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INTRODUCTION N 

Atopicc diseases are common in childhood. Despite our increasing under-

standingg of these diseases, it is still unknown why a child develops IgE 

antibodiess to usually harmless proteins. We know that it is determined by a 

combinationn of genetics and environment and that it starts early in life. 

However,, in order to establish whether a child will become allergic and 

asthmatic,, we need indicators that recognize in early childhood or infancy 

thatt a child's immune system is sensitive and the child is likely to become 

sensitizedd in the future. This will enable us to respond adequately or even 

tryy to prevent the disease to develop. In this study, we investigated whether 

IgGG to foods could be such an indicator. 

Furthermore,, to be able to start (early) treatment, we need predictors that 

cann distinguish symptomatic children who will go on developing asthma 

fromm symptomatic children in whom the symptoms prove to be transient. In 

earlyy childhood there is a high proportion of children with asthma-like 

symptomss that will not develop asthma in the future. For GPs it is difficult to 

identifyy in which young children airway symptoms will persist into child-

hoodd asthma. It would be interesting to define a variable that could be used 

too identify young children who will continue to be symptomatic at school 

age.. In this study, we focussed on IgE sensitization as such a factor in the 

predictionn of asthma. 

Thiss thesis focuses on the development and prediction of allergy and asthma 

inn childhood, with a special reference to general practice. Most studies on 

allergyy and asthma in young children have been performed in cohorts in the 

generall population or in specialists' hospitals. In general practice children 

presentt with a different distribution of symptoms than in a clinical/specialist 

settingg because of the GP filter and its influence on the frequency of clinical 

presentationss [1]. Results from cohort studies in the general population 

cannott be applied straightforwardly to the primary care situation. Therefore, 
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itt is important that research is carried out in general practice itself, based 

uponn consultation with the GP. 

Ass an introduction to this thesis, this chapter deals with several topics on the 

backgroundd of this study. We will start assessing definitions of allergy and 

asthma.. Secondly, the immunologic mechanisms of IgG will be considered. 

Inn more detail, we will examine whether IgG levels to foods are increased 

priorr to the development of sensitization to airborne allergens and, if so, 

mightt be used as indicators of increased activity of the immune system. 

Afterr that, the prevalence of asthma and allergy will be discussed. In addi-

tionn we will consider the prognosis of asthma. Finally, we will discuss the 

guideliness on treatment of allergy and asthma. 

Definition s s 

Forr research it is important to be as precise as possible about the abnormal-

ityy we have studied [2]. For instance, depending on the definition used, 

prevalencess for asthma will be different. 

Thee term atopic diseases has been adopted for the group of disorders and 

syndromess which include asthma, allergy, atopic dermatitis, infantile ec-

zema,, and hay fever. These diseases have in common that immunoglobulin 

EE (IgE) against environmental allergens is present. Furthermore, atopy is 

inheritedd [3], which means that atopy is a personal or familial tendency to 

producee IgE antibodies in response to low doses of allergens, usually pro-

teins,, and to develop typical symptoms such as asthma, rhino-conjunctivitis, 

orr eczema/dermatitis [3]. 

AllergyAllergy is a hypersensitivity reaction initiated by immunologic mechanisms 

[3].. It is an exaggerated immune response which develops after repeated 
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exposuress to common environmental antigens [4]. Antigens that stimulate 

hypersensitivityy (allergy) are referred to as allergens [3]. 

Itt should be noted that allergy/sensitization, i.e. the presence of IgE antibod-

ies,, does not necessarily point to (the presence of) a clinical disease. Only 

somee subjects will develop allergic sensitization and of these sensitized 

subjects,, not everyone will develop (clinical) allergic disease. For clarity's 

sake,, sensitization will be used to indicate the presence of IgE antibodies, 

andd allergy when (also) clinical disease is implied. 

Theree is no agreed definition for asthma in young, i.e. pre-school children 

[5,6].. As long as we do not know (more about) the pathogenesis of asthma, 

itt can only be defined as abnormalities at several levels: clinical, physiologi-

cal,, pathological, immunological and cellular [7]. Which of these abnormali-

tiess is selected depends on the purpose for which it is used [8]. 

PhysiologistsPhysiologists define asthma in relation to airflow limitation (induced or 

spontaneous),, which is reversible either spontaneously or with treatment, 

whereass pathologists define asthma in terms of inflammation and cellular 

infiltratess of mast cells, T lymphocytes, and eosinophils. 

ImmunologistsImmunologists use objective criteria for their definition of atopy, including 

skinn prick tests, measurements of total serum IgE and allergen specific IgE 

antibodies,, and eosinophil activation proteins such as eosinophilic cationic 

proteinn (ECP). Clinicians usually incorporate the presence of persistent 

coughh and wheeze, particularly at night and evoked by triggers such as 

allergens,, exercise, or infection. Associations with allergic disorders (allergic 

rhinitis,, atopic eczema/dermatitis, and food allergy) are also usually sought 

[8]. . 

EpidemiologistsEpidemiologists tend to use the symptom of wheeze, as it is assumed that 

mostt schoolchildren and adults with this symptom have asthma. Also a 

'doctor'ss diagnosis of asthma' is often used to indicate asthma without any 

particularr agreed-upon definition [9,10]. Furthermore, in epidemiological 

andd clinical research a combination of symptoms and bronchial 

hyperresponsivenesss is used [11]. 
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Withh increasing age the diagnosis of asthma becomes more and more unam-

biguouss and beyond the age of 6, the definition of asthma as used by the 

Nationall Heart, Blood, Lung Institute (NHBLI) [6,12] seems to be appropri-

ate:: "asthma is a chronic inflammatory disorder of the airways in which 

manyy cells and cellular elements play a role (mast cells, eosinophils, T 

lymphocytes,, macrophages, neutrophils, epithelial cells). In susceptible 

individualss this inflammation causes recurrent episodes of wheezing, breath-

lessness,, chest tightness, and coughing, particularly at night or in the early 

morning.. These episodes are usually associated with widespread but vari-

ablee airflow obstruction that is often reversible either spontaneously or with 

treatment.. The inflammation also causes an associated increase in the exist-

ingg bronchial hyperresponsiveness to a variety of stimuli." 

Immunolog y y 

Asthmaa in children is predominantly an allergic disease. Sensitization to 

allergenss is thought to occur early in life, which may be a reflection of the 

immaturityy of the immune system of infants [13-16]. 

ImmunologicImmunologic mechanisms of the induction of IgE 

Thee cause of the allergic response is the production of IgE to the allergen. 

Keyy cells for the development of the IgE mediated allergic immune reactions 

aree T lymphocytes and B lymphocytes [17]. Immunoglobulins are produced 

byy plasma cells, which derive from B-cell precursors in the bone marrow. A 

plasmaa cell produces only one type of immunoglobulin [18]. 

Normally,, when a substance enters our body, e.g. in a respiratory allergy 

throughh inhalation, our body will defend itself. One of the defences is to 

producee antibodies and to neutralise intruders. Most of the times, these 

immunologicall reactions are beneficial, but sometimes the immune system 

overreactss and defends itself against an offending substance that poses no 

CHAPTERR 1 INTRODUCTION 11 1 



threatt [4,19]. In this case, upon allergen sensitization and activation, the T 

lymphocytess predominantly produce cytokines of the Th2-type, including 

interleukinss (IL-4, IL-5, IL-9 and IL-13) making the B-cells differentiate into 

IgEE secreting plasma cells. The IgE produced by the plasma cells attaches to 

tissuee mast cells and blood basophils. At subsequent allergen exposure, 

mastt cells release mediators and the T lymphocytes secrete Th2 cytokines, 

whichh activate other effector cells, such as eosinophils (through IL-5) and B-

cellss to produce IgE (through IL-4 and IL-13) [17,20,21], thus starting the 

developmentt of early and late allergic reactions [4,17]. 

Inn other situations, the immune system may stimulate immature T-cells to 

differentiatee to Th1 lymphocytes, producing cytokines IL-2 and interferon-

gammaa (IFN-y) and inducing B lymphocytes to produce IgG instead of IgE 

[17,22]. . 

IgEE mediated diseases result from interactions between genetic inheritance 

andd environmental exposure to allergens and other variables [3,23-25]. The 

developmentt of different phenotypes depend largely on genetic regulation 

andd the development of sensitization. Although a genetic predisposition is a 

strongg risk factor, it is probably not enough and not an essential factor for 

developingg allergic disease. In addition, environmental factors and/or living 

conditionss are likely to contribute to the development of allergic diseases. 

Thee predisposition to easily produce IgE antibodies to trivial antigens in the 

environmentt (inhalant- and food-antigens) is the fundamental feature of the 

atopicc constitution. What are the mechanisms behind this atopic constitu-

tion?? Three possible explanations have been suggested: 

1.. there is a mucosal defect in the gut, which increases the permeability 

off macromolecules in the gut [26]. This causes less suppression and 

higherr immune reactivity of the T-cells, producing more IL-4. The 

immunee system is too sensitive and the T-cells are activated at lower 

antigenn doses. 

2.. there is immunological hyperreactivity [27,28]. 

3.. there is immunological cross-reactivity of food antigens with inhalant 

allergenss [29]. 
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Thee effects of the increased permeability of macromolecules and enhanced 

immunologicall hyperreactivity are effective through immunological cross-

reactivityy [30,31]. It is interesting to know whether IgG hyperreactivity could 

bee used as a surrogate marker of enhanced Th2-activity. 

Too be able to measure whether a child's immune system is sensitive in its 

immunee response, a weak antigen is needed to which everyone is exposed 

butt not everyone reacts with an IgE immune response [18,30]. 

Theree are indications that children with a classical atopic allergy have an 

immunee system that is more sensitive in its immune responses (both IgE and 

IgG).. This can be shown as follows: when stimulated by a weak antigen, e.g. 

normall levels of exposure to grass pollen or mite allergens, only the most 

reactivee (i.e. atopic) immune system is triggered, which results in the pro-

ductionn of IgE and some IgG, [18]. 

Uponn continuing stimulation by a moderately potent antigen, e.g. food 

allergenss or animal dander allergens in heavily exposed individuals, every-

onee will respond by producing IgG antibodies, IgG, at first and lgG4 later 

on;; only atopic individuals will produce IgE antibodies. 

AA very strong antigenic stimulus (e.g. parasitic infections, tetanus immunisa-

tion,, repeated bee stings in bee keepers) will induce IgE as well as IgG, 

antibodiess in the majority of exposed individuals, atopic as well as non-

atopic;; upon continued exposure the lgG4 response becomes dominating. 

Thiss is the case in non-atopic allergies, in which no genetic effects are being 

found. . 

IgGG to selected foods was thought to be able to act as a surrogate marker of 

IgEE hyperreactivity. Several studies [32-36] have reported that atopic chil-

drenn have higher IgG antibody levels to milk and egg than non-atopic chil-

dren.. Furthermore, in an earlier study [37,38], it was found that high levels 

off IgG to foods in a high-risk population discriminated between children 

thatt will or will not develop IgE antibodies to inhalant-allergens [37,38]. The 

effectss were found for both IgG, and lgG4 (and even slightly stronger for 

IgG,, than for lgG4). This was in contrast to what was expected, because 
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enhancedd immunological activity is supposed to be mainly due to enhanced 

reactivityy of the Th2-cells. Th2-cells are necessary for the production of IgE 

andd lgG4. IgE and lgG1/lgG4 ratios can be measured to know whether Th2-

cellss show enhanced reactivity. 

MechanismsMechanisms of asthma 

Thee above-mentioned definition of the NHBLI/WHO [6] emphasizes that 

asthmaa is a chronic inflammatory disorder. This inflammatory response is 

initiatedd when mast cells and eosinophils are triggered and an array of 

inflammatoryy cells and their mediators including histamine, prostaglandins 

andd leukotrienes are released and contract the smooth muscle [39,40], 

causingg bronchoconstriction and/or bronchial hyperresponsiveness. Further-

more,, these factors have the capacity to produce structural changes in the 

airwayss or attract inflammatory cells to cause damage to bronchial tissue. 

Changess in the airways may arise as the result of damage and may lead to 

remodellingg [41], a term used to define complex morphologic changes 

involvingg all the structures of the bronchial wall [42]. This may, eventually, 

leadd to permanent reduction in airway function. 

Thee trigger for mast cells and eosinophils to start this cascade of cellular 

interactions,, is usually exposure to allergens, such as dust mites, animal 

proteins,, pollens and fungi while exposure to non-specific irritants usually 

resultss in direct bronchoconstriction alone. 

Asthmaa in children and adults is frequently found in association with atopy 

[43].. There has been, however, discussion whether immunology is needed 

forr airway remodelling or whether allergy is an innocent bystander [44]. The 

issuee is whether bronchial asthma in its pre-clinical stages may cause airway 

developmentt or remodelling leading to smaller airway diameters and in 

additionn causes wheeze in susceptible children in response to allergen 

exposuree or viral infections [45,46]. Or, alternatively, children who wheeze 

havee smaller airways which might be genetically or prenatally determined, 

andd predisposes them to wheeze early in life with manifestations as viral 

infectionss and subsequently or simultaneously to express atopy as wheezing 
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andd bronchial asthma, in which case the allergen is proposed to be an 

innocentt bystander [44,46]. 

Prevalenc e e 

Thee prevalence of allergic/atopic diseases in children varies from less than 1 

too 30% in different populations [6]. In general, higher prevalences of asthma 

andd allergy in children are being found in the 'western' and 'westernized' 

countriess than in children in developing countries. Most studies on asthma 

andd allergies are performed in schoolchildren, although more and more 

birthh cohort studies [47-51] have started recently, either or not with some 

kindd of intervention (Table 1.1 and 1.2). 

PrevalencePrevalence of specific serum IgE 

IgEE antibodies to foods (cow's milk, hen's egg) are common in infancy. After 

sensitizationn during infancy, most children develop a tolerance to food 

allergenss [52]. Subsequently, sensitization to indoor allergens, like house 

dustt mite, cat and dog dander, increases from the second to fifth year of life, 

followedd by sensitization to outdoor allergens (birch and grass pollen) [53-

56].. The sensitization to indoor and outdoor allergens increases with a 

yearlyy incidence of 1-3% during the first ten years of life [54]. 

Thee most important allergen sources (in the Netherlands) are house dust 

mite,, dander from cats and dogs, birch and grass pollen {causing hay fever) 

[57]. . 

Tablee 1.1 shows the prevalences for sensitization (as measured by RAST or 

skinn prick tests) in some recently published birth cohort studies. The 

prevalencess for sensitization to aero-allergens for children aged 1 to 5, range 

fromm 0.1% [58] to 17.2% [59], depending on age and population. How 

oftenn sensitization to aero-allergens occurs in general practice is unknown. 
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Tabl ee 1.2 Prevalences of current asthma and physician diagnosed asthma 

country y 

UK K 

UK K 

UK K 

UK K 

UK K 

Austria a 

Germany y 

Germany y 

Germany y 

Sweden n 

Sweden n 

Sweden n 

Sweden n 

Denmark k 

Denmark k 

Estonia a 

Estonia a 

Netherlands s 

Netherlands s 

Netherlands s 

Netherlands s 

Canada a 

Australia a 

Neww Zealand 

Austria a 

Belgium m 

Germany y 

UK K 

Sweden n 

Estonia a 

Indonesia a 

Costaa Rica 

study y 

Islee of Wight 

Islee of Wight 

NacMAAS S 

NacMAAS S 

SPACE E 

SPACE E 

SPACE E 

MAS S 

MAS S 

BAMSE E 

BAMSE E 

CB-- Odense 

Odense e 

PIAMA A 

PIAMA A 

BOKAAL L 

BOKAAL L 

ISAAC C 

ISAAC C 

ISAAC C 

ISAAC C 

ISAAC C 

ISAAC C 

ISAAC C 

ISAAC C 

ISAAC C 

ISAAC C 

ISAAC C 

studyy year 

1990 0 

1993 3 

11 996-98 

11 999-2000 

1997-99 9 

1997-99 9 

1997-99 9 

1991 1 

1996 6 

11 994-96 

1998-2000 0 

1983 3 

1988 8 

1986 6 

1990 0 

1995-96 6 

1999 9 

1997-98 8 

2000 0 

1993-95 5 

11 998-99 
b b 

number r 

1167 7 

1218 8 

517 7 

239 9 

149 9 

402 2 

145 5 

1314 4 

1314 4 

3925 5 

3596 6 

1701 1 

1651 1 

1749 9 

256' ' 

1749 9 

256' ' 

220 0 

208 8 

3483 3 

2900 0 

1533 3 

1108 8 

5755 5 

10899 9 

18569 9 

5787 7 

6533 3 

6592 2 

1864 4 

3029 9 

3070 0 

1390 0 

2942 2 

age e 

1 1 

4 4 

1 1 

3 3 

1 1 

1 1 

1 1 

1 1 

7 7 

1 1 

4 4 

1 1 

6 6 

1.5 5 

5 5 

1 1 

5 5 

1 1 

3 3 

1 1 

5 5 

6-7 7 

6-7 7 

6-7 7 

6-7 7 

6-7 7 

6-7 7 

6-7 7 

6-7 7 

6-7 7 

6-7 7 

6-7 7 

current t 

asthma a 

10.2-* * 

14.9' ' 

3.1-" " 

5.4' ' 

10.0 0 

8.5 5 

7.0 0 

1.7 7 

2.4 4 

0.52 2 

6.5^ ^ 

7.0' ' 

4.6 6 

9.64 4 

25.64 4 

17.6' ' 

2 7 . T T 

26.5= = 

8.9r' ' 

4.25 5 

3.6s s 

22.9 ' ' 

8.05 5 

1.43 3 

6.65 5 

26.9 ' ' 

recent t 

wheeze e 

39.1 1 

18.4 4 

30.2 2 

14.9 9 

16.6 6 

10.0 0 

20.0 0 

2.0 0 

26 .0 ' ' 

6.3 3 

10.9 9 

14.7 7 

24.6 6 

24.5 5 

3.9 9 

7.3 3 

8.5 5 

18.4 4 

10.4 4 

9.3 3 

4.1 1 

32.1 1 

diagnosed d 

asthma a 

5.8 8 

11.7 7 

4.7 7 

0.5 5 

1.4 4 

6.1 1 

2.0 0 

7.0 0 

14.6 6 

reference e 

[60] ] 

[56,71] ] 

[61] ] 

[59] ] 

[51] ] 

[51] ] 

[51] ] 

[58,72] ] 

[47,73] ] 

[50] ] 

[74] ] 

[63] ] 

[63] ] 

[67] ] 

[67] ] 

[64] ] 

[65] ] 

[75] ] 

[76] ] 

[69] ] 

[70] ] 

[9] ] 

[9] ] 

[9] ] 

[9] ] 

[9] ] 

[9] ] 

[9] ] 

[9] ] 

[9] ] 

[9] ] 

[91 1 

1:: available for analysis 
2:: recurrent wheeze (>3 episodes) 

3:: wheeze at least once 

4:: obvious atopic disease, including asthma 

5:: asthma ever 
6:: the first centre began its survey in 1991, but most centres undertook the data collection in 1994 and 1995 

[9] ] 
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PrevalencePrevalence of asthma 

AsthmaAsthma is the most prevalent chronic disease in children [77]. Asthma-like 

symptomss begin during the first years of life [78-80], although only part of 

thee pre-school children with asthma will still have symptoms of asthma at 

schooll age [46]. 

Inn Table 1.2 asthma prevalences of current asthma in children aged 1 to 5 in 

recentlyy published birth cohorts are shown. As for pre-school children symp-

toms,, especially (recent or current) wheezing, as a definition for asthma are 

frequentlyy used, prevalences for recent wheeze (wheeze in the last 12 

months)) are also shown. Another way of measuring asthma is by asking 

whetherr a doctor has (ever) diagnosed asthma. Prevalences for a doctor's 

diagnosiss of asthma are also shown in Table 1.2. 

Inn the early 1990's attempts were made to standardize methodology to be 

ablee to compare the prevalences of asthma and allergies in children living in 

differentt countries and to obtain baseline measures for prevalence, which 

resultedd in the ISAAC-study (International Study on Asthma and Allergy in 

Childhood)) [81]. The ISAAC-study shows that the prevalence of wheezing in 

thee last 12 months -documented by written questionnaires- among 6 and 7 

yearr old children differs more than fivefold with lowest rates in Indonesia 

(1.4%)) and highest rates in Costa Rica (32.1 %) [9] (Table 1.2). 

Thee above-mentioned prevalences are figures from the general population, 

mostlyy found by questionnaires. In the Netherlands, there are nine general 

practicee registration systems. The prevalences and incidences in these data-

bases/registrationss vary, which can be the result of real differences in the 

prevalencess of asthma in the practice populations. It may also be a result of 

thee method of the registration systems and the way in which diseases are 

recorded,, e.g. some of these registration systems are based on contacts/en-

counters,, others use problem lists [82]. 

Basedd on these registrations, the estimated yearly prevalence of asthma (per 

10000 patients) in 2000 was 65 for 0-4 year old boys and 44 for 0-4 year old 
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girls.. These prevalences decrease to 59 for 5-9 year old boys and 42 for 5-9 

yearr old girls. 

Thee incidences (per 1000 per year) were 33 and 22 for 0-4 year old boys 

andd girls, respectively, whereas these were 12 and 9 for 5-9 year old boys 

andd girls [83]. 

Diagnosi s s 

Diagnosticss are of importance for taking medical decisions with regard to 

thee nature and the seriousness of the complaint, the cause of the complaint, 

thee future clinical course and the prognosis of the illness, the choice of 

therapyy and the effectiveness of therapeutic interventions [1]. 

Ann ailergy can be recognized by the presence of allergen-specific IgE in the 

patient'ss serum or by skin prick tests. Allergen-specific IgE in the patient's 

serumm can be tested by using RAST (radioallergosorbent test) or EAST (en-

zymee allergosorbent test). The RAST/EAST measures the amount of IgE that 

iss directed to a specific allergen [19]. In general, RAST and skin prick test 

havee been shown to correlate well [4,84]. One of the advantages of determi-

nationn of specific IgE in blood over skin prick tests is that it can be used 

moree easily for children. Furthermore, it requires less specialized skill than 

skinn prick testing [85] and is therefore useful in general practice. In the 

Netherlands,, determination of specific IgE by RAST/EAST is a well-accepted 

proceduree to identify allergens involved in sensitization. 

AA diagnosis of asthma usually involves assessments of pulmonary function. 

However,, in children younger than 5-6 years of age, lung function tests are 

nott routinely used and furthermore, there are no confirmatory diagnostic 

bloodd tests, radiographic or histopathological investigations to diagnose 

asthmaa in young children. Therefore, for children younger than six years of 

age,, the physician has to rely upon clinical history and physical examina-
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tion.. Children aged six and over are able to perform a lung function test, 

andd thus, asthma can be diagnosed. 

Inn the Dutch guidelines for General Practitioners [86], the starting point for a 

diagnosiss of asthma is a child with recurrent coughing, congestion of spu-

tum,, wheeze and/or shortness of breath. The symptoms are partly age lim-

ited:: until the age of four, especially (nocturnal) coughing and -in the first 

yearr of life- 'congestion of sputum' and snoring. For children of four years 

andd over, the symptoms are wheeze and shortness of breath. In these chil-

dren,, asthma can be objectified with peakflow or FEV, (forced expiratory 

volumee in 1 second) measurements. Also, an allergy test can be performed. 

Prognosi ss  of asthm a 

Thee important symptoms of asthma are wheezing, coughing and shortness 

off breath. For 36.8% of the children under 5 with a doctor's diagnosis of 

asthma,, the most important reason for an encounter with their GP is a pe-

riodd of coughing [77], compared with 26.4% for shortness of breath and 

11 7.2% for wheezing [77]. Furthermore, in 0-4 year old children, coughing is 

thee symptom a GP is most frequently contacted for [77,87]. It is the reason 

forr encounter for 12.9% of 0-4 year old children and for 8.6% of 5-14 year 

oldss [77]. Wheezing and shortness of breath are reasons for encounter for 

1.6%% and 1.9% of the 0-4 year olds respectively. 

Severall studies [32,52,88,89] have shown that many children who develop 

asthmaa at a later age, have recurrent airway symptoms before the age of 4 

andd part of them even in the first year of life. However, the opposite is not 

thee case: about half of the children with airway symptoms early in life will 

nott have asthma in later childhood and adolescence [46,79,88,90-93]. Data 

fromm a longitudinal registration project in general practice (CMR Nijmegen) 

[87]] showed that of all 0-4 year old children with a doctor's diagnosis of 

asthma,, over 60% was not known with asthma anymore by the GP two 
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yearss later. However, data from the same registration showed that of the 

childrenn with a diagnosis of asthma at the age of 0-4, more than 45% still 

hadd asthma at 10 to 23 years of age [94]. 

Thee question is, how children with airway symptoms who will go on to 

developp asthma can be distinguished from the children who will not de-

velopp asthma. Answering the question could help clinicians effectively 

managee children with respiratory illness. 

Severall follow-up studies have shown that the probability that asthma will 

persistt or remit at an older age depends on several factors and might be 

influencedd by the fact that there are different asthma phenotypes in pre-

schooll children, as is proposed by Martinez [46] and others [90,95,96]. 

Thesee phenotypes include: 

—— transient early wheezers (wheezing up to age 3 but not thereafter), mostly 

associatedd with viral infections and/or small airway size 

—— non-atopic wheezers (wheezing in toddlers and early school years) and 

—— persistent wheezers (still wheezing by the age of six) who are at a high 

riskk of developing asthma. 

Dependingg on the type of wheezing, the prognosis of the pre-school child 

differs.. There is evidence suggesting that wheezing in the first three years of 

lifee but not thereafter (transient early wheezing) has a good prognosis. It is 

alsoo suggested that infants and toddlers with wheezing lower respiratory 

illnessess only have a (abnormal) response to viral infections, a response 

limitedd to the first few years of life [97,98]. In infancy, viruses appear to be 

moree important than allergens, but allergens become more important as 

childrenn get older. According to Martinez et a/. [46,99] persistent wheezers 

aree more likely than the children who never wheezed to have a family 

historyy of asthma and allergies, to have elevated serum IgE levels early in 

life,, to have normal lung function in the first year of life, and to have ele-

vatedd serum IgE levels at six years. 

Severall other studies show that sensitization, with or without clinical symp-

toms,, to common inhalant allergens, particularly to dust mite and pet dan-

derr is associated with asthma and persistence of asthma in childhood 
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[46,99-103].. Although few children become sensitized to aero-allergens 

duringg the first three years of life, the majority of those who do become 

sensitizedd in this age period develop asthma-like symptoms later in life 

[99,101,104].. Children who become sensitized after the age of 8 to 10 have 

aa risk of developing asthma that is not much higher than that of children 

whoo do not become sensitized [105-107]. 

Despitee the fact that there are different types of wheezing, it is impossible to 

distinguishh between these groups during the first few years of life from a 

clinicall point of view, because their symptoms and signs of illness are very 

similar.. In a wheezy child, no accurate prediction can be given whether this 

wheezingg will persist into later life. Nevertheless, a GP cannot wait until the 

agee of 6-7 to know whether the child has indeed asthma. S/he has to act 

whenn the child has symptoms. The question is, how these children can be 

identified. . 

Severall follow-up studies have been performed trying to assess the prognosis 

off asthma from early childhood to childhood, adolescence and adulthood. 

Inn these studies, prognostic factors that make it more likely that asthma 

persistss or remits are, among others: sensitization to airborne allergens 

[46,99-105],, a family history of atopy [46,90,95,108], presence of other 

atopicc diseases such as eczema [46,90,95,108-110], more severe asthma or 

wheezingg [92,111,112], younger age at presentation [94,108,113,114] and 

increasedd airway responsiveness [46,115-119]. 

Thus,, the majority of pre-school children with symptoms, do not have 

asthmaa at the age of six. The problem in these young children is that wheez-

ingg can be persistent, non-persistent or associated with viral infections. To 

date,, no diagnostic tools are available to distinguish between transient and 

persistentt wheezing at an early age. 
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Treatmen t t 

Inn case of an allergy, the kind of allergen and the target organ determine the 

(naturee of the) treatment. When the allergens that cause symptoms have 

beenn identified, the treatment will be principally aimed at avoiding the 

factorss provoking them [85]. Once a patient's sensitivity to inhalant allergens 

hass been established, the clinician will be able to recommend specific 

environmentall control measures to decrease exposure. 

Thee guidelines for the Dutch General Practitioners (IMHG-guidelines) and 

internationall guidelines [6,120,121] give directions for the treatment of 

asthmaasthma in children. The primary goal of treatment as formulated in these 

guideliness [6,86] is a normal way of living with normal activity levels and 

reachingg and maintaining pulmonary function as close to normal levels as 

possiblee without or with as few symptoms as possible, whether or not ac-

companiedd by medication in a dose and a frequency of administering as low 

ass possible and with as few side effects as possible. 

Bothh international [6,120,121] and national guidelines [86] recommend a 

stepwisee approach for the treatment of young children, which aims to elimi-

natee symptoms as soon as possible and to optimise peak flow by stepping 

upp treatment as necessary and stepping down when control is good 

[6,86,120,121].. The number of steps varies, but all guidelines recommend 

too give inhaled short acting p2-agonist as required in mild intermittent 

asthmaa (step 1) and inhaled steroids as regular therapy (step 2). 

Besidee therapeutic treatment, education and counselling on how to avoid 

provokingg factors is of the utmost importance. According to the Dutch 

guideliness [86], the most important non-pharmacological treatment concerns 

smoking.. Smoking by parents or by others in the child's environment should 

bee avoided. Furthermore, when an allergy for pets is present, it is recom-

mendedd not to keep pets at home. Taking avoidance measures is useful 

whenn an allergy for house dust mite or other indoor allergens is present. 

Despitee indications [46,114,117,122-128] that co-existence of atopy is 
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relatedd to severity and persistence of asthma, the Dutch guidelines say that 

childrenn under 4 years of age should not be tested on respiratory allergy (in 

contrastt to the older children who should be tested when there are indica-

tionss that an allergy could play a role in the child's asthma). The argument 

forr not recommending allergy testing is that a negative test-result does not 

rulee out allergy in these young children, as the child can still become posi-

tivee in the future [86]. Although it is obvious that not all young children 

shouldd be tested for an allergy and treated prophylactically, it is useful to 

testt a selected group of children. When it is known whether a child is sensi-

tized,, adequate avoidance measures and/or medication can be directed 

towardss children at risk who will benefit most. 

AIMSS OF THE STUDY 

Researchh shows that children with asthma have symptoms before they are 

fourr years of age, sometimes even before their second birthday. However, 

childrenn with symptoms before the age of three do not necessarily develop 

asthmaa at a later age. Three questions can be asked: 

-- can we identify factors that, at an early age, distinguish children who will 

developp a respiratory allergy from children who will not? 

-- to what extent do early airway problems contribute to a subsequent 

allergy? ? 

-- to what extent does a respiratory allergy in symptomatic children contrib-

utee to the subsequent development of asthma? 

Inn an earlier study by Calkhoven [38], it was found that an increased sensi-

tivityy for food antigens (IgG) distinguished the children that subsequently 

developp a respiratory allergy (IgE) from the non-sensitized children. That 

studyy was performed in a high-risk group of children, which comprised 

manyy children with atopic eczema. 
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Thee first hypothesis of this study is based on the study of Calkhoven [38]: 

childrenn with high levels of IgG antibodies to foods have a higher risk of 

developingg IgE antibodies to inhalant-allergens at a later age. 

Duringg the course of the recruitment phase we found that already many 

childrenn were IgE positive. This made us wonder whether these IgE positive 

childrenn would also develop asthma at a later age. And furthermore, 

whetherr IgE tests and sensitization could be used in the recognition of pre-

schooll coughing children that will develop asthma in primary care. This 

gavee rise to our next hypothesis: children presenting with complaints of 

coughingg who were found to have specific IgE to house dust mite, cat 

and/orr dog are at a higher risk for developing asthma compared to children 

withh normal levels of specific IgE. 

Itt would therefore be interesting to define variables that could be used to 

identifyy coughing children younger than 5 years of age who will continue to 

bee symptomatic at school age. 

Thus,, the aims of the thesis are: 

—— to assess whether or not there is an association between IgG antibody 

levelss to foods and IgE to aero-allergens and if so, whether an increased 

IgGG antibody titre to foods is an indicator for an increased risk to develop 

ann inhalation allergy. In other words: Is a relatively strong (but in itself 

nott pathogenic) immunological reaction to foods more often found in 

childrenn who develop an allergy for inhaled allergens {allergens of house 

dustt mites and/or pets) at a later age? 

—— to identify young children with a high or low probability of being sensi-

tizedd to aero-allergens and to find risk and predictive factors for the de-

velopmentt of sensitization in these young children. 

—— to assess the predictive accuracy for asthma at the age of six of IgE tests to 

cat,, dog and house dust mite in children younger than five years of age 

presentingg with complaints of coughing at the GP's surgery and to de-

velopp a diagnostic prediction rule for children presenting with coughing 

includingg readily obtainable parameters from the child's history, physical 
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examinationn and IgE tests in order to distinguish the children who will 

havee asthma at the age of six from those who will not. 

Thee stud y 

Too address these aims, a prospective study was designed in which the devel-

opmentt of IgE antibodies in initially IgE negative children after two years of 

follow-upp was studied, but was later extended to the follow-up of the IgE 

positivee children and a sample of the IgE negative children until their sixth 

birthday. . 

Betweenn February 1995 and February 1997, 136 general practitioners in the 

North-westernn part of The Netherlands, recruited 1 to 4 year old children for 

aa study on the development of inhalation allergy in toddlers. Children visit-

ingg the participating CPs with complaints of coughing over at least five 

consecutivee days and being known not to have allergic reactions, not to be 

IgEE positive and not to be diagnosed with asthma (by the CP) were eligible. 

Thee parents and their children were asked by their GPs to participate in the 

study.. Informed consent was obtained from the children's parents. 

Att the same time, drops of blood were drawn from the children (finger 

prick)) and spotted on filter paper for the determination of total IgE and 

specificc IgE for house dust mite, cat and dog. Two groups of children were 

formed:: IgE negative and IgE positive children. Children who were IgE 

negativee on all three allergens were followed up to study the likelihood of 

theirr seroconversion after two years. Since this part of the study aimed at 

seroconversion,, the IgE positive children were excluded. The IgE negative 

childrenn were also tested on their IgG antibody response to foods. After two 

yearss of follow-up, these initially IgE negative children were invited to come 

too the GP's office for a second blood sample. Again, blood was spotted on 

filterr paper and tested for total IgE and specific IgE for house dust mite, cat 

andd dog. 
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Childrenn who were IgE positive for at least one of the allergens at baseline, 

weree followed up at the age of six, when their asthma status was 

determined.. These children were tested again for total and specific IgE. 

OUTLINEE OF THE THESIS 

Ass an introduction to this thesis, chapter 1 deals with several topics on the 

backgroundd of this study. Chapter 2 provides information on how the chil-

drenn were tested for the presence of specific IgE. As GPs and parents often 

seemm to have objections to venepuncture as blood sampling in young chil-

dren,, we examined whether it was possible to measure total IgE and 

allergen-specificc IgE in capillary blood obtained by a finger prick and ab-

sorbedd onto filter paper. 

Chapterss 3 and 4 deal with the first aim of the study, which assumes that 

youngg children with a high risk of developing allergy in the future, show an 

abnormall IgG antibody response to foods before the development of IgE 

antibodiess to inhalant allergens. In these chapters the cross-sectional and 

longitudinall relation between IgG to foods and IgE to inhalant-allergens is 

described.. In chapter 3 a study is presented on the cross-sectional associa-

tionn between IgG to foods and IgE to inhalants. Furthermore, the develop-

mentt of a sensitive ELISA for determination of IgG antibodies to foods is 

describedd in this chapter. In chapter 4 our hypothesis was tested whether 

IgGG antibodies to foods predict the subsequent development of IgE antibod-

iess to inhalant-allergens. Thus, this chapter shows the results of the longitu-

dinall relation between IgG to foods and IgE to inhalant-allergens. 

Inn chapter 5 the results of the inclusion period are shown. Furthermore, this 

chapterr describes the extent to which sensitized pre-school children can be 

distinguishedd from non-sensitized children using easily obtainable informa-

tion. . 

Chapterr 6 focusses on the period between inclusion and second blood 

samplee with respect to the symptoms presented by the children to their GPs. 
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Itt describes the results of a medical records' review which tried to predict 

allergyy and asthma on the basis of information present in the medical rec-

ords. . 

Chapterr 7 and 8 aim at the third objective of the study. Chapter 7 deals with 

thee core question of this part of the study: can specific IgE be used as an 

additionall test in the diagnosis of asthma in young children? Furthermore, in 

chapterr 8 a short report is presented on the relation between early versus 

latee sensitization and the chances of becoming asthmatic. In chapter 9, 

somee methodological issues on the studies described in this thesis are dis-

cussed.. Finally, chapter 10 includes an English and a Dutch summary of this 

thesis. . 
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