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Abstract

Allergy is an important risk factor for asthma in children as most of asthmatic children are sensitized.

The aim of the study was to investigate the natural course of sensitizations in a group of children (340) at the onset of asthmatic symptoms.
We subdivided children in three groups depending on the age at first visit (3—7—11 years) and followed them for 4 years. All children underwent
three visits, each including skin prick test, every two years.

In the 3-year age groum (= 133), 59% of children were sensitized at first visit, but the percentage increase to 88% at third visit.

When looking only at allergic children at first visit (261), we demonstrated that polysensitization became higher than monosensitization
since the age of 11. Analysis of sensitization distribution over the time revealed that house dust mites were prominent from the age of 3 years.
Parietariaand grass pollens as well as olive pollen significantly increased, particularly during the 4-year follow-up in the 7-year group.

Analysis of sensitization score demonstrated that the age range from 3 to 11 is at high risk to polysensitization.

In conclusion, this study provides evidence that sensitization is frequent in asthmatic children, polysensitization represents the natural
history of allergy and the type of immune response should appear different for each allergen.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction jects. Atopy is characterized by a predisposition to spe-
cific IgE production. This predisposition is genetically
Allergen sensitization plays a major role as risk factor for determined. Allergic subjects show a typical T helper 2
the development of asthnji,2]. Sensitization to indoor al-  (Th2)-polarization and Th2-derived cytokines (including
lergens and certain outdoor allergens (including pollens andIL-4, IL-9, and IL-13) play a critical role in promoting,
mold spores) has been found to increase the risk of asthmamaintaining, and amplifying IgE synthedig].
symptoms and bronchial hyperresponsiveness in children It is well known that the sensitization process progres-
[3]. sively develops from childhood to adulthood, even though
Approximately two thirds of asthmatic patients are sen- we do not know how this phenomenon changes as time goes
sitized to at least one inhalant allerggt}. Moreover, this on and how different sensitizations act on subjects. The de-
percentage is higher in adolescents and young adults as regree and type of sensitization may be related to genetic fac-
ported also by ourselvgs,6]. tors but also to the concentration and the duration of allergen
The phenomenon of sensitization is directly linked to exposure.
the altered immune response to allergens in atopic sub- Few studies investigated the time-course of sensitiza-
tion process in asthmatic children and most of them were
mspondmg author. Tels39-010-5552124; crogs-sectiona{B_,9]. Thus, the pres.en_t study aimgd a_t eyal—
fax: +39-010-5556682. uating prospectively the characteristics of sensitization in a
E-mail addressgio.cip@libero.it (G. Ciprandi). group of asthmatic children.
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2. Materials and methods with the wheal given by the positive and the negative control.
A wheal diameter equal or greater than 3 mm was considered
2.1. Study design a positive reaction. Antihistamines were stopped 1 week

before skin prick test.

This study aimed at evaluating longitudinally and prospec-
tively the characteristics of sensitizations in a large group of 2.4. Sensitization score
asthmatic children.

The children were initially visited at the onset of respira- For each allergic children a score was done by adding the
tory symptoms, including wheezing, dyspnoea, cough, and number of positive allergen at SPT. The score started from
breath shortness. Careful history, physical examination, and1 (monosensitization).
skin prick test were performed during the visit.

All children were followed for the successive 4 years and 2.5, Statistical analysis
underwent skin prick test for the same panel of allergens
every 2 years. SPT results during the follow-up period was analyzed

Objectives of the study were to describe the course of by McNemar test comparing nominal data at first and last
allergic and non allergic 3 years old children percentage over yisit. Sensitization score during the follow-up period was
the time, and to study the course of sensitizations in allergic analyzed by Kruskal-Walllis test and when significance was

children at different age groups over the time. obtained byU Mann-Whitney comparing non parametric
Parental consent was obtained for all children. data between two group®. < 0.05 was considered statisti-
cally significant. Data are expressed as median (upper—lower
2.2. Subjects guartiles).

The enrolled children (222 males and 118 females) were
subdivided into three groups according their age at first visit 3 Results
and followed up for 4 years. Therefore, they were 3, 7,
and 11 years old. This sub-division was made according 3.1. Three years old group
with the common International sub-division of pediatric ages
(preschool years, early school years, adolescefi€g) Fig. 1 describes the percentage of allergic£ 79) and
Asthma was clinically diagnosed according to GINA cri- nop-allergic f = 54) 3 years old children and its change
teria[11]. No child suffered from anatomical alterations of  quring the 4-year follow-up. After 4 years, 549% £ 29) of
the upper airways, immunologic deficiencies or major sys- previously non-allergic children became sensitiZEable 1
temic diseases (diabetes, anaemia, cystic fibrosis, inheritecﬁescribes SPT results in non-allergic children=t 54) at
metabolic disorders). No child had a history of cardiac dis- the age of 3 years and at follow-up visits. At the second
ease and/or arrhythmia. visit, the most important allergen is house dust mite (20

2.3. Skin prick test (SPT)

4 yrs follow up

Allergy was assessed by the presence of sensitization to
the most common classes of aeroallergens by performing 140 1
skin prick test. It was performed, as stated by the Italian So-

ciety of Allergy and Clinical Immunology12]. The aller- 120 1
gen panel consisted of the following: house dust mibeer{
matophagoides farinaandpteronyssinugs cat, dog, grasses 100 4

mix, Compositaenix, Parietaria officinalis birch, olive tree,
Alternaria tenuis the concentration of allergen extracts was
100 I.R./ml (Stallergenes, Milan, Italy). Snon allergio
The tested allergens were chosen on the basis of our pre.£ 60 -
vious study in which they represented the prevailing sensi-:
tization in Ligurian childrer[6,9]. 40
A histamine solution in distilled water (10 mg/ml) was
used as positive control and the glycerol-buffer diluent of the 20
allergen preparations as negative control. Each patient was
skin tested on the volar surface of the forearm using 1 mm 0-
prick lancets (Stallergenes, Milan, Italy). The skin reaction 3 years S years 7 years
was recorded after 15min by evaluating the skin responserig. 1. Follow-up of children 3 years old age at first visit. After 4 years
rate to the inoculation of each allergen extract in comparison only 25 of them were non allergic.

Idren, number
[0
o
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Table 1

SPT sensitization for each allergen in non allergic children=(54) at
the age of 3 years and at follow-up visits. After 4 years 5486=(29)
of were allergic

Allergen At 3 years At 5 years At 7 years
HDM 0 20 37

Dog 0 2 2

Cat 0 4 9
Alternaria 0 2 6
Parietaria 0 6 20

Grass 0 7 19

Olive 0 9 15

HDM: house dust mite.

children), surprisingly the second allergen is olive tree (9
children), other allergens are pollens (grassedanigtaria)

and cat. At the third visitDermatophagoidesemain the
most relevant allergen (37 children) followed by pollens (20
sensitized tdParietaria, 19 to grasses, and 15 to olive tree
respectively). Nine children were sensitized to cat and two
only to dog. Itis noteworthy that 25 (46%) children remained
non-allergic.

3.2. Allergic children, first visits

When considering only allergic childrem (= 271),
Fig. 2 describes mono-polysensitization distribution during
the follow-up. At the age of 11 polysensitization became
predominant.

3.3. Allergic children, follow-up

Fig. 3A—C describes sensitization distribution during the
follow-up period in the three group&ig. 3A concerns the
first group: Dermatophagoidesire the most important al-
lergen without significant difference during the three visits
(Tables 2 and B GrassesParietaria, and cat significantly
increase. It is of note that olive three is the second aller-

Table 2
McNemar test for significance between first and final visit SPT results
for different allergens in the three studied groups

Allergen 3 years vs. 7 years vs. 11 years vs.
7 years 11 years 15 years

HDM NS NS NS

Dog P =0.93 P =0.37 P =0.57

Cat P =0.014 P =0.011 P =0.37

Alternaria P=0.57 P =0.63 P =0.93

Parietaria P = 0.0005 P =0.19 P =0.22

Grass P =0.002 P = 0.0002 P =0.80

Olive NS P =0.002 NS

Table 3

Sensitization score in allergic subjects in the three different age groups

during the 4 years follow-up period

Age groups U Mann-Whitney Median (upper—lower
(years) quartiles)
3vs. 5 P = 0.0004 1(1-1)
5vs. 7 P =0.04 1 (2-1)
3vs. 7 P = 0.0001 2 (3-1)
7vs. 9 P =0.03 1(2-1)
9vs. 11 P = 0.0004 2 (2.7-1)
7vs. 11 P = 0.0001 2.5 (4-1)

11 vs. 13 P=0.12 2 (3-1)
13 vs. 15 P =0.28 2 (3-1)
11 vs. 15 P =0.01 2 (3-1.7)

gen at baseline: this might explain the absence of statistical
significance after 4 years.

Dog allergy remains very low during the study period.

Fig. 3B concerns the second group: the distribution of
sensitizations during the three visits. It is interestingly to
note that the baseline distribution is very similar to the sec-
ond visit in group I: all of the children were 7 years old.
House dust mites are the most important cause of sensi-
tization also in this group and do not vary on the time.
It deserves attention the fact that the percentage of sensi-

100 %
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Fig. 2. Mono-polysensitization distribution at first visit in the three groups. Allergic children with polysensitization were more then monedeatsit

the age of 11.
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Fig. 3. Percentage distribution of more relevant SPT results in the 3 years (A), 7 years (B), 11 years (C) groups.

tized children to mites increases: approximately 70%. In- tion among allergens during the study period as well as the
stead,Parietaria, olive tree, and cat significantly increase percentage of polysenstized is higher than in other groups.
after 4 years. Table 2shows significant changes of sensitization distribu-
Fig. 3C concerns third group: house dust mites remain tion over the time. There was an increase in pollens and cat
the most important allergen without variation during the sensitization at the age range from 3 to 11 yeaable 3
study period, but the percentage of sensitized children pro-shows sensitization score in allergic subjects in the three
gressively increases in this group: 80%. There is no varia- different age groups during the 4 years follow-up period.
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4. Discussion just symptomatic since 4 years. This find might mean that
allergy and asthma track two different ways: allergic events
may precede clinical occurrence. Moreover, it is interest-
ing to observe that some children are just polysensitized at
the onset of asthma symptoms. In addition, there is a re-

Asthma is a chronic inflammatory disease of airways
characterized by a typical infiltrate, including T cells,
eosinophils, and mast cell$3].

It is important to keep in mind that the immunopathology
of asthma is similar in both allergic and non-allergic form
[14]. Both variants share a common immunopathologic pat-
tern mainly characterized by T helper 2 involvement and
eosinophilic infiltration[15,16]

Even though asthma is a polyfactorial syndrome, IgE-
mediated reaction is frequently involved in its immunopatho-
physiology, mainly in childrefl,2].

This study highlights some important findings:

Firstly, it confirms the high percentage of asthmatic chil-

lationship between age and polysensitization independently
on the age at asthma onset. In other words, sensitization
seems to be a phenomenon partially independent on clinical
events.

This issue deserves mention as confirms previous find-
ings. About the 50% of children is sensitized as reported
by ourselves and other authors, but only half of them are
affected from allergic disordei§].

The third issue of this study constitutes new evidence, at
our knowledge, at least for some allergen. In this survey,

dren showing sensitization and this increases with the agethe most important allergens af@ermatophagoidesPari-
up to arrive at more than 80% of the older children. etaria, grasses, olive tree, cat, and dog. Three of them (house

Secondly, there is a typical natural history in the process of dust mites, cat, and dog) are perennial allergens: i.e. present
sensitization with high percentage of polysensitized children along the year. The remaining allergens are seasonal, being
over the time. pollens:Parietaria, grasses, and olive tree.

Thirdly, there is a different behavior typical for each al- If we analyze the distribution of sensitization in our co-
lergen, probably due to the antigenic characteristic of the hort, we may observe very surprising findings. In the group
single allergen. of perennial allergen there is a very different behavior for

Fourthly, the behavior of allergen sensitization seems to mites in comparison with pets. Even though all of them are
depend more on the age than on the period of symptomperennial allergens, mites are the most relevant allergen and
appearance. their prevalence does not modify substantially on the time.

As children referred to our clinic did not represent general On the contrary, cat and dog are less frequently cause of sen-
population, we therefore limited analysis of allergic-non- sitization. However, there is further difference between them
allergic children distribution over the time only at 3 years as cat allergy become significant over the time, whereas dog
old group. For this reason, the study was performed mainly allergy remains quite rare. On the other haRdrietaria al-
on allergic children, at different ages (3—7-11 years). lergy shows a trend similar to grasses. This finding is singu-

We have to describe some characteristics of our study lar asParietaria may be considered as a perennial allergen,
model. All studied children live in Liguria that is a region whereas grasses are typical seasonal allergen. Olive tree is
of Northern ltaly characterized by a Mediterranean climate even more particular as this causes relevant sensitization,
(warm winter and cool summer). So this temperate climate although its pollination period is very short.
influences the pollen season of certain plamatietaria These data, taken altogether, should be considered by the
season is very prolonged as pollens may be detected sincdight of the immunologic feature of single allergens. It ap-
February to November, thuRarietaria may be considered pears obvious that a conspicuous difference exists among
as an almost perennial allergen. Grasses occur from April to allergens mainly concerning their period of presence in the
June and from September to OctofEr]. Olive tree pollens  environment. The most interesting allergens are mites, cat,
are detectable for a very limited period (few weeks) at the and olive tree. Mite allergen is ubiquitous and is the most
end of May and early Jun@8]. important cause of allergies in childhood as demonstrated

About the first issue, it is well know that most of asth- also in the present study. Instead, dog allergen, even if it is
matics are allergic in childhood and in adolescefit2]. perennial, is rarely cause of sensitization. This phenomenon
This study confirms this evidence. House dust mites are may at least partially explained by dog presence in houses
the most important allergen involved in asthma pathogene-that is quite rare (about 20-30%). Moreover, the same per-
sis and their prevalence increases with the age. In addition,centage of home presence corresponds for cat, but cat al-
Dermatophagoidegzmain the most relevant allergen also at lergen shows peculiar characteristics. It is persistent, small
15 years. (thus it easily penetrates into smaller airways), and over-

Another important finding is that sensitization process all detectable also in houses where it does not live. This
shows a typical natural history: the trend to polysensitiza- finding is curious and is related to its characteristic to be
tion. This study clearly demonstrates that most children be- transferred from one house to another by clothes. School is
come polysensitized on the time. Moreover, the age seemsthe ideal environment to allow this allergen passing as re-
to be a critical factor in sensitization phenomenon. We did ported by various studied9]. In this regard, it has been
not find a substantial difference between children visited for reported that most of cat-sensitized subjects do not own it
the first time, i.e. at the onset of symptoms, and children at home. A Swedish study reported that 80% of children
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sensitized to cat did not hold cd&0]. More recently, Turk- [4] Woolcock AJ, Peat JK, Trevillion LM. Is the increase in asthma
ish authors reported high percentage of sensitization to cat prevalence linked to increase in allergen load? Allergy 1995;50:935—
In comparison with Ver)_/ low percentage of its home pres- [5] Ciprandi G, Vizzaccaro A, Cirillo I, et al. Underdiagnosis and un-
ence (about 1%), but high levels of Fel d1 were detectable "~ jeryreatment of asthma: a 9-year study of Italian conscripts. Int Arch
in many house$21]. This phenomenon may be explained Allergy Immunol 2001;125:211-5.
considering that cat allergen, unlike mite allergen, is persis- [6] Crimi P, Minale P, Tazzer C, Ciprandi G. Asthma and rhinitis in
tently airborne in houses, the quantity of cat allergen inhaled schoolchildren: the‘ impact of allergy sensitisation to aeroallergens.
is possibly higher than the quantity of mite allergen inhaled. _, > vest Allergol Clin immunol 2001;11:103-6. , .

. . [7] Herrick CA, Bottomly K. To respond or not to respond: T cells in
On the other hand, there is evidence that cat allergen may ~* ,jiergic asthma. Nat Rev 2003:3:1-8.
protect from sensitization as numerous studies reported that [8] Holgate ST. The epidemic of allergy and asthma. Nature
the presence of cat since the birth may prevent allergies  1999;402:B2-4.
[22]. [9] Silvestri M, Rossi GA, Cozzani S, et al. Age-dependent tendency

. . . . . to become sensitized to other classes of aeroallergens in atopic
Finally, the fourth finding is noteworthy as highlights asthmatic children. Ann Allergy Asthma Immnuol 1999;83:335-40.

the concept that immune response to allergens is a phe'[lO] Nelson WE. In: Behrman E, Kliegman RM, Ainn AM, editors.

nomenon that is different from clinical features. From this Textbook of pediatrics. 15th ed. 1996.

point of view, we may consider that sensitization may be [11] Global Initiative for Asthma. Pocket Guide for Asthma Management
considered as a crucial risk factor for asthma onset. On and Prevention. Bethesda, MD: National Heart, Lung and Blood
the other hand, polysensitization existence at the asthma Institute, National Institute of Health; 1997. NIH Publication no.

- . 96-3659B.
onset clearly testifies for a phenomenologic precedence Of[12] Societa Italiana di Allergologia e Immunologia Clinica: “Memoran-

IgE-dependent events. It may be that chronic inflamma- dum della Diagnostica delle Allergopatie”. Fed Med 1987;40:861—74.
tion at respiratory mucosal level may predispose to asthmal[13] Busse WW, Lemanske Jr RF. Asthma. N Engl J Med 2001;344:538—
development. 43.

In conclusion, the present study demonstrates that Sensi_[14] Humbert M, Menz G, Ying S, et al. The immunopahology of extrinsic
! (atopic) and intrinsic (non-atopic) asthma: more similarities than

tization is very frequently associated with asthma and may differences. Immunol Today 1999:20:528-33.

precede asthma, and polysensitization is a common surveyj15] Kon OM, Kay AB. T cells and chronic asthma. Int Arch Allergy
In addition, allergens show different immunologic response Immunol 1999;118:133-5.

depending on the type of T Iymphocyte subsets involved. [16] Bachert C, Van kempen M, Van Cauwenberge P. Regulation of

. . . . ) proinflammatory cytokines in seasonal allergic rhinitis. Int Arch
Further studies are warranted to investigate these immuno Allergy Immunol 1999:118:375-9,

logic aspects. [17] Negrini AC, Arobba D. Allergenic pollens and pollinosis in Italy:
recent advances. Allergy 1992;47:371-9.

[18] Negrini AC, Arobba D, Ebbli A, et al. Le calendier polliniqgue de
Genes. Rev Fr Allergol 1987;27:65-70.
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