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Abstract t 

AimAim To determine whether children with late onset sensitization are at the 

samee risk of developing asthma at the age of six as children sensitized early 

inn life (<4 years). 

MethodsMethods 545 children, aged 1-3, visiting their GPs for coughing (>5 days), 

weree tested for IgE antibodies by RAST. The IgE positive (12.3%) and a 

randomm sample of the IgE negative (<0.5 U/ml) children were followed up 

too the age of 6 when the asthma status was established. Children were 

definedd as early onset (positive response < 4 years of age), late onset (>4 

years)) or never sensitizers. 

MainMain outcome measure Asthma at the age of 6 (combination of both symp-

tomss and/or use of asthma medication, and impaired lung function). 

ResultsResults 28 of 96 children (29%) had been diagnosed with asthma: none of 

thee late onset sensitizers had developed asthma at the age of 6, 12% of the 

neverr sensitizers and 64% of the early sensitizers. The risk of developing 

asthmaa at the age of six was significantly higher for the early onset children 

thann for the late or never sensitizers, whose risks were similar. This was also 

foundd in strata of family history of atopy and infantile eczema. 

ConclusionConclusion Early sensitization (<4 years of age) as shown by RAST, is an 

importantt risk factor for the development of asthma at the age of six. Late 

onsett sensitizers were at a similar risk as the never sensitizers. The latter 

childrenn can be treated less aggressively because a diagnosis of asthma is 

nott to be expected in the short term. Preferably, this relation should be 

studiedd in a larger study as the group of late onset sensitizers was very small. 

Introductio n n 

Accordingg to international consensus [1-3], asthma in children younger than 

66 years of age is predominantly a clinical diagnosis, based on the presence 

off recurrent coughing and wheezing. Furthermore, in the majority of chil-
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drenn over two with asthma, allergies play an important role [4,5]. However, 

inn the Dutch guidelines for General Practitioners [3] allergy testing in chil-

drenn under 4 is not recommended, because, it is said, an allergy can seldom 

bee detected and a negative test does not rule out that a child will become 

positivee in the future. Other international guidelines do not mention age-

dependentt allergy testing in relation to asthma [1,2,6,7]. However, in most 

guideliness it is acknowledged that atopy is a clear risk factor both for the 

persistencee of bronchial hyperresponsiveness and for symptoms of asthma 

[8,9].. Furthermore, among infants and young children who suffer from 

wheezingg with viral infections, allergy or family history of allergy is the 

factorr most strongly associated with continuing asthma through childhood 

[5]. . 

Severall studies [9-11] indicated that children who were sensitized early in 

lifee (defined as either sensitization before the age of two [10], before the age 

off eight [11] or before the age of 10 [9]) were at a higher risk of developing 

asthmaa than children with late-onset sensitization. Knowing the relation 

betweenn the age of seroconversion and the risk of asthma may be of clinical 

relevancee and might shed light - be it indirectly - on the (immunological) 

mechanismss behind the development of asthma. 

Thee aim of this study is to determine whether children with late onset sensi-

tizationn are at the same risk of developing asthma at the age of six as chil-

drenn sensitized early in life <<4 years). 

Patient ss and Method s 

SelectionSelection of the study population 

Betweenn 1995 and 1997, general practitioners in the Netherlands included 

onee to three year old children in a study on the development of inhalation 

allergyy and asthma. Children with complaints of coughing for at least the 
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previouss five days and their parents visiting their GPs were invited to partici-

patee and informed consent was obtained from the parents. 

Att baseline, data on age, gender and geographical region were collected. 

Furthermore,, the parents completed a structured questionnaire with 11 

questionss on duration of coughing, presence of atopy in the family, breast-

feeding,, infantile eczema, smoking by parents and contact with pets. A 

bloodd sample was obtained from the children and total IgE and specific IgE 

forr cat, dog and house dust mite were determined. The IgE positive children 

weree matched to IgE negative children in each of the 12 strata defined by 

agee (3 categories of one year), gender and region (urban vs. rural). 

Att the age of six, the children were invited for a lung function measurement 

att the clinic, to determine the child's asthma status. At that time, parents 

completedd two questionnaires on their child's asthma and allergic symptoms 

[12,13]] and a blood sample was obtained. 

Thee study was approved by the Medical Ethics Committee of the Academic 

Medicall Center, University of Amsterdam. 

LaboratoryLaboratory methods 

Totall IgE and allergen-specific IgE were determined as described earlier [14]. 

Inn brief: blood, obtained by finger prick and adsorbed on filter paper, was 

eluted.. Assays for measuring total serum IgE and specific IgE were adjusted 

forr the application of small amounts of plasma. Total IgE was expressed in 

internationall units per milIilitre (lU/ml), RAST results were expressed in 

RASTT units per millilitre (U/ml, one RAST unit representing approximately 

2.44 ng of specific IgE [15]). All test results were corrected for actual amounts 

off plasma used in the tests, using serum albumin as a reference protein. 

LungLung function measurements and histamine challenge 

Thee FEV, was measured with a Pulmoassist 2 spirometer (Jaeger, Wurzberg, 

Germany).. Values for the FEN̂  are those of Zapletal et a/ [16]. 

Onn the same day, bronchial histamine challenge tests were performed with 

aa gauged DeVilbiss 646 nebulizer (DeVilbiss, Somerset, MA, USA) with an 

146 6 EARLYY VS. LATE SENSITIZATION AND ASTHMA CHAPTER 8 



outputt of 0.13 mi/min according to the modified method of Cockroft et a/ 

[17].. A 0.9% phosphate-buffered saline solution and doubling histamine 

concentrationss from 0.03 to 16 mg/ml, were inhaled for two minutes during 

tidall breathing with the child's nose clipped. FEV, was measured 30 and 90 

secondss after each inhalation until FEV, had fallen by at least 20% from the 

initiall value. The provocation concentration of histamine which induced a 

20%% fall in FEV, (PC20) was calculated from a log-dose response curve. 

DataData analysis 

IndependentIndependent variables 

Thee results of the RAST were dichotomized as IgE negative or IgE positive. 

IgEE positivity to cat, dog and/or house dust mite was defined as >0.5 U/ml. 

Earlyy sensitization was defined as a positive response before the age of 4 to 

anyy of the tested allergens, and late sensitization was defined as a positive 

responsee to any of the allergens after the age of 4. Thus, a child could be 

definedd as: 1) never sensitized, 2) late-onset sensitized (sensitization >4 

years),, and 3) persistent early-onset sensitized (sensitization < 4 years). 

DependentDependent variables 

Asthmaa was defined as a combination of both symptoms and/or use of 

asthmaa medication, and impaired lung function. Symptoms were defined as: 

currentt complaints or complaints during the previous 12 months of wheez-

ingg and/or shortness of breath and/or recurrent coughing. In addition, use of 

asthmaa medication was defined as use of p2-agonists or inhaled cortico-

steroidss currently or during the previous 12 months. Impaired lung function 

wass defined as a positive histamine test, defined as PC20<8 mg/ml. 

Alll children who had not experienced any symptoms during the previous 

yearss and had not used asthma medication were not invited for lung func-

tionn measurement and were designated as non-asthmatics. 
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StatisticalStatistical analyses 

XX22 tests were used to compare prevalences between groups. Logistic regres-

sionn analysis was used to analyze the association between the different 

patternss of sensitization and the outcome of asthma at the age of 6. These 

modelss were also used for the analysis of the influence of various potential 

riskk factors (e.g. family history of atopy, infantile eczema) on becoming 

asthmatic. . 

DataData analysis was performed with SPSS 10.0 for Windows. 

Result s s 

Duringg the inclusion period, 545 one to three year old children were eligi-

ble.. 134 of them were selected to participate in the second part of the study. 

However,, twenty-six children did not attend the lung function test or had an 

insufficientt technique, so we had 26 missing values on asthma. Further-

more,, for another 12 (11.2%) children it was not possible to determine 

whetherr they were early, late or never sensitizers, because they did not have 

aa second blood sample or it was unknown whether they had converted 

beforee or after the age of 4. None of these 12 children had been diagnosed 

withh asthma. Thus, a total of 96 children were available for descriptive 

analysess with respect to the development of asthma: 58 (60.4%) of them 

weree never sensitized, 5 (5.2%) were sensitized after the age of 4 (late onset 

sensitizers),, and 33 (34.4%) were persistent early onset sensitizers. The early 

sensitizedd children had higher levels of total IgE both at baseline and at the 

agee of 6 <P<0.001) compared with the never and late onset sensitizers. No 

significantt differences were found in total IgE at baseline and at the age of 6 

betweenn the never and the late onset sensitizers. No significant differences 

weree found in the type of sensitization between the early onset and late 

onsett sensitizers. 

Off the 96 children, 28 (29.2%) had been diagnosed with asthma. The preva-

lencee of asthma at the age of 6 for the three groups showed that none of the 
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latee onset sensitizers had developed asthma at the age of 6, whereas 7/58 

(12.1%)) never sensitized children and 21/33 (63.6%) early sensitized chil-

drenn had. The early onset sensitized children were at a significantly higher 

riskk of being asthmatic at the age of six (OR= 14.0, 95% Cl= 4.8-40.3) than 

thee children never being sensitized, whereas the late onset sensitizers were 

att a similar risk for asthma compared with the never sensitizers (OR = 0.6, 

95%CI== 0.1-2.9). 

Comparingg the prevalences of becoming asthmatic in strata of family history 

off allergy for pollen, for animals or house dust mite, showed that the risk of 

becomingg asthmatic was significantly higher for the early onset sensitizers 

comparedd with the never sensitizers and late onset sensitizers. This was also 

foundd for a positive or negative family history of asthma and in strata of 

childrenn with and without infantile eczema. 

Discussio n n 

Wee found that sensitization to inhalant allergens early in life (defined as 

sensitizationn before the age of 4) was a strong risk factor for the develop-

mentment of asthma at the age of 6. In contrast, children who became sensitized 

att or after the age of 4 (late onset) were at a similar risk for developing 

asthmaa at the age of 6 as the children who had never been sensitized. Thus, 

childrenn who were not sensitized before the age of 4 had a low risk of 

developingg asthma at the age of 6. This was irrespective of whether they 

weree sensitized after the age of four. Thus, in the short term i.e. until the age 

off six, no diagnosis for non-sensitized children is to be expected. Therefore, 

thee GP can treat these young non-sensitized children less aggressively and 

onn a basis of watchful waiting. Of course, it is still possible that these chil-

drenn develop asthma at a later age, say ten years, but that is as yet unknown 

(andd beyond the purpose of our paper). 
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Theree are some limitations to this study. Firstly, we had a small number of 

childrenn in our study, especially in the group of late onset sensitizers. Sec-

ondly,, for a number of children it was not possible to determine whether 

theyy were late, early onset or never sensitizers. As it turned out, none of 

thesee children were diagnosed with asthma. If all these children were late 

onsett sensitizers, the percentage of late onset sensitizers with asthma would 

stilll be 0% (from 0/6 to 0/20). If these children were all early onset 

sensitizers,, this would affect the percentage of early onset sensitizers devel-

opingg asthma in the sense that it would decrease from 64% (21/33) to 47% 

(21/45).. However, the risk of developing asthma at the age of 6 is still signif-

icantlyy higher for the early onset than for the never and late onset 

sensitizers.. A third limitation is that the children were included into the 

studyy at different ages (one to three). The older children therefore, have 

'survived'' for a longer period of time and thus it is plausible that fewer three 

yearr olds than one and two year olds developed asthma at the age of six. 

However,, all negative one and two year olds were tested around their third 

orr fourth birthday for another study and the results of these blood samples 

weree taken if appropriate. Furthermore, the children who were indetermin-

able,, were not entered into the analyses, and none of them had developed 

asthmaa at the age of six. 

Thee results of our study are in line with other studies [9-11,18,19], which 

indicatedd that sensitization is an important determinant of the subsequent 

developmentt of asthma; RRs up to 10 for the risk of asthma in allergic chil-

drenn have been reported. 

Furthermore,, several studies [9-11,20] indicated that children who were 

sensitizedd to aero-allergens early in life are at a higher risk of developing 

asthmaa than children with late-onset sensitization. However, in these stud-

ies,, among other differences, the cut-points for early versus late 

seroconversionn were two, eight, and ten years of age respectively. It is diffi-

cultt to obtain more IgE determinations from young children, which forces 

investigatorss to select a convenient cut-point for the age of conversion. We 

chosee the age of four as a cut-point because of the Dutch asthma-guidelines 
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[3]] {in which the age of four is also the cut-point), and limitations in our 

data.. Ideally speaking, the relation between early sensitization and asthma 

wouldd be studied within a study protocol using (often) repeated specific IgE 

determinationss and continuous monitoring of the presence of asthma. More 

realistically,, a final asthma diagnosis would be established at a certain age, 

sayy 12. 

Inn summary, we found that sensitization to aero-allergens before the age of 4 

iss a risk factor for the subsequent development of asthma at the age of 6 in 

contrastt to sensitization after the age of 4. As a diagnosis of asthma is not 

expectedd in the short term, late-onset (and non-) sensitized children can be 

treatedd less aggressively. Nevertheless, the relation between early and late 

sensitizationn and asthma should be studied in a larger study, as the group of 

childrenn who became sensitized after their fourth birthday was very small in 

ourr study. 
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