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Background: Cross-reactive carbohydrate determinants {CCD} are well known interferants in specific lgE assays (slgE).

Glyco-eóitopes are not restricted to CCD and extracts used to prepare ín vitratests contain many other glycoproteins able to

bind glycan-specif ic lgE. The overal l  amounts of lgE-bindable glycan structures in al lergen sources are unknown'

Objective: We aiméd at quantifying the influence of N-glycan structures on lgE reactivity to commonly tested a[lergen

sou rces.--frn"iÀ"As: 
lgE reactivi ty to 51 al lergen extracts, one purif ied natural al lergen and 10 recombinant al lergens wls measured

on Phadia UniCnp system using 2 sera demonstrating significant levels of glycan-related lgE reactivity. lmmobilized brome-

lain and horseradish peroxidase (HRP) were used to capture N-glycan-specif ic lgE from these sera. Residual lgE reactivi ty was

measured for 42 al lergen sources and 4 recombinanVpurif ied al lergens.
Results: An obviously excessive number of positive CAP-results were obtained with both sera, especially for plant-based

allergen sources. Capture of glycan-specif ic lgE led to a decrease of serum lgE ractivi ty, variable among al lergen sources and

between sera. Among others, peanut results were proven largely interfered by the presence of glycan-specific lgE.

Unexpectedly some al lergen sources showed a sl ight inf luence of glycan-related reactivi ty, such as cockroach, mosquito, mus-

se l ,  shr imp and domest ic  mi tes.
Conclusion: ln patients sensitized to pollens or to Hymenoptera venorns slgE results should be interpreted with caution. One

cannot substract the result of a glyco-reporter test (brometain andlor HRP) in order to compute glycan-free slgE results for

common al lergen sources l ike peanuts. As long as the demonstrat ion of a signif icant role for glycan structures in cl inical al ler-

gic reactions is lacking, a simple pre-treatment able to discard glycan-specific lgE from serum would be useful to improve

accuracy oÍ in vitro diagnostic tests.
Key-words: Allergy diagnosis - Specific lgE - CCD - Glycoproteins - Peanuts.

TIUTRODUGÎIOIII

any proteins bear carbohydrate structures.
Glycoproteins,  whether al lergenic or not,  are
thus regular components of  extracts used for

skin testing or for in vitro specific lgE assays (slgE).

Glycan structures can give r ise to lgE ant ibodies in sus-

cept ib le subjects.  These lgE ant ibodies are able to reco-
gnize s imi lar  g lyco-epi topes on di f ferent glycoproteins.

Cross-reacting glyco-epitopes are often called "cross-

react ive carbohydrate determinants" (CCD) (1 ) .
Why glycan structures and CCD are worth studying in
the  f ie ld  o f  a l le rgy  d iagnos is?  (21 .
È Cross-react iv i ty between CCD is potent ia l ly  wider

than between pept ide epi topes because CCD ignore
pro te in  fami l ies  boundar ies  [3 ] .
> slgE in vitro tests are prone to cross-reactivity
because lgE ant ibodies are f ree to move in serum and
can bind to any compat ib le structure in the assay
extract. ln contrast, cellular tests, such as skin tests,
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are less prone to cross-react iv i ty because cel lu lar  act i -

vat ion needs the presence of  two adjacent and compa-

t ib le  pa i rs  o f  ep i topes  and lgE (  ) .  Cons ider ing  tha t  b i -

or mult i -valency is rare among glycoproteins regar-

ding glyco-epi topes, most experts agree on a poor,  i f

any,  c l in ical  re levance of  g lycan-speci f ic  lgE (5).

> The presence of  g lycan-speci f ic  lgE in serum is not

a rarc event :  based on a posi t ive resul t  for  a glyco-

reporter such as bromelain,  as many as 15-40o/o pol l i -

n ic  pa t ien ts  and Hymenoptera  venom a l le rg ic  sub-
jects do possess such lgE ant ibodies (6,  7) .

Thus slgE assays are at  r isk to be interferred by the

presence of  g lycan structures in the extract '  Some

molecules known to sensi t ize exposed subjects only

in  very  ra re  and spec i f i c  cond i t ions  (eg '  b romela in )  o r

regarded as  non a l le rgen ic  (eg .  horserad ish  perox ida-

se or ascorbate oxidase) are current ly used as glyco-

reporters in dai ly pract ice :  a posi t ive in v i t ro resul t  for

such a molecule indicates the presence of  g lycan-spe-

ci f ic  lgE in the pat ient 's serum (8).

This information is useful but raises many questions

not well studied up to now : do different glyco-reporters

give equivalent resul ts ín a given pat ient? Are al l  a l ler-
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gen sources equally susceptible to the presence of gly-
can-speci f ic  lgE in the pat ient 's serum? Can the quant i -
tative result for the glyco-reporter be substracted from
the resul t  of  other al lergen sources (eg. peanuts)?
We aimed at  explor ing the extent of  N-glycan-related
lgE react iv i ty towards a large panel  of  common al ler-
gen sources .

MATERIAT AIUD METHODS

I  Sera:  Among a panel  of  36 sera (Scipac Ltd,  UK)
included in a mult icentr ic analyt ical  study of  s lgE
assays (9) we selected two sera showing a significant
react iv i ty to molecules commonly used as glyco-repor-
ters,  ie.  bromelain and horseradish peroxydase (HRp).

I slgE determinations: lgE-reactivity of these two sera
was measured on Phadia UniCAP 100 system using b1
al lergen sources (24 foods, 16 pol lens,  4 insects,  2
moulds,  2 mites,  2 pets,  and latex),  10 recombinant
a l le rgens ,  and 1  pur i f ied  na tura l  a l le rgen.
The extent of  CCD-react iv i ty for  most of  these al ler-
gen sources  and recombinant /pur i f ied  a l le rgens  was
s tud ied .  For  tha t  purpose we des igned an  immuno-
capture assay :  150 Ul iwel l  of  b iot inylated bromelain
and horserad ish  perox idase (HRP)  lmmul i te  reagents
(DPC, Los Angeles) in a 4 :1 rat io were used to coat
streptavidin-based plates (Nunc 430014).  This rat io
was chosen to compensate for  the number of  g lycan
cha ins  present  on  bromela in  and HRP (1  and 4 ,  res-
pect ively) .  Af ter  a wash and dry step, glycan-speci f ic
lgE were captured from sera (100 ;r l lwel l )  for  8 hours
at room temperature.  Sera were di luted aiming at  a
glycan-related react iví ty before capture of  1,b kU/| .
Al lergen sources giv ing a resul t  < 1 ku/ l  before captu-
re were not tested. lgE react iv i t ies before and af ter
capture  were  quant i f ied  dur ing  the  same assay  run .

RESUTTS

f Patients' sera: Serum no1 and serum n.2 differ on
many aspects:serum no1 has a low level  of  total  lgE (30
kUl/ l )  and a higher react iv i ty to HRP (13,9 ku/ l )  than to
bromelain (12,1 kull l. In contrast, serum no2 has a high
level of total lgE (1330 kUl/l) and a clearly lower reactivi-
ty to HRP compared to bromelain (7,8 kU/l vs 28,5 kUlD.

shown in  Tab le  1 ,  CAP resu l ts  a re  s t r i k ing ly  s imi la r
among plant sources for serum n.1 but vary f rom one
source to another one for serum no2. Both sera
demonstrated an obviously excessive of  posi t ive
resul ts,  a character ist ic for  a CCD interference.

allergens; Glycan-driven reactivity is avoided with
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pure  ung lycosy la ted  a l le rgens .  Th is  i s  the  case fo r  the
11 recombinant  mo lecu les  tes ted  in  the  present  s tudy
(Table 2).  Low resul ts for  serum no1 indicates that
most of  lgE react iv i ty observed with pol lens,  p lant
foods, latex and Hymenoptera venoms comes from a
CCD interference. This is in l ine wi th the c lear ly posi-
t i ve  resu l t  ob ta íned w i th  nOle  e  1 ,  a  pur i f ied  na tura l l y
glycosylated al lergen. Serum n" 2 adds two kinds of
lgE react iv i ty:  a sensi t izat ion to pol lens and Al ternaría
and a CCD react iv i ty most probably induced by the
sensi t izat ion to pol lens.  Part  of  the lgE react iv i ty to
po l lens  o ther  than grass  cou ld  come f rom a  sens i t i za-
t ion  to  p ro f i l i ns  and po lca lc ins .  Resu l ts  fo r  rBet  v  2
and rPhl  p 12 and for rBet v 4 and rPhl  p 7 are very
close to each other.
* Results of the immuno-capture assay: Residual
reac t iv i t y  o f  lgE an t i -b romela in  and lgE an t i -HRP
demonstrated that glycan-speci f ic  lgE react iv i ty cap-
ture was near ly total  wi th serum no1 but was subtotal
with serum no2 : around 10o/o glycan-specific lgE reac-
t iv i ty remained uncaptured in serum n'2 wi th our
assay  cond i t ions  (Tab le  3 ) .
Captur ing glycan-speci f ic  lgE from serum n'2 had a
var iable ef fect  on the resul t  of  common al lergen
sources. This ef fect  can be div ided into 3 categor ies
( F i g u r e  1 ) :
.  great ly inf luenced by the presence of  lgE-react ive

glycan structures :  pol lens,  p lant foods, latex,  hyme-
noptera venoms;

.  unaffected :  mammal-der ived products,  f ish,  egg,
molds  and ung lycosy la ted  recombinant  a l le rgens ;

.  part ly interfered :  cockroach, mosqui to,  mites,  mus-
se l ,  and shr imp.  A  s ing le  bu t  g lycosy la ted  molecu le
l ike ol ive al lergen nOle e 1 is also part ly react ive
through i t s  g lycan cha ins .

Captur ing glycan-speci f ic  lgE from serum n"1 led to
vir tual ly no react iv i ty for  a l l  testable al lergen sources
(Table 3).

IDISGUSSION

Our resul ts demonstrate a s igni f icant glycan-related
in te r fe rence regard ing  p lan t  sources ,  la tex ,  and
hymenoptera venoms. Extracts f rom mammals,  f ish,
egg,  and molds  and ung lycosy la ted  recombinant
al lergens are f ree f rom this interference.
Pur i f ied natural  a l lergens are at  r isk of  CCD interferen-
ce i f  they bear glycan structures.  Great care should be
taken when interpret ing resul ts of  such single mole-
cules:  nOle e 1,  as demonstrated in our study, but also
other UniCAP tests such as to nPhl p 4 ( t imothy grass
po l len)  o r  nAp i  m 1  (honeybee)  (10) .
Some al lergen sources seem part ly inf luenced by the
presence of  ant i -g lycan lgE: cockroach, mosqui to,
musse l ,  shr imp,  and domest ic  mi tes .  A l though da ta



Allergen source Code Serum noî Serum no2

Mites D. pteronyssinus
D.  far inae

D 1
D 2

0.57
2.32

1 .39
2.09

Pets Cat
Dog

E 1
E 5

0.21
1 . 3

6 . 1 5
4. ' t1

Moulds Asperg i l lus
Alternaria

M 3
M 6

0.47
0.4

1 4
48.5

Grass po l lens Bermuda grass
Orchard grass

Ryegrass
îmothy grass
Wheat pol len

G 2
G 3
G 5
G 6
G 1 5

14.2
14.1
14.2
14.6
13.2

79.2
176.2
193 .4
180.4
1 1 6 . 8

Tree pol lens Birch
Hazel
Ol ive

Plane tree
Ash tree
Cypress

T 3
T 4
T 9
T 1 1
T 1 5
T 2 3

1  1 . 9
1  1 . 5
13.7
13.9
14.3
12.5

24.8
28.9
41.9
35.2
29.9
9 . 1 5

Weed pol lens Ragweed
Mugwort
P lanta in

Lamb's quarter
Pell i tory

W 1
W 6
W 9
w 1 0
w 2 1

13 .1
12 .8
13.2
12.7
1 4

40.6
25.6
27 .1
22

1  1 . 6

Hymenoptera
venoms

Honeybee
Yellow jacket

l 1
t 3

14.2
1  1 . 5

7.83
3 .71

lnsects ìerman cockroach
Mosquito

l 6
1 7 1

11.2
1 .95

6.23
2.86

Latex Hevea latex K 8 2 1 5 7.74

Foods
o f  an ima l
or ig in

White of egg
Egg yolk

Cow's milk
Beef meat

Cod
Shr imp
Mussel

F 1
F 7 5
F 2
F 2 7
F 3
F 2 4
F 3 7

0,26
0 . 1 6
0.22
0.21
o.28
2 . 1 9
1 . 1 6

0.37
0.27
0.31
0.39
0.52
1.52
2.63

Plant foods Wheat f lour
Sesame
Peanuts

Soyabean
Hazelnut
Almond
Tomato
Carrot
Potato
Apple
Kiwi

Celery
Mustard
Banana
Peach

Avocado
Walnut

F 4
F 1 0
F 1 3
F 1 4
F 1 7
F 2 0
F 2 5
F 3 1
F 3 5
F 4 9
F 8 4
F 8 5
F 8 9
F 9 2
F 9 5
F 9 6
F256

12.2
14 .5
14 .9
12.6
1 4

12.5
14.3
13 .6
13 .8
1  1 . 9
14.1
14.4
1 0

1 1 . 1
1  1 . 8
1 4

10 .5

26.4
23.6
26.5
1  1 . 3
7 . 1 3
5.8
27

23.7
25.3
8 . 1 3
26.9
29

4.67
1 9

13.7
1 4

6 . 1 4

Allergen source Allergen * Code Serum noî Serum n"2

Birch pollen rBet v 1

rBet v 2

rBet v 4

T215
T216
T220

0.57

0.59

0.67

0.81

3.85

15 .6

Latex

rHev b 1

rHev b 3

rHev b 5

rHev b 6.02

K215
K217
K218
K220

0.42
0.47

0.25X
0.4

0.65

0.9

0.45

0.91

Olive pollen nO le  e  1 T224 14 .8 18 .8

îmothy grass

rPhl  p  7

rPh l  p  12

rPh l  p1+5b

G 2 1 0
G212

G213

0.43
0.69

0.59

13.7

4.47

155.2

Table 1: Results (kU/l) obtained for 51 al lergen sources with 2 CCD-
posit ive sera

Table 2 :  Resul ts  (kU/ l )  obta ined for  11 ind iv idua l  a l le rgens
with 2 CCD-posit ive sera.
x  r  =  recombinant /  n  =  natura l  (pur i f ied) .

BromelainHRP *

Serum noî Before capture
After capture

12.1
0.39

13 .9
0.38

Serum no2 Before capture
After capture

28.5
2.99

7.8
0.69

Table 3: Results for glyco-reporter molecules
on Un|CAP (kU/ l )  before and af ter  immuno-
capture of glycan-related lgE reactivi ty.
*Horseradish peroxidase.

Figure 1: Effect of immuno-capture of glycan-specif ic lgE on 42
al lergen sources and 4 ind iv idua l  a l le rgens.
Light grey bars indicate the result obtained before immuno-capture.
Dark grey bars represent the IgE reactivity left after immuno-
capture
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about glycomes of  invertebrates are st i l l  scarce (11,
12),  one can suspect the presence of  N-glycan struc-
tures bear ing a core fucose-1,3 in these al lergen
sources. Recent works conf i rmed that shr imp and
mites extracts contain lgE-react ive carbohydrate com-
ponents  (13 ,  1  4 ) .  These f ind ings  ques t ion  the  c lass ica l
v iew wh ich  s ta tes  tha t  an ima l  a l le rgen sources ,
except Hymenoptera venoms, do not bear carbohy-
drates able to cross-react wi th plant glycan structures.
For instance, no in vítro reactivity to bromelain was
found in  (non po l l in ic )  pa t ien ts  a l le rg ic  to  domest ic
mites [6,  15] .  But the reverse was not studied, ie.  how
many posi t ive resul ts for  mites are present among
CCD-posi t ive subjects.  Presumably plant-dr iven gly-
can-speci f ic  lgE have a weak af f in i ty for  mites carbo-
hydrate structures.  As a resul t ,  only high t i ters of  ant i -
CCD lgE, such as those of  the sera we tested in the
present work, produce a substantial effect on in vitro
resul ts for  these al lergen sources.
In  o rder  to  improve the  measurement  o f  c l in ica l l y
re levant  lgE,  the  app l ica t ion  o f  (ung lycosy la ted)
recombinant al lergens has the pr ior i ty over c lassical
extracts as long as the loss of  sensi t iv i ty is negl ig ib le
or largely compensated by a better specificity : for
example test ing rBet v 1 instead of  b i rch,  rPhl  p 1 and
rPhl  p 5b instead of  t imothy grass,  or  rHev b 1 + rHev
b 5 and/or rHev b 6.02 instead of  hevea latex.
The Bromelain/HRP reactivity ratio is not constant from
one pat ient  to another one :  here 0.9 for  serum no1 and
3.6 for  serum n'2.  Prel iminary tests (data not shown)
demonstrated that HRP only could capture al l  lgE reac-
t iv i ty to bromelain in serum n"1 and that bromelain
was the main driver of CCD reactivity in serum no2.
Bromelain and other glyco-reporter molecules such
as HRP cross-react wi th each other more or less,
depending on pat ient 's lgE af f in i t ies towards xylose
or  core  1 ,3 - fucose on  g lycan cha ins  (5 ) .
Each pat ient  has his/her own spectrum of glycan-rela-
ted lgE react iv i ty.  One cannot s impl i fy glycan-related
lgE react iv i ty to bromelain only.
As shown by the var iable ef fect  of  captur ing glycan-
speci f ic  lgE on di f ferent al lergen extracts,  one cannot
substract  bromelain and/or HRP react iv i ty (kU/ l )  f rom
resul ts obtained with other sources in order to com-
pute a glycan-corrected ("true"?) lgE reactivity.
Resul ts of  the present study thus add to the already
known drawbacks of  the publ ished cut-of fs for  a l lergy
d iagnos is ,  such as  15  kU/ l  fo r  peanuts  (16-18) .
A l though an  in f requent  f ind ing ,  some sera  show an
lgE react iv i ty restr icted to glycan structures only (19).
This is the case of  serum no1 in the present study.
When assayed with devices test ing mult ip le al lergen
sources (eg. MAST@ Al lergy Test) ,  such sera give an
unexpected high number of  posi t ive resul ts.  But,  i f
wisely interpreted, th is f inding becomes a useful
piece of  informat ion,  a warning about the occurrence
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of  ant i -CCD lgE in  the pat ient 's  serum.  Such a p iece of
in format ion is  missed when test ing on ly  a  couple  o f
a l lergen sources as i t  is  usual  to  do wi th  d iscrete  ana-
lyzers  l ike  the Un|CAP system.

The in ter ference of  carbohydrate  s t ructures on in
v i f ro  tes ts  is  a  genera l  phenomenon,  obv ious ly  not
spec i f ic  to  Phadia  UnÍCAP reagents .  Pre l iminary  data

obta ined in  our  laboratory  wi th  the same sera as
those used in  the present  s tudy showed some degree

of  CCD react iv i ty  wi th  o ther  analy t ica l  p la t forms l ike

S iemens  lmmu l i t e  2000  o r  ADVIA  Cen tau r .

As long as the demonst ra t ion o f  a  s ign i f icant  ro le  for
g l ycan  s t ruc tu res  i n  c l i n i ca l  a l l e rg i c  r eac t i ons  i s  l ac -

k ing,  s lgE in  v i t ro  assays should  avo id  measur ing any
glycan-related lgE reactivi ty. Before a large array of
unglycosy la ted recombinant  and/or  pur i f ied natura l

a l lergens is  ava i lab le  for  rout ine use,  in  v i f ro  resu l ts

for  CCD-prone a l lergen sources should  be in terpreted

wi th  caut ion.  Test ing g lyco-repor ters ,  such as brome-

la i n  and  HRB can  he lp .  Bu t  cap tu r i ng  g l ycan -spec i f i c

lgE before measur ing serum lgE react iv i ty  is  c lear ly

the best  opt ion (5) .  There is  a  s t rong need for  a
re l i ab le  assay  t ha t  exc lus i ve l y  measu res  c l i n i ca l l y
re levant  lgE.  An easy and s imple way to  deple te
serum for  g lycan-spec i f ic  lgE is  cur rent ly  under  inves-

t igat ion in  our  laboratory .
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CHRONIC COUGH CAN BE TAMEDWITH THE RIGHT TREATMENT

ARLINGTON HEIGHTS, lL -  Chronic cough -  of ten causing much discomfort ,  f rustrat ion,  i r r i ta-
bi l i ty  and sleep disturbances in 10 percent to 20 percent of  adul ts -  is  one of  the leading rea-
sons for consul tat ion wi th a physic ian according to a report  publ ished this month in Annals of
Allergy, Asthma & lmmunology, the scientif ic journal of the American College of Allergy,
Asthma and lmmunology (ACAAI).
Matthew A. Rank, M.D.,  at  Mayo Cl in ic in Rochester,  Mínn.,  and his col leagues, def ine a chro-
n ic  cough as  one las t ing  longer  than 8  weeks  in  adu l ts  and 4  weeks  in  ch i ld ren .
"Coughing plays an important role in the body's defense system by clear ing the airway of
excess secret ions and foreign bodies",  note the authors.  "However,  in some pat ients cough
may be excessive and unnecessary and may lead to a general  deter iorat ion in qual i ty of  l i fe" .
From the patient's perspective, the most prevalent problems observed in a recent survey were
frustrat ion,  i r r i tabi l i ty ,  anger,  f requent physic ian v is i ts and test ing,  and sleep disturbances.
The three leading causes of  chronic cough in adul ts are upper airway cough syndrome (UACS,
also known as postnasal  dr ip syndrome),  asthma, and gastroesophageal ref lux disease (GERD).
The treatment descr ibed as the most ef fect ive cough resolut ion involves test ing for  a l l  three
condi t ions and treat ing them simultaneously.
"Unfortunately,  less research is avai lable in chi ldhood cough when compared to their  adul t
counterpar ts " ,  sa id  co-au thor  John Oppenhe imer ,  M.D. ,  UMDNJ-New Jersey  Med ica l  Schoo l ,
Cendar Knol ls,  N.J.  " ln one study bacter ia l  bronchi t is  was ident i f ied as the most common
exp lanat ion  fo r  chron ic  cough in  ch i ld ren ,  wh i le  as thma,  GERD and UACS compr ised less  than
10 percent of  the diagnosis.  On the other hand, in another study, asthma was found to be the
most common cause of  chronic cough in chi ldren, reinforcing the need for fur ther research in
ident i fy ing causes of  cough in th is populat ion".
New diagnost ic techniques and treatments in development may br ing faster rel ief  to cough suf-
ferers.  Measurement of  exhaled ni t r ic  oxide is shown to correlate wi th airway inf lammation for
ident i fy ing asthma. A portable Aer i f lux test ing system has been developed that may al low
easier diagnosis of  GERD-associated cough.
Taming the  chron ic  cough requí res  a  thorough eva lua t ion .  Cons ider ing  the  lead ing  causes  o f
chronic cough, authors note that  a l lergists should be pivotal  in i ts evaluat ion and management.

Pat ient  in format ion on a l lerg ic  d iseases inc lud ing asthma is  ava i lab le  by ca l l ing the ACAAI  to l l  f ree num-
ber at (800) 842-7777 or visi t ing i ts Web site at www.acaai.org <http: l lwww.acaai.org>. The American
Col lege of  A l lergy,  Asthma and lmmunology (ACAAI)  is  a  profess ional  medica l  organizat ion headquar tered
in  Ar l ington Heights ,  l l l . ,  that  promotes exce l lence in  the pract ice o f  the subspec ia l ty  o f  a l le rgy and immu-
nology.  The Col lege,  compr is ing more than 5,000 a l lerg is ts- immunolog is ts  and re la ted heal th  care profes-
s ionals ,  fos ters  a  cu l ture  o f  co l laborat ion and congenia l i ty  in  which i ts  members work  together  and wi th
others toward the common goals of patient care, education, advocacy and research.
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