn  L rscc l  by  a  f * v

s r o L r p s  t o  i n v c s t i g a t c  c r o s s - r c a c t i v i t y  o f  I s E  a n t i b o d i e s  r i ' i t h  a  n L l t n b e r  o i

g r a s s  p o l l e n  a l l e r s c n s .

IJer t rs ta i t t  c t  a l .  [ - ]01 obscrvc-c l  s ign i f ìcu.n I  c ross- reuct ion bct rve e  n  pcrennia l

r ,vcgr i Ìss ,  orcha. rd  qmss,  nrcac low fcscr rc ,  Junc -qrass and swcet  vr rn i t l ,  but  not

w i t h  I l c rn rL lda  g rass  and  co r . ì l n l on  r ccc l  po l l cn  cx t rac t s .  The  t ho rou rgh  s tudy

o i  Le i l e r tT tan lnd  G le i c ' h  [ 53 ] ,  i n  r i , h i ch  bo th  R i \ST  i nh ib i t i on  and  r cpea ted

abso rp t i on  expe r i n ren t s  r v i t h  seven  d i f l e ren t  a l l e rgen i ca l l y  i r r r po r tun t  g rass

pol lens werc Lrnder takcn,  rcvca lec i  c lear  c i i l lè rences bet rveen some of  the

spec ies .  Pe renn ia l  r ves rass .  o r cha rd  -g rass ,  meadow fescue  and  JL lne  g ress

po l l ens  we re  i ì . l l e r -een i ca l l y  ve ry  s im i l a r ,  bu t  swse t  ve  rna l ,  t i n ro thy  and  Be r -

mL ida  g rass  po l l ens  appea red  an t i gen i cn l l y  de f i c i en t .  I n  add i t i on ,  t imo thy

po l l en  appea red  t o  possess  some  L ln i que  de t c rn - r i n : r n t s  no t  d i sp layed  by  t he

o the r  po l l en  exam ined .

Ryeg rass  g roL lp  I ,  I I  and  I I I  a l l e rgens  we re  exam ined  fo r  an t i gen i c  and

al lergenic  cross- react iv i t ies  by rad io immunoassay us ing spec i f tc  rabbi t  ant i -

bod ies and RAST inh ib i t ion methods U2l l .  The most  s i -en i f icant  f ind ing was

the c lear  demonst ra t ion o f  a l le rgenic  cross- react iv i ty  bet rveen gro l rp  I I  and [ ,

I i  and  I l I ,  and  I I I  and  I  a l l e rgens  ( t ab le  IV ) .

Us in-s  the techniques of  c rossed- i ine immLlnoelect rophores is  and crossed

immunoelect rophores is  I t5 I ,  2451,  Low'enste in  [62]  demonst ra ted cross-



i J l r l r l ,  '  S r , t t r r 1 1  \ \ . / 1 ' l ' 1 1 _ ,

r eac t lV l t \  i l c t \ vcc t l  two  n lu . j o r  u l l c r ' { c r ' ìS  o f ' t i n t o th }  po l l cn  enc l  po l l en  com-  , à
po l - ì c l l t :  l r o t l l  t h ree  t t t hc l '  g rassc ) ,  1 ì r l se  oa t  l . - l t ' e r t a  c l u t i r t r , r ,  o r ch l r r d  _g rass  

-è

I t n t l  pc r cnn i l i l  r y cg r i t s s ,  con l r r on i r , '  l - oL rnc l  i n  Scanc l i na r  i u .  r \  c l e i r r  r e l a t i onsh ip
b e t r i c e n  t h c  g r a s s  î n t i c e n s  u n t l  t i n r o t h l , a n t i g c r r  2 5  r r t s  c 1 e r . r ' r o n s t r a t e c l  b L r t  t h e
r c l l t t i o n s h i p  \ v t ì . s  l e s s  I l r o n o u n c c t l  l l i t h  t i r n o t h - v  a n t i g e n  1 9 .  W h c n  u s c c l
t oqg lhs l  i n  RAST i nh ib i t i on  s tL rd i cs  anc i  cc ' r r - npa rc t l  r o  r l ì e  t ì r u r  po l l e r r  r . vho l c
cx t rac t s .  i . t n t l s cns  I 9  anc l  l , - {  sho \ \ r t l  97 ,91 ,  92  anc l  J3 , , , , ' , ,  i nh ib i t i on ,  r espec -
t i v c l - r ' .  r c ì : L t i v c  t o  t hc  t i r l o t l t v .  1 ' l r l s c  o l i t ,  o r cha rc l  g r i . ì s s  unc l  pe renn ia l  r yee r . ss
e  r t r ac t : .  Thc  s ; t i t c l v  sho r i  cc l .  t hc r c f ' o r c ,  t ha t  l b r  t he  se  run r  l t oo l s  s tud i cc l ,
t i r r l o t h r , ' l L t l t i g e n s  l g  l r n c l  2 5  a n c i  t l r c i r  c r o s s - r e u c t i n g  a l l c r g c r s  i r  t h e  p o l l c n s
: t L r t i i cd .  l t c c t l i t n t  f b r  t i t c  q re i t t e r  pa r t  o f -  t hc  a l l e rgcn i c  ac t i v i t y  o f  t l i c  f o i r r
c j i l l c r c i r t  po i l en :pec i cs .  T l i ' t t  I ' L r r t hc r  po in t s  ans ipg  t ' i ' r t p r  t 6 i s  s tL r c l , v -  sSoL r l c l
be  c r t l phas i zec i .  Thc  me thoc l  L t sc r l  l - o r  co rnpa r i ns  I ì - \S l - i n6 ib i t i on  v l r l ' e s  i s
a  ( l cpa r tL l r e  f r o t t ' t  t hc  no rn ra l l , r '  uscd  p rocec iu re  o l ' c i c t c rn r i n i ng  r5e  concen t ' t -
t i o t l s  o t ' i n h i b i t o r s  t h a t  p r o d L t c c  5 0 9 / r ,  i n h i b i t i o n  o f  t h e  r e a c t i o n  u n d e r  s t u c i y .
A s  t h e  r u t h o r  p o i n t s  o L r t .  t h c  l a t t e r  p r o c c c l L r r e  i s  o n l v  a p p l i c a b l e  r . v h c n  t h e
c x t r a c t s  b c i n g  s t L r c i i c d  h l r v e  u n  a l m o s t  i d e n t i c a l  q u a l i t a t i v e  c o n l p o s i t i o n .
Cons ide ra t i o r t s  s t t ch  as  t l t i s ,  ho rvevc r .  c l o  no t  j us t i t , v  i n t r od ' c t i o '  ì n to  t he
lL l l c rgcn  l i t c ra tL r re  o t ' t he  t e rm  .pu r t i a l  

i den t i t y ' .  Use  o f  t h i s  t e rn r  i ' s t eac i  o t '- c ross - r t ac t i v i t y '  
l s  i I I . ì  u l l nccessa r - v  depa r tu re  f r o rn  l ong  accep tec l  l pd  s t i l l

app rop r i i t t e  i n l n l uno lo { - I i ca l  t e r rn i no logy .  'Pa r t i l l  
i den t i t y '  i s  i t se l f  a .  con t ra -

c i i c t i on  i n  t e rn rs ,  r i ' h i l e  a t  t he  s i ì . n l e  t r r ne  sL rgues t i ne  s t ruc tL l r a l  ho rno log ies
tha t  mav  no t  be  j L r s t i f ì ed  f r om pu re l y  se ro rog i ca l  e ' i c Jence .

I n  a  s tL rdy  o f  an t i gen i c  anc l  a l l e rgen i c  c ross - re i ì c t i v i t y  be tween  ce rea l ,
gr i ì .ss  and d icot  po l lcns cr - r r rent ly  unc ler  wl Ìy  in  oLrr  laboratory ,  resu l ts
sL lppo r t  t he  conc lus ion  t ha t  pe renn ia l  r yeg rass  and  t imo thy  po l l en  ex t rac t s
sho rv  a l l e rgen i c  c ross - reac t i v i t y  bL r t  t ha t  t h i s  c ross - reac t i v i t y  i s  l ess  p ro -
nounced than one sees bet iveen i Ì  nurnber  o I  o ther  sr i Ìss  spec ies.  Table  V
shows  resu l t s  ob ta ined  i n  a  t i r p i ca l  expe r imen t  L r s i ng  seven  d i f f e ren t  g rass
pol len and t r ,vo d i f tèrent  d icot  po l len ext racts  in  RAST inh ib i t ion s tud ies rv i th
serum f rom a typ ica l  rye-srurss po l len-a l lerg ic  sub ject .  C lear-cut  c ross-
reactivi ty rvas observed betlveen ryegrass, orchard -qrass and canary grass
pol len ext racts ,  r 'veaker  cross- react iv i ty  occurred bet rveen ryegrass and
t imothy and wi ld  oats  (At 'enaJ 'a tua-)  ex t racts ,  but  Bermuda (couch)  and the
dicot pol lens from plantain (plantago lanceolata) and paterson,s curse
( Eclt ìum plantagíneum) did not cross-react. Results also sho'uv that cereal
po l lens,  for  example those t iom wheat  (7 .  aest i t ,unt ) ,  durum wheat
(7. durumJ, tr i t icale (Tri t icosecate), rye (S. cereale)andbarley (H. vulgare),
strongly cross-react r.vi th the grass polrens mentioned above, except for

I . S
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I  l ) i sc : ;  eL )uD led  t r )  t . ) . cg fass  l t o l l cn  a l l c r .gcn  cx t rec t .
i  l ) rc l r r r rcr l  as dcscr ibed bv Kt t re l tLrr . r .  c t  a l .  I l_ ]91.ì  - j 0 ' l í  i n h i L r i t i o n  n o t  u t t a i n c d  L l p  r o  l ( X )  r r g . , t u b e .

i l c r r r l L l d l t  g r l l s s '  C ross - r cac t i on  bc t i i ' c cn  cc rc i i l  î n ( l  g r ' î 5s  p t l l l cns  has  r cccn t l _v
been  r cpo r t cd  by  Ku l re ran r  u r t c l  l : ' r t r c l ;  t l l ó1 .  a l t i i oL rgh  t hc  _sn rss  po l l ens  yscd
rn  t hc i r  s t udy  we re  no t  i c i en t i f ' ì ec l .  Thcs r  r csL l l t s  gcnc ra l l y  t o l l o l v  t he  pu r i e r . r l
t h a t  n l i g h t  b c  p r c d i c t c d  l - r o n r  t l r c i r  t a x o r . ì o n l i c  r c l a t i o n s h i p s  i p  t a b l c  I I .

GruÌtt

C ra in  S t ruc tu re

When wheat '  rye and maize are harvestec j ,  thc  -qra in  sepa. ra tes cor l l -
p l e te l y  f r om the  husks  ( ren rma  and  pa rea  i n  f i s . 4 )  These  r1 r , , c r s  re rna in
at tached to  gra ins o f  bar ley ,  oats  anc l  r ice ,  anc l  f 'u r ther  process ing is  needed
ib l l o r v i ng  t h resh ing  t o  uncove r  t he  g ra in  i t se l f  ( t he  ke rne l ) .

The rvheat  gra in  is  aboLr t  6  mm long ( f i_u.6)  wi th  the embryo (germ) near
the po in ted end of  a t tachr îent  to  the p lant  and there is  a  growth o f  ha i rs
( t he  b rush )  a t  t he  o the r  end .  The  a im  o f  r n i l l i ng  i s  t o  c rush  and  sepa ra te  as
much as poss ib le  o f  the endosperm f iom the bran and serm t issues l f i_n.  z ,  s ; .
The a leurone layer ,  a l thor - rgh s t r ic t ly  par t  o f  the endosperm,  is  removed r ,v i th

I
I
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f  i y . ó .  S e u n l r i n g  c l c c t r o n  r ' ì l i e  r ' o g r u t r l l  r ) l ' l r  \ \ h c a t  g l a i n .  s i t o w i n g  t h c  p o i n t  o l ' a t t a c l ì -

n l c n t  ( l o r r c r  I c l ' t ) .  t h c  l r l i n k l c d  a r c u  e r ) \ t r i n g  l l r c  g c r n ' r  u b o r . ' c  i t .  u n d  t l r c  b r u s l t  h a i r s  a t  t h c

o p l ) o ) i t c  c î l c l  ( ) l ' t l r e  g r e i n .  T h c  i ì n c l , r '  t c r t r . r r c t l  s L r r l ' u c c  o 1 ' t l l c  b n r r r  l a y ' c r  i u r s  b c c r t  d a r l a g c c l

í . r t  o n e  ( ) r  t \ \ ' L )  l r o i n t s .  T i t c  s e a l c  l r a r  i s  I  r r n r  l o n g .

t he  b ran .  Ccne re l l y ' abo r - r t  759 ' i r  o f  t l i c  cn r i n  \ \ ' c i gh t  i s  ob tau led  as  \ vh i t c

l ' ìoLr r .  \s  th is  e .x t r i . rc t ion r i . r tc -  r ' i scs .  so c locs thc  r lcgree of  i r lcc ì rporut ion o f

b ran .  a l eu rone  l ay ' e r  and  ge rm i n to  t he  l i oL r r .  I t  i s  t hus  c l l r i t c  poss ib l e  t ha t

r i , 'h i te  f - lour r  conta ins s i_en i f icant  cont r ibLr t ions f rom thc brun and the gern l

(e .g .  i nc l L rd ing  r vhea t  ge rm agg lu t i n i n ) .

F igu re  8  sho ' ' i ' s  t he  i n te rnu l  s t r r - r c tu re  o f  l L ' uvhea t  g ra in  t ha t  has  been

b roken  i n  ha l f  t o  r evea l  t he  oL l t e r  b ran  l ave r  sL t r roL lnd ing  a  s i n ,e l e  row  o f

a leu rone  ce l l s .  The  ma in  vo lL ime  o t ' t he  g ra in  i s  occup ied  by  t he  s ta r chy

endosperm.  Abot r t  70otu o f  endospen-n is  s tarch in  the f 'o rm of  granr- r les ,  f rom
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I  t o  30  r r - l l l  i n  d i l t t t t c t c r ,  c r l bec ldcd  i n  a  rnu t r i x  o t ' p ro t c i r ì .  Thc  l u rgc r  s ta r ch
g r a n u l e s  c a n  b c  s c e n  i n  f ì q l r r e  8 .  A l s o  v i s i b l c  a r c  c c l l  w , a l l s  s c p a m t i n s  t h e
c n d o s p e n l t  c c l l s .

N l  i l l i ng  f ì r t c l 1 '  L rL l l v c r i zes  t hc  cnc lospe rn r ,  r ' c l eus ing  n lan ) '  f - r cc  s ta r c l r
g ranL t l es  and  s l l t a l l  p ro te i n  f ' r a - rmcn ts ,  mak ing  bo th  r cac l i l y  i nha lab le .  The
rn i i l e r  a i t t - t s  t o  r cn tove  t he  b ran  i n  I a rgc  p ieces ,  b i r t  f ì ne  pa r t i c l es  a r c  a l so
p l ' odL rccd  and  bccon ie  i i i r - bo rne .  The  b ran  and  ge rm f ' r ac t i ons  gene r t l l ) ,
con ta l r ì  son le  cndospe r rn  ma te r i a l  a l sc - r .

C -on tpa red  t o  whea t ,  on l y  sma l l  c i uan t i t i es  o f  ba r l ey  a re  m i l l ec l  f o r  hL rman
fooc i .  The  p rocess  i nvo l ves  remov ine  t he  l emma.  pa lea  anc l  b ran  ( f ì g . i 5a )  by
ab ras ion  (pea r l i nv ) .  So rne  o f  t he  pea r l ed  ba r l ey  i s  f u r t he r  r n i l l ed  i n to  f l ou r ,
but  most  is  so ld  as sLrch or  reduced to  f lakes af ter  s team cook ing.  Rice
p rocess ins  f i r s t  i nvo l ves  remova l  o f  t he  l emma and  pa lea  i n  a  hu l l e r ,  f o l l o r ved
by pear l ins  to  remove the bran layer .  Bran anc l  endosperm par t ic les  produced
in  these operat ions a . re  a lso l ike ly  to  be sources of  occLrpat iona l  a l le rg ies.  On
the  o the r  hand ,  dus t  p roduc t i on  i s  no t  so  g rea t  a  p rob lem i n  t he  case  o f
maize,  s ince much of  i t  i s  processed by rvet  mi l l ing.

I
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F , . s .8 .Scann ing  e l cc t ro r l  r t t i e  rog raph  shor i i ng  the  in te rna l  s t r r . r c tL r re  o i  a  r v ' l r c r t  g re in

t l t a t  has  been  b roken  i r r  ha l l .  The  o i r te r  b ran  lay ' c r  ( top  r i gh t )  l i cs  ne r t  t o  a  row o f ' a leu ronc

ce  l l s .  Thesc  in  tu rn  ad jo i r r  t he  s ta rchy  endospc rn r  ce l l s  con ta in ing  s t : i r ch  g ranu les  e  n - rbedde i l

i n  a  p ro te in  n ra t r i r .  Sonre  endospern l  ce i l  r va l l s  can  be  seen .  The  sca le  ba r  i s  50  1 rn r .

G r a i n  C o m p o s r t r o n
As shor .vn  in  tab le  V [ ,  a l l  the  s ta rch ,  most  o f  the  pro te in  and ha l lo f ' the

l ip id of  the grain are located in the starchy endosperm of lvheat.  The endo-
sperm pro te in  conta ins  a l l  the  g lu ten  o f  the  grz r in ,  account ing  to r  about  80%
of the protein of  f lor-rr .  I ts presence can readi ly be demonstrated by kneading
a lump of  f lor . r r -water dough in a stream of running water.  The starch and
rvater-solubie proteins wash out to leave a rubbery bal l .  This glr-r ten is the
protein complex responsible f  or  the unique abi l i ty  of  rvheat f lour to be made
ìnto leavened bread.

Gluten can be further f iact ionated into the protein -qroups gl iadin and
glutenin,  each composed of  a lar-se number of  protein components.  Gl iadin.
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Í : i g . r1  .  C lass i ca l  Osbornc  c \ i rac t i on  scc lL rcncù  t -o r  l t re  l re l i ng  i i l bL rn r ins ,
g l i a t l i ns  and  g lL l ten ins  f ron l  w l l c l t t  f ' ì oL r r  [ 251 .

spar ing l ; ' '  so lub le  in  \va ter ,  i s  r  mentber  o f  thc  p ro la rn in  c lass  o f  p ro te ins
c l r i t rac te r ized  hry  be ing  so lL rb le  ín  i ) " io  aqLreoL ls  e thano i .  Cr lu ten in ,  a  g lL r te l in
p r o t e i n ,  i s  i n s o l u b l e  i n  t h i s  s o l v e n t .  a n d  r e q L r i r e s  r r i l d  a c i c l  o r  a l k a l i  f o r  i t s
cx t r i ì c t ion .  SLrch  so lvcn ts  as  these are  the  bas is  o f  the  c lass ica l  p rocedure
( f ig .9 ) ,  dev ised by  Osbor r?e  ear ly  th is  centurv .  fo r  f rac t ionat ins  ceree l  g rx in
pro te ins  in to  four  c lasses  -  i i l bLrmins ,  g lobu l ins ,  p ro la rn ins  and g lu te l ins

!381.  The propor t ions  o f  these in  r ,vheat  r -ndosperm pro te in  i . ì re  epprox i -
mately l -5.  5,  40 and 40o/o.  respect ively.  The proport ions di f fer  considerably
f rom one cerea l  g ra in  to  another  l2 l4 ] .  Spec i f i c  names have been -e iven to
the main grain proteins f rom rvheat (gl iadin),  rye (secal in) ,  bar ley (hordein),
oats (avenin),  r ice (oryzin),  sorghLlm (kaf i r in) ,  and matze (zein).  These
names, der ived from the respect ive gener ic names ( tabte i l ) ,  are not in general
r ise,  except for  g l iadin,  hordein and zein.
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Thc hc terogcne i tv  o f  a l l  these -q roLrps  o Í 'p ro te ins  can be  demonst ra ted
( l ìg .  10 .  i l )  b r , '  i rna l -v t i ca l  f rac t ionat ion  in  s ta rch  or  po lyacr l ' l umide  gc l
e ìec t rophores is ,  i soe lec t r i c  focus ing  or  : r  two-d in iens iona l  combina t ion  o f
bo th  [70 ] .  On e lec t rophores is  a t  pH 3 .  the  g l iad in  p ro te ins  n r is ru te  more
s l o r v l v  t h a n  t h c  a l b r - r r n i n s  a n d  g l o b L r l i n s ,  s o  t h a t  t h e  g l i a d i n s  ( u p p e r  h a l f  o f
l ì -s .  l0a  z tnd  I  l )  a re  separa ted  f rom the  u ,a te r -so lub le  p ro te  ins  ( lo \ \ 'e r  ha l f  o f
t ìg .  l0a  and l l ) .  Th is  p rocedLr re  cAn thLrs  ind ica te  the  dcgree o f  c ross-con-
t l t n t i n u t i r l n  h e t r v c c n  p r o t c i n  t ì ' l e t r o n s  l ' o l l o r v i n c  p r e p u r a t i v c  t ' n r c t i o n e t i o n .
U n d e r  t h e s e  c o n d i t i o n s ,  s o m e  o f  t h e  g l u t e n i n ' d o e s  n o t  e n t e r  t h e  g e l  a n d
some mis ra tes  as  an  unreso lved s t reak  ( f ig .  l0a) .  D iscre tc  zones  rnay  be
reso lved lo r  g lu ten in  a f tc r  b reak ing  d isu lph idc  bonds ' . v i th  2 -n te rcapto-
e thano l ,  p i r r t i c r - r la r l y  i l  sod iu rn  dodecy lsu lphate  ge l  e lec t rophores is  i s  uscd .
The exper iment  in  f igLr re  l l  rvas  des igned to  examine contanr ina t ion  o f  one
pro te in  f rac t ion  r ,v i th  another .  I f  ins tead,  reso lu t ion  o f  ind iv idua l  components
o f  each pro te in  c lass  is  des i red ,  a  longer  t ime fo r  e lec t rophores is  shou ld  be
used,  p re te rab ly  in r3 -27o/o  grad ien t  ge l  ( f ig .  I l ) [70 ] .  Ge l  i soe lec t r i c  focus in_q
(f ig.  l0b) fLrr ther demonstrates the hetero,uenei ty of  these protein c lasses, and
ind ica tes  tha t  each has  components  cover ing  a  rv ide  range o f  i soe lec t r i c
po in ts .  Combined ge l  e lec t rophores is  and isoe lec t r i c  focus ing  ind ica te  tha t
there  is  more  than one pro te in  in  many o f  the  apparent ly  s ing le  zones  reso lved
by ei ther method used above. Analyt ical  procedures such as these provide
better resolut ion than most preparat ive methods, and are thus wel l  sui ted to
the detect ion of  indiv idual  iso-al lergen zones by a direct  staining procedLrre
referred to on pp.2-29. Such a method wi l l  a lso prove valuable in studying
cross-react iv i ty betrveen cereal  grain proteins,  s ince comparison of  the
electrophoretic patterns (fig. I l) shows the presence of many components
with over lapping electrophoret ic mobi l i t ies in extracts of  bran and f lour
from a variety of cereals.
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f - i { . l r ) . , - \ r 1 r l . , r r c a l  t ' r  l r c t i r ) l ì a i i ( ) l ì  , r l ' p r o t c i n  l l r c l ) a r a t i o r r s  o b t i ì i t ì c c Ì  i ' r r l r l r  \ \ i r c x t  i l ( l ì . l r

l t r  s c c l  r r c p t i l r l  c \ t l ' t e t i ( ) n  ( 1 ì g . ( ) ) .  r r  ( ì c l  c l c c t r o i t l t r r t ' c s i s  l ì l  1 l t - i  J : o r i g i l r  i l l r ( l  i l l r o d c  l l t  t t - r i r ;

n l b r - r  p r i r r s  ( l e  l ' t ) ,  g l t r b L r l i r r s .  g l i a L l  i n s .  g l r r l c n i r r s . . \ - g l i a t l  i r r  ( k i r r d l y  p r o r ' ì t l c t l  b v  D . 1 ) .  h ' u ' . i ' t t r t l t t ) .

e p t f  r y i t g i c  l l o r r  r  c r r r a e  t .  b  t l c l  i s o c l c e  t r i c  l ì r . r r s i n g  i i t  t l r c  r a n g c  p l - l  - ì . 5  ( t t l p )  t . o  l ( )  o l ' ' " i i l c l t t -

i ì t r L r r  g l g b L r i i p s  ( l c l ' t ) .  q I c a t - l ' i 9 r r r  g i i a t l i n : .  r ' ] r - - g r - r r i n  p r ( ì t c i l l s  r l ' t l l  I  c \ t f l l e  t ) ,  \ \ l l e i ì t - g f l ì l l ì

p r o t c i n s  ( p F l  . ì  c \ t r a c t ) .  r , r ' h c a t - l l r r L r  r '  \ \ a t c r - s o l L r b l c  l t r t l t c i n 5  r l l r d  u  I t c a t - l l o t r t '  a l b r - r r l l i r l s .

r ,  . \ u t t t r a t l  i l r g r a p h  s h r t w i n g  I g L . - r c a c t i v c  r c g i r t n s  o l -  t i t c  \ \ ' a t c r - s o l t l b l c  l l l o t c i r l  p l t t t c r t l  l ' r t l t ' t t

ó  a f t c r  i n c L r t t a t i o n  *  i t h  t i t c  s c r L l l . ì l  o t '  l l  t l t l t r t ' - l l i l c r g i c  b a k c r .

f r l t tu r  a r ld  Bran as  I l lha led  A l l c rgcns

Rc ièrences  to  in tmec ' l ia te  hypcrsens i t i \ ' i t v  re i tc t ions  to l low ' ins  i r lha l l l t ion

o i  f l o u r  g o  b a c k  o \ ' c r  6 0  y e l r s  [ ] 1 ,  3 i .  3 7 ,  9 1 .  I  1 6 .  l i 9 ,  1 9 9 ,  1 0 4 ,  2 3 3 1  a n d

so-ca l lec l  bakers ' : t s thma.  i t  fo rm o ia l le rg ic  i ì s thn la  indr , rced  by ' thc  inha la t ron

of  cc rea l  l ' l our ,  con t inLres  to  a t t rac t  the  in te res t  o f  rescarchers  [25 ,  115,  130.

lg2 ,  193,  2501.  Desp i te  the  nLrmerous  c l in ica l  exan l ina t ions  o f  bakers '

as thma,  L rn t i l  recent ly  there  has  been l i t t le  p rogress  in  ident i f y ing  the  spec i f i c

f lo r - r r  a l le rgens  respons ib le  fo r  thc  cond i t ion .  Us ing  immr- rnoe lec t rophore t ic

methods, Blands et  a l .  [35]  demonstrated 40 di f ferent ant igens in rvheat l lour

ancl  shorved that 20 of  these ant igens cross-reacted rv i th r)-e f loLlr  extract .

Crossec l  rad io immunoe lec t rophores is  exarx ina t ions  iv i th  sera  f rom i3  a l le rg ic

ffi

ffi
#
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f - i : : . 1  |  C rac l i e  n t  gc l  c - l cc t rophorcs i s  i n  sod iun r  i uc ta tc ,  pH - l  [ 70 ]  o f  694 . ,  u rea  ex r rac ts
( l c i t  t o  r i g ì r t )  o f  r vhc i t t  f l ou r ,  r . vhca t  b ran ,  w i rea t  po l l a r r l  ( f ì nc  b ran  anc l  somc  eern r ) ,  whea t
rv l to lemea l  ( f l oL r r  a r rc l  b r i t n ) .  c lL t r r t t l  r r ' ho len rea l ,  t r i t i ca l c  l vho iemea l ,  r ve  r vho lemea l ,  ba r ley
w' l tc l lemcal ,  r ice f lot r r .  nta ize rvholenreal ,  r ) , 'e  f ìoLrr ,  sc.r rghLrnr f lour,  ancl  sorghunr r .vholemeal .
[ ) ro tc ins .  app l i ed  a t  thc  t t t p  o f  t hc  ge i ,  r r r i g ra tcd  to rva r . c f s  the  ca thoc le .  Grac l i en r  ransc :
2 .5 ' ) í  po l_ " - l i c11  la r t r i de  a t  ro l l  t o  l 7 ' )1 ,  I f r r i n r  re f .  221 .

bakers  reve i ì - l ed  l8  c i i f l e ren t  a l l e rgens  a l thoLrgh  on l l z  th ree  o f  these  r , ve re
c lass i f ied  as  major  a l le rgens .  No a t te rnp ts  wcre  madc,  hou,e , , ,e r ,  to  i so la te
and charac ter ize  the  a l le rgens .

Our  a t tempt  [25 ]  to  ident i l y  ma jor  a l le rsens  in  rvheat  f ìour  was based on
solvent extract ion ( f ìg.9) of  pr-rr i f iecl  ancl  part ia i ly  pur ined f loLrr  f ract ions
ivhich rvere then Lrsed in RAST stLrdies rv i th séra f rom sLtbjects r ,v i th bakers,
i Ìsthma. Examinat ion of  rvhole r ,vheat f , iour,  an Lrndi i ì . lysed water_solr-rble
f rac t ion ,  un f rac t ionated  rva ter -so lub le  p ro te ins  and e l iad ins ,  A-g l iad in ,
i t lbumins,  ,e iobul ins,  g luten, deamidated -elutens, glutenin and pur i f ied wheat
arab inoga lac tan-pept ide  [81 ]  showed tha t  the  water -so lub le  p ro te ins  and,  in
part icular,  the aibumin components of  f lour are important al lergens. RAST
inhibi t ion procedures revealed that r .vheat rvater-soluble proteins and p'r i f ied
albumins were approximately equal ly act ive in inhibi t ing the binding of
f lour-speci f ic  I -sE ant ibodies in sera f rom pat ients wi th bakers '  asthma
(table Vi t ) .

Al thou-sh wheat albumins, and to a lesser extent globul ins,  are c lear ly
important al lergens in bakers '  asthma, al l  of  the react ions studied so far
cannot be whol ly explained on the basis of  a lbumin and elobul in sensi t iv i tv.

,3;,,''î*nln'.:rl. f*tl*I;
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f  i J  l ) .  C c l  1 ì i t r a r i o n  t ' r [ '  t ] t r r i  t '  \ \ i t l . r - s o l L i  h l c  p r t r l c i r t r  i i t  ( )  ( ) - i  \ 1  l p t q r o . i L r r r r  l L c c l l t r c
( | l f  I  - 1 . 7 )  o n  S c l i h a c i c r  c - l ( x )  

- f l r c  
l o r r c [ . u r \ c  s i r r r * . s  i h c  c l L r i i r r r r  o i ' r r r o t c i n  a s  i r b s o r l r l r n e e

e t  l . t ( )  r t r r l .  T l l c  L l  l l P C f  g r l t l ' l i t  i n c i  i c l t t c s  i ì . ^ \ S - f  i a s  l l c ; c c r ì t u g r  L r  p t i . ì k c )  l ' o r  s e r a  l - r r ^  t h r - c - c
l i i i c r s i c  b l k c r s  1 1  r l r r  t c r l  t c n r ì r l r i  ( c i i - i l t s ) ,  t l r r c - c l ' o l r l  ( t r i a n q i c s )  a n r l  t , r . t l l ì r l t l  ( s 1 1  r r a r e s )  -  l t r r .
t i l c  c i e l t t  s ù l s  ( ) l - l ' r l l c t i i l n s  l t o . i c t l  a s  i n t j  i e u t c r l  .  

- f h c  
a ' r r a q c  n r r , r l g g l l l x , .  r r c i g l r t s .  c s i i n l î t c r l

b ) ,  . q c l  1 ì l t r l t i o r r  ( ) l ' t e r ì  s r a r r r . l n r t l  p l o r c i r r s .  * c r c  s 7 . ( ) t ) ( )  ( p o t r l  l ) ,  + - 1 . 0 ( ) ( l  í p t r o l  . ì ) ,  l s . ) i ) ( )
( p o o l  4 ) ,  1  3 , 5 0 0  ( p o o i  _ Í )  l r r t f  1  5 . - i ( ) ( )  ( p o o l  ( r ) .

Tuh le  I ' i l .  I nh ib i t i o r t  o i  t l i e  b ind i r rg  o i -  se ra  f ro rn  r vhea t  f ' l oL r r -a l l e rg i c  sub jcus  to  c l i scs
co r - rp iec l  , , v i t h  r , vhea t  r i , a rc r -so lub le  p ro te ins  I f rom re f .  251

Scrunr . A r n o u n r  o f  p r o r c i n  ( u g )  n e c d e d  t o  i n h i b i t  t h c  L r p t a k e  o f  I g E  a ' t i b o c i i c s
l ' r r tm  a l l e rg i c  se run r  by ,509 / " r

r i  a t c r - :u l  r rb le  p ro te ins a l b u n r i n s g l o b u l i n s

\,1as

Z i r

1 . 5
3 .0

t . o

3 . ) .
28 .0
i . 0

L  De tec ted  as  5091 ,  i nh ib i t i on  o f  the  L rp take  o f  I r5 l - l ab : l l ed  an t i - l gE  in  t l i e  R .AST.
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l ract ion numbeT

F ig .13 .  Dens i t y  g rad ien t  i soc l cc t r i c  focus ing  o f  f l oL r r  \ \ ' a i c r - so l t rb le  p ro te ins  i n  thc

r a n g c  p [ - i  3 . 5 - 1 0 .  p H  i s  i r r c i i c a t c d  b y ' a  t l o t t c d  l i n c  a n c l  p r o t c i r ì  c o n t e n t  o f  f r a c t i o n s  ( a b -

s o r b a n c c  a t  l [ ì 0  n n t )  b y , t h c : o l i d  e r r r v e .  T h e  h o r i z o n t a ]  b a r s  s h o r i ' t i t c  R A S T  r e s L t  I t s  ( l s

pc rcen tage  L rp take )  f ' o r  a l t c rna tc  f r l i c t i o t r s .

Clcar iy .  some reac t ions  occL l r  \ \ ' r th  o thcr  i lo r . r r  compÒnc l l t s  i . ì . s  * 'e - l l  anc i  i t

n lL ls t  be  re rnenrbercd  tha t  sonrc  o f  the  gr l in  p ro tc ins  i t re  inso lL rb le  L lnder  the

conc l i t ions  L tsec i  fo r  tes t ing .  Never the  less ,  our  a t ten t ion  has  been par t i c t i la r l y

c l i rcc tcd  to ivarc ls  f rac t ionat io r r  o f  the  a lbLrn t in  and g lobLr l in  p ro te ins .

Ce l  f i l t ra t ion  o f  th is  f r i rc t ion  ( f ig .  l2 )  shorvs  tha t  p ro te ins  l v i th  mo lecu la r

r ,ve igh ts  in  the  range 25 ,000-35,000 are  the  most  a l le rgen ic  on  the  bas is  o f

RAST.  F isure  l3  shorvs  tha t  the  rnos t  a l le rgen ic  f ' rac t ion  o f  those separa ted

on an  isoe lec t r i c  focurs ing  ge l  fo r  one par t i cu la r  as thmat ic  baker  has  an

isoe lec t r i c  po in t  o f  abor , r t  9 .1 .  We have ob ta ined d i f fe ren t  combina t ions  o f

isoal lergens rvhen the ser i i  of  other zr l ler-eic bakers were Ltsed. In the study

by Blant ls et  a l .  [35] ,  three of  the 40 ant igens (numbers 38, 39 and 40),

cJetected by crossed immunoelectrophoresis,  migrated cathodical ly at  pH 8.6

in the f i rst  d imension, indicat ing an isoelectr ic point  h igher than 8.6.  Both

ant igens 39 and 40 were ident i f ied as al ler-qens in 7 of  the 20 bakers tor  whom

speci f ic  a l ler-eens were ident i f ied by crossed radioimmunoelectrophoresis.

These al lergens may correspond to our basic protein f ract ion.

The involvement in bakers '  asthma of  a range of  a l ler-eens with di f ferent

isoelectr ic points can also be demonstrated by their  speci f ic  react ions wi th

serum IgE fol lowing gel  isoelectr ic focusin-e ( f i -e.  10b, c) .  The fract ionated
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. , \ S - [ '  o i '  i i t c  p t . c s c t t c c , r l '  l - q [ ' .  l t i t i i i , ' t , t i ì c : '

l l l r s )  r r r  l l r r r r r  ( ' . r  i t i t c  [ -x r r ' : ; ' )  I ' r ' i rn ' t  t r  t  ; tn l t c

t i r c i r  i ' c i l t c t f  i r c r t  t . . ,  s  l t e  l t l ) .  L r : i r t q  s c r L l i l l

p ro l c i ns .  t r t r ns t c r - r - e t i  l nc l  1 ì r cc l  t o  a  i l cn rb r i t t t c .  * c r - c  t t t cL tb i i t c t l  r i i t [ r  t ] r c

sc r l n l l  o t ' u r . r  a l l e rg i c  bakc r  ( t i r c  su r r c  i t s cc i  t ' o r  1 rg .  l 3 )  l u t c j  t l t c  pos i t i on  o f ' t l l c

I g [ r  \ \ i r s  c l e t c c t e c i  r i ' i t h L - : l - a n t i - l g E  l o l l o r v c c l  b ] ' l u t o r u t c l i o g r a p h y .  T h i s

n rc thoc i  i s  n to r c  sens i t i v ' c  i han  t i i e  u r l t l v s i s  o f  co lu t l t t  l - r ac t i ons  anc i  sho r i s

n rc ) r c  a l l e rgens  t h i l n  wou l t l  bc  l t r cc l i c t cc l  l ì ' on l  f ì gL r r c  l i .

Cross-  Reuct iy i t t '  ba lwcct t  G ra i t r  cutd  Pol ler t

i n t e r g e n e r i c  C o m p a r i s o n  o f  G r a i n  A l l e r g e n s

These  s tud ies  o f  ce rea l  a l l e rgens  have  recen t l y  been  ex tended  to  exa tn ine

alc l  compare rvho lemeal  ( f ]our .  -serm and br tn)  and f four  f ro t -n  a  rv ide range

o i  d i f f e ren t  ce rea l s ,  and  t o  assess  t he  ex ten t  o f  c ross - reac t i v i t v  r v i t h i n  t he

range  o f  ce rea l s  se lec ted  ( f i g .  l 4 )  122 ] .  Un t i l  da ta  su rch  as  t h i s  i s : t ccumt t l a ted ,



t ) nc  c i i r l no t  b t  sLn ' t  t h l t  i t  i s  cvc r r  ncc r ' sS l r - \ ' t o  i so i l t t c  l t u r - c  l l l c rgcns  l - r om

cc r r ' i i i  q t ' l t i t ' ì s  sL i ch  es  c i u rL rn - r .  t l i t i c l r l c ,  b l i l l c , , , .  so r -gh r rn r  und  s ( )  ( ) n .  s i r r cc  c l ose

c x l l t t l i n a t t o t t  o i - o n c  o f . t h c s e  c c r e l r l s  n l ì _ \ ' p r o v i t l c  r c s r r l t s  t h l t  l L r c  t y l t i c a l  o f

t h c  t ' c s t .  
' [ r L b l c  

I I  : h o r , , s  t l t c  t a r o n o r ì r i c  i ' c i a t i u r r s h i p s  u n c l  l ì c L r r c  l 2  s h o r v s  t h e

c l c c t r o p i r , r r c t i c  : i n r i l a r i t i c s  u r t r l  t l i f ' l i r c n c c s  b c t * ' c e  n  t h c  c ù r ' r a l  c . r t r a c t s

t : i a t l ì i ncc i .  Even  t h r rL rgh  r i l t ca t  l t n r i  r ' - \ ' c  l r r - c  c l ass i f ì c c l  i n  t r , , o  scp l i r l t c  ge l t cn t .

i t - t t c t ' g c n c n c  h r  b r i r i r z a t i o n  l - . c t u  c e n  t h c n r  i t o  p r o c l u c e  t r ' ì t i c l i l c )  i s  p o s s i b l e .
- l - h c  

i l o s t  r r b r  i o r r s  s i n r i l a r i t i c s  i r t  t h e  r ' ì e c t r t t p h o r c t i c  p l t t c r n s  o l '  w ' h c a t  a n d

t ' - \ c  c \ i t ' l c t \  l u -a  t o  bc  scc r t  i n  t hc  l L i [ r u i r i l r  p t ' o t c i ns  scp i t r - t r t c t l  i n  t hc  l o l , l ' c s t

i h i r t l  t r 1 -  t ì r c  r e  I  i n  f ì g L r r c  I  l .  l i n t i  t h i '  i s  t h r  c l l s s  o 1 ' p r o t c i n  i n  t  l r c u t  r c p u r t c d

t o  c o t i t u i n  t l t . :  r l o : t  p o i e n t . t l l c r q c n  ì n r o l r c c i  i r - r  b l r k c r s ' l L r t i t i l u .  I ' h c r c  h a v e

bccn  i t  t l L l t l t t - ' , , ' r  o l '  r e  p i l t - t :  r ) t  l i l l t ' r ' ! : cn ie  r r ( r \ \ - r t - . i c t i r  i t . . '  bc i r i  t cn  c l i f i c r - c r r t

c c t ' c r L ì .  l . ì  i .  i . .  l l 0 .  i - j ' ' ) .  l l l l .  \ \ i r  h r r r t r  p c r f ì t l i l c t i  r l i i ' c c r  i ì . \ S f  ( i ì g .  l - l ) ,

I ì , ' \ S - f  I n i r r b i t i o n .  p r r c k  t c s t  u - n r l  a i ì c r c i c  h i : t a n r i n e  i ' c l c e s c  r i , i t i r  e  r l , i c l e r  r a n g c

t l f  c c r ca l s  t l i a i t  l t as  p rev io t r s l v  bee  n  s tuc i i cd .  
- f hc  

r csu l t s  s t r cn -c l hcn  t hc  con -

c l L r s i on  t l t a t  t t l i r - kcc l  c ross - r ' c l c t i v r t r , '  e r r s t s  bc t r i ' e cn  n lanv  o f  t l i c sc  spec ies .  I n
p l t r t t cu l l i t - ,  r t ' h c l t  r i  u t c r - so lub l c  p ro t c i r r s  sho r i , ' c c l  r r r a r l ' : c c l  C roSS- rc - l rC t i l ' i t v

w ' i th  thc  r ' , r . r .  ln r lc r , ,  i ìuc i  o i t ts  ccre l i l  cx t racts  te  s tcc i  i2 l ] .
N o  i n t ' o t ' r n a t i o n  i s  u r u i l a b l c  o r - i  t l r c  i n c i c l c n c c  o l -  h r ' p c r s c n s i t i v i t r  t o  b n L n

o l '  ( ) t r  t h e  a n t i g c n i c  a n d  u l l c r g c n ì c  c o n r p o s i t i o n  
- o f ' t h i s  

c o r r s l r l u c n t  t t l ' i l ' h o l c
gn i i t t s .  BnLn ,  t oge t i r c r  *  i t i r  t hc  - sc rn r .  i - r " ccoL tn t s  f o r  abou t  109 ' i ,  o f  t he  d ry
wc i ch t  o1 -  cc reu l  g re ins  | - 13 ] .  l r r  ou r  s tL rd r ' ,  c i i r c c t  R . \ST  r -esu i t s  l l ' e r c  o f ' t cn

h i g h c r  t ' o r  r i l t o l e n r c a l  p r e p u r a t i o n s  ( l ì g .  l 5 )  r i ' h i c h ,  L r n i i k c  l l t t u r ,  c o n t a i n e c i

t h e  r t L t t c r  b m n  l a v c r s  o f ' t h e  g r a i n .  T h r s  r i o L r l d  n o t  b e  c x p e c t c c l  i t -  t h c  b r a n
layc rs  t . i u t c l c  r . r o  con t r i bu t i on  t o  t hc  a l l c reen i c i t y . o i  t hc  i nh l i l ec i  l vho lemeu l

c c r e i ì l  p r e p a r a t i o r t .  F i g u r c  I I  s h r t w s  o b v i o L r s  e l e c t r o p h o r c t i c  c l i f l e r e n c e s

bc t t vcen  r i hea t  t l oL r r  and  r vhc i t t  b ran  l i nc i  t h i s  i s ,  p resun tab l . u - ,  a  r c f l ec t i on  o f '
t h e  d i t l e r e n t  p r o t c i n  c o r - n p r r r i t i o n  o f ' t h c  [ \ v o  p r c p i L r a t i o n s .  T h e  c o n c l u s i o n
i s  t he re to re .  t ha t  t hc  b ran  l avc rs  o [ -  ce  rea l  s ra i ns  a re  a t  l eas t  as  a l l e rgen i c  as

f l oL r r  anc l  e l l o r t s  shoL r l d  be  made  to  i den t i f v  a "nd  i so la te  t he  imnc l r t : r n t  a l l e r -
gens  i n  b ran  as  r ve l l  as  i n  f l oL r r .

C ross -Reac t i v i t y  o f  Po l l en  r , v i t h  G ra in  An t i gens  and  r \ l l e r_uens

Cross-react ions occur  between cerea l  gra in  : rnd grass po l len ant igens

and  a l l e rgens  [ 2 ] ,  a l t hou -eh  t he  na tu re  o f  t he  c ross - reac t i ng  g ra in  and  po l l en

components  has not  been s tud ied.  Hol /nnn f l20]  found that  ryegrass _qroup I
po l len a l ler -sens removed IgE ant ibod ies f rom the serum of  an a l lerg ic
pat ient  that  reacted rv i th  wheat  f ìour ,  but  absorpt ion o [  the serum wi th

f lour  d id  not  remove igE ant ibod ies that  reacted r ,v i th  grass po l lens.  Wi th

é,À
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F ig .15 .  Scann ing  e lec t ron  m ic rog raph  o f :  r zwho le  ba r le ; -  g ra in  o f  a  va r ie ty (Weeah)
rv i th  a  shor t -ha i red  rach i l l a ,  ó  base  o f  ba r ley  g ra in  o f  a  va r ie ty  (C l i ppe r )  r v i t h  a  l ong -ha i red
rach i l l a ,  c  ba r ley -g ra in  dus t ,  r /  g ra in  dus t  f rom C l ipper  ba r ley ,  c  and  /g ra in  dus t  f ron t
whea t .  The  b lack  sca le  ba r  i n  c  i s  I  mn t ,  i n  ó  i s  200  3m,  and  in  c - / i s  I00  pm [ f ron t  re f .  260 ] .
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se ra  f r om some  o the r  s l r b j cc t s ,  abso rp t i on  \ \ ' i t h  f ì ou r  c i i c i  r e l l l ove  t he  l n t i -
bod ies  reac t i ng  r v i t h  po l l cn  bL r t  t he  po l l en  a l l e rgens  d i c l  no t  r cn love  t he
f loLt r - react ive IgE ant ibod ies.  No a l lergenic  cross- rcact i \ , , i ty  bet rveen f lour
and -erass po l lens \vas observed w' i th  some other  sera thet  re i tc tec l  lv i th  both
f l ou r  and  g rass  po l l ens .



( i r a : s  \ l l c r g c n s .  r i , r l l r  l ) u r . t ì c L r l a r  [ ì c l L ' r c r ì c c  t o  C ' c r c l i l s

t 5 J

In a stud.v" o[  bakcrs '  apprent ices,  I - lerxheirner [  16]  lound a higher

inc idence o f  po l len  hypersens i t i r , ' i t y  in  f ìour -a l le rg ic  npprent ices  than in

apprent ices  rvho showed no h l lpersens i t i v i t y  re lc t ions  to  l lour .  B lands  e t  a l .

[35]  detected 40 di iTerent ant isens in rvheat f ' lour and shou,ed that 7 of  these

cross-reacted rv i th some pol len ant igens. Of the 7 di f ferent cross-react ing
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: u l t r gcns . . l  ( nun rbe rs  l .  6 ,  i i  l i nd  26 )  r , ve rc  t i c t cc t cd  rn  t i n ro thy .  b l ue  gmss ,  f u l sc
o l t l  a t l d  o r cha r i l  . n ì ss  po l l cns .  I  ( nun rbc r  l 9 )  i n  r vcg rass ,  t i r - no th r , ,  b l L r c  J
g r i l s s ,  l ' a l sc  oa t  and  o rch l r i ' c l  g rass  po l l cns ,  I  ( nL i r l bc r ' l l )  i n  r ycg rass ,  t i r no th l ,
anc l  b l ue  q rass  po l l cns  and  I  ( number  2 ;  \ vas  co l l l r l on  t o  t i n to th l r  and  t ì r l s c
o rL t .  po l ì ens .  I , L l ' a i t l r  c t  e l .  12 -5 i l l  con lpa rcc l  RAS- t ' s co rcs  f o r  g rass  po l l cn  an r l
cc r c l t l  l l oL r r  i n  t bo t l - l l l e rg i c  pe t i cn t s .  Somc  c r l - t l t c  p r r t i en t s  exh ib i t cd  sv r t r p toms
l ì r l l o r i i ng  i nues t i o r . i  o l ' f l ou r  r i ' h i l e  o thc rs  c l i d  no t .  t ì . , \ST  sco rcs  f  o r  p r t i l cn  an t l
f l oL t r  t i ' e r c  s i n r i i l i r .  o r  h i qhc r  t ' o r  t l oL r r ,  i n  t hc  s roup  l v i t h  sy , rnp ton rs .  Thc
s l ' t i L l p  r r i t i - t ou t  s ) /mp ton l s  s l t o r v ' ec i  h rghe r  p r c , . i ì en  t han  f l ou r  sco res .  

- l ' h c  
s tu t l - l '

s i r o ' , i cd  t ha t  sc r l i  n l t l ' b c  pos i t i v ' c  t o  bo th  g rass  po i l cn  anc l  f l ou r  o r  p t r : i r i r c
t o  one  on l l ' .  C ross - t ' eac t i v i t - v  be t l vccn  g ra in  l nd  po l l cn  a l l c rgens  \ \ ' i t s  con -
: i d c r c d  t o  b e  u  p o s s i i r l c  e x p l a n a t i o n  o i ' t h c  R A S T  f ì n c l i n g s . ' f h c  a u t h o r s
b e i i e v c  t h a t  t h c  p r c s c n c c  o t ' i g E  l i n t i b o t l i e s  t i r a t  r c a c t  r . v i t h  l l o u r  d o c s  n o t
t t cccss ; . L r i l ' " ' i n c i i ca te  a l l c rg l l  t o  i nses t cd  cc ree l  c ra i n .  l - l o r vcvc r ' ,  t hc . , , sugqes I
t ha t  a  î ' l ou r  I ìAST  sco re  o f  t r vo  o r  n ro rc  r v i l l  be  s i sn i l ì can t  r vhcn  t hc  L : rass
p o i l e i t  s c o r c  i s  s i r n i l a r  o r  l c s s .

Gru i t t  Dust  end SÍ rar r

\ \ i hcn  ce  re t l  g ra ins  u r c  ha r l es led ,  cons i c i e rab le  dus t  i s  p r c l dL rccc l ,  n ta i n l r v
c l L t c  t o  t hc  con t r l i nL r t i o r - r  o f  t he  d r i r  l eaves ,  s ten l s -a l l c l  husks  c l L r r i ng  t h resh rng .
[ . - t r r t h e r  d u s t  i s  p r t t c i L r c c d  d L r r i n g  t h e  s u b s c q u e n t  h a n c l l i n s  o f ' t h c  g r a i n  o n
t i c l l v e r v  t o  t h e  c o L r n t r v  s i l o  l c l c v a t o r ) ,  d u r i n g  t r a n s t e r  t o  r e i l  t r L r c k s ,  i n t o
scaboa rd  s to r t t ge ,  i n to  sh ips  and  n t  t he  f l oL r r  m i l l .  These  dL rs t s  common ly
caL l se  resp i ra to r r v  abno r rna l i t i es  i n  t he  occupa t i ona l  g roL rps  exposed  ( f à r rne rs
and  g ra in  hanc l l c r s ) .  The  causa l  agen ts  may  u r i se  f - r om the  ce re l l  p l i i n t  and
s ra in ,  o r  f r om assoc ia ted  o rgan i s rns  such  as  i nscc t s  anc l  f un_e i .

Thc  ma in  i ì c cen t  i n  t h i s  sec t i on  i s  on  t he  ce rea l s ,  bL r t  t he  l i k c l y  i nvo l ve -
m c n t  o f  c o n t a m i n a t i n g  o r g a n i s m s  i s  d e s c r i b e d  l a t e r .  F a r m e r s '  l L r n g  i s  u r r
example lvhere the non-cerea i  fac tors  out rve ig l - r  the cont r ibut ion o f  the s t ra lv
i t se l f .  I t  i s ,  i n  f Ì t c t ,  t he  c l ass i ca l  examp ie  o f  ex t r i ns i c  a l l e rg i c  e r l veo l i t i s ,
invo lv ing the thermophi l ic  ac t inomycetes . ,V icropol t 'sporafaeni  and Ther tno-
a c'  t  i  no nt v'  c e s v'  u l  g ar i  s,, i '  hich accu mu late d uri  ng storage 15 7, 8 3, 200, 202, 2361.
On  the  o the r  hand ,  t he re  i s  l i t t l e  i n f  o rma t i on  ava i l ab le  on  t he  e f f ec t s  o f  s t r aw
dus t  p roduced  du r i ng  ha rves t .

Composi t ion o f  Gra. in  Dr . rs t

The dust  -generated dur in-q  the handl ing o f  cerea l  gra ins cons is ts  main ly
o[ l iagments abraded from the outside of the grain to-eether r,vi th part icles
resu l t ing f rom the complete  d isrupt ion o f  some gra ins.  F igure l5e and f  show



t i t c  i i ì t e t ' r ) S ' o [ ] l c  \ t t ' L l c t t . l l ' r Ì  ( ) l  r i L r s t  p r o t l u c c t l  f ' r o r r r  t l t L r  l t l r n r i l i n s  r l l ' r v ì t c l r t
g r ' ; t i t t .  I ) l u ' t i e L t i a r i v  l ) Ì ' ( ) l r ì i n c n t  i u ' c  t l ì c  s l r e l r - i i k c  l ì ' r r u l l c l l t s  t i t i t t  b r c a k  t r 1 ì -
l ' r ' o r i t  i l r , - '  i r r u s l t  c n r l  o Í '  t l r e  g n L i r " ì  ( f i g .  ( r ) .  . \  c o r n p l c t c  l L l i ' t  ( ) l '  l t r L t s h  h a i r s  i .

\ l l t , ' . ' ,  ì l  r r t  i ì u t t r c  I - i f ' .  , \  seconc l  t r ' pc  i t f  l ' r - r i gn rcn t  co r - t : i : f  s  o l  t l l L t  scc t i r ) r ìS  , - r t

l t t t . l . .  r r t '  r r i '  i r r u tn  i u [ r i , c r i  o t i -  t hc  o l i t : i t l c  o t '  t hc  g r r r i i r  f l ì 6 .  ^ ì r iO ] .  I l t  ac i c l i t i on .
l ' t ' : r u ; t t cn i r  t t l - l t t ' o kc l i  en t l ( ) s i l cn r ì  l r r r d  i r r r i i v i c i r u r i  s t u i ' c l r  l l r - , r i i r i l c s  i ì . r r  p r cs t r i r .

r i : : , i 1 , ) \ ' ,  r ì  i n  t ì g L r r c  l i c  l n d  t ' .  l - h c  c l i e  r r i c a l  i t l c r r t i t v  r l ' t l t e  s c : t l r r c h  u n t i  p r . r t c i n

i ' t - l i u r i t c n i 5  i l l v  i , - c  c o r . r l i r - r l e c l  [ t l ' s i r e e r i ì c . t l r r r t i r t r :  r r ì t - t h o t i s  l r r r c l  l r c i t I  n ] r c t - t _ t : -

L ( l l ì ' . .

: i i r t t i i l r r  t ) ' p c :  t t l ' t ' r ' l t g n t e n t s  c r r n  b c  s c c n  i n  t h c  i i l u s i i ' l L t r o n s  o f  i r i l r l r i

i t Ì ' l t i r l  d L r : ' t  l - Ì o 0 l  i n  1 i r : L r r c  l i c  u n t l  t i .  I n  t h i s  c : r > c ,  t h c : l t r l L i ' - i r k c  l - r u g n l c Ì ì t s  i u ' c
r i u i t t i r  r - u e h r l l l  i l L i t ' :  i r r o k c n  l ' r ' t - r l  t l ì c  m c h i l l r i  w i t ì e h  l i i ' : , .  l l r r - r ' c l \ , . p r - o t c c t c i i .

i n  t l t r  l ' i r i ' r t r r r  i r i ' t h e  g n r i r - ì  ( f  ì g .  1 5 1 .  b ) .  l - h c  r ' : r c h r i l l i  i u r r r ' >  , r t ' t j r c  [ l L r . i c r  r . r r i e t r

L ' l i f r t t e  i '  t l ì 9 .  l 5 d )  l l r c  I o t r g c r  t h r u r  1 - o r  s u ì n l c  t r t l r c r  r  l r r i l t i c :  ( c  g  W c e l r i r .

l ì g  l - i l L ) ,  l L t t t l  t i t ' c  r c l i r i i l V  r c r -novcd  1 - ro i n  t i r c  l u r c  r r l '  i i r e  r uLc i t i i l a  w 'hc rc  l hc r
( - ì e e  ì . i t -  i r t  u  t L r i ì  ( 1 ì s .  l . { l l ) .

I ' h c  c i t c r l i c a i  c o n r l l ( ) s r t i o n  o i ' g r a i r . i  t i u : t  v u r i c s  c o n s r t i e  n L b l r .  t l c p c n c l i n u
( ) t l  t l r e  r c i l i t i r c  c o n t r i b L r t i t t t t s  r r l ' i r L r s k .  l i a i r ' .  b t ' l n  l i n r l  c n t l o s l t c r - r r r .  n o t  t o

t t ' t c t t t i i ) t l  I t t ) t t - e c r c u i  c o n t i i l ì t i t t l t t t t s . . \ n l r l r s c s  ( ) l ì  i r  t ' l u r g c  r r i ' t i L l s t  s l n t p l c s  l ì ' o r t r
n  l t c u t .  o i . i t s .  c o t ' n  l t n d  s o r q h r r n r  f l l O j  i n c l i c e t c  t h c v  c o r r t a i n  7 -  i  l ' l o  r - r r t t t c i r r
( 1 t r c : r - r r - n l b l v  b l Lsc t l  on  t o tu l  l r i t r - ogc r r  co l l t c r " ì t 1 ,  - i 0  65 '1 , ,  > tu ru i l .  I  l ' f  i ,  l i p i c i

I t t t t i  - l  :  I  0 ' l , r  l t s i t .

I  n h l l e t i o n  o f '  C ì r ' u i n  D L r s t

, \  r e  p o r t  o n  t h c  h e u l t h  o t - g r a r n  r v o r k c r s  p L r b l i s h c d  b l '  e  C l i n a c l i a n  L L r n g

. ' \ . s soc ie t i t r t t  t l i s k  l - o r ce  [ 29 ] .  conc lL r t l ed  t ha t  sm in  c l L r s t  r l uv  t l un l î sc  i he  hca l t h

o l ' i hosc  u<poscd  t o  i t .  [ ' o ss ib l c  r r r l v c r sc  c t l èc t s  i c l cn t i t ì c c l  i nc l L r c i cd  co r , r gh .
r i  h e e z i r t s ,  e i r f l o r v '  o b s t r u c t i o n .  t ì b r i l e  r c u c t i o n s .  r ' h i r r i t i s .  e  o n  j L r r r c t i v i t i s  a n c i

d c r n r a t i t i s .

t \ l t hoL rg i r  t he  re  havc  bcen  a  nL ln . ì bc r  o t ' s t L r c l i es ,  n l anv  t t f ' l h cn r  r cccn t .  r r r . ì

t l - ic  t f . fèets  c- i f  c ra in  c lus t  on the heal th  o f  f 'a r r rers .  t lockcrs  lLnd gra in  hanc j lers

[ i 8 .  - 5 0 ,  6 ] ,  6 9 .  1 2 .  ) 1 9 .  2 4 1 ,  2 5 1 1 ,  t h e r e  h a s  b e e n  n o  g e n e r a l  a g r e e n r e n t  t h a t

l l l e rg i c  r eac t i ons  a re  i nvo l vcd .  I n  a  s t r . r dy  i nv r : l v i ng  nea r l v  100  g ra in  hand le rs

c r t t p l oycd  a t  t he  ma jo r  ce rea i  g ra in  t e rm ina l  i n  Sydney ,  Aus t ra l i a  [ 2601 .
g ra in  c l L r s t - spec i f ì c  I gE  an t i bod i cs  we re  no t  demons t ra ted  by  t he  RAST

desp i t e  t he  f ì nd ing  o f  i . r  h i she r - t hun -no rma l  p reva lence  o f  r esp i ra to r y

abno r rna l i t i es  among  the  r vo rke rs .  Pos i t i ve  sk in  t es t s  we re  ob ta ined  i v i t h

ex t rac t s  o t ' - s ra i n  dL rs t  and  o f  f l oL i r  f o r  a  sma l l  number  o f  t he  l vo rke rs .  The

pos i t i ve  sk in  t es t s  d i d  no t  co r re l a te  r v i t h  r esp i ra to r y  abno rmzr l i t i es .  Recen t
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1 ì n t l i n g s  b v  C h u t t - Y L ' u n g  c t  u l .  l - - . 1 1 .  h o l v e v e r .  l i r c  r c l * r i n t  t r )  o L l r  l ì n c i i n g s  e n c l
s t l ! l ' l e s l  t h : t t  ca rc fL r i  asscssn l c t . ì t s  o f  g ra in  dL rs t  p r cp . r r i t t i on :  i ì . t ' c  neccssa t ' v
b c l ' r r r e  c o n c l t r c l i n g  t h a t  i t n r t t c d i a t e  h v p e r s e n s i t i v i t r  t u  r l L r s t  r r l l e r g e n s  i s  a b s c l t t
i n  t h c  p a t i e n t s  o r  t h a I  a l l c r g c n s  c a p L ì b l e  o f  p r o v ' o k i n g  l ì ì e r g i c  r c a c t i o n s  i . r r e  r ì o t
p r c i c n t .  E v e n  t h o r r g l r  p i t s i t i v c  s k i n  t e s t  r c a c t i o n s  t o  g r l r i n  r l u s t  r v c r c  n o l
o l r : c r r , e t i .  C l t u t r -Y t ' t u t14  c t  a i .  [ 51 ]  conc ludcd .  l ' r ' on r  i ' c s r r l t s  o f  i i dd i t i ona l  t cs i s
:L t c i r  as  b ronch ia l  r c i r c t i v i t l ' t o  n re t l . ì acho l i ne  l L r " r c i  l r r o r r ch i l L ì  p rovoca t i on  r v i t l i

c r r - t c i c  - s ra i t r  c l L t s t ,  t ha t  g ra i r t  c l us t  as thma  p ro t l Lb l r ' ( l ocs  h i t ve  un  a l i e rg i c
b a s  i  s .

N lo r c  ' , i ' o r k  i s  c l ca r l v  nccdcc l  t he  re fo r  c  t o  cs t l i ) i i sh  t hc  p r csL - r . ì cc  o r '
l L b s . - n c e  o f  a l l e  r g e n i t ' c t - r n r p o n c n t s  i n  c l i l l e  r c r r t  , r m i r r  t l r r : L  l t r c p a r a t i o n s  i n c l L r c l -
l nq  w 'a t c r - so lL tb l c  c r l n t c t s  l i nd  d r . v  L rnex t rac t r r i  i l i i s i s .  I r r  t h i s  r cga l c l ,  p t r t ch -
t cs t i ns  rna . v  a l so  bc  L rs t : l ' u i  t o  asscss  sk in  r cac t i t r ns .  l t r i i l u r c  t o  t ì nc l  pos i t i r , c  sk i n
t c s t  t t n d  R ; \ S T  t ' c r e t i o n s  t o  q n r i n  d L r s t  c x t r a c f s  s L r g g c s t s  t h a t  c r t r a c t i o n  o l ' t h c
g r a i n  d L r s t  p r c p u r a t i o n s  r l a v  l e a c l  t o  a  l o s s  o l -  a l l c r s c n i c i t l , ' .  I f ' t h i s  i s  s o ,  t h c
p rob le r l  o f ' a l l e r ccn  i c l en t i f ì ca t i on  cou l c l  bc  a1 ' r p i ' oachcc i  b t '  i n ; ec r i ng  nLbb i t s
r v t t l t  L t t - t c t t n t c t cc l  g ra in  c i L r s t  p r -epa ra t i ons  an r l  i r : i ng  I i r  pe  r i n l n l L Ìnc  an t l sc r l i
i n  c rosscd - rac l i o imn runoe lec t ropho rcs i s  s tL r c i i c s  *  i t h  scn t  f r o rn  su rspec tec i
c r l t i i - ì  d r - r s t - u l l e rg i c  i nc l i v i c l uu l s .  Scann ing  e iec t ron  rn i c roscop r . , o f -  c ra i n  c l us t s
( í ì g .  l 5 )  has  r cvca l cd  t h : r t  cnc iospe r r ì r  anc l  bn in  l n r t i c l cs  u r c  v i r i r - r a l l v  a l * , ays
p rcscn t  t oge thc r  w ' i t h  s t r r - t c t u ra l  con . t pone  n t s  o l ' t hc  g ra in  suc l r  l i s  b rL rsh  cnc l s
ìnd  s ta r ch  c r i t nL t l es  [ 216 ] .  O the r  poss ib l e  t l l c ' r l en  soL l r ccs  i n  s to rec i  g ra in

n ray  be  po l l ens ,  f ' L rng i .  i nsec t s ,  n r i t c s  and  rodcn ts .

T ' h c  c l L r c s t i o n  o f  t h e  r c l a t i o n s h i p  o l -  m o r p h o l o g i c a l  f e a t u r e s  o f  g r a i n  t o
as thma- l i ke  sv r l p toms  i r - i  r vhea t  n t i l l e r s  \ v i l s  cons i c i e red  n lan ) , ye l r s : i go .
Duke  l 7 l l  obse rvcd  t ha t  dL rs t  ob ta i r r cd  f r on r  t he  f i r s t  c l can ing  o t '  r vhca t
con ta incd  t l i nu te ,  sha rp -po in ted  r , vhca t  ha i r s  and  t ha t  ex t rac t s  o f  t he  dL rs l
wc re  ve ry  po ten t  i n  c l i c i t i ng  bo th  pos i t i ve  sk in  t es t  r eac t i ons  and  as thma  i n
the af fcc tec i  rvorkers .  l ì r , ' cornpar ing the dust  ext ract  rv i th  ext racts  o f  iso la ted
i vhca t  p ro te i ns ,  w 'he î [  f ] oL r r ,  t hc  -qe rm,  b r r Ì n  and  r vhea t  f ung i ,  Duke  17 l )
conc luded  tha t  t he  neec i l e - l i ke  ha i r s  i n i t i a t ed  t he  as thma t i c  r esponse  s  pe rhaps

by  pene t ra t i ng  t he  mucous  membranes  and  t hus  a l l o * , i ns  access  o f  o the r
g ra in  o r  dus t  cons t i t uen ts  t o  t he  t i s sues .

Sk in  l r r i ta t ion f rom Bar ley l )us t

The bar ley  var ie ty  Cl ipper  has proved very  popuiar  wi th  both farmers
and mal ts ters  in  Aust ra l ia  but  i t  has the d isadvantage of  caus ing sk in  i r r i ta -
t ion knorvn as 'C l ipper  i tch ' ,  dur ing harvest ing and handl ing.  As th is  i r r i -
ta t ion was more severe in  some ind iv idua ls  than in  o thers .  we searched for  a

J,à
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p ( ) \ s i i r i c  l r l l c r - g i c  b a s i s  1 - o r  t l r e  i t c i r  b y  c x a r r ì i n i n g  t i r c  s c l ' r r  o l ' s c r c r e l , r , a f ' l c c t c t i
\ \  ( r rkc Ì .5  t ' , - r r  brLr lev  r lus t -spcc i l ie  lg l - :  ant iboc i ies  usrns the i ì ; \S l -  : tssav [ l f i r . ) ] .
\ 1 r  l l t r . i t l v c  R r \ST  r c t t c l i o r . ì s  \ ! c - r ' r  ub ta incd  i n t i i c l t i ns  t hu t  t hc  sc ru  cx l i n r i nc r i
c i i i l  r t t r l  l t l t v e  I g E  l r n t i i , ' o c ì i c s  s p : c i f ì c  f o r  a n v  o i ' t h c  g n l i ; i  i L r : t  c r - r n . r p o r l c p i s
\ \ ' l  \ \ ' i - ' l ' ù  l t t l ì c  t o  ex t r i . t c t .  l t  s c , ' n i cd  t he re  f o r c ,  t ha l  a  p l r y , s i c tL l  i r r - i l i i n t  i i  l r s
i L ' . \ l ) r ) i r : , i b i c  l ' o r  C l i ppc r  i t ch  l L i t r l  a  poss ib i c  n t c i - . h t r n i s r l  \ \ r í i s  suggcs tec l  i i v
i ì r  r  - ' t ' r ) . i c ( )p i c r  cxa i l i n t t i on  o i '  bu r i cy '  dL rs t s .

, { n  0 b , , ' i ( r L t s  c r r 1 1 1 1 1 , ) l l r n l  o l '  b a r l c y - g r a i n  d i l s t  ( 1 i g .  1 5 c .  t i )  i s  t h e  i l i i r s
l - ; r , i k c t l  f  i ' t r t l l  t hc  r l i c l - r i l l i L  i i , ' i r i c i r  i t o rnu r l l v  l i c s  l l r gc l l '  p i ' o1 , , ' r - t c c l  i n  t hc  t - t r r r o r v
o i  t i l e  g t ' l t i r l  1 f ì g .  l 5 l r ) . J h e s c h a i r s u r c n l u c h l o n s c r i n . - ,  n r : ' . . L r i e r i c s , i n c i L r c l i n q
C l ' l p c r ' ( f ì g .  ì , i l t ) .  t i r a n  i i r  o t h c r s ,  c . g .  \ ! ' c c l h .  1 i r g .  l - 5 r r ) .  ; . L n t l  r i r r s  t l r i l c r c n e c  i n
l e  , l t l r  r s  r e  i l e c t c r i  i n  t h c  l c n s t h  o 1 ' t h c s e  h l i i r s  i n  c l L r s t  g c n c r l L r c c l  t ì ' o r r r  h a n d i i n g
g r l i n  . r l '  t i t c  r c s p c e  t i v c  r  r r r i e  t i c :  t l ì g .  I  _ i c .  c l ) .  r \ r r  l L . l r l i t i o n r L l  c i l r r . l i c t c l . i s t i c  . . r i '
[ ' i r ppc i '  r u t ch i l l a  ha i r s  i s  t ] r u t  t hc , , '  [ - o rn t  e  t i r l - t  [S2 l  a t  r hc  busc  o t -  t he  rach i i l l ,
r ' ,  i t c r c  t i r cv  a t ' c  t t t . i usu l t i l v  sL r . sccp t i b i c  t o  r c t l ova l  c l L r r i n , r  h l Ln t l l i pg .  I - i gL r r c  l - i i r
s l t t l " i s  ho l v  t hc  ha i r s  i n  t h r s  pos i t i on  ha 'u ' c  bcc r . r  r cn ' r r . r v ' ec l  f r o r l  a  C ' l i ppc r -g r l i n
i l l l L t  h l i t i  b c e n  t h r o L r s i r  t h c  c o n r r l c r c i a l  g r a i n - h u r r t l i i r t r r  s l ' : t c n r .  

- f h c r e  
i s  t h u :

r h e  i r l f  r ì r c l l c c  t h a t  C l i p p c l  i t c h  r s  u s s o c i u t c t l  * ' i t h  t h c  t u l r  o l -  l o r r g  h l i r s  u t  t [ c
i - r l t s c  c l f ' t h c  r a c h i l l a .  t h c s c  l u b  o l ì ' t i r c r c b l  p r o r l r r c i n : r  l L n  u l - . r r o r n r a i l v  l l r g c
r t r u r l ' r c r  o f  i o r r g  r i L c l i i l i l t  h a i r s  t o  ù i r L l s c  p h v s i e l i l  i r r i t l r i i ù n .

C'ortt t t t tr i t tunt.\  o/ (ìrutt t  t t t t t l  SIrutt

i r u r t c i ,  i r l s cc t s  end  t ' oden ts  u re  l hc  r l a j o r  c l r L r scs  o f  t l c t c r i o ra t i on  o l '
s t t l r cd  -q r l i i l t  l i n c l  s t r : i r , r , .  N lany  o f ' t hcse  con tam in l rn t s  o r  t hc i r  p roc luc l s  ha l ' c
t l t e  p o t e n t i a l  o l  p r o v o k i n s  a l l c r g i c  r r s p o n s e s  i n  r r r a n .  I * l c n c e ,  i n  u s s e s s r n g  u

i r r t t i cn t  *  i t h  sLLspec tcd  ce  r ca l  a l l e rey ,  i t  i s  i r npo r tun t  t o  cons ide  r  l i k c l 1 , ,
con tan l i n l i t t t s  l t s  r vc l l as  l ì oL r r ,  b ran  and  g ra in  r l r , r s t  as  poss ib l e  a l l c reen  soL l r ccs .

F  un r r i

FL rng i  assoc ia t cc i  r . v i t h  g ru t i n  and  s t ra * , r nay  bc  p rescn t  i n  eno rn rous
c i i r an t i t i es  t l epend ing  on  t he  ce re i l l  spec ies .  t he  k i nd  o f  f uns i .  t he  rne thoc i s
r - r scc l  f o r  h i r r ves t i ns  i i nc i  hand l i ng  t he  c rop .  c l i r na t i c  conc l i t i ons  anc l  s ro rage
fac i l i t i es .  I n  ce rea l  g ra ins .  d i seases  caused  by  f L rng i  a re  t he  n los t  i r npona i r r
pa ras i t i c  d i seases .  O rg i rn i sms  respons ib l e  bo th  l o r  some  o f  t he  more  impo r -
tant  d iseases of  wheat  in  the f ie ld  and for  some rve l l  documented a l iers ic
reac t i ons  i n  hun tans  a re  l i s t ed  i n  t ab le  V I I i .

The bunt fungi T-i l let ia foetida and Tit let ia caries are seed-borne ancl,
a l though the p lant  shows l i t t le  e f Ìèc t ,  the seed cover ings tLr rn  grey-brorvn
and are foLrnd to  enc lose a b lack fou l -smel l ing por .vder  o f  fungal  spores
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P  t rc  c  i  t t  i  t t  g  r r t  t r t i  t r  i  t

P  t t  i ' t  i  t t  i  t t  re t ' r t  i r t l  i  l t  r  (  t ' o i r l - i c r l y

l ) .  r t r i t ig r t -v t t ' t t  1

P t r t' t i t t i t t .s t r i r -.i ì t r t r t i.'; ( l'tl r rl'Le r I y

l ) .  t lu t t to r tu t t , )

t f t g  1 6 1 ) .  I l ' c r i r s h e c l .  t h c  s p o r c s  í . r r e  r c l c a s e d  f t ' o r n  t h c  i r t t i l t  
' b a l l s ' ,  s p o Ì l i n c

t i r c  g ra in  anc l  i r npa r t i ng  u  s l . ì l c i t  l i ke  t ha t  o f  dcca , , i ng  l ì sh .  l - hc  s l r l L l t  t - t t n -u t t . .

L . : . s t i l u . qo  nL t i l a .  t n tn : f o rn . ì s  t hc  g r ; - t i n - c t )n t l t i n i r l g  r cg io l l  o1  t he  l i ead  i t r t o  i l

p l t s s  o l ' po r . vc l c r v  b l ack  spo res  ( f ì g .  l 6b )  * ' h i ch  e rc  p l l r t l v  t i i spe rsc - t l  bc l - o r c

l r a r yes t .  Rus t s ,  c l L l scd  by  l ' ung i  o f  t hc  [ ' L r t ; r ' i t t i i t  gc t ] L l s .  1 - r roc l t t ce  consp l cL loL l s

yc l l o r v ,  r ec l ,  b rown  o r  b l eck  p l r s t l r l ùs  on  t i l c  r i hc l t t  p l an t s .  
- f hc  

spo rcs  t ' r o t l - i

t hese  pus tL t l es  a re  t hcn  c l Ì r r i ec i  by  t he  r i i nd  t o  i n t ' ec t  o the r  p l i l l l t s .  S to ragc  o l '

g r a i p ,  e s p c c i a i l y  L r n d e r  n l o i s t  c o n d i t i o n s .  b r i n g s  e  f L r r t h c r  o p p c ì r t u l l i t i /  l ì ) l '

t ' L rng i r l  - s ro \ \  t h .  i nvo l v i r t g  genc r l l  sL l ch  s  C lu r [ ospo r tL t t t t  ( hg .  l 6c ) '

Thc fLrngal  microf ìor i Ì  assoc ia ted r r i th  rv i tcet  anc l  o t l ter  f ìe ld  crops l l l i l y

c i rLrse hypcrscns i t iv i tv  re  act ions n . ì  n lan.  ln  192-+,  Ct t t l l t t t r t t  [45]  t reate  d  3

pa t i cn t s  sL r f l c r i ng  f r on l  l Ì s t hn ta  f o l l o r v i ns  exposu re  t o  rL t s t - i n tèc ted  ce rea l  i n

Western Canar ja .  Others ,  inc luc l ing L l /u ldboÍ r  unt l  Ast 'her  in  1940 anc l

, I imene: -Dic t :  e t  a l .  in  lga l  [qLroted i r r  1321,  in tp l icated Pucct r t ic t  spec ies r ls  r t

sens i t i z i ng  agen t  i n  a l l e rg i c  i nd i v i dL ra i s  amongs t  f a r t ne rs  and  coL ln t r \ ' -

c i rve l l ing non- farmers.  The aLr thors  conc lL tded that  the organisms,  sprc : ' t t l  in

t he  a t rnosphe re ,  sens i t i zed  peop le  l i v i ng  i n  t he  a rea  o f  t he  i n tec ted  c rops .

Hypersens i t iv i ty  to  the f 'ung i  that  car - rse br :n ts  i ìnd smLl ts  have been

observec l  more f requent ly  than a l lerg ic  react ions to  -srass rusts .  Ear ly

investi_sations by Witt ich ancl Stakman 12531 and Harris l l05) implicated

smuts in  a l lergy to  inha led gra in  dusts .  Sturd ies car r ied oL l t  in  Spain  over  a

number  o f  years  by J in tenez-Diaz e t  a l .  !321 led th is  group to  conc lude that

asthma in  mi l lworkers  and others  exposed to  gra in  was a lmost  a l rvays due

to sens i t iza t ion bV T i t te t ia  which rvas tbund in  great  quant i t ies  in  granary

,,*, *- . *.1i.{ ir,r.lf.P*-*;rlÈj"*#r&q
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i , '  l , ' r t t i  '  , u  i t ' '  r n t i  f  f ì t L t i : l i r  ;  '

t , i '  t i r c  g r l t i t l  i s  l . c Ì ) l i l c ù r i  b ) '  l ' L r  r l r : l t l  \ i r ( ) l ' c s  r r .  i r i c l l  i i Ì ' i ì  l ' c Ì ' . i i r s g i l  ; r t l  Ì r l t r v c s t i n g  r r r

g r - r i i r r  i t ' r ( - ) l r . ì  r e i .  S ( ) l  / r  I . i r t ) S t  s t r ì t t t  / l ' : t i i t r . q i t  l t t t ' i i r )  
" r ' '  

i l  l - ' i l r l c t ' h c a t i '  l - h c

l L  b l a e  k  n l l t s \  ( ) t l  t h c  r l t c i t i s  o l ' t l l c  ì r c l t i l  i r l  i i l ' j  n l l ì . ' '  ì l t ì i i ì ì i ì i l ' '  o c c t t l - l i c d  b r  t i r c

. ,  q r . l u t s  i r r l ' c c t c t i  ' . ' . i l l r  h i l c k  s l ) ( ) t  i  ( .  l t t t l , i : 1 t 1 , v i p r i i  s l c e i l ' r )  l i ' r  r ' l l r  | c i .  f i l ] .

I r n r l  i | i Ì i  r i t r r , t s .  , \ l l hough  i i l t cn i i r t n  h l r s  r cccn t l ' , '  i - . c cn  . 1 ;1 | , r '  i ì  t t l  l l t c  l t l l c rgc t l t c

n l ì t L i l - c  t r l '  ce  r c l t i  i t L t r t t s  l t t t t l  \ ì l l t i t s  f  t  : - 1 .  l ( r 91 ,  I ' cp ( r r tS  t r t '  l i r ' l l c r sc l ' ì s i t l \  ì t \

r - c i , r e l i ops  i p  p r i t ì l  t t r  t hcsc  l ì c l r i  I ' u r ì g i  i u - c  r l o \ \ ' r - i . L r c .  Th i s  h i IS  bcc l l  c l t t c  t t l  t Ì t c

h rg l r  i t i ì pc i a r ( -1s  r l e i r l n t l c t l  l ' r v  u r - l r i n  Ì l uu ' kc t i n ! r  l ì u tho i l t i c s  l t t t t l  t l t c  r l : e  t r l

c l . i ' cc t i i  e  scct i  i -Lr r tg ic i t ics .
g t l r c r  c o p l l l o l  

' l ì c l t l  l ' L r p g r '  i n c l u t l c  . l  l t r ' t ' t t r t t i u .  C l u t l o . ; 1 t r , r ' t t r / ) t .  Í : r r - t t i I i t t t t r

r i p r l  l / c , i 2  t i t t t l i t t . s l t o r . i r u r r  spcc i cs  f -+ l l .  . ' \ l l  ( l t -  t hcse  I ' L rn , ' i  h l tVc  bcc t r  i r l l p l r c l t t c t i

i 1  i r l r p c t l i u t c  h l p c ; s c s r i t i r  i t r  r e l r c t i o n s  i n  n l a l l  1 5 .  i 5 .  r )  '  ]  l L n t l  s ( ) l l l c  p l ' o u l ' c \ s

l 1 i :  l t c c r - r  p r i r ( l c  i n  i t i cn t i l ' r ' i ng  i n rpo r t l r n t  l t l l c r - , ' cns  t - t ' o l t t  l l t c r r t t t t ' i r l  l r l l t j

C ' l r t d i t . s l t 0 t ' i t r n t  14 .  16 .  , i 4 .  l 6 l .  l 6 l ] .  Sap rop i l l ' t c s  sL teh  l l s  t hcsc  r c r i t l i l r

c o i o l l i z c  h a v  t l L l r i p g  s l o w ' c l l ' \ i n g  i l 5 2 ]  b L r t  e i t L l s c  l e s s  c i l t t r l l t g c  i l j  s t o r c t l  u r . t i t t

, \  h i g S  i n c i c i c n c c  o t - l l l c r c i c  r ù u c t i o r l s  c r . t L t s c c i  l t y ' ' l ì e l c l  l ' L r n e i '  i r r  g r a i n  d L r s t

, , \ , î s  l oL l l ( i  i n  a  g roL rp  t t f  Eng l i sh  l - a r r r t c r s  f 621 .  Nca r l l ' 2 , j ' ) ' i r  t l I  t l t c  r i ' o r kc r s

r .c i rc tcc l  to  gra in  c l r , rs t  rv ' i th  svn ip ton ls  i i  l t i c l r  sL lggcstc t i  l t  tVpc I  i rnr l rcd i l r tc

h r , , pe rsens i t i v i t l ,  t ' c i t c t i t ) n .  S r  n tp to r ' ì l s  L t sL la i l y  dcvc lopcd  l l l ' t t r  s c l ' c r l t l  \  c ' i l l ' S

r , .  o r k i nc  on  f ' a rms .  
- f  

l r c  i n l ' c s t i ga to rs ,  cone  t t i t r l L t i l l g  o l l  t he  a i r bo r t r c  f - L rng l r l

t lo ra ,  foLr r rc l  abunt i i rn t  r lLutn t i t ies  o f  C lado. \ 'p r t r iL t t r t ,  I ' ' t ' r ' t i c i l l iunt .  - ' lP l td t t ( ) -

c, lctdium ctl Í tLrr l  t t l |  Puct ' i lotrrt ' r 'e.;  hctc' i l lospol ' t l / / l  sporcs in the dr-rst i l roLl l . ìd

cornb inc h i l rvesters .  Ext ructs  o f  these spec ics  proc l r " rccc l  in rn led ia te  w 'ea l

reac r i ons  i n  sk i n  p r i ck  t es t s  anc l  r ap i c i  dec reases  i n  [ rE \ / '  r vhen  i nha led  by

l i fee tcd w orkct 's .

Saprophyt ic  fLrng i  be longing to  the gcnera ,4s l terg i l l t l . t  and Penic i l I iunt

i . t r e  r e g i t r d e d  a s ' s t o r l s e  f ' L t n q i ' b y  g r a i n  m ) ' ' c o l o g i s t s  [ 4 1 . 5 5 , 8 4 ]  s i n c e  s p e c i e s

o f  t h i s  g roup  ma) , c i eve lop  even  a t  l o r v  re l a t i ve  hL rm id i t i es  and  cause  t he

i

i
I
I
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S i t o p h i I u s .q r u ntt r i u.r

S í t o p lr i I u.t : e a tn tt i.t

S i f o p h.v I u s 0 r,\' :.t (l

R.l t  i  :opcr t  l tu do t rr í  n i  crt

( )  r . t '  : , te I  I  r  i  I  t t .s . t  t  r  t '  i  t  t t  t  r  r  te t ts i . t

Tro.g o rle r trtu g r r t r t or i tutt

( r 1' Jt t o I t,.s t a.s .f e r t' trg i i tL' u s

C r y p t,.t I e.r t a.t p tt.s i I I u.s

7'r i ho I i u r rt c o tr fù.s u trt
'l'r 

i btt I i u trt c (t.\ | (r n e u n L

l ' t i t r r t . s ' I e L i u . t

[:.p lr t'.t t i u e I t r t t' i I u

gra in  r veev i l

i r t a i ze , , veev i l

r  i cc  r vcev i l

lcsser grain borer

saw ' - too thed  g ra i r r  bce t le

k l i ap ra  bee t le

n t s t - r c r [  g r a i n  b e c t l c

l ì a t  g ra in  bee t le

confused f lour beet lc

rL rs t - red  f l ou r  bee t l c

Ar - rs t ra l i an  sp ide r  bec t le

cocoa  0 r  tobacco  n ìo t l l

'moLr ld ing'  o i  grain.  I loth Aspergi l lL l r  and Pen icì l l iu i i l  species are we l i  known

3s c i tL lsa t ive  agents  in  t , vpe  la l le rg ic  re rc t ions  in  man,  i vh i le  thc  fo rn le r

organ ism may a lso  pron lo te  type  l l l  reac t ions- [64 ,  200,  208] .

Se nsitization to ,l.spergil lLl-r iìnd Penit ' i i l iunr in f-lour \va.s observed many

y e Í . ì r s  a g o  [ 1 i [ ,  2 3 1 ] .  T h e  p o s s i b l e  i n v o l v e m e n t  o f  f L r n g i  i n  b a k e r s ' a s t h m a

Iras reccnt ly been studied by Clnrpin 152] and K/arstermevcr et  a l .  I la5] .  The

lat ter  group demonstrated pulmonary hypersensi t iv i ty to . . t r l ternar ia a.nd

.4sper,qi l lLLs in 2 cases of  bakers 'asthnl i ì  i ì .nd conciuded that the f r , rngi  ntay

ha.ve contr ibuted to the pathoeerrcsis of  the asthma.

lnsec ts  and Mi tes
There are over 150 ty 'pes of  insects knolvn to infest  grain and -grain

produc ts  [59 ,  1 i8 ,  i24 ] .  Insec ts  found in  s to red  -s ra in  and gra in  p roduc ts  a re

often simpiy referred to as ' r ,veevi ls ' .  In fact ,  weevi ls belong to the beet le

group of  insects.  Here rve rv i l l  restr ict  oLlr  d iscussion to the most important

and commonly encountered species of  beet les,  moths and mites found in

stored grain and especial ly to those species known, or suspected, to have

caused al lergic react ions in man.

Beetles. These insects belong to the order Coleoptera rvhich includes

over 250,000 species,  making i t  the largest order of  animais.  Species have

srx legs and a body with three segments.  Some of the more important,  that



- l l

i s  t i r c  ì l j r ) s t  t r oL r ro l cson re  ,  spec ies  t ha t  h i n  c  cxp lo i t cc i  t hc  s t i t t ' c t ì  g i - r t t i l  ùc r ) -

s )  s t r n r  r r r c  l i s t c t i  i n  t ab l c  tX .  Spec i r - s  such  t t s  S i t op l t i l u . s  r t r y : r t c ' ,  t hc  
' i - i c c

r vecv i l '  r r nc l  . : ' .  , q r r t nu r i r r s  ( f ì g .  17a )  a re  dcsc r i be r l  as  p r i r na rv  pcs t s .  I  i r c sc  pcs t s

l L t t l Lck  l i nc l u r l agc t l  c ra i r - ì  anc l  se t  t he  s i l s c  t . o r  sL rbscc luen t  i nv l i s i on  bv  o thc r '

inscc i : .  f 'L rnu i  : l r r r l  t l rc tcr i l .  Sccot tc i l t t ' r  p ts ts  i ikc  7 l ' ibo l i tu t t  c t t .s l t l r l r ' r111 . t t ì r l
' ! ' .  

t 'o t t f  t t .s r tn t  ( l ìg .  l  7b) ,  lced on t i i rnr t tgcr l  . ' Ì - lL in .  l loLt r . " '  c le  t r i tL rs  l tnc l  J ' ,  ù t t

f ' t i c ces  r r l ' i r i ' i nuu ' \ /  p r s t s . , ' \  f t r v  s l t c c i cs : ; L t c i t  i i s  l l l t i : t t p t ' t ' t l i u  t l on : i t uc ' r u  l L t t t i
- [ ' r r t q n r l , ' r r ] t ( t , : t ' u n u t ' i t u r t  

c l o  n o t  { ì l  i n t o  c ì t i i c r  c l t c g o t ' 1 ' s i t t c c  o n l v  t i t c i r ' l l r t c

i l r - r  l r l  i i t s t l L i . : '  l t t ' r  ab le  t o  1 te  ne  t r l i t r r  L l l l d l l n ragcd  g r l r i r l .

l r o r r r  t i i . i r n c t  s t l ì . g c s  ( c g g ,  l u r v a .  p u p a  l i n d  u c i L r l t )  o e c L r r  i n  t h c  i i l ' c  c r c i c

o l ' l l c l t  i i t : c c t  l i n t l .  r i n l css  p ro rcc i  o thc r r i ' r s c .  each  s tagc  n lL l s t  l l t  co t t s i c l c r cc l  t t s

l i t , . ' i f  i ( )  c . j : r t r i i r i r t c  t o  t h c  a l i c r g c n i e  i l r  o t ' c t - r n t l t l l l t n a t c c l  c ' : r c l t i s .

T l t c  gn t i n  * ' c c l ' i l ,  5 .  q r - l l t u ' i L r . s  ( 1 ì c .  l T l i )  h l t s  bccn  l i r c  i r t s ce i  r ì l r ) : t

l - r c t i i r c r t t i r  i i n l t l i ce t cc l  i n  a l l c rg i c  r esp ip l t t o t ' v  i r - \ I r r r l lSc - - s  [ 9 .  + ] ,  61 ,  38 .  l l l .

l 6 - Í .  1 6 6 .  l 6 S j  a n c i  l l l c r g i c  u l v c o l i t i s  l l 0 .  1 6 8 ] . , , \ l t h o L r g h  n L u r . ì c r o L r 5  p L r b ì i c l -

i i o n s  t t r c r  t h c  v c a r s  u t t c s t  t o  t h i s ,  n o  s t L r c i i c - s  o f ' t h c  o r i g i n  a n c l  n l L t i t r ù  t ) l

S i t o l t l t i ! L t . ;  u l i c rgcns  h l r ve  r , , c t  bcc r r  r cpo r t cc l .  , . \ i l r r t  i ì - o  n t  S Ì t op l t i l l . r  spcc i i : .

l i o r r r  bcc i l c , '  o f  t hc  gcnus  I - r i ho l i r l r l /  l ppc r - r r  t o  be  t i t c  o r t l v  g ra in - i n t ì s t i ng

bcc t l c  l t )  bc :  f r cqL rc r r t l y '  i n rp l i cu t cc l  i n  t hc  i r r i t i a t i on  o l '  h , , ' pc r scns i t i r  r t r

r csp r )nsc :  i n  n l i ì n  [ ]  l ,  lO , t l .  Thcsc  t ì n t l i ngs  l t t ' c  c r t ns i s t c t t L  r i ' i t h  ou r  se l t r c l t  s t r

l ' u r  l ' o r  i r r scc t - spcc i i ì c  I g l -  un t i bo r l i c s  i n  t hc  scn t  o Í ' a  sn l t l l  r r i l L l p  o l - l l i i t t t n t t o r l '

r ' ,  o r kc rs  * ' i r o  f cpo r t cc l  r csp i ra to r y  i r ; - pc rse  ns i t i v i t v  r c l i c t i o t t s  l o l l s r , i  i r l g

c x p o s u t ' r  t t r  r l i l l ' c r c n l  s p c c i c s  o t ' g r a i r r - r n l ' c s t i n g  i n s c c l s .  L J s i n g  t h c  R , \ S T  r i  i t h

c j i s cs  coL rp l c t l  t o  i nscc t  eK t ruc t s ,  * c  i r : i v c  so  t ì t i ' t i c t cc te t i  pos i t i l ' c  r c l i c l i ù r ' ì l  t o

b r r t l i  ,S .  o r . t ' : uc  t r n ( l ' l - r i ho l i t u t t  spcc i cs  bu t  no l  t o  ùx t rac t s  o f  R l t i : opa r t l r t t

and thc nrrrths [: .pltc.st ict t tnd Plodta.

, \ , [o t l t .y .  Appror i rnate l .v -  15 spcc ics  o f  r lo ths (order  l -cp ic io l t tcnt )  erc

know 'n  t o  i n l es t  s to red  p roduc i s  [ 58 ,  I  l 3 ]  bL r t  spcc ies  o f ' t hc  f ' a rn i l y  Ph .v - c i t i c l ac

I t l 0 ]  . r nd  S t t o t roga  c ' t , r eu le l l a ,  f r o rn  t he  t an t i l v  Gc l cch i i c l ac ,  a re  t he  t r t os t

impo r tan t  members  o f  t hc  Lep idop te ra  t hx t  i n l e  s t  s t o rec i  p rodL rc t s .  The  h igh

ra t c  o f  r cp rodL rc t i on  o f  t hesc  t ' l y " i ng  i nsec t s  r - nsL r res  t hc i r  c f l r c i en t  and  rep id

sp rcad  t h rough  s to rec l  ce rea l s  and ,  hence ,  t hey  can  be  a  cons i c i e rab le

p rob len r  f o r  m i l l e r s  and  o the rs  r vho  ho ld  quan t i t i es  o f  g ra in  o r  r n i l l ed

p rodL l c t s .  The  mo ths  do  no t  i eed  on  g ra in  bu t  t he i r  l a r v i t e  ea t  t he i r  r vav  i n to

the endosperm r .vhere they pupate.  Some lan 'ae at tack the qerm as wel l  i Ìs

the endosperm.  F i rs t  ins tar  larvae prod l lce s i lk  and f rass and the prod l lc t ion

o f  s i l k  by  l a rge  popu r l a t i ons  may  p resen t  p rob lems  i n  m i l l s ,  r va rehouses  and

sh ips .
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- i - l t c  
l t r r r i : c  t i r i : t  l t t i ' t t : \  !  ) t t  i t  t r t L t t t f r r r , : t t i r , / t ' . r  / i i i  i l t l r i '  l u t t l  [ ) , ' t  t t i t t t o l t l t : t ' . ' , t i : ! t

l ) c i ( ) n g  l r r  : L r i t t t r . r l c r '  . . \ s l i g i l a t l r .  1 ' l n r i ì r  l ' r  r r t q i i  i r ] r i t l a e  .

l ì t p o r t s  o l -  t l t c  i n \  ( ) l \  ù n r c n t  o i  g n L r n - l t s s o c i a t c ' . 1  n r \ ) t h \  n l  r e s l ) t l - i t t o t ' \

. r l l , . : r ' g i e  r - . r l c t i o ì r s  l r - r  Í c \ \ .  ì - hc  ; pcc i cs  i r r vo i r , e r l  h l r r c  L r5 r i i r l l v  bcc t t  l ' r o r t t  t i t t r

gc r r c r r r  l : . 1 t l r i ' . 51 iu  i lS .  - 1 -1 .  5 -1 .  l l ó .  l 3 - i .  l 5 ( r .  l 3S ]  l r nc l  I ) l r t t l i r l  bO th  l ' t ' t ' l l l  t ì ì t

i ' ; , i n r i l 1  P h r , c i t i t l l c .  i l r  o r . r c  s t r r t l r  !  S 7 ] .  p ( ) s ì l r v c  s l i i n  t c s t  r e l t c t i o t l s  t t )  \ \  t l r !

s c i i l c s  o i '  I - 1 t l r L ' . ; t i u  l t t r t , l u t i t ' i l r r  l c r c  l ' oL rn t i  i n  I  l ' 1 , ,  o1 ' 7 ( l  . r s t hn r t t i c s  t . \ i u l l i t l ùd .

. \ l i t c . s .  \ 1 i t c s  h l i v c  c i g h t  l c g s  u n r l  r i  l t o d r '  \ \ r t i r  t \ \ o  s c g r ' ì l c t t t s .  T h c Y  b c l o t l g

i o  t h c  s L r b c l u s s  i \ c l r i .  o n c  o l  s r \ c r ' î l  s i r b c l l r : s c s  o 1 - t i ' ì c  c l u s s  ' \ r ' l t c h n i t l a  I J 6 l

O t h c r  s L r b c l i t s s r s  i n c l L r c l c  s p i t l c t ' :  i r n c l  s c o r p i o n s .  J - h c  d o r r i n a n t  g r o L r p  o l ' n l i t c s

f  o i r r r c l  i n  s t o r e c l  p r o d L r c t s  b c l o n g  t o  t h c  o r r l c r ' , \ c a r i l ì r n r c s  î n c l  t h c  s p t c i c s  o 1 '

t n r ) s t  i n t c r cs t  f ' u r  t hc  p i t r po i cs  o f  t h i s  r c r , i c \ v '  L r i ' c  i n  t hc  sL rbo rc l c r  r \ : t i g t t r ; . t t l t .

sL rpe  r i ì ì . r x i l v  . \ ca ro i r i cu  ( t l b l c  X ) .  S tonLgc  n r i t es  i r r c  s r r l l l .  t r i t ns l L l ccn t .

r i  i n g l c s s .  r ' u p i d l y  [ r ' c c c l i n u  s p c c i c s  t h a t  r c q L r i r c  h i g h  h L r n r i d i t i c s  t o  t ' c p r o t l L t e c .

t : i q . l 7 . l ns .c t s  t t f '  s t c r r cc l  ce rca l  g ra in .  a  ,AdLr i t  g ra r r i Ì r y  r vcev i l  S i top l t i l t r . s  .g ru t ra r iL r . s .
Thc  ho le  i n  thc  r v l r cu t  g ra in  ( l o ' , i c r  l e f t )  has  bcen  r l adc  by ' the  weev i l .  The  l l r v i i e ,  ' , r h i ch

dcve lop  ins i c i c  thc  g ra in ,  and  f rass  ( the  insec ts ' cxc re ta )  may  be  r r ro re  i n tpo r tan t  sc )u rc ts

o l ' : i ì l e rg :ns  than  thc  adu l t  i nscc ts .  The  sca le  ba r  i s  I  n rn r .  i r  t - {eac l  (unc le rs ide )  an t l  n to t t  t l t

p a r t s o f  t l r c c o n f ' L r s e c i  t ' l o u r b c c t l e  ( T r i l x t l i u r r t c ' t t n f t t . s u t r t ) . T h e s c a l e  b l r r s ( ) . 5 n - r n r . ( S c a n n t n g

t ' lectron rn icrourapl ts bv corrr tesy- r ) f  Borr) ,  F i l .shi : ,  CSI RO. Dir  is ion cr f  Entonrol t ' rgy,

Cenb : r ra .  )
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Cor rc l l t i ons  i r l i v c  l t c c r r  t bund  bc t r i  c cn  t hc  l l c Ì ' c t l l t  t l l t ) i s t L l r c  c t ) l i t c l l t  o [ '

c c reu l s  an ( i  ce rc11 i  p roc lL t c t s  and  t hc  t r t t l t l  n r t n t i . , e r s  t t f ' r t t i t c s  p r cscn t  [ 60 ] '

A l t h t t l g I  t i r c i r  p r i r n i t i i ' c  hab i t a t  app r l r r s  t o  hu r  c  bce  n  c i cc l l ] ' i ng  vegc tab l c

n l t t ter .  spcc ics  h . r , , ' c  ec laptc t l  hrs t  to  c iunrp gnLi r t  ' , i  l tc re  I 'L rns i  prov ' i t lcc ' l  the

l ì r o c i : o u r c c .  a n t i  t h e n  t o  t h e  g r a i n  i t s c i f .

[ 1  a  su rvcv  o l -  i r r i t es  i n  bL r l k  g ra in  S to t ' c c l  o r ]  t ' : L t ' t l . t s  i n  E l rg l a i l c i  anc l  \ \ ' l r l c s ,

Gr i f / ì t h . :  e t  l l .  f  l 00 l  1 ' ounc l  t ha t  909 .1 ,  o f ' t he  c r l r i n  ex l Ì r l t i ncc l  w lLs  i r r l es t cd  t t l

Son- ìC cr fcnt  w, i th  n t i tes .  Thc n lOSt  C()n ln l r )n  \ l rcCi . \  i 'Or . in t i  'u t '  r :  J ,c l t i t log l "vp l tus

( f ' o rn r c r l v  g l ) ' c l  phagL rs )  ( l ( , . \ ' t r L t ( : t o t '  f  ? - sS j .  a  n t i t e  i n tp l i c t i t c c i  i r l  r i  c l Lse  r l f

r ccL r r r cn t  noc t r r r n l L l  as thm i t  i n  l t  t ' u rn re r  l l l ' t c r  c rposL t r c  t t l  g ra i n  c i L r s t  [ 631 .

, \  h i gh  m i t c  i n l ès ta t i on  ru te  r vus  a l sc - r  i ' ou r i t l  i n  l L  r r i c l e  r uu lgc  t l i ' s t o r cc l  p ro t i L t c t s

i n  f  r c l r L n c l  [ 6 0 ] .  A p p r o r i n t a t e l r ' 7 - i ' Ì ' , ,  o t ' t h e  s l L n t p l c s  c r a n r r n c c i  e a r i ' i c c l  r n i t c s

r i i r c i  70  spcc ies  \ vc rù  i c l en t i f i ed .  S i r  spcc i cs  '  " ' l t ' a r r t , t  . s i r r t .  . ' 1 r .  i t t t n t t t h i l i s ,

Cltct, letLrs grttdi l t t .s. L. lestrtrctor, T't  rolt l tu.qu.s longior antl  7' .  l t tr l t ' t ' 'st ' t ' t t l iue --

wc rc  f ' oL rnc l  t o  be  do rn inan t .

I n t c res t  i n  r n i t cs  has  i nc r casec i  eno rn tous i v  ove r  t he  l l s t  l 0 -20  yc l l r s

a n d  n o r . , h c r c  i s  t h i s  n r o r e  u p p a r e r l t  t h a n  i n  t h c  f ì e l d s  o f  c l i n i c a l  a n d  c x p c r i -

r l cn ta I  a l l e rg ; - .  Thc  c i t r n l ' non  pv rog l i ' ph i c l  [ t ousc  dus t  n t i t c s  t l i '  t he  genL rs

Derntuto l thc tgo i t lcs  i ì re  no\v  recognizcd l ts  scrL l rccs o f  sot l le  o f  the l - l los t

n , i desp reec l  anc l  po ten t  a l l c rge r l s  i i ' h i ch  a t l ' l i c t  r r l an  [ 19 .  ] 9 .2 '+8 ] .

A l t I oL rgh  a l l e r c i c  r c l r c t i ons  i r r dL rccd  by  s to ragc  n t i t c s  a re  k t -Lo rv t l ,  o r  havc

in  son te  cases  been  suspec te  c i  [ 48 ,  180 ,  I  89 ,  190 .  20 i . . 222 .2 .32 ,234 ,252 ,25 ] ) .

r esu l l s  f r om sop le  r cccn t  s tL rd i cs  have  sugges tcd  t ha t  a l l e rgy  t o  s to rage  n l i t es

nrav be n lore i r lpor tur r t  ar - rd  rv idespread than prev ioLrs l i t  be l icved.  Green

anc l  L l 'op lc 'oc l i  198 l  f -ounc l  that  pos i t ive  sk in  tes t  rc i Ìc t ions to  7 ' .  puÍ r t .sc ' t t t t i t tc

l , , e re  h i gh  i n  a  Nc* ,Cu ine l i  popL r l a t i on  anc l  occu r re r i  l s  f r t - qL l cn t l v  as  pos i t i ve

react ions to  D.  p ter r t t t . r ' ss i r r r rs  in  l is thmat ics  in  Syc lney.  L t r / ra i t l t  e t  a l .  12571

sk in - t es ted  210  p i t t i en t s  w ' i t h  hoL rse  d r - r s t  a l l e rgy ' and  b ronch ia l  as thn la  o r

rh i n i t i s ,  r - r s i ng  ex t rac t s  o f  D .  p te ron ) ' ss r i l r r s  and  t ou r  s to rage  l n i t es  -  A .  s i r o ,

G!_v 'crphagus d1mest i t :u .s ,  L .  dest ruc lor  i rnd T.  put rescent iae.  Some pat ients

i ve re  i nc l r , r ded  i n  t he  s t l l dy ' becausc  t he i r  occupa t i on  o r  l i v i ng  cond i t i ons

seemed  l i ke l y  t o  cxpose  t he rn  t o  some  o t ' t he  m i te  spec ies .  The :LL l t ho rs

conc lLrded that  s torase nr i tes  may present  i Ì  cons iderab le  occupat iona l

hazard to  farmers and those rvho handle  in tested mater ia ls  in  the i r  work .  ln

addi t ion,  the mi tes may a lso be an impor tant  source of  a l le rgens for  those

l iv ing in  damp dwel i ings rvhere the -srorv th  o f  fung i ,  the s torage of  food or

keeping of pets may favour the groivth of G. clomesticLrs and other storage

mites. Warren et al.  l242lhave suggested that t .  clestructor may be as impor-

tant zrn al lergen source in cases of -srain dr-rst al lergy as Dermatophagoides

++
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spcc i cs . r r r  i l l  l l l c rg i cs  t t . r  h t ' l usc  i l L t s t .  
- I - cs t s  

on  lS  i t s t h l t r r i i i c s , , vh t )  h l t i l  r t , t . r . ke i l

i i  i i h  ! l r - l L i n  r cvc l l c r i  t ha t  l l  o t -  t hc  sL r l r . i c c l s  g l ! e  l I  l t os i t i v c  l t r i c k  t es t  r c l t . l i ' r r ì

i o  1 , .  t l t , su ' t t t ' l r t i '  c ) . t l ' l t c t  anc i  " 1  respondcc l  t o  , ' 1 .  . s i t ' o  cx t ru t c t .  l r t ha i ' , i i o i r

e  i r r r i l c r r cc  r i ' i t h  1 , .  t l t ' . s r r t r t ' r r . r r '  p t ' oc l r " t ce  c l  l t : ; t h t t l t  i t t  i I  p Ì t i c l l l  * ' i t i l  t r  p r  i : 11 i1 ;

: k i n  t c s t  t o  t h e  r ) r S ; Ì n i s i t r  c o r - r l ì r ' n t i n , l  i t s  r o l e  i n  i l t r -  s i i i - - , j e c t ' s  I ì s t h l ì l i t .  . \ l l c l ' -

qc i t i c  d i t ì c r - cneu .  l r l iw ' c ' , t n  L .  t l t ' s t n t ( l o t '  nn i l  l ) . l l t r i t t u t :  i r e t ' t  l r l t t r l r l  l t r l t l  t hc

l t L r t l r ( ) r s  c i t r r e i u r i c : r l  t l r a t  l h c  i t l l t o t ' t l t t t t  L . .  t l a . s l t ' t t ( l o r  l t l l c r c c n s  \ \ c t ' c  l ì r l t : i t l t t ' c l ì

r r  ì t l r  1 ) .  l c t r i i t u , ' .

l i i i t i - t l r , . : r ' t : r ' i L l c r r e r  o i ' i n r i n c ( l i a t c  i t r , p c r s c n . r i l t r i t i ' f c s [ ) o t t : r ì S  1 i ) : L r ) l ' i l e c

n r i r c s ' , \ l s  t ' J C c r j i i ' ,  ; l ' o v i d c r i  i t r  C t r t l t h t ' r t  c t  l i .  1 6 l l u n t l  l t t q r t t n l  c t  i ì 1 .  I l l S l  i r l

l L : t u t i r  o t ' r ' c s l r ì ì ' t t t ) r v  c i i s c t r : , c  ì r i  l L n  O l k n c r ' 1 - l r n t i l l g  c o n l t t t t - L l t i t r ' .  S k i i l  t c s i .

l ì , ^ \ S - f  : r i r c l  s c r r r i i r  1 - i , . i p r t i n  e r l L r t t r t u t t i r ) n s  r c \ c r i l c c l  t h l t t  l l i : - t l c r i i l l t : t l  l L l l c l ' g r '

I r )  > to r : t gL .  t ì l i l e : ,  r i i - Ì - \  Ì l l L l ch  t ] - ì o r c  c ( l n l l ì l on  t h l L r t  l ' : t r i l c r ' > '  l L r  ng  i i l  i .  i t i : t t t s

i i l t o : c  s \n tp to i l s  \ \ ' e r c  l t r oush t  ( ) n  o r  l l gg l ' l ì . \ ' i l t c r l  bV  c rposL i t ' t  t r l  l l l L , r ' .  \ c l t r l r

S0 ' l i ,  o t ' t hc  [ ' l r r n t i ng  co l r - r r l un i t v  Su t ' \Cvc r i  s111 ' ' s  p t l : i t i ' . ' c  sk tn  t cs t  t ' e l l c t l o l l s  t t )

. '1 .  . ; i t ' t t  :Lnc l  
' f - .  

p t t l r t ,s ' t 'ú , / t l1 t1 . '  l ìnc1 or ,cr  t )0 ' l ' i r  r -c l tc ic i i  t t i  ( ì  .  t lo t t t t ' .s t lc  t t .s  l t t rd

l - .  t l t , . s t r t r r ' 1 ( / / ' c x tn ìe t s .  
- f hc  

I a t t c r  r r i t c  w 'us  l l so  assoc ia t c t i  r v i t h  a  pos i t j \ t

I { . \ S - f  i r i  o l c r  h t l f ' t h c  s L i b j c c t s  s t u t i i c r l  .  C u t l t h e r l  t t  u l  [ 6 1 ]  s l l g g e s t  t h a t  t h c

s . " ' nd ro i l c  i n , , ' o l v i ng  l g l - - t ncc l t a tec l  r - es t - t i n i t t r r )  : r  n ' t 1 t t t ) r t t s  l ì t l l o r i  i ng  tXpOSL l r t

t o  n o n - p v r o g l y ' p h i t l  g n i i n  s t o n r s c  r n i t c s : h o L r i c l  [ t c  t c t ' t t t c c i  " l t a r t t  l t l l c r c r " .
- [ h c  

u , p p a r c n t l r , , i r r c r c a s i n g  i n r p o r t u n c c  ( ) l  r ] t i t c s . . i n t l  c s p c c i u l l v  s t o r e ' l c

n r i t c s .  i n  h u r l l n  r c s p i r a t o r r  l l l c r g l *  c o r t t i n u c s  t t t  [ ' , c  c t t r p i r l s i z c t l .  I t  h t s

r cccn i i v  bccn  s r . r u , t cs t c ( i  i l - tS l  t he t  t u r son in r i c l  r l t t c s .  f oL tn t i  i r t  s t o r cd  g ra i l l

. t nd  cc rc l i  p roc lL r c t s  |  261 ,  r l l L , , '  bc  r cspons ib l c  l ' o r  so t r i c  t t t '  t he  h ( t L t sc  t l t t s t

a l l c r c i cs  t ha t  canno t  bc  asc r i bcd  t o  t hc  Dc rn tu to l t l t ugo t l t ' . s  con t cn l  o f  l t oL t sc

r i i ts t .

I ì  oclcn ts

The  cx t cn t  t o  r vh i ch  rodcn ts  n ' i ev  f oL r l  s t o rec i  p roc luc t s  i s  i l l u s t ra ted  by

thc  f o i l o i i i ng  cxu rnp l cs .  One  ra t  i s  sa id  t o  c l cpos r t  l Lbo r - r t  70  c l r opp i t l !S  r . l l l t l

l 6  r n t  o f  L r r i ne  l i  dav  l vh i l e  a  s i ng le  rnouse  eKc re tes  abou t  - i 0  d ropp ings  i l  d i . l r -

i l01 l .  D1 ' l ; .s t ra  ic lLro tec l  in  l04 l  has s ta ted that  one r i t t  lc f ' t  f ' rcc  in  a  rv i t rc l - to l tse

to r  one  r -ea r  \ \ ' ou l t l  ea t  l t pp ro r i r na te l - v -  l 1  kg  o f  f ood  a r l d  depos l t  aboL l t

1 7 , 5 0 0  c l r o p p i n g s  t l - 2  k - u ) .

Con tam ina t i on  o t ' g ra in  b1 t  r oden t  f acccs ,  u r i ne ,  ha i r  and  c i - ì r casses  m i - t y

have  hea l t h ,  as  r ve l l  as  economic ,  imp l i ca t i ons .  Hype rsc -ns i t i v i t y  r e r r c t i ons  t o

ve r teb ra te  sk in ,  ha i r ,  se rum.  L t r i ne  and  sz r l i va  have  been  repo r ted  i n  a  l a rge

number  c i  pL rb l i ca t i ons .  Man .v  d i f f e ren t  an i r r a l s  have  been  imp l i ca ted

i n c l L r d i n g  t h e  r a t  a n d  t h e  m o L r s e  [ 3 2 ,  1 9 8 . 2 0 9 ] .  A l l c r g i c s  t o  m i c e  a n d  r a t s



- l r ,

i r r c  no t  L l nco l l l n l r ) l l ,  c spgg l x l l v  t r r t r t r ngs t  l l r l t o ra t , r r - r '  r i  0 r - kc r s  who  hanc i l c
r o c i c r t t s  I l  - 5 i Ì .  1 6 7 ] .  I r r l c t i o n l t i c t n  o l  r a t  a n d  r n o r r : c  p c l t  c x t r a c t s  i n c l i c u t e c l
i h l L t  t h c  r l r o s t  a i l c r g c n i c  p r o t c i n s  h a d  c l c c t r o p h o r c i ì c  r l o b i l i t i c s  o f ' t h c  s c r L r n t
. i l b t t t t r i n s  f  i 9 l i ] .  \ l o L r s c  i t l i r L t t r i n  l t ' u s  l i i s o  s h o , , i  n  t ( r  b c  u  r r r a . j u r  a l l c r g e  n  b v
1-c l r ' !  5 -11 l inc l  . \ ' i t 'ugat r r tu t  u t t t l  . \ 'unt lhcrq [ ]  l8 l  

- f  
h t ' l l t tc r  r iu rkcrs  f ì - t re  t io l lL tec l

: , k i n  c r t r r L c t s  u n r l  l o L r n r i  u l l c r g e  n s  o i  h i g h  ( í r 7 . 0 0 ( ì )  a n c i  l o w ,  ( 1 7 , 0 0 ( ) )  I ' v l W
l l o t h  : r l l c r g e n s  r i c t ' c  l L i s o  f b L r n d  i n  n r o L i s c  \ c r l n l  r r i j r l  r i r i r r c .  

- l  
h c  h i g h  i ' v l W

r t l l c r c c n  r L p p e a r c c l  t r t  b c  r t l c n t i c a l  t t )  r r o r r s c  l L l l r L r n r i n .

, ' \  c l t s c  o t -  c r t r i n : i c  e l i c rg i c  a l ve  o l i t i -  f b l l t r *  r ng  L ' \ l ) r ) r r r l e  t o  ra t s  \ \ , i t s
t l c sc r i bc t l  b r . '  Cu t ' r o l l c t  u l .  f . t 7 l .  Th r . : L rh j cc r ' s  sc t ' i . r n - t  l t r cc i l t i t l L t cc l  r i , i t h  n i t
s ù r L l l l l .  l l c i t  t x t t ' i t c t  l t n t l  t r r i n c  a n d  t h c  a L r t l r o r s  c o n c l L r d e c l  t h a t  r i t t  L l i i n e  n u r v
hc  l i t - t  i t t t p i t t - t l u ì t  l u ì t i ucn i c  t n t l  t l l c r ccn i c  . , - - , 11 r ' cc  i n  c l r scs  ù l ' l r - r , 1 t c r s ! ì l l s i i i \  i t v
t o  l l l tS .  C t l n i l r r t l L t i on  o f  t h i s  conc lL ì s i r ) n  \ \ i i : ;  ( ì l - . i l L i n . : d  i r ì  a  5 tuc i \  o t ' - i  . r t op i c
l l i b t l t t t o r r , ' t i o r k c r s  w i t h  a s t h r n a  e n d  o t h c r  n l r n i t ' c s t a t i o n s  o f ' l i l l e r g y ' t o  r a t s
I t n d  t l t i c c  [ 1 9 5 ] .  R o d c n t  u r i n e  r v u s  l o u n c i  t o  l t c  a n  i m p o r t u n t  s o L r r c o  o t ' a l l c r -
gcn i c  p ro te ins .  The  rne . j o r  l l l c rgcns  r r r  L r r i nc  i r l ) nc - l t ' c c l  t o  i r c  l r t r v  V1W L r r i nc

i ) r o t c r n s  . -  l ì .  r a t  z . - g l o b L r l r n  a n d  n r o L l s c  p r c i ì l b L r r l i n .

I t  i s  l i k c l y ' .  t h c r e  f o r e ,  t l l t t  r o c l c n t  i i r t c s t e t i o n  r - - l - , ' n r i n  l n c l  g r a i r r  p r o c l L r c t s
coL r l c l  l cac l  t o  a l l c rg i c  r eac t i ons  i n  t i r osc  r i , ho  hanc l l c  t hc  con tan . r i na te  c i
l l l a t c r ra l .  F i cnec ,  i n  cases  r i ' h c r c  a l l c rg i e  , - c r l . , r , ì . c r  tO  g r i t l n  con t i u l l r r - l . . r n t s  a r c
s L r s p c c t c d .  t c s t i n g  r v i t l t  c r t r t c t s  o t ' n r o r - r s e  u n d  l L t  l t c l t s .  s c r u n t .  u r i n c  a n c l
I t i b L r n r i n s  s h o u l c i  b e  c o n s i t l c r e c l  i n  a d d i t i o n  t o  t l r c  u s c  o f - c r t r a c t s  o f  c r a i r - t
c l L r s t .  g r a i n  b c c t l c s ,  r n o t h s .  n i i t c s  u n c l  I ' L i n s i .

I t t ,qast ed C ercal .-1 I  I  er.gan.s

Getterul I t t Íolarurrcc to Ct,rcal.s

Fooc l  a l l e rgy  i s  bo t l r  a  con rp l c r  anc i  con t rovc rs i i ì l  sL rb jec t  r vh i ch  i s
prc lbabl -u"  best  v ie* 'ec1 rv i th  the perspect iv 'e  o t ' l  r . r r - r rnbe r  o f  recent  cn l ighten ing
r e v i e w s  l l 4 ,  1 8 l , 2 2 1 , 1 3 5 ] .  V l c s t  g c n e r a l  s L r r v e \ s  t r f - t h e  i n c i c l e n c e  a n d  c a u s e s
of  f 'ood a l lerg ics  -g ive ev ic ience that  proc lLrc ts  rnadc f ronr  the var ious cerea l
g ra ins  -  r vhea t ,  rYe ,  oa t s .  ba r l ey ,  co rn  anc l  r i c c  -  can  cause  a l l e rg i c  r eac t i ons
i n  s o m e  i n d i v i d L r a i s  [ 8 5 ,  1 2 1 ,  2 0 3 ,  2 2 3 , 2 3 9 , 2 5 8 ] .  C e r e a l s  a r e  s o  c o m m o n  i n
n lAn 's  d ie t  ( tab le  i )  that  there is  -qreat  potent ia l  for  deve lop ing a l lergy to
cerea l  foods.  Hor ,vever ,  as  rv i th  most  food a l ler -s ies ,  there have been on ly  a
f -e ' rv  a t tempts  to  e luc idate the prec ise nature o f  the par t icu lar  const i tuents  o f
cerea l  gra ins repons ib le  for  a l le rg ic  react ions,  and in  th is  rev ier ,v  lve sha i l
concent ra te  on these.
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i L  i s  r i c l l  r c c o q n i z c t i  t l l L l  t l r c  a t i r c r s c  r c x c t i o i ì s  e  l r L r : . . : t i  i t v  c a t i n g  e c r c : t l s

i r i l r i  t , i l t c r  t ì t t t d :  n l i r , \ '  l r r i . e  i r r  l r  n L r Ì ì r b c r -  o t ' d i t l ' c i c r u  i n . c h u i t i s n r s  l - ì 6 .  l l I ] .

l ' i l i r t L  : c i t ì :  t r l - t c t t  e  o n l r t i n  u  r : r i - i e  t r  o i  t o r i c  l - l i c t t - r r s  ; r t - ù s r i ; r t l L l - i r '  
' t \  l  s L l l ' \  i \  i t I

r ì , . r - l l ; . l i t ì : t t t  ; t i n t c c l  u t  c i c t c l r i n g  i r r c r i l t o r - s  r r r c i L r t l i n g  r i l L n .  S l r c h  l t r c t r t r s  i n c i L r . i c

i ' , r ' u l c l i \ c  l L i r t l  a i l v l a s c  i n h i i r i t . r r - s .  i . n r c n l r u g l L r t i i r i r r s  l u r r l  r ; t i r e r  l c e t i n s .  g ( ì r t r o -

! i ì ì ì - : .  r - ' ) i l t ì og t t ì s .  phc r to ì i c  c r t t t r l t o t t nds .  t unn i î r :  i r i r ( 1  s r r i t : ' L l r . r " r ccs  l i i t l r  r r t r i r i c : Ls -

t Ì l ì t  f  ì l t t  t r i t l ' s .  l t l l  t r f '  u  i l i . ' i l  i i l t ' ,  t :  i l c cn  r r , c l i  r c r  i c t vc i l  u l . c r i  i t c r c  [ 1 . - i 6 .  L i 7 ] .
( ' r - ' i ' ù i L i  g t t i n s  l t r c  r c l : r t l v u ' ] _ t  l ' r c c  o i '  s t r c h  s r r h s i i ì n e r . ì  e r ) i l " ì p i l ' c ( l  r r i t i r  o t l t c t '

: , ! ' e1 .1 - \ .  l l i u ' t i c i r i l t t ' i v  t l t o : . c  o l  i i t c  l e  gu r r t c . .  l r r r t i  l i :  l i  l t ' : r . t l t  r . l ' c l , i l s  h l r ' , , c  bec r ,n t c

r  l l l , l i r r l '  l ì ' r j t l ' . , r r t i t t  i ì ì ì '  l ì , , . 1 1 .

l . r c s i r i l c  t h e  i ' r i c l  l l l r t  c c l c l i l s  l r r c  u c l l  t o l c n r t e i i  b - r '  i l ( ) \ t  n c o p - r l g .  t h e r t . r r i

r - r ) t ì ì c  r r t , . i i v l d u l L l s ' , r h t l  i ' c l t c t  i l r i ì ' c r c r t t l r  : L r t c l  r i t l r . ' r ' , . c l r  l o l i r ) \ \ i l l S  t i r c  i n u c : t r r t ! t

i r l '  c c t ' e l t l  i l t r L t t ' , . .  . ' ' \  \ \ , , - ' l l - kn . t u  n  ax l t r l p l e  i s  g i r i l J t i - . . i l l \ i i i i , c  cn t c r ' ù1 ì l t t l t r  r . t 1 -

e  r r c l i l c  t i i s c i t s e  *  i r i e  l r  i . ;  t i r s e  r - r : s c r l  b c l o r i .  . " \ n o t l r c r  i c i a t c t l  c o n t l i t i o r ' ì  r i  . r

s c \ e  r " c  : k i n  i - c ; - i c i i o n  k i r o \ \ ' r ì  l \  r l c r - n l i r t i t i s  h c r ' 1 t t t r 1 ( ) t ' n ì i s  l l l ) 7 .  1 i l .  3 - 1 7 ] .  1  h i s

e o n t i r t i o i t  c l t n  b ' :  c r r n t r t - r i l c r l  i t r  t l r r r g  t h c r l r i l _ \ ' ( - ) i - s ( ) n l r t ì n r c s  t h c  c r c l L r s i o r t . r t '

g l i r t cn  i ' i ' on t  t he  c l i c t  |  ( ) - 1 .  1761 .  l t  hus  bccn  sL i ssc> tcc l  t i l L t  r i ' i t c l t  g l i r t e  t t  i :  r . r

p u i h o L c n i e  l ' l L c i o r  i t t  s c h i z o p h r c n i l i  i n  c e r t a i n  i n d i v r d L r u l : .  p r o b a b l v  t l u c  l i )

t i t c  l t r c : c i t c c  t t l ' l t t r t c  p c p t i c i c :  i n  r l i g c : t s  e a l l r t t l c  o 1 ' c r o s s i n g  t h r  s u l  l t n r l  i x l i i n

[ r L t ' t ' i c r s  f ( r j  ó l l .  \ l h i l c  t h c r c  i s  c v i c l c n c c  t h u t  r o n ì c  p l L t i c n t s  t i o  b c r r c i ì i  i ' r ' o r n

l L  g l t r t c n - f ' r ' c c  t i i c t  f 6 8 .  I  l 7 l  i t  i :  i o o  c l r r l v  t o  i i s s c 5 s  t l r c  e r t c r r t  t t )  *  h i c h  t l i c t u r - i
g l L r t c n .  c o r i r p r r c r i  r , . i t i r  o t h c r  I ' u c t o r s  f  l  l + .  l l l l .  i s  i n r p o r t u n t  i n  s c h i z o p h r ' ù i ì i . i .

Cc t ' c l L l s .  c , sp , : c i u i l v  r vhca t .  u r c  l i l s r . r : u i r i  t o  t - . c  t he  n ' ì ( ) 5 t  i r l po r t en t  f ì r oc l s

i r t  t r r u q c t ' ì r t g  r r i u r e i n c  [ ( ) - 1 .  f  - i ] .  l l o r ' , e v c r ' .  i t  : h o u l d  l r c  p o i n t c r l  o L r t  t l ] l r t  t i l c

t n l t j o r  c l l L r scs  o i - r r i sn r i nc  u re  rL i r p .u - cn t l _v  no t  i oo r l s  bu t  n r t hc r  t i t l t i L cco  sn rokc ,

t c e ,  c o f - l c c .  s t . r o i t l s  u n r i  o t h c r  d r L r g s  [ 9 5 1 .  l : u r t h c r ,  i t  i s  n o t  v c t  k n o r i  n  i f

l i  I t c l L t  a t t c i  , r t hc r -  cc r c l l s  p r cc ip i t l t c  r ì . ì i g r i ì r nc  l ì t t l i c ks  t h roL rsh  a r ì  l l l c r c i c

r c l t c t r on  o r  t h roL rgh  c i uu - rgcs  i r r  un t i nc  n t c t l l t o l i sn t .

f  n  a d t i i t i o n  t o  t h c s e  c o n c i i t i o n s .  l l l c r t y ' t o  i n g c s t c d  c c r c a l  p r o r i u c t :  h a s

bcen  c i csc r i bcd  as  t hc  L rn r l c r l r  i ng  c i l L r sc  o l '  u  vc r v  r i , ' i d c  range  o f '  s ! ' n l p ton . ì s

11 .+ ,91 ,  170 ,  2031 .  i \ s  u , i t l i  r r unv  o t l l c r  l ' oo r i s .  t he rc  i s  o t - t en  u  nee t i  t o  cs tab l i sh .

bv  r i . i t hdn t r vu l  f r o rn  t he  c l i c t  anc l  r echu l l cnsc ,  t i r a t  ce rc l L l s  l i r e  t hc  cuL rs : t t i l c

agcn t  o f  sy rnp toms  i r . r  a  pa r t i cu la r  p i t t i en t  [ ] .  46 ,  182 ] .  As  po i t . t t c c l  o i r t  by

rV lu_v ' l l 8 l l ,  t he  d iagnos i s  o i  f ooc l  a l l e rgy  t ' r eqL ren t l y  c i oes  no t  s tand  L rp  t o  t he

r i g o u r s  o f  d o u b l e - b l i n d  t r i a l s .

I t  i s  qL r i t e  l i ke l v  t ha t  t he re  a r r  as  man) ' t ) ' pes  o f  imn rL lno los i ca l l y  basec l

f  ooc l  a l l e rgy  as  t he re  l r e  va r i c t i es  o f  immune  response ,  and  t h r i t  mo re  t han

on ' r  t ype  o f  I ood  a l l e rg l ,  can  occL r r  i n  t he  s l u r ì e  pa t i en t  [ 91 ] .  N los t  au tho rs

t ie f ine a t  least  l rvo cnteqor ies  o f  food a l lergy [9 ] ,  2 i5 ,  2 i9 ] .  The f i rs t  ty 'pe is



I i . t  l t l  i t ' .S t t  t  ton  \ \ ' '  r ' i  g Ìc , ,

a t l  l n l n l c ( i i l ì . t c  a n d  o b v i o L r s  r r t a c t i o n .  n o r m a . l l y ' i n ì t i a t c r i  b l , s n l t l l  l t t n o u n t s  o t -

r u r t i gcn .  i i r ' ì d  i t s soc ia t cc i  r i  i t h  s t i ' ong l y , '  p t t s i t i l , c  p r i ck  t cs t :  un t l  RAST  vA lL rcs ,

l t nd  c l cva t cc l  t o ta l  I gL :  l c vc l s .  
' l - hcsc  

reac t i ons  l L r c  c l cu r i . v -  t , vpe  I  hype r -

- s r : n s i t i v i t i c s  r i i t h  t y p i c : . r l  s v r r p t ( ) n r s  s L r c h  a s  u s t h Ì ì r i . r .  l l l c r g ì c  r h i n i t i s .  e c z e r r a .

I t n g i o - o c c l c n r l r .  i i n l r p h . , l a r r s .  s ù ! e r c  r , r r n i t i n _ g  ( r r  t l i l i r i ' l t o e l ,  i t n c l  p l t i e  r r t s

tus i ts r r ì l r , '  a rc  w 'c l l  i t r i . ' : r r r  o [ '  ihc  c l t r rsat i r , 'e  t 'ooc l .

, ' \ i 1  o t h e r  t ) ' p e : j  o t ' f o o : i  a l l e  r g y ' t e r ì i l  t o  I e  i n t l i s c r i r n i n l t c l - v ' p l a c e d  t o g e t l ] : r

i n to  u :econd  g roL r l l .  o l - t cn  c l csc r i bcc l  as  dc lavc t i  o r  n l askc t l  r c l Lc t i ons .  T l t c r c

i :  e  t cnc l cncv  t ' o r  t i r c se  r ' - J l c i i ons  t t - r  bc  c l i us l ' d  bv  t l i c  i n takc  o l - a  l a rge  amc)L rn l

o l  a i r t r se  n  unc l  [ t ] '  t - oo t l s  cu t cn  I ' r ec l L r cn t l v  [ 91 ] .  I n  son l c  i ns tanccs  t hcs r

I ' cuc t i ons  l r c  uss i t c i u te r l  i i i t i r  ncsu t i vu  p r i ck  t cs t :  un t l  R ; \ST  va lues .  and  l o * ,
( ) r '  nÒr ' r .n i . r l  to ta l  lg [ ]  ie  l ' c ls .  l -hc  rc : rc t lor . ìs  arc  \  c ry , '  r l i i  e  rsc  a lTcct ing r Ì l ln \ /

p a r t s  i t l - t h c  i r o d r  l i n c l  r n : r y ' b c  r l c d i a t c c l  b v  i n t n r L r n r ) g l o [ r L r i i n s  o t h c r  t h a n

l g E .  i r r r n L r n e  c o r n p l c r c s .  c l i r c c t  a c t i v a t i o r . r  o f ' e r r r l p l e r r c n t ,  o r  t h e  c e l l L r l r r

i t nn tunc  svs t cn - r .  [ ì cac t i ons  t o  whca t  and  o t l t c r  cc r cu l s  c l i n  be lone  t o  c i t he r

o t ' t hesc  ca t cso r i es  l l .  l l 9 ,  1581 .

L i t t l e  n ro rc  c l n  be  sa i c l  abou t  t hc  dc lay ' cd  r cec t i o r . r s  t o  cc rea l s  becausc

t h c r c  h a s  b c e n  n o  c h i i r a c t e r i z a t i o n  o r  p u r i l ì c i L t i o n  o i ' t h e  p a r t i c r - r l a r  c o m p o -

ncn ts  respons ib l c .  I " { owcvc r .  t hese  t ypes  o l '  f ood  a l l e rg i cs  desc rve  f ' L r r t he r

i nvcs t i ga t i on  i f  cn l1 ,  beceusc  o f  t he  p ro rn incncè  q i r , ' cn  t o  t hcn r  i r r  t he  popL r l a r

press !  701.

Cocliac Disau.st'
C o e l i a c  c o n d i t i o n .  o r  g l u t c n - s c n s i t i r c  c n t c r o p a t h y .  i s  a  l v c l l  k n o r v n  l ' o r m

t t f  , , vheat -p ro te in  in to lc rance,  bu t  i t  i s  no t  a  t ) 'pe  I  a l l c rg ic  rc i ì c t ion .  I t  l v i l l
be  c i i sc r - rssed hcrc  b r ic t ìy  bccar . rse  i t  r ray  rcsu l t  t ' rom an imrnunodef ìc iencv
o r  a  c i e l a r v e d  t y p c  i l l  A r t h u s  r e u c t i o n .

The resLr l ts  o f  sk in  tes t ing  nnd R. \ST ind ica tc  tha t  n - ros t  coe l iac  pa t ien ts
c ìo  nc i t  have c i rcu le t ing  IgE spcc i f ì c  fo r  u , 'hea t  p ro te ins  [25 ,3 . { ,  108] .  We have
been r lnab ie  to  f ind  s ign i f ì can t  leve ls  o f  I_sE in  the  sera  o f  coe l iac  chr ld ren
d i rec ted  aga ins t  any  o f  l4  d i f fe ren t  rvheat  f ru tc t ions  inc lud ing  pur i f ied  A-

-s l iad in  [25 ] .  E leva tec l  seru i l  leve ls  o f  to ta l  igE are  no t  uncornr r ìon  in  coe l iac
pat ients [25,  108. 109],  but  these ma"y ar ise as a secondary ef fect  resul t ing
f-rom the increascd uptake of  ant igens via the damaged intest inal  mucosa.

Vlany rvorkers have sr-rggested that An under ly ing cause of  coel iac
disease is an immunodef ic iency.  Coel iac pat ients have been var iously reported
to have eleva.ted serum levels of  [gA, IgG and IgD and to have lower levels
of  IgM in comparison , ,v i th the normai popLr lat ion,  though the signi f icance
of  these resu l ts  i s  no t  c lear  l I l ,  18 ,  119,  140,  1421.
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) i c i c n t l  : t u t l i e s  h a v c  : h o , , i  r . r  t l u r l  m o s t .  b u t  u s L i l L l l v  n o t  l i i l .  c l c i i l t e s  : h o i i '

, , j c l l L i c r i  i t i l t c r s c n > i t i r , i t r  r c l r c t i , , r r :  L o  c l c r i l l i i  t c > t i n g  * r t i t  y i L l l r i l  i ì ' l i c t r o n s  [ ( r .

l S ,  ;  ì .  i ( , ( ) .  l 6 l ] .  I t  n l r v  l t e  t i r i L t  c o e  l i u c  d i s c a s c  i t  c i c n c n r l . r n i  ( ) t ' i  i t . t t t t ' t u t i . -

, - r ) l ì 11 - r i g ) . ; r  ( r f  i u t t i bo t l l '  w ' i t l i  r i  hc l r f  p l t r t c l n :  e  u r t i r i r l i t '  t l r : t ' t ' ,  , - ' t ) c l l i t o  p r i t i cn i \

r i o  i l l r c  , : i r c r - r i l t i n g  l r t t i b o t l r e  s  p r t r t i c u l a r l v  o t '  t l r c  I g i .  i  e  l r t > : .  : p e c i l ì e  t ì l '

. , l i l r t l i n  f 4 l .  1 6 ,  l , l 0 ]  l l o t c r . - r ' ,  t ì r c  r c s i t i t s  o l '  n c i t l t c r  , - i c i  i n e i  l e s t i r r g  r r o r '

:  j ) r ; i i ì c  l : t ( j  t l c t c i - n t rn l r t i i t r ì : ;  i l L r v t  i r r r c r t  sL r f i ì e  r t n t l \ r  u ( )n t - l us i \  - '  t t r r  t hcsc  t c : t :

I , l  i ' e  i r l l c . :  t l t c  t t s c  t r t ' i n t c s ' i i r l l i  i t i o l t s r  i r t  t i i a g t t o s i s .

1 i  i :  i r o r i  ' . l t l l  e c c c p t c ( 1  i i l : , t  t h c  t o r i " - i t v  o t ' , , r  h c l r l  i l o l i t -  f  ' :  - i - , , : l i i I L ì  p l r f  i ! - n t \

i - ;  e t r i i : a r i  ì . r r  t Ì t c  g i i i r d i r r  p l ' o t r i Ì i \ .  r ) r r r t i c L r l l L r l r ' ; - s l ì l l t l i n . : n t t j  ; \  t i r l i t l ' l t c t c t l  i r i

r i r s . - : i r t ) i r  \ \ i l i t  t r r l - . 5 i n  i l t t i - i  t ) c l r 5 i n  l i l l .  l ì : .  i . ì 1 .  i i l Ì  I i  i '  l t l . r r t l  o [ ' i t l t e i c > t

l i l l l t  : i ) l l ì  j  c l ' o s : - l ' c i l c t l V i t ; , '  1 1 , , . .  r ) e c L l r  $  i t ì l  o t i l c t -  e  , : t ' c . i i ' .  , ' \ s  Ì l l i g h t  b e  p r c '

i j j i ' i u r i  i ' i ' , , i n  t h c i l  i t i - r i i o g c l i c t i e  t r r - i , ' i i t r ,  c o c l u t c s . l t o t , .  p t ' t ) l r c > : i r c i r  i ì c e  I r - : r : i t t 1 '

i ' . l i e  l i ( ) t t  l r )  t ' ) ' c .  l l L r l c v  l i n t l  oa t s  l l - ì 71 .

I t t t  t  r tr '  t l  r  u t  t '  I  I  t  1, r '  7' .s gt t .s i  I  i  t  i  l . t '  r  o I  tr  {c.s I  t '  t l  C t '  r  cu l .s

. \  s t i l r l l  r r un t i r c r  o i ' s t L rd i cs  havc  e t t c r t t p l c t i  t r r  c i r a r i t c t c t - i z c  l l t c  I l l ' ( ) t c l t l :

r - c s l l i ) r r s i h l t  l ' o l  i n t n r c d i u t c  h y  p e l s c n s i t i v i t r  i r r  i 1 1 r : c : i c t l  g r x i n s  u t t r l  t o  r t : i s c s s

thc  c r t t ss - r c i - t c i i v i t v  bc t r vccn  cc re  i t i s  L r s i n , '  bo t l i  s k i n  t c : t n ìg  i u l c l  I ì . \S - [ .  I n

t h c s e  s t L i r l i c s  t h c  i t a t i e n t s  * c r c  g c n c r l l l v  l i t o i - r i c  r n d i v i c i L r a i s  w i t h  i t s t h t l r î ,

c c l cn l l  r ) t '  l u t g i r ) - occ i cn - t r .  *  ho  h l t c i  pos i i i v c  : k i i r  t c s t s  l t nd , ' t t r  h i gh  I g i l

: ; pcc i l ì c  i ì r ' . , r , ' i t ca t  ( . ) t ' ( ) l hc r  cc r c l i l s .  Onc  p rob l c rn  I ' r . t c cc i  bv  t ' c sc l t r ch  * ' o r kc t ' s

i n  t h i :  l r r i t  i s  t h u t  i t  i s  i r o i  l l w l , , s  p o : s i b i c  i n  t h c s c  p l r t i c n t s  t . )  c s t a b l i s i t  l

e u L r s c - c f  i ' c c t  | c l a t i u n s i t i p  l r c t * e c n  t h e  p r c s e n c e  o l ' s 1 , . e c i l ì c  l g E  a r t t l  t l r c  t r t t t p i e

sv l l l p tDn l s  obs r r \ cc l  [ 3 ,  34 .  i ] 01 .  
- [ h i s  

n ray  be  pa r t l i  bec l i t s c  I ] l i t nv  o l -  t hcsc

pa t i cn t s  u r c  h i gh l y  r L to l - r i c  l r i t h  n r r - r l t i p l c  l l l c rg i es  bo t l r  t t ' r  i nh lL l cc l  r t l l e rgcns

(e .u .  hoL rsc  c l us t  n l i t c s  an t l  po l l cns )  i u l d  t o  l oo r l s  t t t hc r  t h l t n  cc r c l i l s  sL t c i t  t t s

i n i i k  u n d  e g g .  I n  s L r c l i  c u s c s  t h c  * ' i t h r l n i w u [  ù l ' r ) r ] c  u i l c r g c r t  r l l a ] ' t l l a k e  n o

c l i l - l e rencc  t o  t hc  s ) ' n rp ton rs .  Adc i i t i ona l l y .  t he  r l c ve lopn rcn t  o l '  s y ' n rp to tn : ;

l r f t e r  i nces t i ng  e  l - ood  i s  r l cpcnc l cn t  on  t hc  l L l l c rgcn  c r t r ss i ng  t hc  g r - t l  l v l l l .  
- f hL i s ,

i r r  s t t r l c  o f  i he  pa t i c r i t s  r i ' i t h  h i g i r  spec i f i c  l gE  i n  r i ' hon t  o ra l  cha l l cngc  hac i  r t c . r

e t ' l ' cc t ,  svmptonrs  n l r_r -  bc  c l ic i tcd on ly  rvhen sonre o thcr  t 'ac tor  c lL ts ts  i t

c l i s t L r rb l i nce  o f  t he , sas t ro - i r r t es t i na l  ba r r i e r .  The  f i r c t  t h l l  l l l t t nv  i t n t i gc r t s  dc

c ross  t he  gu t  i n  r Lppa ren t l - v -  no rn ra l  an ima l s  and  peop le  i s  no i v  es tab l i shed

l l l 3 ,  l l 4 ] .  C l e a r l l '  a  g r e í . ì t e r  u n c l e r s t a n d i n g  o l - t h i s  p h e n o m e n o n  i s  o f  k c y

i rnpor tance to  f  ood a l le  rg1,  research.

. \s  in  coe l iac  c l isease end de l i ryec i  ingest ion re : rc t ions to  rvhe l t ,  i t  i s

c l ea r  t ha t  pa t i en t s , . vho  a re  a l l e rg i c  t o  one  ce re r i l  a re  f r cquen t l y  a l so  sens i t i \ , c

t o  o the r  c l ose l y  re l a ted  ce rea l s  [ 203 j .  An  ep idem io loe i ca l  s t L i d , v  ca r r i ed  oL i t



) 0

rn  i \ l i s s t l t r r i  t  USr \ ) .  i l l v ' c ) l v i ng  ov r r  l .O t ) i )  p l L r i c r r t s .  s I o r i , c c l  u  50 , ) , i ,  c9 r - i - c l a t i c ' . ì
l l c t t i c c t t  D o s i t i v c . r k i n  t c s t s  t o  c o n l  a n t l  r i c c .  o r c r  - 1 5 9 ' o  c t t r . r - c l a t i t t .  I ' o r  t h c  J
I ) l l r s  r i  l t e  u t - t ' \  c ,  ' , i  he  a i - c r ) r - r t  l t nc i  l - v c -e  ( ) r n .  r v  h i l c  t t a t s  t cnc l l c l  t i t  sh r t r v  l c ss
co r r c l . t t i t l r l  r r  i l i r  o thc r  cc t ' ca l s  í l r boL r t  l - j ' ) , , )  [ t - i , 11 .  [ l c ccp t l _ r  r , , , c  5a r , c  uscc l
I {AS  i  i o  l ook  t ì l r  c ross - r ' c l c t i r ) nS  to  i l l i r c r  cc reu l s  i n  p r i t i c r ì i :  \ i , i t h  i ngcs l cc l
tVhc lL l  l t l l c t ' e t c : .  

- t - hc  
i cF  i r t  a l i  s c ru  t cs t cc i  sho rvcc i  spc rc i f ì c i t r  l ' 9 r - i . , r , c ,  bu r i c r v

I t t l t l  o l t t  t ) l " o t c i i r s  l t s  r v e l l  a s  r r l t c l t i .  u ' i t h  r c r i , c l o s r  c o t ' r - c l i t t i \ ) i l s  [ r c l r i c - c n  t h c
rVhc r t i .  b l L r i c , ' , ' t t t l c l  r ve  R . \S - f  SCr ) r ' c : .  t l i r ) r l ; s t t , t t  c t  a l .  [ - ì : l l  l L l se  i ì t L rnc i  a  c j c f ì n i t e
| c l l L t i o l t : i l i p  bc tw ' ccn  I ì . \ST  sco rcs  l ' o l  r r  l r cu t  enc i  r vc  i r r  ch i l i l r cn  sL r f l c r i ng
i ' rc t  i I  ce  zc  r r i  l t .

I t  i :  I i k c l i  t h a t  c l o s . ' c o r t ' c l l i t i o t t s  b c t w c c r l  r c s r i l t s  o l ' t c s t i n c  r v , i t h  c l i f - l e r c ' t
c c r c l l l  c r t i - : t c t s  i s  c l L r c  t o  t h c  i t l e r r i . r t r  ( ) r ' r r ' ( ) s s - r c l L c t i v i t - r ' o f ' t l r c  l i i I c r g c n s
t l t ' c sc i . t t '  i i l  t t t r t t  r e i l c c t i ng  t hc  c l t t s c  i r o t l r n i c  r c i . r t i eps l t i l - l :  [ t c t r i , ecn  son ] r
c c l ' c l i l >  ( t a b l c  l l ) .  I I o t v t V c r ,  Î t  t h i s  : t u s c  \ \ c '  C l r . l r n o t  c l i s c o u r r t  t h c  p o s s i b i l i t y
t l t i t t  t i l c sc  co r r c l a t i ons  a rc  s tn r i r l v  c r . t L r scd  bv  t he  f ì ' c c1L r . - n t  cxpgsu rc  o l ' pa t i en t s
to  i i  n i r i nbc r  o i -  c l i f ' l c ren t  ce r - ca l  p ro r i uc t s .

( J n l v  a  l t t v  l t t t c i l l p t s  h a v c  b c c n  i l a r l c  s o  f ì r r  t o  p L r r r l ' r , t h c  p r o t c r n s
r c s p t r t r s i b l e  l o r  a l l c r g i c s  t r )  i n c c s t c c l  c c r e a l s .  S h i b t t s a l ; i c t  r i l .  I l  l l l  i n , , , e s t i e a t c c i
t i l c  p ro te i n  l ì ' a c t i ons  r v ' h i ch  a rc  i r npo r t r r n i  i r r  a l Ì e rg i c  r eac t i ons  t o  r . i c c  p ro t c i r r s .
l ' h cv  s l i on ' cc i  t ha t  t i v t t  ou t  o l -  t i r r cc  sa l t - so lL rb i c  f r ue t i o r r :  s cp : r r - r i t ec i  by  gc l
f ì l t r a t i o n  ( c t l L r i v l t l c t r t  t o  a i b L t n t i n s  a n c i  g l o b L r l i l s  a s  t l c l ì n c c l  i n  t h i >  a r t i c l c ,
f ì g . 9 )  i t r e  p t ' o b a b l y '  o f '  g r e a t c r  s i g n i f ì c u n c e  t h a n  t h c  s a l t - i r r s o l L r b l c .  a l k a l i -
: o l L r  h l c  l t r o t c i n  (  p r o l a r l  i n  a n d  g l L r t c l r n  ) .

l  í t t t l ì t t un  !  201  sho i vcc i  t ha t  t he  l gE  p rcsen t  i n  sÈ rLu l  l - r o rn  a rop rc
p l l t icn ts  ' , i ' i th  h igh I ì r \ST scores lor  rvhcat  l loLr r  tenc iec l  to  re l ic r  to  L l  grearer
c x t c n t  r i ' r t h  a l b L r m i n s  a n c l  g l o b L r i i r r s  e o n r p u r c d  r v . i t h  g l i a c l i n s  a n c l  s l g t e n i n s .
I I ow ' cve r ,  t hesc  resu l t s  \ \ ' t r e  c ' ì r - r i t c  ve r i ub le .  p robab l y  r c t ì ec t i ng  t l - r e  m ixed
l l a t L l r c  t l f ' t h e  p a t i e  n t s  t v h o  w e r e  t v i t h  o r  w i t h o u t  d e n r o n s t r a b l c  s v m D t o r l l s  l o
c i t he r  i ngcs tec l  o r  i nha led  r vhea t .  co r r ì  o l -  o r l r s .

Gol t l .v tc i t t  e t  a l .  [92]  descr ibcd exper i rnents  t - rn  a  pat iept  * , i th  ext rerne
a l l e ru , v "  t o  w 'hea t ,  e i t he r  i nges tec i  o r  i nha lec l .  Th i s  pa t i en t  showec i  1s r rong
rcac t t on  t o  -e l i ad ins ,  bL r t  o the r  l ì ' ae t i ons  such  us  a lbum ins .  s l obu l i ns  and
g lu ten ins  l ve re  no t  t es ted .

We have tested the fbur  muj t . r r  f rac t ions o f  rvheat  prote ins ( f ig .9) ,  us ins
sera f rom 22 pat ients .  rv i th  asthrna or  eczema and h igh leve is  o f  wheat -
spec i f ic  IgE.  The RAST score rvas Ior ,vest  to  g l iad ins anc i  to  ar .  t rypt ic -pept ic
c l igest  o f  rvheat  g lu ten (Frazer  f rac t ion t l l .  a  preparzr t ion pzr r t icL i lar ly  tox ic
to  coe l i acs ) ,  t hus  mak in -e  ano the r  c l ea r  d i s t i nc t i on  be tween  ce rea l  f ood
al lergy and coel iac  d isease.  The h ighest  RAST scores were cons is tent lv
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tound rv i th  thc  3 lobu l in  f rac t ion ,  fo l lo rvcc i  by  the
to  bakcrs '  as rhnra  rnc i  rh in i t i s  , , vhcre  the  a lbumins

Il.c..r., a r c lt .\' c e tlt: d

i l

g lu ten ins .  - i ' h is  
conr ras is

xre nlost  rcact ivc [25] .

\ ! ' j th  l l  few cxeept ions ,  most  c l in ica l l -v  impor tan t  a l l c rscns  i ra rc  no t
Lrcen ic le nt i r ìc-d.  isolated anci  charactcr izcd f  l -1- i ,  J1).  r \s a cons.,quencc,
i l "ccuratc . i i : ts i . tusis oi  a i lergic c l isorciers ancl  ihe dcveioDrnorìr  of  ct- lèct ive
I i - lodcs of  i rnmi i r iotherr tpry l tav 'e been rctarciccl .  l r  hr is l lecn uvic lcnt  in ih is
r{- ' \ / Ie \ ! '  that  i *ve st i lut i .ns . imr-d i ì t  Drrr ì iy ing aÌ lcr-sens arc proceccl ing * , i th
rc la t iVc i " '  i cw g i - l t ss  no i l c r ts ,  ce  rea l  s re ins  anc i  g ra in  conta in in i ln ts .

A i thoLrsh  rhc  i iu rnbcr  o f  d i Í rc rcn t  a r r r - r -gcn ie  r r ' : s  po i ìen  spec ics  i s
la rge  i l - t6 ] ,  i c l t :n t i i ì ce t ion  anc i  i so la t ion  o i  impor ran t  a i l c rgcns  las  been
achieved .'virh on11" two t.ì lollocots, ry'egrass i l. gterertne.) anci t imothir grass
! , ' [ )  r t ratcn're7. El 'en thoLrgh thc poi lcns f ronr thcsc , ,v;dt :s i r r : .acl ,  ancl  ; . r l ier-
ucn ic :L i i y  impor tan t ,  spec ies  c ross- reac t  rv i th  man) -  o thcr  po i l cns  in rp l i ca tcc l
in ai lcrgic re: tct ions,  there is st i i l  r i  ncecl  to ident i f .v anci  isolare pol len al lergens
f i i tm a nut 'nber of  p lants inciut j ine r . r , i lc l  oats ( .^ l , , ,ena Jatuo),  cAnÍtrv grass
(Pl ta lar is tanur ien.s is) ,  cocksfoot (orcharcl  grass) (Ductyl is glot teraral ,
couc i r  (Bermud l )  g rass  (Cyr tadon r luc t1 , l6111anc i  so  on .  Apar t  f ron i  the  c ross-
rcac t ing  e i l c rgens '  thc rc  i v i l l  be  rna jo r  po l l cn  a l ie rgens  thu t  a re  spec les-
spcci f ìc.

Somc progre. is has bcen rnacie in ic ient i ty ing [25, 35] ancl  isolat ing [25]thc ai iergens responsibic tor  IgE-rnediatecl  rh in i t is  and asthma fol lorv ing
inhalzr t ion of  cereal  f lours.  Clear ly,  a number of  f lour al lergens exist  ancl
these shouid be easi ly ident i f iable ancl  isolatecl  using avai lable techniques
and sera f rom e larsc cnough punel  of ' f lour-al lergic subjects.

In gcneral ,  our studies incl icate that  there are mLrl t ip le ' isoal lergens.
(dist inguishable mlrcronlolecules iv i th al iergcnic act iv i ty)  for  each t issLre of
each plant species.  The task of  a l lergcn pur i f ìcat ion anci  character izat ion
eppears qul te c iaunt ing i f  the number of  p lant species requir ing invest igat ion
is mult ip l ied in turn by the number of  d i f ferent t issues of  each ( i .e.  pol len,
endosperm, bran, straw) and by the mult ip l ic i ty of  isoal lergens in each
t issue'  i f  such a task is to be at tempted real ist icai ly,  preparat ive f ract ionat ion
must be combined rv i th analyt ical  screening techniques to provide both depth
and breadth of coverage. As in many fields of research, success rvil l  depend
on suitable techniques becoming zrvailable. To facil i tate the application of
RAST to many difièrent allergen preparations (crude or purifìed), we are
developing a simpler procedure for making allergen discs, based on an
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at isorpt i l ,e membfune. Sr- lch a method rvctuld t lso release cl in ic ians f rom

rel iance on a l i rn i tecl  select ion of  commercial lS '  3u' . i1 ' ,b le drscs.

An ertcnsion of  th is methocl  is  thc mcrnbranc-tr lnsfcr  technique,

i l lgs t ra ted  ip  f i c .L r re  10c ,  rvh ich  permi ts  e l l c rccn  ìc ien t i f i ca t ion  fo l low ing

lLnaiyt icai  f r i ic t ionut ion oi  crude extracts by get electrophorc: ; is  and gel

isoelectr ic focusing, in a menner anaiogor-rs to the detect ion of  isoenzymes.

This methocl  permits comparisons of  the speci i rc isoal ler-qcl ls react ive wi th

ci i f ferent sera using a ral ìge of  e l lc-rgen preprrrat ions,  $ ' i tholr t  the pr ior

rec lu i remcnt  o f  ra is ing  an t ibod ies  lo  each us  is  requ i rcd  fo r  c rossed rad io -

i  m m unoc lcc t  rophr l rcs is .

Such stucl ies coulc i  be expectcd to provide raiuirble infortnat ion about

cross-react iv i t ies of  a l lergens from relzr ted spccies,  thercby reducing the

number of  d i f ferent plant t issues to bc considered in c l iagnost ic test ing,

immunotherapy and preparat ive invcst igat ions.  Str" id ies of  a l lergenic cross-

react ions bettveen grass pol lens and cereal  t lours should be extended in an

ef lor t  to understancl  the c l in ical  impl icat ions of  the presence of  IgE ant i -

bodies that  react rv i th both pol len and i lour rn ai lergic,  and apparent ly non-

al lergic,  subjects.

Progress torvarcls a molecular understanding of  a l lergcn i ic t ion may bc

sought by searching tor anci  apply ' ing speci f ic  chemical  agents that  modify the

abi l i ty  of  each part icular al lergenic determinant to combine with IgE. This

might be possible by chemical  t reatment of  the al lergens in the electrophoret ic

gel  before incubat ion rv i th lgE, thereb, ' -  providing some character izat ion of

the act ive s i te of  each al lergen. Such stLrdies may ul t intately al ter  our c lassi-

f icat ion of  atopic indiv iduals f rom the present diagnosis (as being, S&Y,

al lergic to ryegrass pol len,  lvheat f lour and cat fur)  to a designat ion of  hyper-

sensi t iv i ty to al lergens in terms of  the part icr-r lar  combining si tes involved, as

def ined by the reagcnts that  inhibi t  IgE- isoal lergen combinat ion.

Evidence is emerging that storaqe mites such as A. siro, [. putrescentiae,

G. clomesticr1s and L. destructor are potent allergen sources. Of all the possible

contaminants of  stored grain and grain products,  mites may be the most

allergenically important. Research is needed to establish the extent of cross-

reaction between different storage and house dust mite species and to

investigate the distribution of storage mites in houses and their role in

promoting ailergic responses in humans.

As the reader may have perceived (pp. 2-36), the adverse health effects

caused by exposure to grain dust is a complex problem. A variety of disorders

may be seen in grain handlers but the components of grain dust that init iate

the adverse responses and a number of other questions and clinical obser-
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vat ions related to the i ìdverse ef fects of  grain dust e;<posLrre [29]  are st i l l  i i t t le

unclerstood. The Canac1ian Lung Associat ion task force, se I  up io rcport  on

the hcai th oi ' ,vorkers who handle grain,  ident i l ìed a number of  arc i is in ne ed

of invest igat ion anci  nent ioned the dcsirabi l i ty  of  sovernntcnt supnort  tor

rescarch in th is special ized 1ìeld of  occupat ional  meci ic ine [29].  Clear iy,  i t  is

i rnportant to cstabl ish rvhether or not ot lènding batches of  grain c lust  contein

al lcrgens rh; : t  are involved in provoking ai lergic reaci ions in gni ìn l ianClers.

. l i  a l lcrgens arù c lc- tectecl ,  interest , , l 'ould immediately '  tocLrs on their  source

rvhcthcr th i i t  be f rom the grain i tsel f  or  a cot i t lminant.

l j rom lL c l in ic; , r l  v ie, ,vpoint ,  the area of  cereal  a l lergv rnosi  in need of

researc i r  i s  the  s tudy  o I reac t ions  lo  inges ted  cerca i  p roduc ts .  There  is  c leer ly '

r i  ncet l  to establ ish thc rc i iabi l i ty  or  otherrv ise of  cytotoxic tesis.  skin test ing,

Rr\S-f  and other in v i t io mcthods o1'  d iagnosing cl in ical ly s igni f icaut iood

al lcrgy [2,  235].

ln pur i f .v ing the major ai lcr-eens present in cereais,  t t ' t  shoLr ld consider

n,r t  only the nat ive proteins but also denaturecl  prodr,rcts produced by cooking

or pept ides resul t ing f rom incornplete digest ion.  Spies 12241 has demonstrated

the appearance oi  l2 new ant igens af ter  pepsin hydrolysis oi  mi lk proteins.

i i  pept ides such as these rvere important al lergens, i t  couid explain rvhy in

soslr  cases negat ivc skin tests or RAST rcsr- i l ts  are obtained despi te appercnt

immediate al lergic rei tct ions to toods. Sirni lar  rvork is needed on cooked and

part ia i ly  d igested ccreal  products.

The stud.v of  the mechanisms involved in the t ransport  of  pept ides or

rvhole proteins across the intest inal  l in ing is of  c i i rect  importance to our

understanding of  food al lergy.  Certainly the concept that  oral  immunizat ion

recluces later uptake of  ant igen by rais ing local  IgA levels in the gut [7 '  8]

deserves further invest igat ion.

There is a need to establ ish the under ly ing mechanisms of  react ions to

ingested cereals occurr ing in the absence of  speci f ìc IgE in the serum. Such

cases could involve immunological  react ions (such as direct  act ivat ion of

compiement or type I I I  react ions dependent on immune complexes),  or

non- immunological  react ions (such as changes in amine metaboi ism or

presence of  toxic pept ides or other substances).

Finaliy, any review dealing with ailergens and allergic disease must

confront the vitally important but perplexing problem of allergen standardi-

zation. The need for standardized allergen preparations has been convinc-

ingly demonstrated [1 ,3,  4)  but progress in providing such preparat ions has

remained slow. Although a variety of methods has been used or suggested,

no convincing, generally applicable procedttre has emerged. Few, if any,
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qual i tat ive i lnd quant i tat ive controls for  a l lcrgen extracts thcrefore exist .

This is as t rue for extracts oi  grass pol lcns,  grain,  *qrain dust anci  grain

contaminants as i t  is  tor  other al lergen crtracts.  To overconte the present

dcp lo rab le  s i tua t ion ,  se lec t i ve  methods  i f3 ]  r r f  s tand l r rd iza t ion  invo lv ing

lect ins and myeloma proteins have bcen strugcstecl  [19,  ]0,  2; l l .

Us ing  moL ise  h1 'b r i i l oma techno logy  i l4 l l .  thc rc  i s  no ih ing  to  p revent

the immediate introclr-rct ion of  monoclonrLl  i rntrbociy pr imary st i indards ior

pur i f ìed l l lergcns from ryegrass and t inrothv pol lcns and for r ,v l ieat  f loLir

albrumins t21].  I t  shouid aiso be pointcci  or-r t  that  thc procir , rct ion of  hybr id-

oma-der ivcd .  a i le rgen-spec i í ìc ,  monocìon ;L i  an t ibo t l i cs  docs  no l  t t ccess l i r i l v

re ly  on  the  rva i lab ì l i t y  o lh igh ly  pur ihcc l  a l l c rgens  to r  imntun iza t ion  o f  the

donor  mousc .  I ro l lo rv ing  ' immor ta l ìza t ion '  o l '  sp icen ce l l s  t - rom the  immun-

ized mouse by fusion rv i th a tumour cel l ,  the process of  c ioning enables

one to isolate di f lerent homogencous cel i  l ines secret ing nronoclonal  ant i -

bodies wi th speci f ìc i t ies for  indiv iduai  a i lergens. This approach rvas t tseci

successful ly to prepare monocional  ant ibody standards tor hoi , rse dust mite

al lergens [19, 149, 150] and could be appl ied to preparc al lersen-speci f ic

ant ibody pr imary standards fo l lo iv ing in ject ion of  crude pol le n,  f lour,  grain

dust or storage mite extracts.  I t  is  teasible th:r t  hybr idoml-der ived, ai lergen-

speci f ic  monocional  ant ibodies could be used as internat ional  pr imnry

standards lor  indiv idual  a l lergens. Ant ibody-secret ing hybr idomas may be

kept v iable tor  long per iods under l iquid ni t rogen and couid provic ie a

centrai  panei  of  reference tumour cel l  l ines.  These cei is could be exchanged

between laboratories throughout the rvorld and used to provide allergen-

specific antibodies for qualitative and quantitative standardization of allergen

extracts.
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