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A B S T R A C T

Background: Component-resolved diagnostics (CRD) has been demonstrated to be an excellent new tool for
improving the current diagnosis of allergies, and it allows differentiation between polysensitization and
cross-reactivity.
Objective: To demonstrate the role of cross-reactive pollen allergens in pediatric patients living in areaswith
large amounts of airborne grass pollen grains who are sensitive to grass pollen and latex.
Methods: Serum samples were obtained from 106 children between 3 and 14 years of age diagnosed with
allergies to pollen based on clinical history, skin prick tests, and specific immunoglobulin E (IgE). None of
them had allergy symptoms to latex or fruits. From these 106 children, 56 patients revealed positive results
to Phleum-specific major allergens but not to cross-reactive allergens. The other 50 patients who showed
positive specific IgE to Phleum-specific major allergens and to cross-reactive pollen allergens also showed
positive results to latex allergens. CRD was carried out by specific IgE quantification using a fluoro-enzyme
immunoassay (ImmunoCAPT System).
Results: Results demonstrated a positive significant relationship between the specific IgE to Hev b 8 and
Phl p 12 and also between the specific IgE to Hev b 8 and latex extract in the group of patients sensitized
to species-specific and cross-reactive Phleum allergens. Positive significant relationships were also found
between profilin and avocado or peach sensitizations. No other latex allergens gave positive results.
Conclusion: The apparent sensitization to latex in pediatric patients allergic to grass pollen is caused by the
cross-reactive profilin panallergen; however, it is appears not to be clinically relevant.
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Sensitized individuals may develop allergic symptoms when ex-
posed to any product containing latex. Cremer and colleagues1 re-
portedmore than 10 years ago that the prevalence of latex allergies in
children increasednotonly in riskgroupsbut also inatopic childrenor
healthy subjects. More recently, Arminda et al2 reported that the
prevalence of latex allergies in children is not currently increasing
because powder-free and latex-poor gloves have been introduced. In
these groups, data about sensitization prevalence are scarce and in-
volve different population samples and different allergy tests. This
makes comparison across different studies difficult.

The term component-resolved diagnosis (CRD) has been coined to
designate diagnostic tests based on pure allergen molecules that
are either produced by recombinant expression of allergen-encod-
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ng complementary DNAs or by purification from natural allergen
ources.3 This method has been demonstrated to be an excellent
ew concept for improving the current laboratory diagnosis of
llergic diseases. The current availability of individualized aller-
ens makes it possible to study the role of each molecule in diag-
osis and prognosis and helps to solve the controversy about “poly-
ensitization and cross-reactivity.”4 Thus, CRD could be the
ppropriate tool for measuring the real sensitization prevalence of
atex allergies through their specific allergens.

Recently, Quercia and colleagues5 and Ebo and colleagues6 dem-
nstrated that CRD is a reliable tool for diagnosing latex allergies,
iscriminating between a genuine allergy and sensitization, and
emonstrated that latex profilin is clinically irrelevant in a group of
dult patients sensitized to latex.
These authors have demonstrated that panels includingHev b 5,

ev b 6, and Hev b 1 generally allow identification of most latex-
llergic patients. Moreover, using a broader repertoire of compo-
ents might also aid in evaluating cross-reactivity and identifying

atients at risk for a latex–fruit syndrome. They could demonstrate

munology. Published by Elsevier Inc. All rights reserved.
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that apparently irrelevant serum immunoglobulin E (sIgE) antibod-
ies against latex generally result from sensitization for grass pollen
profilin or cross-reactive carbohydrate determinant (CCD), and that
recognition of these components can improve the diagnosis of latex
allergy.

With this in mind, and taking into account that previously we
could demonstrate that 46% of the pediatric population living in
areas with a high pressure of airborne grass pollen grains7 and sensi-
tized to grass pollen showed specific IgE to cross-reactive allergens
from Phleum pratense Phl p7 (pollen panallergen: calcium-binding
protein) or Phl p12 (plant allergen: profilin),4 the objective of this
study was to demonstrate the role of a cross-reactive pollen profilin
panallergen in pediatric patients sensitized to latex.

Methods

Study population

Serum samples formolecular diagnosis were obtained from 106
children between 3 and 14 years of age diagnosed with allergic
rhinitis or asthma/rhinitis caused by pollen on the basis of the
clinical history and skin prick tests. All patients referred respiratory
(rhinitis or asthma/rhinitis) during the grass pollen season, and no
children referred previous or current latex or food allergy symp-
toms. These patients visited the outpatient clinics of the Service of
Pediatrics of “Complejo Hospitalario de LeÔn” (LeÔn, Spain) and
were referred for extensiveworkup studies. A panel of allergens for
prick test, including mites (Dermatophagoides pteronyssinus and D.
farinae), pollens (grasses, Artemisia vulgaris, Ambrosia elatior, Sal-
sola kali, Plantago lanceolata,Olea europaea, Cupressus sempervirens,
and Platanus acerifolia), molds (Alternaria alternata, Aspergillus fu-
migatus, Cladosporium herbarum, and Penicillium chrysogenum), ep-
ithelia (dog and cat), latex, milk fractions, and egg whites and yolk
(Laboratorios LETI S.L., Barcelona, Spain)was used. A standard prick
test procedure was performed according to JimÊnez and col-
leagues,8 with wheal diameters 3 mm or lager considered positive
results. All patients were sensitized to pollen grasses and had sea-
sonal symptoms shared with grass pollination. Fifty-six percent of
the patients also hadpositive skin prick tests to pollen species other
than grasses.

The studywas performed in compliance with the Declaration of
Helsinki (1964), and oral informed consent was obtained from the
tutors of the patients. The research was approved by the Ethic
Committee of the Complejo Asistencial de Leon (Leon, Spain).

Specific IgE quantification

Specific IgEs against pollen allergens from different species
were determined according to requests issued by the pediatric
consultations. Specific IgEs against recombinant individualized
grass allergens based on the results of specific IgE testing against
the allergenic species obtained from each of the issued requests
were also quantified. Specific IgE assays were carried out using
Fluoro-Enzyme Immunoassay (ImmunoCAP 250 Specific IgE, Ph-
adia AB, Uppsala, Sweden). Allergen extracts from latex and differ-
ent fruits (pineapple, apple, peach, kiwi, avocado, banana, and
chestnut) and recombinant allergens of Phleum pratense (rPhl p 1:
expansin, rPhl p 5: ribonuclease, rPhl p 7: timothy polcalcin and
rPhl p 12: timothy profilin), latex (rHev b 1: latex elongatior factor,
rHeb v 5, rHev b 6: hevein-like protein, rHev b 8: latex profilin
and rHev b 11: class I chitinase), and cross-reactive carbohydrate
cross-reactive determinants (Ana c 2: bromelain and Ana c 3
MUXF3) were used. Allergens from pollens other than grass pollen
that were present in the environment where the patients lived
(Plantago lanceolata, Olea europaea, Chenopodium album, Quercus
alba, Cupressus sempervirens, Ambrosia elatior, and Artemisia vul-
garis) were also tested. Results of 0.35 kU/L or higher were consid-

ered positive. s
tatistical analysis

The statistical analysis was done using GraphPad Prism Version
.03 software, (GraphPad Software Inc., La Jolla, California).
Comparisons between the specific IgE values to latex profilin

nd timothy grass profiling between latex extract and Hev b 8 or
etween Hev b 8 and each of the fruit extracts studied were ana-
yzed using linear regression (rl and pl) to predict 1 variable from
nother. To assess the strength of the association between vari-
bles, a nonparametric Spearman test correlation was used (95%
I), and the rs and ps values were calculated.

esults

From the total sample studied (106 children), 53% (56 children)
ad positive specific IgE results to Phleum major allergens but
egative specific IgE results to cross-reactive pollen allergens.
hese patients had negative skin prick tests and negative specific
gE results to latex allergens. The other 47% (50 children) had
ositive specific IgE results to cross-reactive pollen allergens. From
hese, all were positive to latex by skin prick test, and 48 children
evealed specific IgE-positive results to latex. From the 50 patients
ensitized to cross-reactive grass pollen allergen (Phl p12 or Phl p
), 48 showed sIgE to Phl p 12, 2 showed sIgE to Phl p 7, and no
atients showed sIgE to Phl p 12 and Phl p 7.
Figure 1 shows the distribution profile of the specific IgE values

o allergens in the group of patients (n � 50) who had positive
esults to cross-reactive pollen allergens (Phl p 7 or Phl p 12). Mean
alues of specific IgE to species-specific allergens of Phleum: Phl p
�Phl p 5 (71.1 kU/L) were 13 times higher than those obtained for
ross-reactive Phleum allergens Phl p 7 (5.5 kU/L) and Phl p 12 (5.5
U/L) and 7.5 times higher than those obtained for latex profilin
9.4 kU/L). Only 2 individuals were negative to profilin.

From these individuals (n � 50), 96% (48 children) had positive
esults to latex, peach, avocado, banana, andkiwi; 88% (44 children)
o apple and pineapple; and 66% (33 children) to chestnut.

Specific IgE mean values to rubber components or derivatives
ere 2.1 kU/L for latex extract, 9.4 kU/L for Hev b 8 (profilin), and
.35 kU/L or higher for Hev b 1, Hev b 5, Hev b 6, and Hev b 11.
Specific IgE mean values to fruits were 3.4 kU/L for avocado, 3.3

U/L for peach, 1.8 kU/L for kiwi, 1.7 kU/L for pineapple, 1.6 kU/L for
anana, 1.3 kU/L for apple, and 0.6 kU/L for chestnut.
Cross-reactive carbohydrate determinants gave specific IgE less

han 0.35 kU/L. Mean value of specific IgE to species-specific aller-
ens of Plantago lanceolata, Olea europaea, Chenopodium album,
uercus alba, Cupressus sempervirens, Ambrosia elatior, and Artemi-
ia vulgaris) were 12.9 kU/L, 2.0 kU/L, 3.4 kU/L, less than 0.35 kU/L,
ess than 0.35 kU/L, less than 0.35 kU/L, and 2.1 kU/L, respectively.

Figure 2 shows the linear regression analysis between the spe-
ific IgE values to Hev b 8 and the specific IgE values to Phl p 12. It
lso shows the analysis between the specific IgE values to Hev b 8
nd the specific IgE values to latex extract in the group of patients
ensitized to cross-reactive pollen allergens. The value of the cor-
elation coefficient indicates a positive significant relationship be-
ween the variables IgE toHevb8 and IgE to Phl p 12: rl �0.971, Pl �
0001, and between IgE to Hev b 8 and IgE to latex extract: rl �

.933, Pl � .0001. The Spearman r value was 0.930, with Ps � .0001
95% CI) for pair variables IgE to Hev b 8/IgE to Phl p 12 and 0.784
ith Ps � 0.0001 (95% CI) for the pair of variables IgE to Hev b 8/IgE
o latex extract.

Table 1 shows the comparison between the specific IgE values to
ev b 8 and the specific IgE values to each fruit allergenic extract
ssayed.
The values of the correlation coefficients for avocado (rl � 0.848;

� .0001) and for peach (r � 0.702; P � .0001) indicate a positive
l l l

ignificant relationship between the variables. A Spearman corre-
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lation test reinforced this relationship (rs � 0.830, Ps � .0001 for
avocado and rs � 0.848, Pl � .0001 for peach).

Low coefficients of correlation were demonstrated for banana
and pineapple (rl � 0.474; Pl � .0001), and no correlations could be
demonstrated for apple (rl � 0.297; Pl � .0001), kiwi (rl � 0.187;
Pl � .0001), and chestnut (rl � 0.123; Pl � .0001).

Discussion

Although the prevalence of latex allergies in the general popu-
lation seems to be low, the data published by different authors vary
because of differences in the groups studied or the methodologies
used to measure the allergic sensitization.

The prevalence of latex sensitization in Portuguese atopic chil-
dren is 3.8% when based solely on skin prick testing, 12.1% when
based singly on determination of latex-specific IgE, and 14.3%when
positive results for either test are considered. Sensitivity to latex-
cross-reacting foodstuffs was demonstrated in 61.5% of latex-sen-
sitized children.2 These authors comment that this study shows
similar latex sensitization prevalence to that observed in other
countries.

Several authors demonstrate a low prevalence of latex sensiti-
zation in the general population of both children and adults. Rob-
erts and colleagues9 reported prevalence values of latex sensitiza-
tion and clinical latex allergy in the general childhoodpopulation of
0.2% and less than 0.1%, respectively, and Mari et al10 reported a
prevalence of latex sensitization of 0.75% for the general population
and 1.2% for the atopic population. In this study, 24% of latex-
sensitized patients developed symptoms after latex exposure.

Gaig et al11 reported prevalence values of 5.7% and 0.2% for
pollen and latex sensitization, respectively, in the Spanish general
population. Taking these figures into account and making the cal-
culation corresponding to the sample used in this work, we can
estimate the prevalence of latex sensitization to be 2.6% in our

Phl p 1+5 Phl p 7 Phl p 12 Latex Hev b 1 Hev b 5 Hev b 6 Hev b 8 He
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Fig. 1. Distribution profile of the specific IgE values to allergens in the group of p
or Phl p 12).
region. This value is similar to that reported by Arminda and col- c
eagues2 and slightly higher than those found by Mari and col-
eagues10 and Gaig and colleagues,11 all located in other countries
n our immediate environment. According to these data calculated
n the basis of latex sensitization through the profilin component,
e estimate that a very little sensitization is caused by the species-
pecific latex components.
The results reported in this work demonstrate that all subjects

ensitized to grass profilinwere also sensitized to latex profilin. The
ause of allergy in these patients and the statistic correlation be-
ween the variables IgE to grass profilin, IgE to latex profilin, and IgE
o latex extract indicate that the cross-reactivity between profilins
rom grasses and latex is the cause of latex sensitization in these
atients. Nieto and colleagues12 suggested that profilin is a relevant
llergen for patients with spina bifida and adults allergic to latex
rom a frequency point of view, but that it has a scarce presence in
atural latex extracts and raw sources, with a subsequent low IgE
nduction capacity. The results here observed demonstrated that
his population was not sensitized to latex, but profiling from
ollens elicited a false sensitization to latex. These results discard
he implication of latex but force us to take into account the profilin
s possible cause of OAS from an epidemiological point of view. The
valuation of molecular allergy diagnosis together with the clinical
ymptoms could indicate the right role of each allergen and help to
ndividualize the diagnosis and the prognosis of each patient. Quer-
ia and colleagues5 reinforce this point, and they conclude that
atex profilin is clinically irrelevant or is no longer present in latex
roducts. The last conclusion is supported by the specific IgE mea-
urements demonstrated in this report, in which the patients did
ot show clinical manifestations associated with the rubber latex,
nd the IgE values to Hev b 8 were 4.5 times higher than those
ound for IgE to latex.

The possible lack of some components in the latex material

Bromelain MUXF3 Pineapple Chestnut Apple Kiw i Banana Avocado Peach

ts (n � 50) who gave positive results to cross-reactive pollen allergens (Phl p 7
v b 11

atien
rucially reinforces the use of the molecular allergy concept be-
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cause of the increase in the sensitivity and specificity of the diag-
nosis.

Recent publications have demonstrated that CRD can be helpful
not only in defining which allergens are relevant in each case but
also in predicting the severity of allergic reactions.13 When many
single-allergen proteins are used in individual diagnosis, it is pos-
sible to check the allergenic role of each allergen and try to establish
which allergens are involved in primary sensitization or cross-
reactivity. It also could be possible to define some allergenic pro-
files and associate them with certain clinical features.6

Some authors, using adult patient samples, demonstrated that
the CRD concept allows discrimination between latex allergies and
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Fig. 2. Linear regression analysis. A, Correlation between specific IgE values to Hev

b 8 and Phl p 12. B, Correlation between specific IgE values to Hev b 8 and latex
extract.
imple sensitization. In addition, they concluded that the latex
rofilin is clinically irrelevant in latex allergy and that it was possi-
le to demonstrate cross-reactivity in patients with IgE to Hev b 8
nd to natural rubber latex.6,14-16

The data obtained in this work also support the validity of CRD
s a method of choice for discriminating between latex allergy and
imple sensitization.
In agreement with the previously mentioned authors, we also

an conclude that latex sensitization in the children population
ere included is attributable to the cross-reactivitywith theprofilin
ontained in the grass pollen.
Something similarwas observedwith sensitization to peach and

o avocado.
In the sample studied, the sensitization to grass profilin could be

he cause of the sensitization to peach and to avocado and to a
esser extent to banana and pineapple.

The lack of correlation between profilin and apple, kiwi, or
hestnut found here can be explained because allergens from these
oods other than profilin could produce co-sensitizations.

Conversely, Raulf-Heimsoth et al16 suggest that Hev b 8 is in-
olved in the cross-reactivity between chestnut and natural rubber
atex and that Hev b 8 is a relevant allergen for the chestnut.

These contradictory observations could be explained because of
ifferences in the sample populations. Although these authors in-
lude patientswith clinical symptoms to latex or chestnut andwith
igh values of specific IgE to latex and chestnut, in our study, we
ave includedpatients allergic to pollenwithout symptoms to latex
ndwith very low values of specific IgE to chestnut (mean� 0.6; 33
f 50 sera showed values �0.35 kU/L).
As far as we know, no data have been reported about the role of

ross-reactive profilin panallergens in the sensitization of pediatric
opulations. The results obtained in thiswork demonstrate that the
pparent sensitization to latex in pediatric populations of patients
llergic to grass pollen is caused by the cross-reactive profilin
anallergen and is not clinically relevant.
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