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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 
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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-

20 0 INTRODUCTIONN CHAPTER 1 



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 

CHAPTERR 1 INTRODUCTION 21 1 



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 

26 6 INTRODUCTIONN CHAPTER 1 



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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Abstrac t t 

Serologicc IgE testing is generally performed using serum, obtained by 

venepuncture.. We tested whether paper-absorbed and eluted capillary 

blood,, obtained by a less invasive method (finger prick) could be used for 

allergyy testing in young children. This was performed by comparative IgE 

testing,, using paper-absorbed blood/serum and serum. Practical applicability 

off the procedure was tested by assaying paper-absorbed and eluted blood, 

obtainedd from 640 children with complaints of prolonged coughing, for IgE 

too airborne allergens. We found that IgE testing, using paper-absorbed/eluted 

materiall and serum yields virtually identical results (mean ratio for positive 

samples:: 1.01, 95% confidence interval: 0.58-1.75). Blood spot testing 

revealedd that sensitization to inhalant allergens is not uncommon in pre-

schooll children (13% positive RAST tests), which means that this procedure 

iss a useful method for assaying allergic sensitization in children. 

Introductio n n 

Serologicc IgE testing for detection of allergic sensitization has gained increa-

singg appreciation over the last decades, since many tests can be performed 

withh limited amounts of serum without risk for the patient. 

Onee reason for reluctance towards in vitro IgE testing, however, is that 

obtainingg blood by venepuncture is in some instances less acceptable, e.g., 

inn the case of young children. A less invasive method for obtaining blood, 

forr instance by finger prick [1] would be preferable in such cases, especially 

ass the latter technique can also be performed by unskilled personnel. 

Wee aimed to test whether capillary blood, obtained by finger prick and 

absorbedd on to filter paper, can be used for IgE testing in pre-school chil-

dren. . 
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Materia ll  and Method s 

AbsorptionAbsorption  and elution  of  blood  proteins 

Too evaluate the capillary blood spot procedure, we compared IgE results 

obtainedd with paper-absorbed and eluted whole blood/serum with results 

usingg routine serum procedures. Whole blood was obtained by venepunc-

turee or by finger prick, using an automated lancet (Glucolet 2 Automatic 

Lancingg Device in combination with Ames Minilet Lancets; Bayer Diagnos-

tics,, Puteaux, France), and applied to filter paper (Schleicher & Schuell 

2294,, K120258). After sample application, filter paper was left to dry for at 

leastt 16 h and stored at room temperature for up to 14 days. Absorbed 

materiall was cut out (approximately 3 cm2 of paper for 50 \x\ of absorbed 

material)) and eluted by incubation with 1 ml of phosphate-buffered 

saline/Tween-200 (PBS-T, 0.1% (v/v)) for 16 h under constant rotation. The 

samee absorption/elution procedure was performed using serum samples 

fromm our routine department. Eluates were separated from filter paper by 

centrifugation. . 

SerumSerum  albumin  as internal  standard 

Paper-absorbedd whole blood spots obtained by finger prick represent an 

unknownn amount of serum. To assess this amount for volume correction of 

testt results, we measured the concentration of serum albumin in the eluted 

sampless by nephelometry (BN2', Behring Werke, Freiburg, Germany). This 

methodd seemed convenient as only very small amounts of serum sample are 

neededd (<1 u.1 per test). Albumin was chosen as a reference protein as this 

compoundd shows only little variation among donors [2,3], and albumin is 

efficientlyy eluted from blood dried on filter paper (see Results). Measuring 

totall protein content may be less appropriate in view of possible variations 

inn the leakage of hemoglobin from red blood cells. 

Serumm albumin was measured in 100 serum samples from subjects in differ-

entt age groups, using the same method. 
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IgEIgE testing 

Determinationn of total IgE and specific IgE in serum, eluted serum or whole 

bloodd was performed essentially as previously described [4,5], using 

Sepharose-immobilisedd reagents and 123l-labelled anti-human IgE, raised in 

sheep.. Minor technical modifications (increased amounts of added radio-

labell and prolonged radioactivity counting) were applied in order to render 

thesee radioallergosorbent tests (RASTs) more accurate for assaying small 

quantitiess of IgE. All IgE test results (U/ml; one unit representing 2.4 ng of 

IgEE [6]) were corrected for the estimated amount of serum used in the tests. 

Inn order to test the validity of the elution and albumin volume correction 

procedures,, we compared IgE results obtained with serum spot eluates, 

bloodd spot eluates, and serum obtained by venepuncture. This was per-

formedd as follows: 

(1)) total IgE was measured in both serum eluate and serum, using 40 patient 

sampless sent to our laboratory for routine allergy testing: after adsorption of 

500 |il serum on to filter paper, spots were eluted with 1 ml elution buffer, 

serumm albumin was measured in the eluate and 100 u,l of eluate was tested. 

Totall IgE results, obtained after test volume correction using 41.9 g/l of 

serumm albumin as a reference value (see Results), were compared with total 

IgEE as measured in serum per se. 

(2)) total IgE was measured in capillary blood spots and in venepuncture-

obtainedd serum samples from 11 subjects: paper-absorbed blood spots (of 

unknownn volume) were eluted, and assayed for total IgE, using 100 u.1 of 

eluate.. The amount of plasma used in these whole blood tests was deter-

minedd on the basis of 41.9 g/l of albumin. IgE values were compared with 

thosee found in venepuncture-obtained serum samples from these subjects. 

(3)) allergen-specific IgE was measured by RAST, comparing serum and 

eluatee from 50 subjects: 50 ul of serum from patients who had a RAST > 

0.55 U/ml for either house dust mite, cat dander, dog dander, grass pollen, 

birchh pollen, hen's egg or cow's milk (50 samples) was applied on filter 

paper.. After elution, 200 u.1 of eluate (corresponding to approximately 10 uj 

off serum) was tested on either a mixture of mite, cat and dog allergosorbent, 
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onn pollen mixture (grass and birch), or on a mixture of hen's egg and cows' 

milkk allergosorbent. Results were compared with those obtained by assaying 

500 \i\ of venepuncture-obtained serum, according to our standard RAST 

procedure. . 

Forr IgE testing of blood spot samples from pre-school children 100 \i\ of 

eluatee was used for total IgE determination. For measuring specific IgE to 

housee dust mite, cat dander and dog dander, 200 |JLI of eluate per test was 

applied.. RAST results were considered positive when values were higher 

thann 0.0015 U per test. 

TestTest  cut-off  values 

Cut-offf values for blood spot assays were determined by 10-fold testing of 

IgEE negative samples and adding 2 x standard deviation to the observed 

meann values, as well as by spiking of IgE negative samples with serum 

dilutionss containing known amounts of IgE. 

PatientPatient  samples 

Inn a study on the development of inhalant allergy in pre-school children we 

testedd whether the blood spot procedure could be useful in daily practice. 

Seventy-twoo general practitioners collected capillary blood from 640 chil-

dren,, aged 1-5, who presented with complaints of prolonged coughing 

(Eysinkk et al, manuscript in press) by finger prick, as described above. Blood 

spotss were left to dry and sent to our institute in a plastic envelope. Parents 

gavee their informed consent and the study was approved by the Medical 

Ethicss Committee of the Academic Medical Center, University of Amster-

dam. . 

Statistics Statistics 

ANOVAA was used for comparing albumin contents in serum samples. Geo-

metricc mean ratios with 95% confidence intervals were calculated for 

albumin-correctedd results for eluted material and results for direct testing. 
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Result s s 

ElutionElution  procedure 

Assayingg for albumin and total IgE in whole blood eluates and serum from 

111 subjects revealed that not only albumin, but also IgE, present in paper-

absorbedd blood spots, eluted efficiently from the filter paper {elution recov-

eryy for both components: >95%). 

Tablee 2.1 Human serum albumin in different age groups. 100 serum samples from 
differentt age groups (indicated in months) were tested for serum albumin (g/l), 
ass described in Material and Methods. 

agee (months) n HSA (g/l) 

1-1000 19 40.9  3.9 

101-2000 15 44.0  4.2 

201-3000 11 43.0  4.5 

301-4000 14 41.8  4.5 

401-5000 14 40.4  3.8 

> 5 0 00 27 41.3 + 5.4 

HumanHuman  serum  albumin  as a reference  protein 

Resultss of albumin measurement in 100 sera (Table 2.1) indicate that there 

iss no major age effect (ANOVA: P = 0.18) in the albumin concentration (mean 

valuee and sd: 41.9 + 4.1 g/l). 

IgEIgE assays 

Figuree 2.1 shows comparative results for total IgE and specific IgE testing, 

usingg paper-absorbed/eluted serum, eluted whole blood, and serum per se. 

Ass can be seen, albumin-corrected results for eluted material are in 

agreementt with the results obtained by direct testing (geometric mean ratio 
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forr positive samples: 1.01, 95% confidence interval: 0.58-1.75). Deviation 

betweenn the tests did not significantly depend on total or specific IgE levels. 

Figur ee 2.1 Comparative IgE testing in spot eluates and serum 

10000 0 

1000 0 

.E E 
3 3 

100 100 

serumm (U/ml) 

1000 0 10000 0 

Totall IgE (tlgE): 50 ^l aliquots from 40 serum samples were adsorbed on filter paper. 
Bloodd (B): capillary blood, obtained from 11 subjects, was absorbed on filter paper and 
eluted.. After elution, eluates were assayed for total IgE. Specific IgE: 50 \L\ aliquots from 50 
serumm samples, containing IgE to either egg, milk, mite, cat, dog, birch or grass were 
absorbedd on filter paper. Test results (U/ml), obtained with eluted material, were, after 
albuminn correction (using 41.9 g/l as reference value), compared with values obtained by 
usingg serum testing according to routine procedures, em: egg/milk-positive sample, mcd: 
mite/cat/dog-positivee sample, bg: birch/grass-positive sample 
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Cut-offCut-off  values 

Byy assaying negative serum samples and serum dilutions, the cut-off value 

forr our IgE assays was found to be 0.001 5 unit (3.6 pg of IgE) per test. 

PatientPatient  samples 

Eighty-threee (13%) out of 640 patient samples tested (children aged 1-5 

years)) in this procedure showed a positive RAST to one or more allergens, 

whenn 0.5 U/ml is used as cut-off value. Sixty-four of these children had one 

positivee RAST, 15 showed two positive RAST-scores and 4 children were IgE 

positivee for three allergens. 

Discussion n 

Wee investigated whether assaying for total IgE and allergen-specific IgE in 

elutedd blood spot material is a feasible technique for allergy testing. 

Albuminn values in 100 sera were in accordance with previously reported 

observationss [2,3], and elution efficacy of this protein was high, which 

renderss it a suitable parameter to be used for volume correction of test 

results. . 

Ass can be seen in Figure 2.1, IgE values obtained with serum and with 

paper-absorbed/elutedd serum were similar. This indicates that the correction 

off test results, using the observed mean serum albumin value of 41.9 g/l 

(Tablee 2.1) as internal standard, is valid. It must be noted, however, that 

variationss observed for albumin values in test sera will also be reflected in 

albumin-correctedd IgE results. 

Althoughh serum albumin amounts in venepuncture serum samples and 

fingerr prick samples can be different: 40.6 g/l  2.36 and 41 g/l  2.14, 

respectivelyy [7]. These differences will not result in relevant differences in 

albumin-correctedd IgE values. 

Resultss of comparative total IgE testing, using serum and eluted capillary 

wholee blood, point out that serum values and eluate values are similar when 
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thee latter are corrected on the mean reference albumin value (Figure 2.1, 

bloodd spots from 11 patients (a), see Material and Methods). 

Iff the clinical cut-off value of the RAST is taken to be 350 mU/ml serum, we 

needd at least 1.5/350 = 0.0043 ml serum equivalent per test. Routinely, we 

usee 200 |il of the eluate per RAST assay, which is one-fifth of the total eluate 

volume.. For an assay with the commonly used cut-off value of 0.35 U/ml 

wee therefore need five times 0.0043 ml serum equivalent per blood spot, 

i.e.. 21.4 \i\ serum equivalent (or approximately 50 ul whole blood per spot). 

Smallerr blood spots wil l , obviously, result in assays with a higher cut-off 

value.. For example, if a blood spot sample containing the equivalent of 10 

\i\\i\ serum is spotted (of which one-fifth is used per RAST), the assay cut-off 

willl be 1.5 mU per 2 |_LI serum, or 750 mU/ml. In this situation a negative 

testt result would be interpreted as "less than 0,75 U/ml", which would not 

excludee a weakly positive RAST. Testing 500 u.1 of the eluate might be an 

option,, but this would obviously diminish the number of tests that can be 

performed. . 

Thee observation that 83 out of 640 (13%) tests performed with paper-ab-

sorbedd blood samples from children younger than 5 years were positive for 

inhalantt allergens, indicates that sensitization to these allergens is not un-

commonn in this age group, as has been observed earlier [8]. 

Onn the basis of these results we conclude that RAST screening, using paper-

absorbedd capillary blood (absorbed samples being stable for at least two 

months,, results not shown), is a convenient and valid method for IgE testing 

inn young children. 
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Abstract t 

BackgroundBackground  Because IgG antibodies to foods can be detected before IgE 

antibodiess to inhalants, increased levels of IgG antibodies to foods might be 

usedd as a predictor of IgE-mediated allergy in initially non-atopic children. 

ObjectiveObjective  To examine the cross-sectional relation between IgG to foods (i.e. 

mixturee of wheat and rice, mixture of soybean and peanut, egg white, cow's 

milk,, meat, orange and potato) and specific IgE to cat, dog, mite, milk and 

eggg white in 1 year old children. 

MethodsMethods  All atopic children (n = 120; 58 with and 62 without eczema) and a 

randomm sample of the non-atopic children (n = 144) of the Bokaal study 

weree tested on their IgG response to foods. The IgG results of the food 

assayss were dichotomized high or low using the 66-percentile as a cut-off 

value. . 

ResultsResults  Atopic children more often had high IgG levels to foods than non-

atopicc children. IgG to egg white (OR= 7.50) and mixture of wheat and rice 

(OR== 4.79) were most strongly associated with positive specific IgE. In a 

stepwisee logistic regression analysis egg white, mixture of wheat and rice, 

andd orange were selected (OR = 3.76, OR = 2.43, and OR = 2.11 respec-

tively).. In children without eczema higher levels of IgG to foods were still 

significantlyy associated with atopy, which was most prominent for egg 

white,, orange and cow's milk. 

ConclusionConclusion  An increased IgG antibody level to foods, especially to egg 

white,, orange, and mixture of wheat and rice, indicates an increased risk of 

havingg IgE to cat, dog, mite, egg and/or milk allergens, even in the non-

eczematouss group. Therefore, in another prospective study we are currently 

investigatingg the usefulness of IgG in early identification, i.e. before IgE 

antibodiess can be detected, of children with an increased risk of developing 

allergicc diseases in the future. 
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Introduction n 

Variouss environmental factors have been thought to influence the develop-

mentment of both IgE antibodies and allergic disease. Exposure to inhaled aller-

genn is important, but other environmental factors are also of influence such 

ass passive smoking [1-3], diet of mother and child perinatally [4-6], pets 

[3,7,8],, number of siblings [3,9,10], breast-feeding [8,11,12], month of birth 

[13,14]. . 

Inn allergic diseases, IgE is regarded as the most important immunoglobulin, 

butt IgG antibodies have also been reported as being associated with allergic 

diseasess [15-18]. Calkhoven et a/. [19] found that food sensitization is asso-

ciatedd with an increased future risk for sensitization to inhalant allergens. 

However,, this study was performed in a relatively high-risk group of chil-

drenn and comprised many children with atopic eczema. The results sug-

gestedd that IgG might be useful in determining a child's risk of becoming 

allergicc within a few years and therefore could be used as an early marker 

forr the development of IgE-mediated allergy. 

Withh respect to the future development of IgE-mediated allergy, it is impor-

tantt to assess the association between IgG to foods and IgE to inhalant aller-

genss in a low-medium risk population. To examine this association, we 

studiedd 264 children, not selected for allergy risk, at the age of 1 year (from 

thee Bokaal study). The children were tested for IgE antibodies to cat, dog, 

mite,, egg white and cow's milk and for IgG antibodies to a panel of com-

monn foods. 

Thee aim of the present study was to assess the cross-sectional relation be-

tweenn IgG to a panel of foods and IgE to common allergens (mite, dog, cat, 

milkk and egg) in young children. If there is an association, a procedure 

mightt be developed to help identify young children with an increased risk 

off developing allergic disease in the future. 
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Subjectss and Methods 

SelectionSelection  of  the study  population 

Thee Bokaal study is a prospective birth cohort study, not selected for allergy 

risk,, designed to investigate the effect of short-term cow's milk supplemen-

tationn of newborn breast-fed infants on the development of cow's milk 

allergyy and atopic manifestations during the first 2 years of life. In the Bokaal 

studyy 70 midwives from the western part and centre of The Netherlands 

(urbann and rural villages) asked all pregnant women who intended to breast-

feedd their child for at least 6 weeks to participate in a double-blind study. 

Alll healthy full-term born children were included and randomized; they 

weree either breast-fed and received a standard whey protein dominant cow 

milkk supplementation (containing 11.1 g proteins/100 g powder; Nutrilon 

Premium®,, Nutricia, Zoetermeer, The Netherlands) or were breast-fed and 

receivedd a placebo (maltodextrin, glucose and mineral solution emulsified 

withh vegetable fats). The cow's milk supplementation or the placebo was 

givenn for at least three times during the first 3 days after randomization. 

Informedd consent was obtained from the children's parents before birth. The 

childrenn were followed up until the age of 2 years. The results of the Bokaal 

studyy (presented in another paper [20]) show that early and brief exposure to 

coww milk proteins in (otherwise) breast-fed children does not increase the 

riskk of atopic disease in the first 2 years of life. 

Att the age of 1 year a venous blood sample was drawn from all participating 

childrenn for determination of total IgE and specific IgE for house dust mite, 

cat,, dog, cow's milk and egg. Also, IgG antibodies to a panel of selected 

foodss were determined in part of the children. The foods tested were cow's 

milk,, chicken's egg white, orange, meat, potato, a mixture of wheat and rice 

andd a mixture of soybean and peanut. These foods were selected in an 

earlierr study [21]. The selected antigens cover the normal spectrum of foods 

givenn to infants in The Netherlands. 

Childrenn scoring positive (> 1 lU/ml) on at least one of the allergens house 

dustt mite, cat, dog, cow's milk and egg, were IgE positive and were classi-
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fiedd atopic. The atopic group was divided into atopic with eczema and 

atopicc without eczema. All children were seen at the age of 1 year by two of 

thee Bokaal investigators (MdJ and VS), and were scored for the presence of 

atopicc eczema, as defined by Hanifin and Rajka [22\. The non-atopic chil-

drenn in the Bokaal study did not have any family risk of atopy, clinically 

obviouss or possible atopic disease or any positive RAST score >0.3 lU/ml 

(forr detailed description see [20]). 

Thee original Bokaal study cohort consisted of 1533 randomly selected chil-

drenn born between February 1992 and January 1994. From 1434 children, a 

venouss blood sample was obtained at 1 year of age. Of these 1434 children, 

124124 were IgE positive for cow's milk, chicken's egg, cat, dog and/or house 

dustt mite. For the present study these 124 atopic children and a random 

samplee of 150 non-atopic children from the Bokaal study cohort were se-

lected.. Due to technical problems or because there was not enough blood 

available,, 10 blood samples (four atopic and six non-atopic) were not used 

forr further analysis. Thus, in the blood samples of 264 children, food-spe-

cificc IgG antibodies were measured. 

LaboratoryLaboratory  methods 

Totall serum IgE was measured as previously described by Stallman and 

Aalbersee [23]. Specific IgE was determined by RAST, as described by Aalber-

see et al. [24], and results were expressed in RAST units per millilitre; one 

RASTT unit represents ~2.4 ng of specific IgE. Therefore a twofold diluted 

referencee serum was incubated with Sepharose-coupled antihuman IgE and 
125l-labelledd anti-lgE, raised in sheep. Values higher than 1 unit/ml were 

consideredd positive. All RASTs were performed in duplicate. 

Food-specificc IgG antibodies in sera were measured by enzyme-linked 

immunosorbentt assays (ELISA). Food extracts (10 ng/ml in PBS) were coated 

too microtitre plates (Maxisorp, Nunc, Denmark), using 100 \i\ per well. After 

coating,, plates were washed three times with washing buffer (PBS/0.02% 

(v/v)) Tween-20). For the determination of specific IgG, 100 ul of serum 

CHAPTERR 3 IgG TO FOODS AND IgE TO MILK, EGG, CAT, DOC AND/OR MITE 53 3 



• • 

samplee (diluted 1:1000 in PBS/O.05% (v/v) Tween-20) was added to each 

welll and plates were incubated for 1 hour under continuous shaking. To 

removee non-bound serum components, plates were washed three times with 

washingg buffer. For the detection of bound IgG, wells were incubated with 

1000 u,l of horse radish peroxidase-labelled antihuman IgG (CLB, Amsterdam, 

Thee Netherlands), diluted 1:3500 in PBS/0.02% (v/v) Tween-20/0.2% (w/v) 

gelatin/6%% (w/v) BSA, for 1 hour. After washing the plates three times with 

washingg buffer, 100 \i\ of 0.01% (w/v) of 3,5,3',5'-tetramethylbenzidine 

(Merck,, Darmstadt, Germany) /0.OO3% (v/v) of H202 in 0.11 M sodium 

acetatee pH 5.5 per well was added. The reaction was stopped by adding 

1000 til 2 mol/l H2S04, and optical density was read at 450 nm in an auto-

maticc ELISA reader (Bio-Tek Instruments, Winooski VT, USA). 

Onn each plate, apart from the food to be tested, two rows of wells were 

coatedd with the wheat protein gliadin (1 (ig/well), and these wells were 

incubatedd with a twofold dilution series of a reference serum, containing 

1000 arbitrary units per mill Mitre (AE/ml) of IgG to gliadin. This reference 

dilutionn curve was used to express all results obtained in our food ELISA in 

AE/ml.. All tests were performed in duplicate. 

Duringg our investigations it was found that some sera showed substantial 

non-specificc IgG binding to the plate material, and therefore all sera were 

testedd in a parallel ELISA procedure in which no food was coated, and the 

resultss were corrected for non-specific binding. 

DataData analysis 

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

Childrenn were considered atopic if they were IgE positive (>1 lU/ml) for 

onee or more allergens. 

Thee results of the food assays were dichotomized high or low using the 66-

percentilee of the total group as a cut-off value (P66totd|). The 66-percentile 

wass chosen because for all foods, except for meat, the lower boundaries of 

thee 95% confidence interval around the 66-percentile [25] were higher than 

thee detection limit of 2.4 AE/ml. Because the 66-percentile of IgG to meat 
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wass too close to the detection limit, the multivariate analyses were per-

formedd without meat in the model. 

Somee logistic regression analyses were also performed in the group of chil-

drenn without eczema. In these analyses all foods were dichotomized using 

thee 66-percentile of this group of children (P66ne). 

Logisticc regression analysis was used to calculate odds ratios (with 95% 

confidencee intervals) for the univariate and multivariate analyses. 

Discriminantt analysis was used for the probability of being atopic when 

havingg high levels of IgG to foods. On the basis of IgG to foods we tried to 

classifyy whether a child would be atopic or non-atopic. The discriminant 

analysiss was used to specify the sensitivity and specificity of IgG to foods 

andd the percentage correctly classified. 

Inn all analyses, a P-value <0.05 was regarded as statistically significant. 

Likelihoodd ratio statistics were used as a criterion for selection in the logistic 

regressionn model. 

Dataa analysis was performed with SPSS-PC+. 

Results s 

GeneralGeneral  Characteristics 

Thee characteristics of the study population are shown in Table 3.1. Of the 

2644 children whose blood was available for data analysis, 144 were non-

atopicc and 120 children were atopic. There was no significant difference in 

thee distribution of boys and girls between the two groups (P = 0.4). Cow's 

milkk supplementation had been given to 132 children, 46.5% of the non-

atopicc and 54.2% of the atopic ones. The geometric mean total IgE for the 

non-atopicc children was 5.6 lU/ml, for the atopic children this was 55.8 

lU/ml.. Of the 120 atopic children, 56.7% had specific IgE for milk, 54.2% 

forr egg, 19.2% were IgE positive for cat, 9.2% for dog and 2.5% for mite 

(dataa not shown). 

CHAPTERR 3 IgG TO FOODS AND IgE TO MILK, ËGC, CAT, DOC AND/OR MITE 55 5 



Tablee 3.1 Characteristics of 264 children in the study population (%) 

non-atopic c 
n -- 144 (%) 

atopic c 
n=n= 120(%) 

boys s 
girls s 

cow'ss milk supplementation 

anyany RAST* 
0 0 
1 1 
2 2 
3 3 
4 4 

totall lgE(IU/ml)** 

700 (48.6) 
744 (51.4) 

677 (46.5) 

644 (53.3) 
566 (46.7) 

655 (54.2) 

1444 (100) 
00 (0) 
00 (0) 
00 (0) 
00 (0) 

5.66 (4.3-7.4) 

00 (0.0) 
855 (70.8) 
211 (17.5) 
133 (10.8) 

11 (0.8) 

55.88 (43.8-71.1 

:: number of positive RASTs 
:** geometric mean (with 95% CI) 

Tablee 3.2 Characteristics of IgG food assays (AE/ml), with different cut-off points 

mixturee of wheat & 

mixturee of soybean 
peanut t 

cow'ss milk 

eggg white 

meat t 

orange e 

potato o 

rice e 

& & 

minimum4 4 

0.6 6 

0.8 8 

2.0 0 

0.3 3 

0.4 4 

0.5 5 

0.4 4 

P&C C 

7.8 8 

6.5 5 

58.6 6 

3.8 8 

1.8 8 

4.5 5 

3.3 3 

F > 6 6 t 0 . d i c c 

10.6 6 

8.8 8 

62.0 0 

5.9 9 

1.8 8 

5.0 0 

3.6 6 

P75d d 

13.9 9 

12.1 1 

74.6 6 

7.9 9 

2.2 2 

6.0 0 

4.5 5 

P90d d 

37.5 5 

39.2 2 

271.6 6 

23.0 0 

4.9 9 

17.0 0 

15.3 3 

maximum** * 

109.9 9 

254.0 0 

854.0 0 

51.6 6 

34.1 1 

34.2 2 

28.6 6 

dd minimum, 75-percentile, 90-percentile and maximum of the total group (n = 264) 
bb 66-percentile of the group of children without eczema (n = 206) 
cc 66-percentile of the total group (n = 264) 

Clinicallyy atopic disease was obvious in 39.2% of the atopic children, 

64.2%% of the atopic children had a family risk of atopy/allergy. Eczema was 
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presentt in 48.3% of the atopic children, respiratory and gastrointestinal 

problemss in 27.5% and 5.8%, respectively (data not shown). 

Inn Table 3.2 the characteristics of the IgG food assays are shown. The range 

inn IgG to foods (values of AE/ml) varies per food, e.g. meat ranges from 0.4 

too 34.1 AE/ml, while cow's milk ranges from 2.0 to 854 AE/ml. All lower 

boundariess of the 95% confidence intervals around the 66-percentiles of the 

foodss were higher than the detection limit of 2.4 AE/ml, with the exception 

off meat. 

AssociationAssociation  between  IgG and IgE in  all  children 

Inn a univariate analysis, all foods were associated with atopy using the 66-

percentilee as a cut-off value (P66tot, Table 3.3). The highest odds ratios were 

foundd for egg white (OR= 7.50) and mixture of wheat and rice (OR= 4.79). 

Becausee all foods were associated with atopy, a multivariate logistic regres-

sionn analysis was performed with all foods in the model (but not meat) and 

presencee of atopy as the dependent variable (Table 3.3). Logistic regression 

analysiss showed statistically significant differences in higher IgG levels of 

eggg white (OR = 3.76), mixture of wheat and rice (OR = 2.43) and orange 

(ORR = 2.11). Being atopic was not associated with higher IgG levels of mix-

turee of soybean and peanut, cow's milk and potato. 

Inclusionn of gender in the regression models did not influence the coeffi-

cientscients for the other variables. 

AssociationAssociation  between  IgG and IgE in  children  without  eczema 

Thee association between IgG to foods and atopy in the group of children 

withoutt eczema was also analysed. The foods were dichotomized high or 

loww using the 66-percentile for this non-eczematous group (P66ne). For all 

foodss the mean was significantly higher in the atopic children without ec-

zemaa than in the non-atopic children without eczema. Logistic regression 

analysiss showed that higher levels of IgG to foods were still associated with 

atopyy (Table 3.3). 
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â  ^ 

^D D 
1--
00 0 
tN N 

CT< CT< 

CN N 

I N N 

tN N 

ao o 

Cl l 

I N N 

00 0 
co o 

oo o 
^0 0 

LH H 
T — — 

O O 
t t 
tN N 
o^ ^ 
o o 

co o 
CO O 

• --

in n 
o o 
<--

i n n 

>--

m m 

tN N 
LO O 

tN N 

CD D 
I -N N 

C-J J 

co o 
o o 
tN N 

O O 

IN N 
1--
^ 0 0 

v£ £ 

CN N 
CO O 

r̂> > 
T — — 

IN N 

<NI I 

o-i i 
IN N 

tN N 
01 1 

'--
I N N 
CN N 

rN N 
t N N 

"--
m m 

O O 
tN N 
t t 

o o 
m m 

tN N 

tN N 

tN N 
co o 

rO O 

CN N 

r N N 

o o 

t N N 

t t 

CU U 

y y 

& & 
CD D 

2 2 
"o o 
CD D 

E E 

+* +* 
3 3 

ra ra 
a> > 

o3 3 
c c 
ra ra 

O O 
UI I 

'S S 
aj j 

_̂  ^ 
fc fc 

o o 
u u 

QJ J 

IE E 

DO O 
QJ J 

CO O 
0J J 

£ £ 

DC C 

03 3 

O O 

O O 

o o 
Q. . 

q q 
ó ó 
V V 

'S S 

ra ra 

'c c 
DO O 

QJ J > > 

O O 

"O O 
N N 

E E 
o o 
o o 

-C C 
_y y 
T-5 5 

"O O 
o o 

T3 3 
O O 
n n 

ra ra 
t/T T 

.?--
ra ra 
c c ra ra 
tl) ) 

.ra a 

ra ra 
> > 

"5 5 
E E 

CU U 

> > 
O O 
Q. . 

T5 5 

N N 
E E 
U U 
O O 

ui i 

o o 

n̂ n 
s/i i _>--
ra ra 
c c 
ra ra 

"O O 
O O 
<-ï ï 

ra ra 

on n 
P--
ra ra 
c c 
ra ra 
ÜJ J 

.ra a 
' t . . 
ra ra 

E E 

rara -C >> — 

3 3 
u u 
ra ra 
ra ra 

a_ _ 
O O 
DO O 

ra ra 
n n 

Q. . 
3 3 
O O 
DO O 

O O 
OJ J 

O) ) 

"a a 

u u 

o o 
Q. . 
3 3 
O O 
00 0 

OJ J 

OJ J 

T3 3 

u u 

o o 
Q. . 
3 3 
O O 
BC C 
OJ J 

- dd Q 

N^ ^ 
_0J J 

c c 
QJ J 
U U 

Q. . 

O O 

OJ J 

-.5 5 
C C 
aj j 
u u 
OJ J 
Q. . 

^D D 
MJ J 

:--CD D 

" O O 
0 0 

OJ J 

OJ J 

y y 
ca a 

^D D 
vö ö 

QJ J 

• j j 
C C 
OJ J 

u u 
OJ J 
Q . . 

vD D 
vn n 

--CU U 
• o o 
O O 

-B-B E 

Si-a a 
.== u 
rara ~& 
DOO =3 

ÜJ J 

> > 
ra ra 
Dn n 
QJ J 

QJJ ~ö C 



• • 

Thee highest odds ratios were found for orange, egg white and meat 

(ORR = 5.12, OR = 4.04 and OR = 4.79, respectively). Atopy was significantly 

associatedd with orange (OR = 3.29), egg white (OR = 2.45) and cow's milk 

(ORR = 2.32), when a multivariate analysis was performed with all foods in 

thee model. 

PredictivePredictive  value  of  the models 

AA discriminant analysis was performed to classify on the basis of IgG to 

foodss whether a child was non-atopic or atopic (Table 3.4). In the model 

wi thh all foods (cut-off P66tota,) as independent variables and atopy as the 

dependentt variable, 75.4% of the children could be correctly classified. 

Sensitivityy in this model is 67.5% and specificity is 81.9%. 

Tablee 3.4 Discriminant analysis: IgE for cat, dog, house dust mite, milk and/or egg and 
IgGG to foods 

totaltotal groupb 

alll foods'1 

egg,, orange, mixture of wheat & rice 

non-eczematousnon-eczematousc c 

alll foods'1 

sensitivity y 

67.5 5 
65.8 8 

67.7 7 

spec c ficity y 

81.9 9 
81.3 3 

74.3 3 

%% correctly classified 

75.4 4 
74.2 2 

72.3 3 

aa all foods included in the discriminant analysis (meat excluded) 
bb foods dichotomized positive or negative using the 66-percentile of the total group as a 

cut-offf value (n = 264) 
cc foods dichotomized positive or negative using the 66-percentile of the non-eczematous 

groupp as a cut-off value (n= 206) 

Ass to the model with the foods (cut-off P66totai) wi th highest odds ratios (i.e. 

eggg white, mixture of wheat and rice, and orange), 74.2% of the children 

couldd be correctly classified. The sensitivity is 65.8% and specificity is 

81.3%. . 
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Inn the model with all non-eczematous children (cut-off P66ne), 72.3% of the 

childrenn could be correctly classified. The sensitivity and specificity were, 

respectively,, 67.7 and 74.3%. 

Discussion n 

Inn this study we have investigated the association between IgG to foods {i.e. 

mixturee of wheat and rice, mixture of soybean and peanut, egg white, cow's 

mi lk ,, meat, orange and potato) and specific IgE to milk, egg, cat, dog and/or 

mitee in 1 year old chi ldren. We found a strong relationship between IgG to 

foodss and atopy, for all foods, especially for egg white and mixture of wheat 

andd rice. Furthermore we tried to classify on the basis of IgG to foods, 

whetherr a chi ld was atopic or non-atopic. Atopy could be correctly classi-

fiedd for children with high levels of IgG to foods in 75.4% of the 1 year old 

chi ldren. . 

Nott all foods are equally important in classifying atopy in the children. Egg 

whi te,, mixture of wheat and rice, and orange are selected in a stepwise 

logisticc regression analysis. These three foods classify 74.2% of the children 

correctly,, whereas wi th a model wi th all foods 75.4% of the children are 

correctlyy classified. 

Al ll foods selected for logistic regression analysis were dichotomized high or 

loww using the 66-percentile as a cut-off value. A lower cut-off, e.g. the me-

diann rather than the 66-percentile, results in most cases, in a less robust 

classification.. The reason is that a large number of sera score close to this 

lowerr cut-off value and therefore retesting would have a high probability of 

resultingg in a change in classification. Higher cut-off values, like the 75-

percentile,, were less discriminating than the 66-percentile as a cut-off value, 

whichh led to a decreased sensitivity and specificity. 

AA limitation in our study was that most of the 120 atopic children were IgE 

positivee for egg and mi lk. We measured both IgG and IgE to cow's milk and 

too egg white. However, it has been well established that IgE to egg and milk 
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aree closely associated with the development of IgE to inhalant allergens 

[3,26-28].. In our study all but eight children in the atopic group had IgE to 

eggg and/or milk, this group of atopic children, however, being too small a 

groupp for additional analysis. It is therefore important to note that not only 

IgGG antibodies to egg and milk are associated with atopic manifestations, 

butt that also IgG antibodies to other foods (orange, mixture of wheat and 

ricee in the present study, legumes and mixture of wheat and rice in the study 

off Calkhoven et a/. [19]) are equally good predictors. 

Thee children were studied at 1 year of age. At this age IgE antibodies to 

inhalantt allergens are rare [29] and both the concentration and prevalence 

off specific antibodies increase from the second to the fifth year [29,30]. In 

thiss study only 32 of the 1434 children of the original Bokaal study cohort 

hadd IgE antibodies to cat, dog and/or mite (and/or egg and milk). 

Severall studies [19,29-34] have reported an association between IgG to 

certainn allergens and IgE to inhalants, but in these studies the children were 

att a high risk for the development of specific IgE (either they had a parental 

historyy of atopic disease [19,29,31] and/or they had eczema (or asthma) 

themselvess [19,32-34]). In the present study both atopic children with and 

withoutt eczema were studied. A logistic regression analysis was performed 

withoutt the eczematous atopic children. The results indicated that atopic 

childrenn without eczema have higher levels of IgG to foods than non-atopic 

children,, although the specificity and percentage of children correctly classi-

fiedd were lower in this model than in the model with all children (the ec-

zematouss children included). We also performed an analysis without the 

childrenn with persistent eczema (persistent meaning the eczema was still 

presentt at the age of 2 years). If these children were not taken into account, 

thee association between high levels of IgG and atopy still existed. 

Whyy IgG to foods is associated with IgE to inhalant allergens is not clear. 

Onee possibility is that both reflect hyperactivity of the mucosal immune 

systemm or an increased permeability to macromolecules (as suggested by 

Salvaggioo et al. [35]). 
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Inn all children IgG antibodies to foods could be measured, so if IgG antibod-

iess develop before or at the same t ime as IgE antibodies, as is suggested in 

otherr studies [29,33], high levels of IgG to foods might be used as a predic-

torr of IgE-mediated allergy in initially non-atopic children. The results in this 

studyy are promising in this respect and indicate that there is a relation be-

tweenn increased IgG antibody level to foods and IgE antibodies to inhalant 

allergens,, egg and milk, even in children without eczema. Since only a 

fo l low-upp study can show whether increased levels of IgG antifoods predict 

thee future development of IgE to inhalant allergens, such a study is currently 

beingg carried out at our department. 
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Abstract t 

BackgroundBackground  In children at high risk of inhalation allergy, food sensitization 

iss associated wi th an increased risk for sensitization to inhalant allergens. 

Furthermore,, this association was also found in a cross-sectional study. 

ObjectiveObjective  To examine in a prospective study, whether levels of IgG to foods 

(i.e.. mixture of wheat and rice, mixture of soybean and peanut, egg white, 

cow'ss milk, meat, orange and potato) indicate an increased risk for the 

futuree development of IgE antibodies to inhalant allergens in a low-risk 

populationn and whether they can be used as predictors of the subsequent 

developmentt of IgE antibodies in young, initially IgE negative children. 

MethodsMethods  Coughing chi ldren, aged 1-5, visiting their GPs, were tested for IgE 

antibodiess to mite, dog and cat (RAST) and IgG (ELISA) to foods. All IgE 

negativee children were retested for IgE antibodies after two years. The IgG 

resultss (66-percentiles) of the first blood sample were compared to the 

RAST-scoress of the second blood sample. 

ResultsResults  After two years, 51 of 397 (12.8%) originally IgE negative children, 

hadd become IgE positive for cat, dog and/or mite. An increased IgG antibody 

levell to wheat-rice (OR= 2.2) and to orange (OR= 2.0) indicated an 

increasedd risk of developing IgE to cat, dog or mite allergens. In addition to 

IgGG to mixture of wheat-rice and orange; total IgE, breastfeeding, eczema as 

aa baby and age were the most important predictors for the subsequent de-

velopmentt of IgE to inhalant allergens. 

DiscussionDiscussion  An increased IgG antibody level to mixture of wheat-rice or 

orange,, indicates an increased risk of developing IgE to cat, dog or mite 

allergens.. This indicates that excessive activity of the mucosal immune 

systemm is present before IgE antibodies to airborne allergens can be demon-

strated.. Nevertheless, IgG to foods is not very helpful (with a positive predic-

tivee value of 16.5%, and negative predictive value of 90.6%) in identifying 

individuall children at risk in clinical practice. However, besides other risk 

factors,, IgG to wheat-rice and to orange could be useful as a screening test 

forr studies in the early identification, i.e. before IgE antibodies can be de-
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tected,, of children with an increased risk of developing IgE antibodies in the 

future. . 

Introduction n 

Cross-sectionall [1] and prospective [2] studies strongly indicate that expo-

suree to allergens during a critical period early in life, may influence the 

developmentt of both IgE antibodies and allergic diseases later in life [3]. 

Variouss environmental factors have been thought to enhance or protect 

againstt the development of both IgE antibodies and allergic disease [4]. 

Calkhovenn et a/. [5] found that IgG to foods is associated with an increased 

futuree risk for sensitization to inhalant allergens. However, this study was 

performedd in a high-risk group of children and comprised many children 

withh atopic eczema. When the results were corrected for eczema, statistical 

significancee did not persist. Several other studies [6-10] reported that atopic 

childrenn have higher levels of IgG subclass, particularly lgG4, antibodies to 

mi lkk and egg than non-atopic children. However, the children in these 

studiess were at a high risk for the development of specific IgE (either they 

hadd a parental history of atopic disease [6,7] and/or they had eczema (or 

asthma)) themselves [9-11]). In an earlier, cross-sectional, study [12], we 

foundd that the levels of IgG to a panel of foods were associated with the 

presencee of IgE to common allergens in a group of low-medium risk young 

children.. However, only longitudinal prospective studies can determine 

whetherr high IgG antibody levels to foods predict the subsequent develop-

mentt of IgE to inhalant allergens. As this was a cross-sectional study, the 

questionn if IgG to foods might be useful as an early marker for the develop-

mentt of IgE-mediated allergy remains open. 

Threee possible explanations have been suggested as to why IgG to foods is 

associatedd with IgE to inhalants: (1) a mucosal defect in the gut which results 

inn an increased permeability to macromolecules [13], (2) enhanced immu-
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nologicall hyperreactivity [14,15] and, (3) immunological cross-reactivity of 

inhalant-allergenss with food-antigens [16]. Therefore, immunological prim-

ingg (e.g. IgG antibody responses) towards foods could predispose to the 

developmentt of inhalant allergy. 

Thee aim of the present study was to confirm the observation that high levels 

off IgG to foods predict the future development of IgE-mediated allergy in 

childrenn even when not at high risk. In other words: can IgG antibodies to 

foodss measured in the first blood sample, be used to predict the outcome: 

IgEE antibodies to airborne allergens in the second sample (two years later)? 

W ee therefore evaluated in a prospective, longitudinal study whether IgG to 

foodss can be used as an early biomarker for the development of IgE antibod-

iess in young, initially IgE negative chi ldren. 

Subjectss and Methods 

SelectionSelection  of  the study  population 

Inn this study, 136 general practitioners from the north-western and centre 

partt of The Netherlands (urban and rural areas) participated. The general 

practitionerss included all 1-5 year old children with coughing complaints 

lastingg for more than five days, who visited the general practice from Febru-

aryy 1995 to January 1997. Informed consent was obtained from the parents 

off the children. 

Onn entrance, the parents completed a questionnaire with 11 questions on 

coughing,, asthma and allergy in the family, breastfeeding, eczema as a 

baby,, contact wi th pets and bedroom floor covering. 

BloodBlood  samples 

Onn entrance to the study, a blood sample was collected by blotting three 

dropss of capillary blood from the children's fingers on filter paper for the 

determinationn of total IgE and specific IgE for house dust mite, cat and dog. 

Childrenn scoring > 0 . 2 RU/ml on one or more of the allergens were ex-

68 8 IgGG TO FOODS AND IgE TO INHALANTS CHAPTER 4 



• • 

eludedd from further participation in the study. All children with a blood 

samplee representing >10 u,l plasma and scoring less than 0.2 RU/ml on the 

threee allergens were also tested for their IgG antibody response to a panel of 

selectedd foods. The foods tested were cow's milk, chicken's egg white, 

orange,, meat, potato, a mixture of wheat and rice and a mixture of soybean 

andd peanut. These foods were selected in an earlier study [1 7]. The selected 

antigenss cover the normal spectrum of foods given to infants in The Nether-

lands. . 

Afterr a two year follow-up, the originally IgE negative children (n= 530) 

weree invited into the general practitioner's office for a second blood sample. 

Again,, blood was spotted on filter paper and tested for total IgE and specific 

IgEE for house dust mite, cat and dog. 

LaboratoryLaboratory  methods 

DeterminationDetermination of total IgE and specific IgE 

AA convenient method for obtaining blood from young children was used: 

essentiallyy three drops of blood, obtained by fingerprick, were adsorbed on 

filterr paper (Schleicher & Schuell 2294, K120258). Blood samples were 

elutedd from the filter paper using 1 ml of PBS/0.05% [v/v] Tween-20. Assays 

forr measuring total serum IgE and specific IgE were adjusted for application 

off small amounts of plasma. Total IgE was measured essentially as described 

earlierr [18]; specific IgE directed against house dust mite, cat and dog dan-

derr was determined by RAST as described by Aalberse et a/. [16], with slight 

modifications.. Total IgE results were expressed in international units per 

millilitree (lU/ml), RAST results were expressed in RAST units per millilitre 

(RU/ml,, based on a calibration curve of chimeric IgE antibody [19], one 

RASTT unit represents approximately 2.4 ng of specific IgE). All test results 

weree corrected for actual amounts of plasma used in the tests. The amount 

off plasma per eluate was determined on the basis of the albumin content 

assumingg that plasma corresponds with 42 g/l. Human serum albumin in 
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elutedd plasma was assayed using a nephelometric method (BN®), Behring 

Werke,, Freiburg, Germany. 

DeterminationDetermination of food-specific IgG antibodies 

Measurementt of food-specific IgG antibodies in blood sample eluates was 

performedd by ELISA, essentially as previously described [12]. Foods were 

obtainedd from local food stores, and homogenized at 10% (w/v), essentially 

accordingg to Björksten et al. [20], wi th minor modifications. Briefly, orange 

andd potato were extracted in 0.1 mol/l phosphate buffer pH 7.5, containing 

2 %% polyvinylpolypyrrol idone, 7 mmol/ l diethyldithiocarbamate, 2 mmol/ l 

ethylenediaminetetraaceticc acid disodium salt (EDTA) and 2.6 mmol/ l NaN3. 

Peanut,, soy and rice were extracted in water at pH 8.0. Wheat flour was 

extractedd in water and in 0.5 mol/l NaCI; extracts were mixed afterwards. 

Porkk was homogenized in water, containing 2.6 mmol/l NaN3 . After stirring 

forr 1 hour particulates were removed by centrifugation at 18.000 g for 30 

m in .. Extracts were defatted, dialyzed against distilled water and lyophil ized. 

Cow'ss milk and egg whi te: pH of skimmed milk was adjusted to 4.8 with 

aceticc acid, resulting in precipitation of the casein fraction. The casein pre-

cipitatee was resuspended in 0.9% NaCI, pH 8.5. The whey supernatant and 

thee resuspended casein were stirred for 1 h, centrifuged, dialyzed against 

disti l ledd water and lyophi l ized. After separation from the yolk, egg white 

wass diluted 1/10 with saline. After stirring, centrifugation and dialysis, the 

preparationn was lyophi l ized. 

Forr the ELISAs, 1 p.g of food extract per well was coated to Maxisorp (Nunc, 

Denmark)) ELISA plates, and 0.1 LII of plasma was used per test (all blood 

sampless were diluted until they contained 42 j ig of albumin/ml}. 100 \x\ of 

serumm sample was added to each we l l . Optical density was read at 450 nm 

inn an automatic ELISA reader (Bio-Tek Instruments, Winooski , VT, USA). On 

everyy ELISA plate tested, a number of wells were coated with a-gliadin, and 

thesee wells were incubated with twofold dilutions of a gliadin-positive 

referencee serum, attributed with 100 arbitrary units per mil l i l i tre (AU/ml) of 

gliadin-specificc IgG, serving as a calibration curve. Therefore, it was possible 
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too express the ELISA results, obtained with different serum samples for food-

specificc IgG, as AU/ml. All tests were performed in duplicate. 

Becausee some sera showed some non-specific IgG binding to the plate 

material,, all sera were tested in a parallel ELISA procedure in which no food 

wass coated, and the results were corrected for this non-specific binding. 

Somee blood samples did not (after IgE testing) contain sufficient amounts of 

plasmaa for testing all food antigens. In those cases the following test-se-

quencee of the foods was used: orange, milk, egg, mixture of soybean-pea-

nut,, mixture of wheat-rice, potato and meat. In all blood samples IgG to 

orangee and milk was tested. The samples without results for the remaining 

foodss (nine missing values for potato, two for egg, five for wheat-rice, two 

forr soybean-peanut, eight for meat), received a modus-value of the con-

cernedd food. 

DataData analysis 

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

Childrenn were considered IgE negative if they scored <0.5 RU/ml for all 

threee allergens in the second RAST. 

Thee results of the food assays were dichotomized high or low using the 66-

percentilee of the total group as a cut-off value (P66). The 66-percentile was 

chosenn because for all foods the lower boundaries of the 95% confidence 

intervall around the 66-percentile [21] were higher than the detection limit of 

2.00 AU/ml. 

Logisticc regression analysis was used to assess the independent effects (odds 

ratioss (ORs) with 95% confidence intervals) of IgG to foods on becoming IgE 

positive,, adjusted for family history of allergy, breastfeeding, eczema as a 

baby,, age and total IgE in the first blood sample. Total IgE was not normally 

distributedd and therefore logtransformed before entering into the logistic 

regressionn model. Likelihood ratio statistics were used as a criterion for 

selectionn in the logistic regression model. In all analyses, a P-value <0.05 

wass regarded as statistically significant. 
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Dataa analysis was performed with SPSS 9.0 for Windows. 

Results s 

GeneralGeneral  characteristics 

Fromm February 1995 to January 1997, 654 eligible children were tested. 

However,, 126 (19.3%) of them scored >0.20 RU/ml for cat, dog and/or 

housee dust mite. These children were excluded from the present analyses. 

Duee to technical reasons or because there was not enough eluate available, 

311 of the remaining 528 eluates were not used for IgG-food-analyses. Thus, 

inn the blood samples of 497 children food-specific IgG antibodies were 

measured. . 

Afterr 24 months 419 children participated in the second IgE test: five chil-

drenn had a blood sample that was too small for IgE analysis. As to the re-

mainingg 414 children, food-specific IgG measures in the first blood sample 

weree available for 397 of them. Thus, for 397 children both food-specific 

IgGG measures in the first blood sample and IgE results in the second blood 

samplee were available. No statistical significant differences were found in 

age,, gender, and food-specific IgG antibodies between the 397 children 

withh both a first and a second blood sample and children with only a first 

bloodd sample (n= 100). 

Thee general characteristics of the 397 children with all IgE and all IgG mea-

suress in the study population are presented in Table 4.1. Of these children, 

511 (12.8%) had become IgE positive (>0.50 lU/ml for one or more allergens) 

duringg the two year foilow-up. The children who had become IgE positive 

duringg the two year follow-up were somewhat younger than the children 

whoo were still IgE negative, but this was not statistically significant (P-

value== 0.21). 

Off the 51 children who had become IgE positive, 36 (70.6%) had one posi-

tivee RAST score, 11 (21.6%) had two positive RAST scores and 4 (7.8%) 

childrenn were IgE positive for cat, dog and mite. 
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Tablee 4.1 General characteristics of the children in the study population (n= 397) 

totall number (%) 

genderr boys 

girls s 

agee at the time of the 1 
(years)) 1 

2 2 

3 3 

4 4 

stt RAST 

meann age at the time of the 1st 

RASTT (months) (  sd) 

agee at the time of the 2 
(years)) 3 

4 4 

5 5 

6 6 

7 7 

ndnd RAST 

meann age at the time of the 2nd 

RASTT (months) (  sd) 

numberr of positive RAST scores 

0 0 

1 1 

2 2 

3 3 

totall IgE (95% CI) of 1st 

samplee (lU/ml) 

totall IgE (95% CI) of 2nc 

samplee (lU/ml) 

blood d 

blood d 

IgEE positive1 

511 (12.8) 

29(56.9) ) 

22(43.1) ) 

19(37.3) ) 

211 (41.2) 

55 (9.8) 

6(11.8) ) 

28.33 ) 

155 (29.4) 

15(29.4) ) 

111 (21.6) 

7(13.7) ) 

33 (5.9) 

58.55 ) 

0(0) ) 

366 (70.6) 

111 (21.6) 

44 (7.8) 

34.77 (2.3-529.0) 

109.9(6.0-2025.0) ) 

IgEE negative2 

3466 (87.2) 

178(51.4) ) 

168(48.6) ) 

1388 (39.9) 

911 (26.3) 

633 (18.2) 

54(15.6) ) 

30.11 ) 

77(22.3) ) 

899 (25.7) 

87(25.1) ) 

622 (17.9) 

311 (9.0) 

61.33 ) 

346(100.0) ) 

0(0) ) 

0(0) ) 

0(0) ) 

12.22 (0.7-223.3) 

25.44 (1.5-426.5) 

total l 

397(100.0) ) 

207(52.1) ) 

190(47.9) ) 

157(39.5) ) 

1122 (28.2) 

688 (17.1) 

60(15.1) ) 

29.88 ) 

922 (23.2) 

1044 (26.2) 

988 (24.7) 

699 (1 7.4) 

344 (8.6) 

61.00 ) 

346(87.2) ) 

36(9.1) ) 

111 (2.8) 

4(1.0) ) 

14.0(0.7-269.6) ) 

34.7(1.5-603.7) ) 

dataa expressed as numbers (percentages), means (  sd) or geometric means (95% CI) 
11 IgE positive (>0.5 RU/ml) at the second RAST 
22 IgE negative (< 0.5 RU/ml) at the second RAST 
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Thee children had predominantly become IgE positive for mites (40/51: 1 5 of 

thee 19 IgE positive one year olds, 1 6 of the 21 IgE positive two year olds, all 

fivee IgE positive three year olds and four of the five IgE positive four year 

olds). . 

Inn Figure 4.1 the cumulative frequency of the food-specific IgG antibody 

assayss in the first blood sample for the study population are shown. In all 

childrenn food-specific IgG antibodies to at least four foods could be mea-

sured.. The range in IgG to foods varied per food, e.g. orange ranged from 

< 2 . 00 to 60.5 AU/ml , whi le milk ranged from 3.3 to 1259.5 AU/ml . IgG to 

mostt foods did not change with age, except milk, which decreased with age, 

andd egg, which increased with age (Figure 4.2). 

Figuree 4.1 Cumulative frequency of IgG to foods (AU/ml) in first blood sample for the 

studyy population (n= 397). Curve of IgG to soybean-peanut is not displayed 

becausee this curve is similar to the curve of IgG to egg. 

IgGG to foods (AU/ml) 
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Figuree 4.2 IgC ant ibody response to foods (AU/ml) in first b l o o d sample , for the study 

popu la t ionn (n= 397). The bars indicate the 66-percent i les + 1 standard error 

off the 66-percent i le . 

orangee wheat & rice milk 

|| | 1 year olds j ] 2 year olds | 3 year olds 44 year olds 

LogisticLogistic  regression  analyses 

Logisticc regression analyses with increased IgG antibody levels of the foods 

(66-percentiles)) were carried out to find predictors for developing IgE to 

inhalants.. Mixture of wheat-rice (OR= 2.2 (95% C l = 1.2-3.9)) and orange 

(OR== 2.0 (95% CI = 1.1-3.7)) were the most important (significant) predic-

torss of becoming IgE positive after two years (Table 4.2). Because IgG to 

milkk and IgG to egg changed with age, we also performed logistic regression 

analysess adjusted for age at the time of the first blood sample. The ORs did 

nott change with age in the model (data not shown). When a multivariate 

logisticc regression was performed with all foods in the model, both mixture 

off wheat-rice and orange were borderline significant (Table 4.2). Again, age 

didd not influence the results. 
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Tablee 4.2 Development of IgE {in second blood sample) in relation to IgG to foods in 
firstt blood sample; odds ratios (with 95% CI) (n= 397) 

P666 food 

potato o 

milk k 

egg g 

orange e 

mixturee of 

mixturee of 

meat t 

soybean-peanut t 

wheat-rice e 

IgEE positive1 

1.4(0.7-2.5) ) 

1.4(0.8-2.6) ) 

1.0(0.5-1.8) ) 

2.0(1.1-3.7)* * 

1.6(0.9-2.9) ) 

2.22 (1.2-3.9)* 

0.9(0.5-1.8) ) 

IgEE positive2 

1.11 (0.5-2.2) 

1.22 (0.6-2.2) 

0.7(0.4-1.4) ) 

1.88 (0.9-3.6) 

1.44 (0.7-2.7) 

1.8(1.0-3.8) ) 

0.7(0.3-1.4) ) 

IgEE positive3 

1.33 (0.7-2.4) 

1.4(0.7-2.6) ) 

1.0(0.5-1.9) ) 

1.9(1.0-3.5)* * 

1.55 (0.8-2.8) 

2.0(1.1-3.6)* * 

0.9(0.5-1.7) ) 

11 univariate analyses 
22 multivariate analyses 
33 logistic regression analyses per food adjusted for age at the time of the first blood 

sample,, eczema as a baby, breastfeeding and family history of allergy 
** P <0.05 

Onn the basis of known risk factors (such as family history of allergy, breast-

feeding,, eczema as a baby, age and total IgE in the first blood sample) and 

thee 66-percentile of wheat-rice or of orange, we wanted to predict which 

childrenn were to become IgE positive after two years. An increased IgG 

antibodyy level of mixture of wheat-rice and orange (adjusted for family 

history,, breastfeeding, total IgE in first blood sample, age at the time of the 

firstt blood sample, and eczema) were most important predictors of becom-

ingg IgE positive to inhalants (Table 4.2). Of these predictors, an increased 

IgGG antibody level of mixture of wheat-rice and orange, breastfeeding, 

higherr total IgE in first blood sample, age and having had eczema as a baby 

weree the most important ones for the subsequent development of IgE to 

inhalant-allergenss (Table 4.3). For the multivariate analyses, the ORs for 

wheat-ricee are shown, the results for orange are similar (data not shown). 
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Tablee 4.3 Development of IgE (in second blood sample) in relation to IgG to foods (in 
firstt blood sample) adjusted for total IgE, breastfeeding, family history of al-
lergy,, eczema and age, odds ratios (with 95% CI), (n= 397) 

IgEE positive1 IgE positive2 

totall IgE3 3.5(1.8-5.1)* 3.2(1.9-5.3)* 

agee at the time of 1st RAST (1-2 years vs. 3-4 years) 0.4 (0.2-0.9)* 0.4 (0.2-0.9)* 

positivee family history of allergy 1.3 (0.7-2.5) 

breastfeedingg 2.7(1.2-6.3)* 2.9(1.3-6.6)* 

havingg had eczema as a baby 1.9 (0.9-4.0) 2.0 (1.0-4.0) 

orangee 1.4(0.7-2.9) 

mixturee of wheat & rice 1.6(0.8-3.1) 1.8(1.0-3.5) 

11 logistic regression analyses with orange, wheat-rice, total IgE, age at the time of the first 
bloodd sample, eczema as a baby, breastfeeding and family history of allergy in the 
modell and being IgE positive (>0.5 RU/ml) at the second RAST as the dependent 
variable e 

22 logistic regression-analyses with wheat-rice, total IgE, age at the time of the first blood 
sample,, eczema as a baby, and breastfeeding in the model and being IgE positive (>0.5 
RU/ml)) at the second RAST as the dependent variable 

33 total IgE was logtransformed before entering into the logistic regression model 
** P <0.05 

Discussion n 

Inn this study, we have investigated the (longitudinal) relation between IgG to 

foodss (i.e. mixture of wheat and rice, mixture of soybean and peanut, egg 

white,, cow's milk, meat, orange and potato) in originally IgE negative chil-

drenn and the subsequent development of IgE antibodies to inhalant allergens 

(cat,, dog and/or house dust mite). Increased IgG antibody levels to wheat-

ricee and to orange were most important in predicting the subsequent devel-

opmentt of IgE antibodies to cat, dog and/or mite. Furthermore, in breastfed 

childrenn and in children having had eczema as a baby, an increased IgG 

antibodyy level to wheat-rice and to orange indicates an increased risk of 

developingg IgE to cat, dog, and mite allergens in all age groups. 
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Alll foods selected for logistic regression analyses were dichotomized high or 

loww using the 66-percentile as a cut-off value. A lower cut-off, e.g. the me-

dian,, in most cases leads to a less robust classification. The reason is that a 

largee number of sera score close to this lower cut-off value and therefore 

retestingg wou ld have a high probability of resulting in a change in classifica-

t ion.. Higher cut-off values, like the 75-percentile, were less discriminating 

thann the 66-percentile as a cut-off value, which led to a decreased sensitivity 

andd specificity. 

Afterr two years of fol low-up, 419 out of 528 originally IgE negative children 

participated.. The children who did not participate for the second test did not 

differr in age, gender, and food-specific IgG antibodies from the children 

whoo participated in the second test. 

Thee coughing children who had become IgE positive during the two year 

fo l low-upp were somewhat younger at the time of the RASTs than the chi l-

drenn who were still IgE negative, but this was not statistically significant. 

Thiss could mean that children who wi l l become IgE positive in the future, 

havee coughing complaints at a younger age than the children who wi l l stay 

IgEE negative. Coughing and becoming IgE positive seem to be more strongly 

associatedd in younger children than in older children. This is in contrast 

w i thh asthma-like complaints, e.g. wheezing, in which wheezing seems to be 

associatedd wi th allergy at a later age [22-24]. 

Almostt a quarter of the children was younger than four years of age at the 

t imee of the second RAST. As reported in other studies [6,25], few children 

w i l ll become sensitized to airborne allergens during the first three years of 

life.. Therefore, the younger children in our study had less chance of becom-

ingg IgE positive. So, if all the IgE negative three and four year olds had had 

theirr RAST at five or six years of age, some of them would also have become 

IgEE positive to inhalant-allergens. This could mean that some potentially IgE 

positivee children are now classified as IgE negative and this wi l l have influ-

encedd our results. This might underestimate the predictive relationships wi th 

foodd antigens. 
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Inn all chi ldren, IgG antibodies to foods could be measured. IgG antibody 

levelss to potato, orange, wheat-rice, meat and soybean-peanut did not 

changee wi th age. The IgG antibody responses to egg increased with age and 

responsess to milk decreased with age from one year onwards. These f ind-

ingss are in accordance with previous cross-sectional [26] and prospective 

[6,8,27]] studies, showing that egg-specific IgG reaches a peak around three 

too four years of age and IgG antibodies to milk start to decrease from 6 to 18 

monthss onwards. 

Inn contrast to the findings in this study, all food-specific IgGs were associ-

atedd with IgE in a previous, cross-sectional, study [12]. However, in that 

studyy the children were one year of age and most of the atopic children 

weree IgE positive for egg and milk. In the current study, we only measured 

IgEE to inhalant allergens and not IgE to egg and milk. Furthermore, the previ-

ouss study was a cross-sectional study and the present study is a longitudinal 

study.. This could partly explain why all foods were associated wi th IgE in 

thee previous study. Nevertheless, we expected to find an association be-

tweenn IgG to egg and the subsequent development of IgE to inhalant aller-

gens,, because IgG to egg and IgE to egg are closely associated [28,29]. 

Moreover,, in several studies [30-34], it was found that IgE antibodies to egg 

att the age of one year were predictive of subsequent sensitization to inhal-

antt allergens at the age of three. In our study, however, we could not con-

firmm this observation, probably because of the small group of children that 

becamee IgE positive among the one year olds. 

Mostt strongly associated with the development of IgE to inhalants were 

increasedd IgG levels of wheat-rice and orange. It is not likely that the tested 

foodss and tested inhalants share common epitopes. Therefore, the third 

possiblee explanation for the association between IgG to foods and IgE to 

inhalantss mentioned in the introduction, i.e. immunological cross-reactivity, 

iss not supported. The starting point of our study was that cross-reactivity 

betweenn food antigens and airborne allergens, e.g. between grass pollen 

andd wheat, might result in cross-reactive priming. In the earlier study of 

CHAPTERR 4 IgG TO FOODS AND IgE TO INHALANTS 79 9 



• • 

Calkhovenn et al. [5], the measurement of IgE to grass pollen was included 

andd the predictive value of elevated levels of IgG to foods was found to be 

similarr for grass pollen and for mite. However, no cross-reactivity between 

wheatt and mite can be demonstrated. The two other explanations, i.e. 

mucosall defects or enhanced immunological hyperreactivity, are still valid 

andd plausible possibilities, because hyperactivity of the immune system 

(eitherr reacting sooner or slowed down less fast, or both) is also present in 

tetanuss [14] and Helix pomatia hemocyanin [1 5]. 

Thee ability to predict which children wi l l become allergic is very important. 

Severall predictors have been proposed, e.g. elevated titres of IgE in cord 

b loodd and elevated serum levels of IL-4, but they have not yet shown to be 

usefull as screening tests for the prediction of atopy. At present only family 

historyy appears to have some useful predictive value in the development of 

asthmaa and atopic disease [35]. Most children have IgG antibodies to foods 

andd these IgG antibodies can often be detected before IgE antibodies to 

inhalantss [6,10]. Furthermore, in this study we found that increased levels of 

IgGG to wheat-rice and to orange are associated wi th an increased risk of 

developingg IgE antibodies in the future. Nevertheless, IgG to foods are 

probablyy not very useful as a screening test in individual chi ldren, mainly 

becausee of their low specificity (53.0%) and low positive predictive value 

(16.5%).. However, wi th respect to the results of this study, IgG antibodies to 

wheat-ricee and to orange could be useful as markers for the (early) identifi-

cationn of at-risk children in studies. 

Inn conclusion, increased IgG antibody levels of mixture of wheat-rice and 

orange,, breastfeeding, total IgE and having had eczema as a baby were the 

mostt important predictors for subsequent development of IgE to inhalant-

allergens.. An increased IgG antibody level to wheat-rice indicates an inde-

pendentt increased risk of developing IgE to cat, dog or mite allergens in all 

agee groups. This indicates that an excessive activity of the mucosal immune 

systemm is present before IgE antibodies to airborne allergens can be demon-

strated.. This might reflect either a deficiency of the mucosal barrier or an 

immunologicall hyperactivity. Nevertheless, IgG to foods is not very helpful 
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inn identifying individual children at risk in clinical practice. However, be-

sidess family history and breastfeeding, IgG to wheat-rice or IgG to orange 

couldd be useful as a screening test for future prospective studies, in the early 

identification,, i.e. before IgE antibodies can be detected, of children with an 

increasedd risk of developing IgE antibodies in the future. 
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Abstract t 

AimAim  To identify patterns of clinical history associated with extreme (high or 

low)) probabilities of allergic sensitization in coughing children so as to 

restrictt allergy testing to those with an intermediate probability of sensitiza-

t ion. . 

MethodsMethods  A total of 752 children, aged 1-4, visiting their GPs for coughing 

(>55 days), were tested for IgE antibodies to house dust mite, cat and dog 

(radioallergosorbentt test, RAST). Parents completed a questionnaire on 

familyy history of atopy, breastfeeding, smoking, pets, and floor covering. 

ResultsResults  Data of 640 children could be analysed, 83 (13%) were IgE positive. 

Inn a logistic regression analysis, a scoring formula for the prediction of being 

IgEE positive was constructed using variables from the patient's history. Sig-

nificantt contributors for sensitization were: age (3-4 years), infantile eczema, 

positivee family history of mite-allergy, sibling(s) with pollen-allergy, and 

smokingg by parents. If only one of these characteristics is present, the proba-

bi l i tyy of sensitization is less than 25%. In such cases watchful wait ing may 

bee preferred over allergy testing. In other cases, a negative RAST may help 

too exclude sensitization, whereas a positive RAST helps to establish the 

diagnosis.. Thus, acting on clinical history alone may save approximately 

8 0 %% of RASTs. 

ConclusionConclusion  Patient history-derived information contributes to distinguishing 

chi ldrenn who are at low risk for sensitization to house dust mite, cat, and 

dog.. The scoring formula may help GPs to identify children with a low 

probabil i tyy of being sensitized. This may form the basis for watchful wait ing. 

Inn others, allergy testing may be useful to gain more diagnostic certainty. 
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Introduction n 

Accountingg for 12.9% of the reasons for encounter [1], coughing in children 

youngerr than four years of age is the commonest problem in general prac-

tice.. For GPs, it is difficult to identify among these children those who are at 

highh risk of getting asthma and/or allergy. After al l , not all children who 

coughh wi l l develop asthma or other allergy related symptoms [2,3]. Accord-

ingg to a morbidity registration in the Netherlands, about 20% of children 

wi thh coughs in general practice are eventually diagnosed with asthma [1]. 

Furthermore,, in coughing young children, sensitization to common aller-

genss may influence the choice of treatment [4]. Before advising inconve-

nientt treatments, such as avoidance measures or potentially disease-label-

l ingg drug therapy, most physicians (should) demand a high degree of cer-

taintyy if a latent sensitization is present. If the diagnostic examination shows 

aa low probability of sensitization, e.g. less than 25%, then a watchful wait-

ingg strategy may be considered. 

Inn principle, a radioallergosorbent test (RAST) or a skin prick test may be 

usedd to establish sensitization. However, due to the inconvenience for the 

chi ldd and its parents and the monetary costs of the test, it is not feasible in 

generall practice to test all young children who present with coughing for 

allergen-specificc IgE. Therefore, it would be attractive if those children who 

aree very (un)likely to be allergic could be distinguished in a more conve-

nientt and inexpensive way. 

Wee examined to which extent, in general practice, information from a 

child'ss clinical history only may be used to identify those persistently cough-

ingg pre-school children with extremely low or high probabilities to be aller-

gicc to inhalant allergens. We used the RAST as a reference standard for the 

diagnosiss of allergy. We conducted a cross-sectional study among children 

whoo presented to their GP with complaints of coughing. In the Netherlands, 

thee GP is the first physician to be contacted and the primary physician to 

identifyy children at risk of getting allergy. 
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Subjectss and Methods 

SelectionSelection  of  the study  population 

Betweenn February 1995 and January 1997, 72 Dutch GPs recruited children 

forr a study on the development of inhalation allergy in pre-school children. 

Eligiblee were one to four year old children who presented to their GPs with 

complaintss of coughing reported to have lasted more than five consecutive 

dayss and who were not known to have an allergy or to be IgE positive. The 

parentss and their child were invited by their GP to participate in the study 

andd informed consent was obtained from the parents. 

Onn entrance, the parents completed a questionnaire. They were asked for 

howw long their child had been coughing and whether the child had seen a 

GPP more than once during the last 12 months due to coughing. Other ques-

tionss concerned history of infantile eczema, suffering from asthma, asth-

maticc bronchitis, allergy to house dust mite, to animals or to pollen by the 

child'ss parents and/or siblings, smoking at home, breastfeeding, pets at 

home,, and floor covering. 

Att the same time, a blood sample was obtained from the children and total 

IgEE and specific IgE for house dust mite, cat and dog (being the most preva-

lentt inhalant-allergens in this age-group in the Netherlands [5]) were deter-

mined. . 

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

Medicall Center, University of Amsterdam. 

LaboratoryLaboratory  methods 

Totall IgE and specific IgE to house dust mite, cat and dog dander were 

determinedd as described by Stapel et a/. [6]. In brief: blood, obtained by 

fingerr prick, was adsorbed on filter paper and eluted. Assays for measuring 

totall serum IgE and specific IgE were adjusted for the application of small 

amountss of plasma. Total IgE was expressed in international units per milli-

litree (lU/ml), RAST results were expressed in RAST units per millilitre (U/ml, 

onee RAST unit representing approximately 2.4 ng of specific IgE [7]). All test 
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resultss were corrected for actual amounts of plasma used in the tests, using 

serumm albumin as a reference protein. 

Statistics Statistics 

DependentDependent variable 

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 a concentra-

tionn >0.5 U/ml. A chi ld was defined as sensitized if he or she was IgE posi-

tivee to any of the allergens. 

IndependentIndependent variables 

Thee independent variables in the logistic regression analyses included age (1 

andd 2 years vs. 3 and 4 years), number of days of coughing before the cur-

rentt visit to the GP (six to fourteen days, more than fourteen days and up to 

threee months, and more than three months), earlier cough-related visits 

(yes/no),, infantile eczema (yes/no), family history of allergy for house dust 

mites,, pollen, animals (yes/no) and asthma (yes/no), breastfeeding (yes/no), 

presencee of pets (yes/no), smoking by the parents at home (yes/no), and the 

kindd of floor covering in the child's bedroom (smooth versus non-smooth). A 

chi ldd was supposed to have a positive family history of allergy when either 

off the parents or one of the child's siblings had an allergy for house dust 

mite,, pollen and/or animals. In the same way, the child had a positive family 

historyy of asthma when either of the parents or a sibling had been diagnosed 

withh asthma. Floor covering was dichotomized in smooth (wooden floor, 

l inoleum/floor-clothh and tiled floor) and non-smooth (wall-to-wall carpet, 

smoothh floor with loose carpets or rugs). 

VariableVariable selection strategy 

Too select an efficient set of predictors for being sensitized, a forward 

stepwisee logistic regression analysis was performed with IgE-status as the 

dependentt variable [8]. The P-values for entry into and removal of variables 
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f romm the model were 0.10 and 0.15, respectively. The stepwise selection 

algorithmm used l ikel ihood ratio statistics as a criterion for the selection of 

predictorr variables in the regression model. We tested the interactions of 

agee and family history with all other variables in the model. The regression 

coefficientss were used to derive the probabilities of being sensitized. For 

eachh child profile the probability of being sensitized was computed, using 

thee formula: probabil ity = 1/(1 +e»stwe+in,ertePt)). A Receiver Operating Charac-

teristicss (ROC) curve as a summary of predictive power was constructed 

usingg the best model . The final version of the regression model was fitted 

100000 times using bootstrap methodology and the 10000 corresponding 

ROCC curves were used to construct a more robust confidence interval 

aroundd the area under the curve thus counteracting the influence of observa-

tionss unique to our data set [9]. 

Statisticall analyses were performed with SPSS 10.0.7 for Windows, except 

forr the standard errors of the predicted probabilities and the bootstrapping 

procedure,, which were calculated using STATA 7.0. 

Results s 

Dur ingg the inclusion period, the parents of 752 children consented to partic-

ipatee in the study. However, 98 children did not meet the inclusion criteria, 

becausee they were older than five years of age (n = 9) or younger than one 

yearr of age (n= 31) or their blood sample was too small for analysis ( < 1 0 

\i\\i\ plasma-equivalent, n= 58). No questionnaire was received from 14 

parentss {2 IgE positive and 12 IgE negative children). Thus, complete data of 

6400 children were available. 

Thee median number of days of coughing before the current visit to the GP 

wass 14 days ( IQR= 7-34.8 days). The majority of the children (83.2%) had 

seenn a physician more than once during the past 12 months. 

Tablee 5.1 shows their general characteristics. Eighty-three (13.0%) were IgE 

positivee for at least one allergen at the time of inclusion. 
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640(100) ) 

3399 (53.0) 

3011 (47.0) 

2344 (36.6) 

186(29.1) ) 

1255 (19.5) 

955 (14.8) 

5577 (87.0) 

644 (10.0) 

155 (2.3) 
44 (0.6) 

19.4(0.7-503.7) ) 

Tablee 5.1 General characteristics of the children in the study population (n = 640) 

total l 

nn total 

genderr boys 
girls s 

agee at time of RAST (years) 
1 1 
2 2 
3 3 
4 4 

numberr of positive RAST-scores 
0 0 
1 1 
2 2 
3 3 

totall IgE (95% CI) (lU/ml) 

dataa expressed as numbers (percentages) or geometric means (95% confidence interval) 

Eighteenn of the 234 one year old children (7.7%) were IgE positive, 27 of 

thee 186 two year olds (14.5%), 22 of the 125 three year olds (17.6%) and 

166 of the 95 four year olds (16.8%). The one year olds were mostly positive 

forr dog (11/18). The older children were predominantly IgE positive for 

mitess (14 out of 27 IgE positive two year olds, 19 out of 22 IgE positive three 

yearr olds and 14 out of 16 IgE positive four year olds) (Figure 5.1). 

Alll variables of the questionnaire were used to construct a model. Age (cut 

pointt at three years), history of infantile eczema, mite-allergy in the family, 

allergyy for pollen in siblings, and smoking by the parents at home contrib-

utedd importantly to the prediction of sensitization (Table 5.2). The 'effect' of 

infantilee eczema turned out to be different for the two age-categories. For 

eachh child profile, the products of the regression coefficients and their corre-

spondingg variable values can be summed and used to predict the probability 

off sensitization. The variables are absent ( = 0) or present ( = 1) for each 

chi ld.. For example, a three year o ld, who 'tested' negative on all questions 
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(i.e.. all variable values =0) , has a score of 0.9, which is associated with a 

probabil i tyy of being sensitized of 0.083 (8.3%, 95% C l= 4.9-13.8). 

Figuree 5.1 Percentage of house dust mite, cat and dog positive children per age category 

(n=(n= 640) 

1 1 

^^ i 

jjj r 3 3 

t t 
1 ( n = 2 3 4 )) 2 ( n = 1 8 6 ) 3 ( n = 1 2 5 ) 4 ( n = 9 5 ) 

agee in years 

•• housedust mite Beat Bdog 

Thee logistic regression analysis was used to estimate the probabilities for 

sensitizationn for all the available chi ld profiles (Table 5.3). For example, the 

combinationn of higher age (3-4 as compared to 1-2 years old), a positive 

familyy history of mite-allergy, infantile eczema, having a sibling with a 

pollen-allergyy and a smoking parent at home corresponded with the highest 

probabilityy of being IgE positive (76.9%, 95% C l = 50.3-91.6). Table 5.3 

alsoo shows that our study population contained 28 of the 32 theoretically 

possiblee diagnostic chi ld profiles. There were no 1-2 year old children 

presentingg with cough who had had infantile eczema, positive family histo

ries,, and parents who smoked at home. 

c c 
01 1 

> > 

O O 
Q. . 
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agee (years): 1-2 
3-4 4 

infantilee eczema 

positivee family history of mite-allergy 

pollen-allergyy sibling(s) 

smokingg by parents 

eczemaa * age 

1 1 
2.66 (1.4-4.8) 

5.44 (2.8-10.5) 

2.22.2 (1.3-3.7) 

5.55 (2.1-14.7) 

1.88 (1.1-3.0) 

0.33 (0.1-0.9) 

Tablee 5.2 Results from logistic regression analyses (odds ratios (with 95% CI) and regres-
sionn coefficients) for sensitization in relation to easily obtainable characteris-
ticss of the children in the study population (n= 640). All variables included in 
thee model were present ( = 1) or absent ( = 0). Dependent variable is sensitiza-
tion,, non-sensitized children used as references. 

OR11 regression coefficient 6 

0 0 
0.9 9 

1.7 7 

0.8 8 

1.7 7 

0.6 6 

-1.2 2 

1:: ep = OR, intercept of the model: -3.3 

model:: Score = 0.9*age + 1.7*eczema + 0.8*family history mite-allergy + 1.7*pollen-
allergyy sibling + 0.6*smoking- 1.2*eczema*age 

Thee corresponding probabilities of being sensitized can be calculated from: 
p rr _ i / f - i • p-(score+interceptk 

Forr example: 
aa 3 year old boy with infantile eczema, a positive family history of mite-allergy, no siblings 
withh pollen-allergy and non-smoking parents has a score of 2.2, which means that he has 
aa probability of being sensitized of 25.0%, using Pr = 1/(1 +e<score+intercept)). This can also 
bee found in Table 5.3. 

Forr the 1-2 year old children, with a prior probability of 10.7% being sensi

tized,, combinations of at least two positive characteristics increased the 

posteriorr probability considerably, except for one pattern with two charac

teristicss in which the posterior probability was 13.0%. There were six diag

nosticc profiles in which the probability was very small {grey cells in Table 

5.3).. These six profiles include 85% (n= 355) of the 1-2 year old children. 

Thee other profiles, with two or more characteristics present, are associated 

withh a probability of sensitization of at least 25%. 
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Similarr results can be found for the 3-4 year old children. Testing when two 

orr more characteristics are present increases the probability of being sensi-

tizedd from 1 7.3% (prior probability) to at least 25.0%, with the exception of 

onee profile in which the probability is almost unchanged (21.4%). 

Ourr model is associated with an area under the ROC curve of 0.73 (0.69-

0.78)) (Figure 5.2). 

Figuree 5.2 ROC curve for the model with sensitization as the dependent variable. The 

modell contains age, infantile eczema, family history of mite-allergy, pollen-

allergyy sibling(s), smoking by parents and interaction between eczema and 

age. . 

1,00 0 

.75 5 

,25 5 

0,00 0 
0,000 ,25 ,50 ,75 1.00 

1-Specificity y 

ROCC area under the curve = 0.73, 95%CI= 0.69-0.78 

Discussion n 

Inn a primary care setting, we examined the extent to which sensitized pre-

schooll children presenting with complaints of coughing, can be 
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distinguishedd from their non-sensitized counterparts using information from 

theirr medical history only. The aim was to learn in which children allergy 

testingg {RAST or skin prick test) might be (un)necessary to establish sensitiza-

tionn or the absence of it with a sufficiently high degree of certainty. There-

fore,, we developed a model based on multivariable logistic regression 

analysiss of data obtained from coughing pre-school children in general 

practice.. This model is based on information readily available at the time of 

presentation. . 

Inn our study population of pre-school coughing children, the prevalence of 

sensitizationn to house dust mite, cat or dog was 13% using a RAST cut-off 

valuee of 0.5 U/ml. The best model showed a patient history containing age 

off 3-4, infantile eczema, a family history of mite-allergy, having a sibling 

withh pollen-allergy and smoking of the parents at home and was associated 

withh the probability of sensitization of 77% or at least 50% (= if one takes 

thee lower limit of the 95% CI). In the absence of any of these characteristics 

thee probability of being sensitized is small (8.3%) and testing for an allergy 

mayy not be useful. 

Itt is of clinical importance for a GP to know in which coughing children the 

likelihoodd of sensitization is high enough to do an allergy test without hav-

ingg to test all coughing children, and thus, how testing can be made more 

efficiently.. When a coughing child meets two or more characteristics in our 

model,, the GP has to consider or to exclude a diagnosis of allergy and to 

decidee whether or not to do an allergy test. If these characteristics are absent 

orr only one is present, there is no need for a GP to have an allergy test 

performedd because of the low probability of sensitization and the RAST 

mightt be omitted in about 80% of the one to four year old children. Thus, 

performingg an allergy test only in a subgroup of coughing children for 

whomm the probability of sensitization is high according to the clinical his-

toryy increases the probability to detect a sensitized child and substantially 

reducess the number of children that need to be tested in order to know their 

IgE-status. . 
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Off course, not all GPs share the same cut-points for drug treatment or avoid-

ancee advice. The question is when a probability is sufficiently high to base 

subsequentt treatment activities upon. Our study cannot answer the question 

off how much certainty different GPs demand or should demand before 

embarkingg on a drug treatment or allergen-avoidance advice. The decision 

problem(s)) GPs face in persistently coughing children can only be solved by 

aa formal decision analysis including all relevant effects on the (human) cost 

sidee and (side-)effectiveness side of the equation. 

Inn diagnostic cohort studies, in contrast to etiologic studies, the emphasis is 

nott on some exposure of interest whose influence is to be quantified and 

adjustedd for confounding factors. Rather, the contrasts in patients' test results 

(wheree 'tests' include clinical history items) are used to predict the likeli-

hoodd of allergy. This also implies that the analysis is centred around effi-

ciency,, that is, optimal prediction using information that becomes available 

earlyy in the diagnostic work-up and often virtually for free (clinical history). 

So,, the issue of confounding in etiologic cohorts changes into an issue of 

redundancyy of diagnostic information in studies such as the current one 

[10]. . 

Thee selection of the pre-school children in this study was based on their 

presentationn at the GP's surgery with complaints of coughing for five days or 

more.. This means that the parents had to take the decision to contact the 

GP.. This implies that the formula we constructed is likely to be valid for 

coughingg children who present at GP's surgeries, and not necessarily for 

childrenn in the open population. In our population of pre-school children, 

distinctt positive IgE-levels (>0.5 U/ml) to mites and animal dander were 

seenn in children as young as one year old. Although the frequency of inhala-

tionn allergy for the one year olds was low [7.7%), it was higher than found 

inn other (population-based) studies, with percentages of 1.5% to 4.0% [11-

13].. Coughing for five days or more seems to be a relevant first selection 

criterionn to identify sensitization among these children. 
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Inn general practice children present with a different distribution of symptoms 

thann in a clinical/specialist setting because of the GP filter and its influence 

onn the frequency of clinical presentations. In allergic diseases many of the 

symptomss are quite common, which can make it difficult to diagnose allergy 

withh certainty and to sort out specific causes entirely by looking at the clini-

call history only. As expected, clinical history only does not fully predict 

whichh children are sensitized [14]. Therefore, it is important to test children 

inn whom an allergy is suspected with a high enough certainty based on 

clinicall history. If this certainty is taken to be 25%, based on our formula the 

RASTT can be omitted in 80% of the children and for 20% of the children 

testingg might be useful. 

Inn the questionnaire for medical history for this study, no attention was paid 

too wheezing or other symptoms. Therefore, these variables could not be 

includedd in the logistic regression model to predict sensitization. We cannot 

completelyy exclude that the model is different in situations where patient 

historyy is more extensive. However, the value of wheezing in the model 

couldd also be limited in these young children, as the majority of children 

whoo wheeze do not develop an allergy or asthma and parents' report of 

wheezee and clinicians' findings differ [15]. 

Ideallyy a prediction rule should be derived, and then validated prospectively 

onn a separate population. The results are usually less robust when applied to 

aa separate population [16]. A limitation in this study is the current lack of 

suchh a validation. Another drawback in the application of the model is that 

thee number of cases in the separate classes of specific allergens was insuffi-

cientt to allow for a more detailed analysis. Most of the sensitized children in 

ourr study population were sensitized to mites and analyses for this mite-

positivee group gave the same results as for the entire sensitized group. 

Avoidancee measures depend on the type of allergy present. The avoidance 

advicee should be as specific as possible, but our data set was not sufficient 

forr these analyses. Future research should be done to explore this. 

Too avoid over-fitting, we used the rule that the number of predictors was not 

allowedd to be more than m/10 [17], in which m refers to the number of 
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outcomee events. In this study, 83 IgE positive children were available, 

whichh meant eight predictors were allowed in the model. The number of 

predictorss was six and did not exceed the m/10-limit. Nevertheless, the 

confidencee intervals around the probability estimates reflect the sometimes 

limitedd number of observations for a particular diagnostic profile (Table 5.3). 

Forr example, there were no 1-2 year old children who had had infantile 

eczema,, positive family histories, and parents who smoked at home. Our 

populationn contained 28 out of the 32 theoretically possible profiles. 

Thee results show that it is possible for the GP to identify coughing children 

withh a high probability of being IgE positive or IgE negative to house dust 

mite,, cat and dog by using information readily available at the time of pre-

sentationn (age, infantile eczema, family history of mite-allergy, sibling with 

pollen-allergyy and smoking of the parents). Nevertheless, for some children 

itt remains uncertain whether they are sensitized or not. Testing for an al-

lergyy could be useful for them. When the GP only tests coughing children if 

thee probability of being sensitized is at least 25%, i.e. when they meet two 

orr more characteristics in our formula, the RAST can be omitted in 80% of 

thee one to four year old children. At what point a GP considers the probabil-

ityy high enough to test, depends on the degree of uncertainty and on the 

numberr of unnecessarily tested children the GP is willing to accept. More 

elaboratee decision-analytic studies are needed to determine appropriate cut-

pointss of the probability of sensitization at which allergy testing is (unneces-

saryy in order to choose a correct treatment strategy. 
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Abstract t 

Thee aim of this study was to study whether young children, originally immu-

noglobulinn E (IgE) negative and who became sensitized to specific inhalation 

allergens,, presented more frequently to their general practitioner (GP) and 

withh other allergy- and asthma-related symptoms than children who 

remainedd IgE negative. It was also investigated whether asthma was diag-

nosedd more often in children who developed IgE to inhalant allergens. 

Coughingg children, 1-5 years of age, visiting the participating GPs, were 

testedd for IgE antibodies to mites, dogs, and cats by using radioallergosor-

bentt test (RAST). All IgE negative (RAST<0.2 lU/ml) children were re-tested 

afterr 2 years. The medical records of 162 children were reviewed on 

asthma-- and allergy- related symptoms and on prescribed medication. 

Afterr 30 months, 27 of the 162 children (17%) had become IgE positive for 

onee or more allergens. Most children (93%) had visited their GP for treat-

mentt of respiratory symptoms in this period. However, the children who 

hadd become IgE positive had visited their GP more often than the children 

whoo remained IgE negative. Differences were seen for: shortness of breath 

(52%% IgE positive vs. 19% IgE negative children, respectively), wheeze (37% 

vs.. 17%), allergic rhinitis (33% vs. 16%), and pneumonia (22% vs. 8%), but 

nott for coughing (89%> vs. 88%). The IgE positive children were more fre-

quentlyy diagnosed by their GP as having asthma (48%) than were the IgE 

negativee children (23%). In a multivariate analysis, indicators of becoming 

IgEE positive were: a visit for shortness of breath (odds ratio (OR) = 6.9; 95% 

confidencee interval (CI) = 2.1 -23.1) and two or more visits for wheeze 

(ORR = 6.0; 95%CI = 1.9-19.2), adjusted for breast-feeding, age and, asthma or 

allergyy in the family. The positive predictive value (PPV) of being IgE posi-

tivee with a diagnosis of asthma was 90% (whereas the negative predictive 

valuee was 48.0%) for a child attending the GP for treatment of wheeze. For 

recurrentt coughing (six or more visits) and shortness of breath, the PPVs 

weree 73%, and 71%, respectively. 
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Thee development of sensitization to common inhalant allergens is associ-

atedd with specific allergy and asthma related symptoms in young children. 

IgEE positive children were more frequently diagnosed as having asthma by 

theirr GP. This implies that in general practice it is possible to detect high 

riskk children for developing allergic asthma early in life by their respiratory 

symptomssymptoms and by subsequent testing for specific IgE to inhalant allergens. 

Introduction n 

Coughingg is common during early childhood and is a frequent complaint for 

whichh general practitioners (GPs) are consulted. For GPs it is difficult to 

identifyy those young children with persistent cough who are at a higher risk 

forr asthma. Most children with cough as the only symptom will not develop 

asthmaa [1]. Identification of high-risk children, especially with allergic 

asthma,, is important as early treatment may improve their prognosis [2], 

Accordingg to international guidelines [3,4], asthma in children younger than 

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

off recurrent coughing and wheezing. The equipment for assessing lung 

functionn that might help distinguish between groups of wheezing infants 

andd for establishing a diagnosis of asthma are neither easily nor routinely 

usedd [5]. The presence of a family history of atopy is an additional predictor 

forr the presence or development of asthma in these young children [6,7]. 

Also,, testing for allergy-mediated immunoglobulin E (IgE) antibodies can 

helpp the physician to make a diagnosis of allergic asthma in young children. 

Thee detection of IgE to inhalant allergens will guide the physician in his/her 

advicee on allergen-avoidance measures [8]. 

However,, it is not effective for the GP to test all young children who present 

withh respiratory symptoms for specific IgE. The majority of these children 

(75-80%)) will test negatively to inhalant allergens [9-11]. We were therefore 

interestedd in whether young children, who become IgE positive for house 
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dustt mite, cat and/or dog dander, contact their CP more often and with 

otherr symptoms than young children who wi l l remain IgE negative. Further-

more,, are these children who become IgE positive more frequently diag-

nosedd as having allergic asthma than the IgE negative children? In other 

words,, can a GP identify the young children in whom IgE testing is a useful 

addit ionall tool , in order to distinguish those who are at higher risk for devel-

op ingg allergic asthma. 

Subjectss and methods 

SelectionSelection  of  the study  population 

Betweenn February 1995 and January 1997, 136 GPs from the northwestern 

andd central part of The Netherlands (both urban and rural areas) recruited 

childrenn for a study on the development of inhalation allergy in toddlers. 

Thosee chi ldren, 1-5 years of age, who had had a cough for longer than 5 

dayss and were not known to have had allergic reactions or to be IgE posi-

t ive,, were included. Informed consent was obtained from the children's 

parents. . 

O nn entrance to the study, the parents completed a questionnaire with 11 

questionss on coughing, asthma and allergy in the family, breast-feeding and 

contactt w i th pets. Three drops of blood spotted onto filter paper were drawn 

fromm the children for the determination of total IgE and specific IgE for house 

dustt mite, cat, and dog. Children scoring IgE positive, i.e. > 0 . 2 RAST units 

perr mill i Itre (RU/ml) on one or more of the allergens were excluded for 

furtherr participation in the study. After a 2 year fol low-up, the children who 

weree originally IgE negative (n= 530) were invited to attend their GP for 

donationn of a second blood sample. Again, blood was spotted onto filter 

paperr and tested for total IgE and specific IgE for house dust mite, cat, and 

dog. . 

Thee medical records of the participating children were reviewed by a 

researcherr (JH) who was unaware of the outcome of the outcome of the 
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secondd RAST. For logistic reasons, review of the medical records was car-

riedd out on a sample (n= 25) of the participating practices. The records of 

thee children who were re-tested before June 1998 and who had the same 

GPP as 2 years previously, were reviewed. The parents gave their written 

permissionn for the review of their children's medical records at the GP's 

office.. The study was approved by the Medical Ethics Committee of the 

Academicc Medical Center, University of Amsterdam. 

CaseCase record  form/medical  records 

Forr reviewing the medical records, we designed a case-record form with 

asthma-- and allergy-related items. The case-record form was constructed by 

comparingg questionnaires [12,13] on allergies and asthma. To this, relevant 

itemss of the "Asthma in children" guidelines of the Dutch College of GPs [3] 

weree added as well as items of the Dutch National Pharmacotherapeutical 

andd Diagnostic Formulary. All data from the children's medical records 

(includingg correspondence with specialists) on occurrence of asthma- and 

allergy-relatedd symptoms and complaints of the children during the 2 year 

follow-up,, were collected. The feasibility of the case-record form was tested 

byy reviewing the medical records of children with respiratory problems from 

aa non-participating general practice. 

Inn the case record form, the number of contacts with the GP was counted 

withh respect to respiratory complaints, eczema, rhinitis or conjunctivitis. The 

respiratoryy complaints included bronchitis, doctor-diagnosed pneumonia 

andd doctor-diagnosed asthma. The number of contacts for asthma-related 

symptomss were registered in which coughing, shortness of breath, tightness 

off the chest, wheezing, phlegm, and sputum were mentioned as reasons for 

consultation. . 

Finally,, the number of prescriptions during the 2 year follow-up was regis-

tered.. Only drugs that could be prescribed according to the Dutch National 

PharmacotherapeuticalPharmacotherapeutical Formulary for respiratory symptoms, eczema, rhini-

tiss and conjunctivitis, were taken into account. The respiratory medication 
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includedd drugs for coughing and asthma (corticosteroids, |32-sympaticomi-

metics,, parasympaticolytics/anticholinergic bronchodilators, antihistamines, 

sodium-cromoglycate)) and antibiotics (prescribed for respiratory symptoms). 

LaboratoryLaboratory  methods 

AA convenient method for obtaining blood from young children was applied: 

essentiallyy three drops of blood, obtained by finger prick, were spotted onto 

filterr paper (Schleicher & Schuell 2294, K120258; Schleicher & Schuell, 

Dassel,, Germany). Blood samples were eluted from the filter paper using 1 

mll of phosphate-buffered saline (PBS)/0.05% (v/v) Tween-20. Assays for 

measuringg total IgE and specific IgE were adjusted for application of small 

amountss of plasma. Total serum IgE was measured as previously described 

[14].. Specific IgE to house dust mite, cat and dog dander, was determined 

byy an adjusted RAST procedure [15]. Total IgE results were expressed in 

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

RASTT units per millilitre (RU/ml); one RU represents -2.4 ng of specific IgE. 

Alll tests were corrected for actual amounts of plasma used in the tests, using 

serumm albumin (42 g/l in human blood) as a reference protein. 

Valuess lower than 0.2 RU/ml were considered negative. Allergy was defined 

ass being IgE positive (>0.2 RU/ml) for one or more allergens. 

DataData analysis 

Thee results of the second RAST were dichotomized as IgE negative or IgE 

positive.. The number of patients in the separate classes of specific allergens 

wass insufficient to allow a more detailed analysis to be undertaken. For each 

childd the number of contacts with the GP during the follow-up period (ac-

cordingg to the records) for allergy- and asthma-related symptoms was 

counted.. The number of contacts for coughing was divided into three cate-

goriess (none to two, three to five, and more than five contacts). For contacts 

withh respect to eczema, shortness of breath and wheezing, the categories 

were:: no contacts, one contact and two or more contacts. 
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Thee children had different follow-up periods (19-40 months), implying that 

childrenn with a longer follow-up period had more chance to contact the GP. 

Therefore,, for each child the number of contacts in 30 months was calcu-

latedd (65.5% of the children consulted the GP within 30 months after the 

firstfirst blood sample). No children were excluded from the analyses. As a 

resultt of this re-calculation, only in a limited number of children (n = 8) did 

aa change in category of the number of contacts occur. 

Logisticc regression analysis was used to identify independent predictors 

(oddss ratios (OR) with 95% confidence intervals (CIs)) for becoming IgE 

positivee after adjusting for age at the time of the second blood sample, 

gender,, family history of asthma /allergy and breast-feeding. A second logis-

ticc regression analysis was used to assess whether being IgE positive (in the 

secondd blood sample) was an independent predictor of being diagnosed as 

havingg asthma, adjusted for confounding variables. In this last model, chil-

drenn with a presumptive and children with a confirmed doctor's diagnosis of 

asthmaa were considered as one group, i.e. as having a doctor's diagnosis of 

asthma. . 

Inn all analyses, a P-value <0.05 was regarded as statistically significant. 

Likelihoodd ratio statistics were used as a criterion for selection in the logistic 

regressionn model. Statistical analyses were performed using SPSS 7.5.3 for 

Windows. . 

Results s 

Genera!Genera!  Characteristics 

Thee parents of 166 of the 202 (82.2%) eligible children, who were re-tested 

beforee June 1998, returned their written permission form for reviewing the 

medicall records of their children at the GP's office. Four out of these 166 

parentss did not give their consent. Therefore, data on both the second al-
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lergyy test and on asthma- and allergy-related symptoms from the medical 

recordss of 162 children were available for further analyses. 

Tablee 6.1 Characteristics of the 162 children in the study population 

totall n 

gender:: male 
female e 

meann age at time of 1st RAST1 

meann age at time of medical 
recordd review1 

agee at time of medical record 
revieww (years): 

3 3 
4 4 
5 5 
6 6 
7 7 

positivee family history of 
asthmaa and/or allergy 

breastfed d 

parentss smoking at home 

eczemaa as a baby 

specificc IgE: house dust mite 
cat t 
dog g 

totall IgE (95% CD of the 1st 

bloodd sample (lU/ml) 

totall IgE (95% CD of the 2nd 

bloodd sample (IU/ml)* 

IgEE positive 

27(16.7) ) 

111 (40.7) 
16(59.3) ) 

32.22 ) 

62.66 ) 

44 (14.8) 
99 (33.3) 
88 (29.6) 
3(11.1) ) 
33 (11.1) 

177 (63.0) 

222 (81.5) 

9(33.3) ) 

88 (29.6) 

16(59.3) ) 
99 (33.3) 
88 (29.6) 

23.0(13.4-40.0) ) 

52.4(25.6-107.5) ) 

IgEE negative 

1355 (83.3) 

699 (51.1) 
666 (48.9) 

31.33 ) 

60.77 ) 

300 (22.2) 
34(25.2) ) 
366 (26.7) 
27(20.0) ) 

88 (5.9) 

666 (48.9) 

899 (65.9) 

588 (43.0) 

27(20.0) ) 

0(0) ) 
0(0) ) 
0(0) ) 

12.33 (9.5-15.8) 

23.11 (18.1-29.6) 

total l 

162(100) ) 

800 (49.4) 
822 (50.6) 

31.44 ) 

61.0(+14.5) ) 

34(21.0) ) 
433 (26.5) 
444 (27.2) 
30(18.5) ) 

111 (6.8) 

833 (51.2) 

1111 (68.5) 

67(41.4) ) 

35(21.6) ) 

16(9.9) ) 
99 (5.6) 
88 (4.9) 

13.6(10.8-17.2) ) 

26.33 (20.7-33.4) 

IgE:: immunoglobulin E, RAST: radioallergosorbent test 
11 in months 
** P-value <0.05 
dataa are expressed as numbers (percentages), means (  sd) or geometric means (95% CI) 
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Off these 162 children, 135 remained IgE negative and 27 had become IgE 

positivee (59% for house dust mite) (Table 6.1). The mean age at the time of 

thee first RAST was 31.4 months; at the time of the review of the medical 

recordss this was 61 months, with the majority (53.7%) being either 4 or 5 

yearss of age. The children who became IgE positive more frequently had a 

positivee family history of asthma and/or allergy in the first remove (parents 

havee asthma and/or allergy) (P = 0.182). Of the IgE negative children, 89 

(65.9%)) were breast-fed compared with 22 (81.5%) of the IgE positive chil-

drenn (P = 0.112). The geometric mean total IgE of the first blood sample was 

lowerr for the children who remained IgE negative (12.3 lU/ml) than for the 

childrenn who had become IgE positive (23.0 lU/ml) for inhalant allergens 

(PP = 0.092). There was also a difference in mean total IgE between the IgE 

negativee and IgE positive group in the second blood sample (23.1 lU/ml and 

52.44 lU/ml, respectively, P= 0.013). 

AssociationAssociation  between  respiratory  symptoms  and development  of  specific  IgE 

Alll but 11 of the 162 children (93.2%) had visited the CP at least once for 

respiratoryy symptoms between the first and second blood sample (Table 

6.2).. Shortness of breath was a reason to contact the GP for 51.9% of the IgE 

positivee children and 18.5% of the IgE negative children (P <0.001). More-

over,, a significantly greater number of IgE positive children had visited their 

GPP for treatment of wheeze (37.0% vs. 17.0%, P= 0.018) and pneumonia 

{22.2%% vs. 8.1 %, P= 0.029), than IgE negative children. 

Thee IgE positive children visited the GP twice as often as the IgE negative 

childrenn for treatment of allergic rhinitis or conjunctivitis (33.3% vs. 16.3%, 

respectively,, P= 0.040). 

Thee IgE positive children were prescribed asthma-related medication more 

frequentlyy than the IgE negative children; inhalation corticosteroids, p2-

sympaticomimetics,, and sodium-cromoglycate were prescribed twice as 

often. . 

CHAPTERR 6 SPECIFIC IgE AND SYMPTOMS IN TODDLERS 111 1 



Tablee 6.2 Symptoms and prescribed medication of the children (%) who visited their GP 

(accordingg to the medical records) (n = 162) 

alll respiratory complaints 

coughingg complaints 

bronchitis s 

shortnesss of breath* 

wheeze* * 

pneumonia* * 

phlegm m 

rhinitis/conjunctivitis* * 

alll prescriptions for respiratory 
complaints s 

prescriptionss for coughing 
complaints s 

asthmaa medication 

inhalationn corticosteroids* 

p2-sympaticomimetics* * 

anticholinergicc bronchodilators 

antihistaminics s 

sodium-cromoglycate* * 

IgEE positive 
nn (%) 

266 (96.3) 

244 (88.9) 

6(22.2) ) 

144 (51.9) 

10(37.0) ) 

6(22.2) ) 

5(18.5) ) 

9(33.3) ) 

244 (88.9) 

9(33.3) ) 

18(66.7) ) 

133 (48.1) 

144 (51.9) 

3(11.1) ) 

4(14.8) ) 

66 (22.2) 

IgEE negative 
nn (%) 

1255 (92.6) 

119(88.1) ) 

255 (18.5) 

255 (18.5) 

23(17.0) ) 

111 (8.1) 

20(14.8) ) 

222 (16.3) 

107(79.3) ) 

56(41.5) ) 

688 (50.4) 

311 (23.0) 

422 (31.1) 

144 (10.4) 

122 (8.9) 

122 (8.9) 

total l 
nn (%) 

1511 (93.2) 

1433 (88.3) 

311 (19.1) 

39(24.1) ) 

333 (20.4) 

17(10.5) ) 

25(15.4) ) 

311 (19.1) 

1311 (80.9) 

65(40.1) ) 

86(53.1) ) 

44(27.2) ) 

56(34.6) ) 

17(10.5) ) 

16(9.9) ) 

18(11.1) ) 

** F-value <0.05 

Inn a univariate analysis (Table 6.3), symptoms with respect to rhinitis/con-

junctivit iss (OR = 2.6; 95%CI= 1.0-6.5), shortness of breath (OR = 5.4; 

95%CII = 1.8-16.3 for one contact and OR = 4.2; 95%CI = 1.5-12.4 for two or 

moree contacts), wheeze for two or more contacts (OR = 4.8; 95%CI = 1.7-

13.6)) and pneumonia (OR = 3.2; 95%CI = 1.1-9.7), were associated with 

becomingg IgE positive. When this analysis was performed adjusted for the 

112 2 SPECIFICC IgE AND SYMPTOMS IN TODDLERS 



confoundingg variables of family history of allergy, age and breast-feeding, 

thee ORs of rhinitis/conjunctivitis, shortness of breath, two or more contacts 

forr wheezing and pneumonia were associated with becoming IgE positive 

(Tablee 6.3). 

Tablee 6.3 Immunoglobulin E (allergy) in relation to number of visits for treatment of a 

certainn complaint 

complaint t 

eczema a 
00 visits 
11 visit 
>> 2 visits 

rhinitis/conjunctivitis s 

bronchitis s 

coughingg complaints 
0-22 visits 
3-55 visits 
>> 6 visits 

shortnesss of breath 
00 visits 
11 visit 
>> 2 visits 

wheeze e 
00 visits 
11 visit 
>> 2 visits 

pneumonia a 

phlegm m 

IgEE positive 1 

1 1 
1.2 2 
1.1 1 

2.6 6 

1.3 3 

1 1 
1.2 2 
1.8 8 

1 1 
5.4 4 
4.2 2 

1 1 
1.1 1 
4.8 8 

3.2 2 

1.3 3 

(0.4-3.8) ) 
(0.4-3.4) ) 

(1.0-6.5)* * 

(0.5-3.4) ) 

(0.4-3.5) ) 
(0.7-4.8) ) 

(1.8-16.3)* * 
(1.5-12.4)* * 

(0.2-5.3) ) 
(1.7-13.6)* * 

(1.1-9.7)* * 

(0.4-3.9) ) 

IgEE positive 2 

1 1 
1.5 5 
1.2 2 

3.5 5 

1.4 4 

1 1 
1.1 1 
1.8 8 

1 1 
6.9 9 
4.6 6 

1 1 
1.1 1 
6.0 0 

3.9 9 

1.3 3 

(0.4-5.2) ) 
(0.3-3.4) ) 

(1.3-9.8)* * 

(0.5-3.8) ) 

(0.4-3.5) ) 
(0.6-4.9) ) 

(2.1-23.1)* * 
(1.4-14.7)* * 

(0.2-5.9) ) 
(1.9-19.2)* * 

(1.2-12.8)* * 

(0.4-4.1) ) 

IgEE positive 3 

1 1 
6.77 (1.9-22.8)* 
2.11 (0.5-8.4) 

1 1 
1.22 (0.2-6.9) 
4.99 (1.2-20.0)* 

** significant at P-value <0.05 
11 univariate analyses 
22 'univariate' analyses adjusted for family history of allergy, breast-feeding and age at the 

timee of the second blood sample 
33 stepwise multivariate analysis adjusted for family history of asthma/allergy, breast-

feedingg and age at the time of the second blood sample 
Dataa are expressed as odds ratios (with 95% CI), n = 162 
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AA stepwise logistic regression analysis was performed with all symptoms in 

thee model and adjustment for family history, age and breast-feeding. One 

contactt for shortness of breath (OR = 6.7; 95%CI = 1.9-22.8) and two or 

moree contacts for wheezing (OR = 4.9; 95%CI= 1.20-20.0), were important 

indicatorss for becoming IgE positive. 

Tablee 6.4 Doctor's diagnosis of asthma in relation to IgE and number of visits fora 

certainn complaint 

complaintt asthma ' asthma2 

eczema a 
00 visits 
11 visit 
>> 2 visits 

rhinitis/conjunc c 

bronchitis s 

coughingg comp 
0-22 visits 
3-55 visits 
>> 6 visits 

shortnesss of bre 
00 visits 
11 visit 
>> 2 visits 

wheeze e 
00 visits 
11 visit 
>> 2 visits 

pneumonia a 

phlegm m 

IgEE positive 

** significant at P-value < 0.05 
11 univariate analyses, 2 'univariate' analyses adjusted for family history of asthma, breast-
feedingg and age at the time of the second blood sample 
Resultss are expressed as odds ratios (with 95% CI), n=162 (44 children with a diagnosis 
off asthma and 118 without a diagnosis of asthma) 

11 1 
0.55 (0.1-1.6) 0.4 (0.1-1.4) 
2.22.2 (0.9-5.1) 2.5 (1.0-6.3) 

rtiviti ss 1.6 (0.7-3.7) 1.8 (0.7-4.3) 

2.88 (1.2-6.3)* 2.6 (1.1-6.1)* 

jlaints s 

Bath h 

11 1 
2.11 (0.8-5.5) 2.1 (0.8-5.7) 
5.99 (2.4-14.6) 6.2 (2.4-15.9)' 

11 1 
3.55 (1.2-9.8)* 3.1 (1.0-9.0)* 
7.11 (2.6-19.0)* 8.5 (2.9-24.8) 

11 1 
3.33 (1.0-10.3)* 3.3 (0.9-56.9) 

12.33 (4.0-37.3)* 16.9 (5.0-56.9)* 

6.22 (2.1-18.1)* 6.0 (2.0-18.3)* 

1.66 (0.7-4.0) 1.7 (0.7-4.5) 

3.11 (1.3-7.3)* 3.4 (1.4-8.3)* 
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AssociationAssociation  between  (allergic)  asthma,  symptoms  and presence  of  specific  IgE 

Thee GPs diagnosed 44 of the 162 young children as having presumptive or 

confirmedd asthma (13 IgE positive and 31 IgE negative children). There were 

noo significant differences with respect to airway symptoms in children in 

eitherr group. We examined whether children with (doctor-diagnosed) 

asthmaa were different with respect to airway symptoms and, more specifi-

cally,, were more frequently IgE positive for inhalants than children without 

asthma,, using logistic regression analyses (Table 6.4). Young children diag-

nosedd with asthma had visited the GP more often for respiratory symptoms 

thann the children without asthma. Becoming IgE positive for inhalants was 

ann independent indicator (OR= 3.4; 95%CI= 1.4-8.3) for being diagnosed 

ass having asthma by the GP, adjusted for a family history of asthma, breast-

feedingg and age. 

Thee positive predictive value (PPV) of allergy testing on a diagnosis of 

asthma,, when a child attended the GP with asthma-related respiratory symp-

toms,, was analysed. When children present with wheeze and the GP de-

cidess to test for specific IgE to cat, dog and/or house dust mite, 90% (PPV; 

ninee of 10) of the children who turn out to be IgE positive have (been diag-

nosedd as having) asthma compared to 48% (11/23) of the children present-

ingg with wheeze who turn out to be IgE negative. Of the children presenting 

withh recurrent coughing (six or more visits), the children who tested IgE 

positivee had been diagnosed with asthma in 73% (eight of 11) in contrast to 

4 1 %% (16/39) of the IgE negative children. For the children presenting with 

shortnesss of breath and being either IgE positive or negative, the respective 

percentagess were 71 % (10/14) and 44% (11/25), respectively. 

Discussion n 

Inn this study we have, by means of a review of medical records, analysed 

thee association between the development of specific IgE and allergy- and 

asthma-relatedd symptoms, in young children (1-5 years of age), originally IgE 
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negative,, who visited their GP for coughing. Almost 17% of children who 

weree originally IgE negative became sensitized to inhalants during the 2 

yearr fo l low-up. The review showed that the children who had become IgE 

positivee to common inhalant allergens (house dust mite, cat and/or dog) 

dur ingg fol low-up, had visited the GP more frequently and with more specific 

respiratoryy symptoms (shortness of breath, wheezing, allergic rhinitis or 

conjunctivit iss and pneumonia) than the children who remained IgE negative. 

Subsequently,, we found that sensitization to mite or dander allergens re-

sultedd in a three-fold higher risk of receiving a doctor's diagnosis of (allergic) 

asthma. . 

Ourr results indicate that in children younger than 6 years of age who visit 

theirr GP for treatment of coughing (six or more visits), shortness of breath, 

wheezingg (two or more visits), and pneumonia, testing for specific IgE to 

inhalantt allergens is worthwhi le and, in case of a positive test, has a strong 

predictivee value for being diagnosed wi th (allergic) asthma. There was no 

differencee whether the children visited the GP for shortness of breath once 

orr more frequently. For wheezing, however, the development of specific IgE 

wass only statistically significant in children who presented with wheeze 

moree than once, suggesting that specifically those persistent respiratory 

symptomss may be associated with an increased risk of sensitization. 

Itt is important to reach a definitive diagnosis of asthma as early as possible, 

inn order to start adequate prevention and treatment [8]. A reduction in expo-

suree to allergens is associated with fewer symptoms and improved lung 

functionn in sensitized individuals [16,17]. (Early) allergic sensitization to 

commonn inhalant allergens, particularly to dust mite and pet dander, has 

beenn associated wi th asthma and bronchial responsiveness in several prior 

studiess [18-20]. These studies strongly suggest that atopy is an important 

determinantt of outcome of chi ldhood asthma into early adult life [18] and 

thee majority of children who become sensitized during the first 3 years of 

lifee develop asthma-like symptoms later in life [19,20]. Furthermore, previ-

ouss studies have shown that children wi th more severe asthma at an older 

age,, have developed symptoms of allergy earlier in life, viz. in the first 3 
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yearss of life [9,21,22]. It is therefore important to detect early in life the 

childrenn who will become sensitized. As it is not feasible in general practice 

too test all young children with coughing or wheezing for allergen-specific 

IgE,, the children for whom testing could be useful, should preferably be 

distinguishedd in another way. According to our results, this is possible, as 

thesee children present with a more distinctive disease pattern than children 

whoo will remain IgE negative. 

Childrenn who had suffered from pneumonia according to their medical 

records,, had a higher risk of developing inhalation allergy than the children 

whoo had not had pneumonia. This was even more apparent in children 

diagnosedd with asthma. Previous studies [23,24] have shown a relatively 

highh rate of asthma (6-8%) in children under 2 years of age who were admit-

tedd to hospital with pneumonia. Recently it was found that the cumulative 

prevalencee of asthma after childhood pneumonia was high and childhood 

pneumoniaa might in fact be an unrecognised presentation of asthma [25]. In 

ourr study, most of the children were 2-4 years of age when they had pneu-

monia.. At this age, pneumonia can be confused with other airway infec-

tions,, but it may also be un-recognised asthma. As in the study of Clark et al. 

[25]] we cannot confirm whether pneumonia was a predisposing factor for 

asthma.. However, considering the young age of the children, pneumonia 

probablyy occurred before the development of the inhalation allergy. 

Inn our study, the number of allergy- and asthma-like symptoms presented by 

childrenn with coughing (mild respiratory symptoms) was higher than the 

numberr found in GP's populations in The Netherlands [26] and is compara-

blee to other studies [27]. This suggests that the children in our study who 

alreadyy presented with coughing, even if they were IgE negative at the time, 

aree at a higher risk of developing allergy than asymptomatic children. 

Wee found an increase in the number of breast-feeding mothers in the IgE 

positivee group (Table 6.1). This might be explained by the fact that it is 

advisedd to breast-feed the child when a positive family history of allergy 

exists.. Nevertheless, no significant differences were found in the percen-
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tagess of breast-fed children with a positive family history compared to 

breast-fedd children wi th a negative family history. Furthermore, there was no 

interactionn between breast-feeding and a family history of allergy and be-

comingg IgE positive, neither was it a matter of confounding. Therefore, the 

increasedd numbers of breast-feeding mothers cannot be explained from the 

increasedd numbers wi th a family history of allergy. The same was true for 

smokingg and positive family history of allergy. 

Off the 44 children with a diagnosis of asthma, 31 were IgE negative for 

inhalants.. If these IgE negative children do not become IgE positive, they 

mightt have non-allergic asthma or they might not have asthma at all, as 

suggestedd by others [19,28]. These children presented with coughing and 

wheezing,, as did the IgE positive children with a diagnosis of asthma, but 

theyy did not have atopic symptoms or allergen-specific IgE. Recent studies 

suggestt that these non-allergic children with early wheezing do not show 

thee characteristics of "classic" asthma. Specifically, these children do not 

seemm to be more atopic than children who do not wheeze [29]. This early 

wheezingg seems to be associated with a good prognosis [28]. In our study, 

thee IgE negative children with a diagnosis of asthma might have had lower 

respiratoryy illnesses, such as respiratory syncytial virus (RSV) bronchiolit is, 

dur ingg infancy. It is possible that these children have smaller airways and 

thereforee present wi th similar symptoms, but that by the time they are 10-13 

yearss of age, they might have overcome their asthma [19,20,30]. 

Forr describing the airway symptoms of these young children, we used the 

methodd of medical records' review. A limitation of this kind of review is that 

thee information in the medical records is dependent on the precision and 

completenesss of registration by the physician. Moreover, it is not always 

clearr which criteria the GP used in making a diagnosis of asthma, as in 

youngg children the diagnosis is predominantly a clinical diagnosis. How-

ever,, the respiratory symptoms we studied are an essential part of the rou-

tinee registration in general practice in children presenting with respiratory 

diseases.. Therefore, record review was a valid approach for this study. 
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Wee do not know when exactly the children became IgE positive during the 

22 year follow-up. We know that they were IgE negative at the start and 

becamee IgE positive somewhere during follow-up, and were labeled with 

(doctorr diagnosed) asthma. This being a relatively short time-period, one 

mightt assume that the symptoms were present during follow-up. One can 

arguee about the need to know when exactly these children became IgE 

positive.. For all but six children it was not known whether they were IgE 

positive,, because the GP did not test the children for specific IgE. But the 

factt is that the children had symptoms during follow-up and if the child is 

testedd and turns out to be IgE positive, it does not matter whether this 

positivityy was present 3 months earlier. 

Inn our study we investigated the presence of allergy after 2 years of follow-

up,, in children originally IgE negative between 1 and 4 years of age. As a 

consequence,, a (substantial) number of the children (20%) were younger 

thann 4 years of age. As reported in other studies [8,9], and also found in our 

study,, few children will become sensitized to aero-allergens during the first 

33 years of life. This means that the younger children in our study had less 

chancee of becoming IgE positive. Hence, if all the IgE negative 3 year olds 

hadd had their RAST at 5 or 6 years of age, a number of them would also 

havee been found to be IgE positive. This could mean that the effects we 

identifiedd are even stronger. 

Inn summary, we investigated whether children becoming IgE positive can be 

recognisedd in general practice on the basis of their clinical symptoms, and 

whetherr IgE testing could contribute to a diagnosis of asthma besides clini-

call symptoms. In this study, we found that the development of sensitization 

too common inhalant allergens is associated with specific allergy- and 

asthma-relatedd symptoms, even if the child is younger than 5 years of age. 

Furthermore,, children who became IgE positive for cat, dog and/or house 

dustt mite had a three times greater chance of being diagnosed as asthmatic 

thann children who were still IgE negative. This implies that in general prac-

ticee it is possible to identify young children (<5 years of age) at high risk for 
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allergicc asthma early in life by their respiratory symptoms and by subse-

quentt testing for specific IgE to inhalant allergens. Therefore, according to 

ourr results, in these young children with respiratory symptoms, IgE testing 

cann contribute to making a decision of whether the child has asthma, be-

sidess clinical symptoms. Careful follow-up of such children is necessary to 

facilitatee their early treatment. When asthma is not allergic asthma, allergen-

avoidancee measures are not always needed. 
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Abstract t 

AimAim  To assess the predictive accuracy of specific IgE to cat, dog and/or 

housee dust mite in young children for the subsequent development of 

asthmaa at the age of 6. 

DesignDesign  Prospective follow-up study. 

SettingSetting  72 general practices. 

MethodsMethods  654 children, aged 1-4, visiting their CPs for persistent coughing 

(>55 days), were tested for IgE antibodies by RAST. Parents completed a 

questionnairee on potential risk indicators. The IgE positive (12.7%) 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. 

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

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

ResultsResults  Addition of RAST results to a prediction model based on age, 

wheeze,, and family history of pollen-allergy, increased the area under the 

ROCC curve from 0.76 to 0.87. Furthermore, RAST improved patient discrim-

inationn as indicated by a change in the range of asthma probabilities from 6 

too 75% before the IgE test, to 1 to 95% after the IgE test. 

ConclusionConclusion  Sensitization to inhalant-allergens in 1-4 year olds, as shown by 

RAST,, is a useful diagnostic indicator for the presence of asthma at the age 

off 6, even after a clinical history has been obtained. Preferably, this model 

shouldd be validated in a new population before it can be applied in prac-

tice. . 

Introduction n 

Inn general practice, coughing is the main complaint in about 13% of all 

consultationss for 0-4 year olds [1]. For GPs it is difficult to identify the sub-

groupp of children for whom the risk to develop asthma is high enough to 
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justifyy (a more aggressive) treatment. After all, the majority of the children 

withh isolated cough will not develop asthma [2]. 

Accordingg to international consensus [3,4], asthma in children younger than 

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

off recurrent coughing and wheezing. In those children, the equipment for 

assessingg lung function is neither easily nor routinely used [5]. In the major-

ityy of the children over two with asthma, allergies play an important role 

[6,7].. Therefore, in these young children CPs might decrease their diagnos-

ticc uncertainty by establishing whether an allergy is present, in addition to 

informationn from clinical history. If an allergy is present, this may have 

consequencess for clinical management [3,8]. 

Therefore,, we assessed the extent to which the determination of specific IgE 

too cat, dog, and house dust mite -in addition to the easier obtainable infor-

mationn from the clinical history- may help GPs to predict asthma. 

Patientss and Methods 

SelectionSelection  of  the study  population 

Betweenn February 1995 and February 1997, 72 general practitioners in the 

northwesternn part of the Netherlands, included one to four year old children 

inn a study on the development of inhalation allergy and asthma in pre-

schooll children. Children with complaints of coughing for at least the previ-

ouss five days and their parents visiting their GP were invited to participate 

andd 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 
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weree matched to IgE negative children in each of the 16 strata defined by 

agee (4 categories of one year), gender and region (urban vs. rural). In case in 

IgEE negative control could not be traced (n= 12), was not willing to partici-

patee (n= 15) or was lost to follow-up (n= 16), a new matched control was 

selectedd among the IgE negatives from the original cohort. 

Att the age of six, the parents of the IgE positive and a selection of the IgE 

negativee children were contacted again. Their written consent was asked for 

reviewingg the child's medical record at the GP's office and a lung function 

measurementt at the clinic, to determine the child's asthma status. At that 

time,, parents completed two questionnaires on their child's asthma and 

allergicc symptoms [9,10]. 

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 [11]. 

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

eluted.. Total IgE was expressed in international units per millilitre {IU/ml), 

RASTT results were expressed in RAST units per millilitre (U/ml, one RAST 

unitt representing approximately 2.4 ng of specific IgE [12]). All test results 

weree corrected for actual amounts of plasma used in the tests, using serum 

albuminn as a reference protein. 

MedicalMedical  records'  review 

Thee GP or research assistant completed a case record form, which consisted 

off items on the child's asthma and allergy related symptoms, and medica-

tionn used during follow-up. These data were used to establish the definitive 

asthmaa diagnosis in combination with the results from the lung function 

tests. . 
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LungLung  function  measurements  and histamine  challenge 

Childrenn were required to withhold all bronchodilators 48 hours before the 

test.. In case of shortness of breath the child was allowed to use salbutamol 

upp to 8 hours before the test. The FEV, was measured until three reproduc-

iblee recordings were obtained, the two best (within 5% or 100 ml of each 

other)) were used for analysis. Measurements were performed with a 

Pulmoassistt 2 spirometer (Jaeger, Wurzburg, Germany). Values for the FE\^ 

aree those of Zapletal et a/ [13]. FEV, values were obtained on the day the 

histaminee challenge test was performed. 

Bronchiall histamine challenge tests were performed with a gauged 

DeVilbisss 646 nebulizer (DeVilbiss, Somerset, MA, USA) with an output of 

0.133 ml/min according to the modified method of Cockroft et a/. [14]. A 

0.9%% phosphate-buffered saline solution and doubling histamine concentra-

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

breathingg 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 that induced a 

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

Data-analysis Data-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 kU/l. 

Thee information collected at baseline was used to derive predictor variables 

forr the presence of asthma at the age of six. The questionnaire did not in-

cludee questions on wheezing. Therefore, we reconstructed the wheezing 

statuss at baseline of each child using the medical records. 

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: 
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Figuree 7.1 Flow chart of the study design 

inclusionn (index visit), n = 752 
1"" blood sample 

inclusionn questionnaire 

eligible,, n = 654 

nott included, n= 98 

IgE-positive,, n = 83 

lostt to foliow-uD, n = 23 

IgE-positive,, n= 60 

IgE-negative,, n= 571 

IgE-negative,, n= 96 

housee visit, n = 156 
questionnaires,, blood sample, medical record's review 

airwayy symptoms, asthma 
medicationn use, 

nn = 112 

noo symptoms, no asthma 
medication, , 

n== 44 

noo lung function, n= 34* 
lungg function, n = 78 

provocationn test, n = 72 

1 1 
airwayy symptoms and/or use 

off asthma medication in 
previouss 12 months and 

positivee lung function 

ASTHMAA STATUS MISSING 
n== 27 

ASTHMA A 
n -- 3 4 * * 

NOO ASTHMA 
n== 95 * * 

*noo lung function test, reasons: 
unablee to perform LF, n = 5 
nott motivated, no time, n = 10 
noo symptoms anymore, n = 7 
unknown,, n = 12 

** * Because of missing data for 
wheezing,, the data of 33 children 
withh asthma and 90 children 
withoutt asthma were used in the 
finall analyses. 
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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. A positive histamine test was de-

finedd 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. 

MultivariableMultivariable model 

Combinationss of demographic characteristics and clinical variables were 

selectedd using a forward stepwise logistic regression analysis with asthma as 

thee dependent variable. Likelihood ratio statistics were used as a criterion 

forr selection in the model. Variables with a P-value for entry <0.05 and a P-

valuee for removal <0.10 were selected in the model. The regression coeffi-

cientss from the best model were used to derive the probabilities of asthma 

forr each child. Two models were constructed: the first model was based on 

demographicc characteristics and clinical history at baseline. In the second 

modell the RAST results were added. All variables were coded as indicator 

variabless using 0-1 coding. 

Forr each child a score was calculated by multiplying the values of the re-

gressionn coefficients by zero (in case the child's test result belonged to the 

referencee category) or by one (in any other case). Furthermore, in each 

modell the probabilities of developing asthma were calculated for each child 

usingg the formula probability= 1/(1 +e-<
score+«>nsfe'1t>) / where the constant is 

thee intercept from the regression model. The scores associated with each 

covariatee pattern were plotted against the probabilities of having asthma at 

thee age of six. We accounted for the clustering of an average of 3 children 

perr GP practice using robust variance estimators [15]. The matching proce-
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duree was accounted for by a special regression analysis that weights obser-

vationss by their sampling probability in each of the 16 strata [15]. 

Finally,, we compared the differences between the areas under the curve 

(AUC)) corresponding to the model without and with the RAST-results. The 

finall versions of the two logistic regression models were fitted 10 000 times 

usingg bootstrap methodology and the 10 000 corresponding differences 

betweenn the AUCs were used to construct a more robust confidence interval 

aroundd this AUC difference. 

Data-analysiss was performed with SPSS 10.0 for Windows, except for the 

standardd errors of the predicted probabilities and the bootstrapping proce-

dure,, which were calculated using STATA 7.0. 

Results s 

Duringg the inclusion period, 654 children were eligible, 83 of them (12.7%) 

weree IgE positive for cat, dog and/or house dust mite. 96 test-negatives were 

selectedd from the remaining 571 IgE negative children matching the IgE 

positivee children. At the age of six, 23 IgE positive children had been lost to 

follow-upp (Figure 7.1). The children lost to follow-up did not differ signifi-

cantlyy at inclusion from the children included in the final analysis. Thus 60 

IgEE positive and 96 IgE negative children were available for descriptive 

analysis.. 112 children having symptoms and/or using asthma medication 

weree invited for the lung function test. Complete results for lung function 

weree available for 72 out of these 112 children. No children showed airway 

obstructionn as assessed by FEV, (FEV, <75% FEV^pred). Challenge showed 

566 children with low PC20 (Table 7.1). 

Twenty-sevenn children did not attend the lung function test or had an insuffi-

cientt technique, so we had 27 missing values on the dependent variable. In 

thiss group of children, both children with and children without symptoms 

droppedd out. No significant differences were found in the distributions of 

otherr test results. For six children we could not reconstruct a value for 

130 0 ACCURACYY OF SPECIFIC IgE IN PREDICTING ASTHMA CHAPTER 7 



wheezingg from the records or questionnaires. Thus regression analyses were 

performedd on 123 children. The median number of days of coughing before 

thee index visit to the GP was 14 days {IQR= 7-25 days). Table 7.2 shows 

theirr general characteristics. Thirty-three (26.8%) children were identified as 

havingg asthma: 23 (54.8%) IgE positive and 10 (12.3%) IgE negative chil-

dren. . 

Tablee 7.1 Clinical characteristics of the children in the study (n= 123)1 

total l 
(n=(n= 123) 

Clinicall characteristics 

usee of asthma medication during previous 12 months according 
too parents 23(18.7) 

respiratoryy symptoms ever 
wheezee 70 (56.9) 
shortnesss of breath 26(21.1) 

respiratoryy symptoms in previous 12 months 40 (32.5) 
wheezee 29 (23.6) 
coughingg 50 (40.7) 

wheezingg at time of inclusion 51 (41.5) 

Lungg function characteristics 

FVCC as % of predicted2 

FEV,, as % of predicted2 

PC200 (mg/ml)*2 

PC200 (n, %)*2 

noo responsiveness 
mildd responsiveness 
moderatee responsiveness 
severee responsiveness 

dataa expressed as numbers (percentages), means ( + sd) or geometric means (95% CI) 

11 27 children did not attend spirometry or were afraid of challenge testing 
22 children with complete data on the lung function tests, n= 72 

98.88 (11.3) 

107.11 (11.7) 

3.0(3.3) ) 

155 (21.1) 
299 (40.8) 
244 (33.8) 

33 (4.2) 
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Tablee 7.2 Patient characteristics of the children in the study population (n= 123) 

gender r 

total l 

nn total 123(100) 

asthmaa 33 (26.8) 

boyss 68 (55.3) 
girlss 55 (44.7) 

rurall region 70 (56.9) 

urbann region 53 (43.1) 

meann age at time of 1st RAST in months (  sd) 34.3 ) 

agee at time of 1st RAST (inclusion) (years) 

11 24(19.5) 
22 46(37.4) 
33 35 (28.5) 
44 18(14.6) 

specificc IgE (1st RAST) 42(34.1) 

numberr of positive RAST-scores (1st RAST) 
0 0 
1 1 
2 2 
3 3 

specificc IgE in 1st RAST to 
cat t 
housee dust mite 
dog g 

totall IgE (95% CI) in lU/ml (1st RAST) 

positivee family history of asthma 

positivee family history of allergy for 
house-dustt mites 
pollen n 
animals s 

dataa expressed as numbers (percentages), means (  sd) or geometric means (95% CI) 

811 (65.9) 
344 (27.6) 

5(4.1) ) 
33 (2.4) 

14(11.4) ) 
29(23.6) ) 

10(8.1) ) 

29.7(0.9-933.6) ) 

355 (28.5) 

37(30.1) ) 
37(30.1) ) 
366 (29.3) 
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ProbabilityProbability  of  developing  asthma  at the age of  6 

Thee prediction model included age at inclusion, wheezing, and family 

historyy of pollen-allergy (Table 7.3). Adjustment for the matching procedure 

yieldedd similar results as the unadjusted analysis (data not shown). There-

fore,, the latter was used. 

Tablee 7.3 Results from logistic regression analyses (odds ratios (with 95% CI) and regres-
sionn coefficients) for two models with demographic variables, variables with 
respectt to clinical history and specific IgE. All variables included in the model 
weree present (= 1) or absent (= 0) at inclusion. Dependent variable is asthma 
(n== 123), children without asthma used as references. 

asthma'' p asthma2 p 

3-44 years of age at inclusion 2.0(1.0-4.0) 0.7 1.7(0.8-3.7) 0.5 

positivee family history of allergy 

forpol lenn 3.3(1.4-7.5) 1.2 2.4(0.9-6.1) 0.9 

wheezee at inclusion 7.2(2.6-20.1) 2.0 17.9(5.0-63.5) 2.9 

specificc IgE (>0.5 lU/ml) 18.7(5.4-64.3) 2.9 

11 model with demographic variables and clinical history ( n - 123), intercept of the 
model:: -2.7 

11 as 1 but model includes specific IgE, intercept of the model: -4.3 

modell 1: Score = 0.7*(3-4 years of age) + 1.2*familial allergy for pollen + 2.0*wheeze 

modell 2: Score = 0.5*(3-4 years of age) + 0.9*familial allergy for pollen + 2.9*wheeze 
++ 2.9*specific IgE 

Forr both scores the corresponding probabilities of developing asthma can be calculated 
fromm Pr = 1/(1 +&*<**+«**"*&) 

Forr example: The score of a three year old girl, presenting with coughing complaints and 
havingg a positive family history of pollen-allergy and who tests negative on all 'tests' that 
makee up the clinical history, would be 1.9, which is associated with an asthma probability 
off 29.6%J. After a negative IgE test result her score wil l be 1.4 and the probability of 
developingg asthma for this girl decreases to 4 .9%\ After a positive IgE test result her score 
wil ll be 4.3 and her probability increases to 49.2%\ This can also be seen in figures 7.2a 
andd 7.2b. 
33 minor differences occur in computer derived probabilities and scoring derived proba-

bilitiess due to rounding of the coefficients in the scoring formula 
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Thee summed scores ranged from 0 to 3.9 for the model without specific IgE 

(modell 1) and from 0 to 7.2 for the model containing specific IgE (model 2), 

w i thh corresponding predictive values ranging from 6 . 1 % to 75.2% for 

modell 1 (Figure 7.2a) and from 1.3% to 94.5% for model 2 (Figure 7.2b). 

Afterr the IgE test, the number of children in the extremes of the distribution 

increasedd at the expense of the middle range, indicating increased discrimi-

nation.. The area under the curve (AUC) for the model containing items 

obtainedd by history increases from 0.76 (95 C l = 0.68-0.85) to 0.87 (95% 

C l == 0.80-0.94) when specific IgE is added (Figure 7.3). Bootstrap methodol-

ogyy yielded confidence intervals from 0.65 to 0.84 for model 1 and 0.78 to 

0.922 for model 2; the 95% confidence interval for the AUC difference was 

fromm 0.04 to 0.22. 

Figuree 7.2a Relation of scores (derived from 3-4 year olds, wheezing, familial allergy for 

pollen)) to probability of developing asthma. Straight line represents a three 

yearr old girl with a positive family history of pollen allergy (before IgE test) 
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70 0 
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50 0 

40 0 
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20 0 
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Forr each covariate pattern the probability of developing asthma can be 

calculatedd before and after a RAST-result. For example, a three year old 

childd that wheezes and has a negative family history of pollen-allergy had a 

probabilityy of developing asthma of 48.1%. After a negative or a positive 

RAST,, his/her probability changed to 28.3% and 88.1%, respectively. Con-

siderr a CP who is willing to start treatment if the probability of developing 

asthmaa is greater than 50%. Since the covariate patterns without wheeze all 

yieldd probabilities less than 50%, the GP will refrain from treatment. Not 

evenn a positive RAST will change this and can therefore be omitted in these 

cases.. By contrast, for the covariate patterns with wheeze and a negative 

familyy history of pollen-allergy, the RAST may very well change the treat-

mentt decision. 

Figuree 7.2b Relation of scores (derived from 3-4 year olds, wheezing, familial allergy for 

pollenn and specific IgE) to probability of presence of asthma. Lines represent 

girll with a positive family history of pollen allergy after a negative (1) and after 

aa positive (2) IgE test. 
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Figuree 7.3 ROC for the models with asthma as the dependent variable. The first model 

(1)) contains age and variables obtained by clinical history, and the second (2) 

containss age, clinical history and specific IgE. 
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Dataa not bootstrapped: 

1.. model with age and clinical history (wheeze and family history for pollen-allergy) 

AUC== 0.76 95% Cl= 0.68-0.85 

2.. model with age, clinical history and specific IgE 

AUC== 0.87 95% Cl= 0.80-0.94 

AUCC model 1 vs. AUC model 2: 

AUCC difference» 0.11,x2 = 5.61, P= 0.0179 

Dataa bootstrapped: 

1.. model with age and clinical history (wheeze and family history for pollen-allergy) 

A U OO 0.76 95% Cl= 0.65-0.84 

2.. model with age, clinical history and specific IgE 

AUC== 0.87 95% Cl= 0.78-0.92 

AUCC difference = 0.11, 95% Cl= 0.04-0.22 
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Discussion n 

Inn this study, we have investigated the diagnostic accuracy of IgE tests 

(RAST)) to cat, dog and house dust mite for the prediction of asthma at the 

agee of 6 in under-fives presenting with complaints of persistent coughing in 

primaryy care. After considering patient characteristics and clinical history, 

IgEE testing improved the predictive accuracy, as indicated by an increase of 

thee area under the curve by 11%. Furthermore, IgE testing improved patient 

discriminationn as indicated by a change in the range of asthma probabilities 

fromm 6 to 75% pre-test to 1 to 95% post-test. 

Ass was found in other studies [7,16], wheezing appears to be an important 

predictorr of asthma. Children who did not wheeze had a less than 50% 

probabilityy of developing asthma, even after a positive IgE test. For purposes 

off illustration, we used a 50% probability of asthma as a threshold for a GP 

too decide whether or not to start treatment. In reality, GPs' treatment thresh-

oldss may differ. Unfortunately, our study cannot answer the question where 

aa threshold should be. Ultimately, that question can only be addressed by 

formall cost-effectiveness or cost-utility analyses. The current study may 

informm such analyses, which may then clarify the proper role of testing for 

IgE.. Three other studies [17-19] examined specific IgE as a diagnostic tool 

forr asthma and found that it was important in predicting asthma. These 

resultss are in line with our study, although the children in these studies had 

wheezingg as a presenting symptom and the studies were hospital-based. 

Theree are some limitations to this study. First, this study being based in 

generall practice, the predictive function we constructed is likely to be valid 

forr children who present at GPs' surgeries, and not necessarily for children 

inn the general population. This is important as most research on asthma and 

allergyy in children is either population-based or hospital-based and results 

fromm these studies cannot be applied straightforwardly to the primary care 

situation. . 

Thee second limitation is that some children may have received some form(s) 

off (intermittent) treatment. These were not included in the model. This 
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impliess that the predictive function we describe may be valid under current 

treatmentt practices according to international guidelines. If early treatments 

doo not influence the probability of asthma at 6, the function may have wider 

applicability.. Currently, the impact of treatment is still controversial 

[5,20,21],, although there is evidence that early treatment, e.g. inhaled 

corticosteroids,, might improve lung function on the long run. In that case in 

generall practice, where most children with asthma are diagnosed, identify-

ingg those young children with a high enough probability of developing 

asthmaa is of clinical relevance [21,22]. 

Dataa on wheezing was not collected at baseline. Therefore, we recon-

structedd this variable from the retrospective review of the medical records 

andd questionnaires completed after inclusion. If some random mis-classifi-

cationn is assumed, wheezing may play an even more discriminative role 

thann reported here. There was no significant difference between reported 

wheezee in the IgE negative and IgE positive children at inclusion. Thus, 

childrenn in families with a heightened awareness of atopy were not more 

likelyy to have reported wheeze and therefore have them recorded. 

Ideallyy speaking, all children at follow-up should have had the same diag-

nosticc procedures. However, in this study, asthma was defined as the pres-

encee of asthma related symptoms or use of asthma medication in the previ-

ouss 12 months, and a positive test result (a positive histamine test) on the 

lungg function test. This means that children without asthma related symp-

tomss or medication in the previous 12 months will be diagnosed as not 

havingg asthma. Therefore, in symptom-free children a lung function test was 

nott performed because it does not have any additional value for the diagno-

siss of asthma. 

Inn diagnostic cohort studies, in contrast to etiologic studies, the emphasis is 

nott on some exposure of interest whose influence is to be quantified and 

adjustedd for confounding factors. Rather, the contrasts in patients' test results 

(wheree 'tests' include clinical history items) are used to predict the likeli-

hoodd of asthma at a later point in time. This also implies that the analysis is 
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centredd around efficiency, that is, optimal prediction using information that 

becomess available early in the diagnostic work-up and often virtually for 

freee (clinical history). Next, the diagnostic impact of added information that 

doess not come for free (lab test, imaging) is estimated conditional on the 

informationn already available. So, the issue of confounding in etiologic 

cohortss changes into an issue of redundancy of diagnostic information in 

studiess such as the current one [23]. 

Ideally,, a prediction rule should be derived, and then validated prospec-

tivelyy on a separate population. Although we used bootstrapping tech-

niques,, the results are likely to be somewhat less robust when applying 

themm to a separate population [24]. Therefore, the prediction rule should be 

validatedd in another primary care population. 

Inn conclusion, assessment of specific IgE to inhalants may be helpful in 

discriminatingg children with persistent cough (>5 days) who will and will 

nott develop asthma at the age of six. In particular, children who wheeze 

mayy be usefully categorised into low and high risk groups. A simple scoring 

formulaa using wheeze and a family history of pollen-allergy in coughing 

childrenn younger than 5 years of age may support GPs to selectively order 

ann IgE test. 
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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. 

Introduction 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-

144 4 EARLYY VS. LATE SENSITIZATION AND ASTHMA CHAPTER 8 



• • 

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). 

Patientss and Methods 

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 
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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. 

Results 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. 

Discussion 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 

150 0 EARLYY VS. LATE SENSITIZATION AND ASTHMA CHAPTER 8 



• • 

[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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Methodologicall issues 

Inn this final chapter, some methodological issues of the findings and implica-

tionss for daily practice are raised. The findings, particularly those of our 

studyy on IgE antibodies as to the prediction of asthma, invite further discus-

sion,, which will focus on the definition of asthma, diagnostic studies, and 

generalizability. . 

Wee developed a clinical prediction rule to assess the predictive accuracy of 

IgEE tests in the diagnosis of asthma. Given the diagnostic information from 

thee clinical history, IgE tests provided additional information on the proba-

bilityy of asthma. The results of our study in coughing children agree with the 

resultss from earlier studies [1-3]. In these studies in wheezing children, the 

valuee of IgE tests was examined in isolation, without reference to diagnostic 

informationn that is available in a diagnostic work-up in practice. 

Onee study [4] also developed a clinical index or prediction rule, but did not 

evaluatee the added value of the tests. Their stringent and loose index in-

cludedd frequent wheeze under the age of three, parental history of asthma 

orr eczema, eosinophilia, wheezing without colds, and allergic rhinitis. 

However,, this study was performed in an open population and it is therefore 

questionablee whether it is applicable in a general practice setting. In addi-

tion,, the definition of asthma was left to the individual physicians or was 

basedd on more than three episodes of wheezing during the previous year. 

DefinitionDefinition  of  asthma  /'gold  standard' 

Inn many diagnostic studies it is important to have a technique that measures 

thee presence of the target disease in an objective and independent way, 

whichh is 100% valid. Such a technique is called a reference standard or 

'goldd standard' [5]. However, for asthma in young children no such tech-

niquee exists [6,7]. In our studies we used both a doctor's diagnosis of asthma 

(inn chapter 6) and asthma based on a lung function test and symptoms 

(chapterss 7 and 8). Since the medical record's study (chapter 6) was per-

formedd when the children were younger than six years of age, we had to 
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departt from a doctor's diagnosis of asthma. In the study presented in chap-

terss 7 and 8, we were able to define asthma consistently, basing it on symp-

tomss and/or medication and lung function test result. In addition, the GPs 

weree asked whether the children had been given an asthma diagnosis. There 

weree 108 children with both asthma according to the study criteria and on 

theirr GP's judgement. These two diagnoses of asthma did not match very 

well,, with K = 0 . 5 1 . We calculated a 18.5% disagreement between 

physician-basedd diagnosis of asthma and asthma according to the study 

criteria;; if asthma based on symptoms and lung function is considered to be 

thee gold standard, GPs both underdiagnose (17%) and overdiagnose (26%) 

asthma.. We decided not to use the physician-based classification in the final 

analysiss of this study. In our study, lung function was tested by one pulmo-

naryy nurse according to a standard protocol [8], whereas a physician-based 

diagnosiss of asthma was given by forty-seven GPs who had not been in-

structedd how to diagnose asthma according to a common algorithm. Since, 

inn theory, each GP may have used his own "algorithm", the diagnostic 

indicatorss whose predictive impact we might want to calculate are not 

interpretable.. Although GPs usually diagnose asthma according to the Dutch 

guideliness for General Practitioners [9], these guidelines leave much room 

forr interpretation, e.g. most airway symptoms are not quantified. In conclu-

sion,, the results of a predictive function cannot be interpreted without a 

protocoll for diagnosing asthma. 

DiagnosticDiagnostic  study 

Diagnosticc practice is a process that starts with a patient with symptoms and 

signs.. To get more diagnostic certainty in the discrimination of presence or 

absencee of the disease, the results of added laboratory tests can be used. The 

aimm in diagnostic studies is to find those determinants or tests that together 

discriminatee best between absence and presence of target disease. First, 

optimall prediction pursued using information that become available early in 

thee diagnostic work-up and often virtually for free (clinical history, physical 
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examination).. Next, the diagnostic impact of added information that does 

nott come for free (lab tests, imaging) is estimated conditional on the infor-

mationn already available. 

Thee prediction rules we constructed should be tested in another primary 

caree population as these prediction rules usually perform better in a popula-

tionn in which the rule is constructed than in an independent data set [10]. 

Therefore,, a resampling technique called bootstrapping was used to adjust 

regressionn coefficients and counteract over-optimism [10]. However, re-

searchh shows that even after resampling techniques, external validation of a 

predictionn model is still necessary before implementation in practice [11]. 

Generalizability:Generalizability:  general  practice 

Forr theoretical and empirical reasons, the idea that there is one sensitivity or 

specificityy associated with a particular kind of test irrespective of other 

clinicall circumstances should generally be given up. It is unlikely that, for 

example,, the association between wheezing and asthma is identical in a 

groupp of children in the open population, a general practice population, and 

aa population seen by a pulmonologist. Whereas in our study wheezing 

provedd to be strongly associated with (the development of) asthma, a 

pulmonologistt may find weaker associations, since it may be expected that 

wheezingg will be present in almost all children s/he suspects of having 

asthma.. Learning that a child wheezes, does not give the pulmonologist 

additionall diagnostic information. 

Thee implication for the model that we developed is that its applicability is 

limitedd to a general practice population. In theory, the predictive function in 

e.g.. chapter 7 would be valid in the open population if the parents' decision 

too visit the GP was completely unrelated to the probability of asthma being 

presentt at the age of six. We think that the latter is too extreme an assump-

tion.. However, from the outset the aim of the study has been to produce a 

predictivee instrument for GPs, and the selection step introduced by the 

parentss should not be seen as a bias. 
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Inn diagnostic studies, patients should be selected on the basis of the present-

ingg problem that triggers a particular set of differential diagnostic possibili-

ties.. In our study, the presenting complaint was coughing for at least five 

consecutivee days, presented in general practice. The criterion of five days of 

coughingg is an arbitrary criterion. This criterion was chosen after consulta-

tionn with the participating GPs. They said that, in general practice, children 

withh "simple" respiratory infections would have been excluded after five 

days.. Indeed, in our population of pre-school children presenting with 

coughingg for at least five days, 13% of these children were sensitized (>0.5 

U/ml)) to mites and animal dander. This indicates that this rather simple 

criterionn is of great value for general practice. Coughing for five days or 

moree seems to be a relevant first selection criterion to identify sensitization 

amongg these children. 

TreatmentTreatment  paradox 

Ourr predictive model did not involve treatment. Some children in the study 

mayy have received some form(s) of (intermittent) treatment, which -if 

effective-- may have influenced the health status at the age of six. Under such 

circumstances,, a model's predictive power is reduced unless treatment is 

explicitlyy incorporated in the model. It is currently controversial to which 

extentt asthma treatment may cure or prevent asthma, thus causing 

misclassificationn on health status in our model. The picture becomes slightly 

moree complicated when one realizes that a lung function test does not have 

aa dichotomous result inherently, but is interpreted as positive or negative 

basedd on a cut-off value. This implies that even treatment that partly im-

provess some aspects of airway functioning may cause some misclassification 

onn health status. Assuming that the prevalence of effective treatment in our 

studyy population is typical of that in a general practice setting, the overall 

predictivee power of our model might still hold. However, for particular 

individuall children the estimated probabilities may be wrong dependent on 

theirr treatment. 
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Inn some cases, the knowledge of the child's allergy-status shortly after the 

firstt blood sample was taken, could have altered the management over the 

follow-upp period. Furthermore, it can have improved the symptoms of the 

childrenn or altered symptom-perception by the parents. As the definition of 

asthmaa was based on both symptoms and/or medication and lung function, 

thiss might have influenced the development (or diagnosis of) asthma. In that 

case,, our study would have underestimated the association between IgE and 

asthma.. The above-mentioned mechanisms appear to have been small or 

non-operativee as judged by the fact that analyses with asthma based on lung 

functionn only showed similar results for the estimated probabilities and ROC 

curve. . 

Implicationss for future research and daily practice 

Althoughh many researchers have studied asthma and allergy, this study is 

onee of the few constructing a clinical prediction rule and evaluating the 

addedd value of allergy tests for the diagnosis of asthma in young children in 

generall practice. 

IgEE testing in children under four is not in line with the Dutch guidelines for 

Generall Practitioners [9]. In these guidelines, allergy testing in these chil-

drenn is not recommended because it is argued that a negative test does not 

rulee out that a child will become positive in the future. In our study, 12.3% 

off the children younger than four years of age were sensitized. If GPs ad-

heredd to the NHG-guidelines, these children would not have been tested in 

dailyy life. Not knowing whether a child is sensitized or not can have impli-

cationss for adequate treatment and management as well as for future 

asthma. . 

Recurrentt cough is a very common childhood symptom. For GPs, especially 

thee young pre-school coughing children who will or will not develop 

asthmaa are difficult to recognize. We provided practical information on 

probabilitiess of sensitization and asthma for different patient profiles that 

160 0 METHODOLOGICALL ISSUES CHAPTER 



• • 

mightt support the GP in decision making in persistently coughing children. 

Allergyy tests may guide the physician to tailor asthma therapy. Further re-

searchh is necessary to evaluate their true value to physicians and to show 

whetherr they lead to better therapeutic interventions and prognosis. The 

rolee of allergy tests needs to be explored further in both coughing and 

wheezingg children. 

Wee only evaluated the added value of allergy tests in the prediction of 

asthma.. Other tests, that are easily performed or less troublesome for pa-

tientss in general practice, might provide even better information on the 

predictionn of asthma and allergy in general practice. Consequently, if prac-

ticee changes, the prediction rule should be re-examined. 
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Chapterr 1 

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. 

Thee introduction started with definitions of allergy and asthma and con-

cludedd that there is no agreed definition of asthma in young, pre-school 

children.. This was followed by a description of immunological aspects of 

thee allergy and asthma processes. The essence of the allergic response is the 

productionn of IgE to the allergen. However, the immune system can also 

decidee to produce IgG. Children with a classical atopic allergy have an 

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

IgG).. This increased sensitivity possibly reflects a general problem in the 

mucosaa or an enhanced immunological reactivity. Therefore it was sug-

gestedd that IgG hyperactivity could be used as a surrogate marker of suscep-

tibilityy to IgE hyperresponsiveness. 

Next,, the prevalences of sensitization and asthma in different populations 

weree discussed as well as issues related to the diagnosis of allergy and 

asthma.. Though diagnosing is not an aim in itself, it is relevant for giving a 

prognosiss and has consequences for treatment. In children beyond the age 

off six, a diagnosis of asthma usually involves assessments of pulmonary 

function.. For younger children, however, the equipment for assessing lung 

functionn is neither easily nor routinely used. Therefore, the diagnosis of 

asthmaa in pre-school children is primarily a clinical diagnosis based on the 

presencee of symptoms {i.e. the presence of recurrent coughing and wheez-

ing)) and physical examination. However, for children under 5 without or 

withh (a doctor's diagnosis of) asthma, the most important reason for an 

encounterr with their GPs is a period of coughing. Furthermore, in the major-

ityy of pre-school children these symptoms do not persist and not every child 

thatt wheezes or coughs has asthma or will eventually develop asthma. For a 
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GP,, it is difficult to recognize in which children the symptoms will persist 

andd will develop into asthma and which children will recover. 

Thesee observations gave rise to the three aims of our study. The first aim of 

thee thesis was to determine whether or not an increased IgG antibody titre 

too foods is an indicator for an increased risk to develop an inhalation allergy 

inn young, initially non-sensitized children, in a low-medium risk population. 

Wee considered three explanations for this association: 1) both reflect en-

hancedd immunological activity, 2) there is an increased permeability to 

macromoleculess and 3) there is immunological cross-reactivity between 

foodd antigens and inhalant allergens. 

Furthermore,, our study was aimed at the phase in life in which the produc-

tionn of IgE antibodies is induced. Therefore our second aim was to find risk 

andd predictive factors for the development of sensitization in these young 

children,, in general practice. 

Thee third aim was to assess the predictive accuracy for asthma at the age of 

sixx of IgE tests to cat, dog and house dust mite in these children and to 

developp a diagnostic prediction rule for children presenting with complaints 

off coughing at the GP's surgery. 

Too assess the first and second aim, a prospective study in general practice 

wass designed in which the development of IgE antibodies in initially IgE 

negativee children after two years of follow-up was studied. To assess the 

thirdd aim, a sample of the IgE negative children and the IgE positive children 

weree followed until their sixth birthday to determine their asthma-status. 

Chapterr 2 

Thee subject of this chapter was the modified procedure we used to measure 

IgE.. Allergen-specific IgE in the patient's serum can be tested by using a 

RASTT (radioallergosorbent test). In general, serologic IgE testing is performed 
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byy using serum, obtained by venepuncture. However, a venepuncture 

sometimess leads to objections from the parents and GPs. Therefore, for the 

presentt study, we investigated the possibility to measure total and specific 

IgEE with capillary blood obtained by a finger prick, which was adsorbed on 

filterr paper (blood spot procedure). A finger prick is easy to perform and can 

bee done by the CP's medical assistant. Furthermore, we found that the filter 

paperr with the blood sample can easily be sent in a plastic envelope to the 

laboratory.. Because smaller amounts of blood, only three drops, are needed, 

thee assays for measuring total serum IgE and specific IgE had to be adjusted. 

Inn this chapter, we showed that the results of our method compared well 

withh those of a standard RAST. This convenient method for obtaining blood 

iss a useful procedure in young children in daily practice. 

Chapterr 3 and 4 

Inn these chapters, the first aim of the study was dealt with: we examined 

whetherr a relatively strong, but in itself not pathogenic immunological 

reactionn to foods was more often found in children who develop an allergy 

forr inhaled allergens at a later age. To measure whether a child's immune 

systemm is hyperresponsive, it is best to use a weak antigen to which every-

bodyy is exposed but to which not everybody reacts immunologically. IgG to 

foodss was thought to be such an indicator. 

Inn a cross-sectional study in the BOKAAL-population (chapter 3), we first 

investigatedd whether there was a relation at all between IgG to foods (i.e. 

mixturee of wheat and rice, mixture of soy bean and peanut, egg white, 

cow'ss milk, meat, orange and potato) and IgE to cat, dog, house dust mite, 

eggg and cow's milk (defined as atopy in this study). This study was per-

formedd in a subgroup of the BOKAAL-cohort: 120 atopic and 144 non-

atopicc one year old children. We found a strong relationship between atopy 

andd IgG to foods (66-percentiles), especially for egg white (OR= 7.5, 95% 

Cl== 4.2-13.4), orange (OR= 4.0, 95% Cl= 2.3-6.8), mixture of wheat and 

166 6 SUMMARYY CHAPTER 10 



ricee <OR= 4.8, 95% Cl= 2.8-8.3), both in children with and without ec-

zemaa in this cross-sectional study. 

Inn the longitudinal follow-up study (presented in chapter 4), we examined 

3977 initially IgE negative children of whom 51 had become IgE positive for 

cat,, dog and/or house dust mite during two years of follow-up. We con-

firmedd that children with increased IgG antibody levels to foods (66-percen-

tiles),, especially orange (unadjusted OR= 2.0, 95% Cl= 1.1-3.7) and mix-

turee of wheat and rice (unadjusted OR= 2.2, 95% Cl= 1.2-3.9), have a 

higherr risk of developing IgE to inhalants. 

Thee results of this study did not support cross-reactivity of foods with inhal-

antt allergens as the main explanation for the association between IgG to 

foodss and IgE to inhalants. It was suggested that this association is an expres-

sionn of hyperreactivity of the immune system, either reacting sooner or 

slowingg down less fast, or both. 

Thus,, an increased level of IgG to certain foods indicates that children have 

aa higher risk of developing IgE to inhalants, and could be an indicator for 

riskk evaluation: which children need to be watched. However, IgG as an 

indicatorr was not as good as we expected from earlier studies. Because of a 

loww positive predictive value (16.5%) at a prevalence of 12.8% in this 

group,, a low specificity (53.0%) and a low sensitivity (63.0%), IgG to foods 

iss not useful in general clinical practice, but it may be useful as a screening 

testt in epidemiological studies. 

Chapterr 5 

Inn this chapter, we showed that in our study population of young coughing 

children,, the frequency of sensitization to house dust mite, cat or dog at 

recruitmentt was 13% for the total group (1-4 years old), using a RAST cut-off 

valuee of 0.5 U/ml. Even in children younger than three years of age, distinct 

positivee IgE levels to inhalants were found with a relatively high frequency 
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(111 % sensitized). However, in general practice, 8-10 children would have to 

bee tested to find one sensitized child. Therefore, we investigated whether 

theree are profiles of clinical history associated with extreme (high or low) 

probabilitiess of allergic sensitization. If the diagnostic examination shows a 

loww probability of sensitization, then a watchful waiting strategy may be 

considered.. We developed a scoring formula for the prediction of sensitiza-

tion,, using the available data from the clinical history of 640 coughing 

childrenn (13% sensitized). Five predictors obtained from the clinical history 

(agee (3-4 years}, infantile eczema, positive family history of mite-allergy, 

sibling(s)) with pollen-allergy, and smoking by parents) contributed to distin-

guishingg children who are at a high or a low risk of sensitization to house 

dustt mite, cat, and dog. If none or one of these characteristics was present in 

thee patient's profile, the probability of sensitization was less than 25%. If the 

CPP only tests coughing children if the probability of being sensitized is at 

leastt 25% (an arbitrary cut-off), the RAST can be omitted in 80% of the one 

too four year old children. At what point a GP considers the probability high 

enoughh to test, depends on the degree of uncertainty and on the number of 

unnecessaryy tested children the GP is willing to accept. In this chapter, we 

providedd practical information on probabilities of sensitization for different 

profiless in persistently coughing children that might support the GP in de-

cidingg whether or not to do a RAST. A negative RAST helps to exclude 

sensitization,, whereas a positive RAST helps to establish the diagnosis. The 

question,, which we cannot answer with our study, is when a probability is 

sufficientt to base subsequent treatment activities upon. 

Chapterr 6 

Inn this study, we tried to assess whether young initially IgE negative, who 

becamee sensitized to specific inhalation allergens, presented more frequent-

lyy and with other allergy- and asthma-related symptoms to their GP than the 

childrenn who remained IgE negative. In chapter 6, the results of a medical 
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record'ss review are presented. In this analysis, we wanted to investigate the 

associationn between the development of sensitization and asthma related 

symptomss in the initially IgE negative children by symptoms found in the 

medicall records. This was studied among 162 IgE negative coughing chil-

drenn in our study of whom 27 (17%) had become IgE positive to common 

aero-allergenss (house dust mite, cat and/or dog) during follow-up (30 

months).. Although the majority of the children visited their GPs for respira-

toryy symptoms, the medical record's review showed that the sero-converted 

childrenn had consulted the GP more frequently and with more specific 

respiratoryy symptoms (shortness of breath (52% IgE positives vs. 19% IgE 

negatives),, wheezing (37% vs. 17%), allergic rhinitis or conjunctivitis (33% 

vs.. 16%) and pneumonia (22% vs. 8%)) than the children who remained IgE 

negative.. We found that sensitization was associated with a family history of 

atopy,, breast-feeding, higher age, shortness of breath (> 1 visit) and wheeze 

(>22 visits). 

Subsequently,, we found that sensitization to mite or dander allergens meant 

aa three-fold higher risk of receiving a doctor's diagnosis of (allergic) asthma. 

Inn total 27.2% (44/162) of the children had been given a doctor's diagnosis 

off asthma after follow-up: 48% (13/27) of the sensitized children and 23% 

(31/135)) of the children who remained IgE negative. Furthermore, we calcu-

latedd the predictive values of allergy testing on a doctor's diagnosis of 

asthmaa for children with airway symptoms. The predictive value of being 

IgEE positive (PPV) for wheezing children (>1 visit for wheeze) on asthma 

wass 90.0% (9/10). For recurrent coughing (>6 visits) and shortness of breath, 

thee PPVs were 73% and 71 %, respectively. Thus, the results from the medi-

call records' review indicate that it is possible to identify young children (<6 

years)) at high risk for becoming sensitized by their respiratory symptoms. 
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Chapterr 7 

Inn chapters 5 and 6, we focussed on the identification of allergic sensitiza-

tionn in young children presenting with coughing in general practice. In the 

studyy presented in chapter 7, we wanted to assess the predictive accuracy of 

sensitizationn to inhalant allergens for a diagnosis of asthma at the age of six 

forr the children in our study. We defined asthma as a combination of air-

wayss symptoms and/or use of asthma-medication during the past twelve 

monthss and an impaired lung function (a positive bronchial histamine chal-

lenge,, defined as PC20<8 mg/ml). To be able to measure the children's 

asthma-status,, the IgE positive and a sample of the IgE negative children 

weree followed-up until they were six years of age. We wanted to develop a 

scoringg formula to be able to predict asthma at the age of six. Special atten-

tionn was paid to the predictive accuracy of IgE tests in addition to the easier 

obtainablee information from the clinical history. The idea was that a scoring 

formulaa could help us in an early diagnosis and in addition in starting early 

therapy. . 

Amongg 123 sensitized and non-sensitized young children, we evaluated the 

diagnosticc value of patient history and the added value of allergy testing, 

accordingg to the order in which data become available in general practice. 

Thiss was done by constructing a multivariate diagnostic model without IgE 

testingg and constructing the same model with the inclusion of the IgE vari-

able.. After considering patient characteristics and clinical history (predictors 

weree age at inclusion, family history of pollen-allergy, and wheezing at 

inclusion),, IgE testing improved the predictive accuracy, as indicated by an 

increasee of the area under the curve (of the ROC curve) by 11 % (P-value = 

0.02).. Furthermore, IgE testing improved patient discrimination as indicated 

byy a change in the range of asthma probabilities from 6 to 75% pre-test to 1 

too 95% post-test. For each patient profile, we calculated the probabilities of 

developingg asthma before and after the IgE test, using the formula: probabil-

ity== 1/(1 +e"lscore+OTns,ant>). By applying this formula, the GP can predict 

asthmaa in young children. 
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Inn this study, the absence of wheezing was important in the formula: chil-

drenn who did not wheeze had a less than 50% probability of developing 

asthma,, even with a positive IgE test. For children who wheezed at inclu-

sion,, an allergy test was needed to discriminate between the children with 

andd without asthma: the probability increased to more than 80% with a 

positivee test, and was less than 50% after a negative test, depending on the 

child'ss profile. 

Thus,, depending on the child's profile, testing young children can help a GP 

inn predicting whether a child has a high probability of becoming asthmatic. 

Whenn according to the CP, this probability is sufficiently high, s/he can 

decidee to start (pharmacological) treatment. 

Chapterr 8 

Inn the Dutch guidelines for General Practitioners, allergy testing in children 

underr four is not recommended, because a negative test does not rule out 

thatt a child will become positive in the future. In this chapter, we studied 

whetherr the children who had become sensitized after their fourth birthday 

(latee sensitizers) had developed asthma at the age of 6 and whether they 

weree at the same risk of developing asthma as the early sensitized children 

(<44 years). If the risk of developing asthma for the late sensitizers is equal to 

thee risk of the early sensitizers, the recommendations in the guidelines are 

nott supported. The results showed that 64% of the early sensitizers and 12% 

off the never sensitized children had developed asthma, whereas none of the 

latee onset sensitizers had. The risk of becoming asthmatic at the age of six 

forr these late onset sensitizers was similar to the risk of the never sensitizers, 

whereass the risk for the early onset sensitizers was significantly higher, even 

inn strata of family history and infantile eczema. 

Thus,, sensitization to aero-allergens before the age of four is important in 

thee development of asthma at the age of six. However, our findings should 
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bee studied in a larger study, as the group of children becoming sensitized 

afterr their fourth birthday was small (5/96) in this study, furthermore these 

childrenn might develop asthma at an older age in life. 

Chapterr 9 

Inn chapter 9 some methodological issues on the studies described in this 

thesiss were raised. We focussed on the definition of asthma in the medical 

record'ss study (chapter 6) and the study described in chapter 7, diagnostic 

studies,, generalizability and the applicability of our study in practice, treat-

mentt paradox and finally, implications for further research. 
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Hoofdstukk 1 

Atopischee ziekten komen veel voor bij kinderen. We weten echter niet 

waaromm sommige mensen allergisch worden en anderen niet. Ook weten 

wee niet waarom de één allergisch wordt voor bijvoorbeeld kattenharen en 

dee ander voor huisstofmijt. Wel is bekend dat erfelijkheid een belangrijke 

factorr is. Ook omgevingsfactoren spelen een belangrijke rol, maar het is niet 

bekendd op welke manier. 

Hoofdstukk 1 geeft een beschrijving van de (immunologische) processen die 

eenn rol spelen bij allergie en astma. Het lichaam van een allergisch persoon 

reageertt op stoffen (allergenen) waarvan niet-allergische personen geen last 

hebben.. Een allergie gaat vaak gepaard met de productie van een speciaal 

typee antistof, IgE, tegen het allergeen ( = lgE-sensibilisatie). Maar ook andere 

antistoffenn zoals IgG kunnen een rol spelen bij allergie. Kinderen met klas-

siekee atopie hebben vaak een gevoelig immuunsysteem. Meting van IgG 

tegenn antigenen waaraan iedereen wordt blootgesteld, maar waartegen niet 

iedereenn IgE maakt (zoals voedingsmiddelen), zou kunnen worden gebruikt 

omm te testen of een kind een gevoelig immuunsysteem heeft en IgE tegen 

inhalatie-allergenenn gaat ontwikkelen. Drie mogelijke verklaringen voor de 

associatiee tussen IgG tegen voedingsmiddelen en IgE tegen inhalatie-allerge-

nenn zijn: 1) beide geven verhoogde immunologische activiteit weer, 2) er is 

verhoogdee permeabiliteit voor macromoleculen en 3) er is immunologische 

kruisreactiviteitt tussen voedingsantigenen en inhalatie-allergenen. 

Inn hoofdstuk 1 wordt geconcludeerd dat er geen algemeen geaccepteerde 

definitiee van astma bij jonge kinderen (1-4 jaar) is. Ook is er geen test om 

astmaa te kunnen vaststellen bij deze jonge kinderen. Bij kinderen ouder dan 

66 jaar wordt vaak een longfunctietest gedaan om astma te diagnosticeren. 

Bijj jongere kinderen is dit meestal nog niet mogelijk. Daarom is de diagnose 

bijj kinderen jonger dan 6 jaar vaak een klinische diagnose gebaseerd op de 

aanwezigheidd van symptomen als hoesten en piepen, en een lichamelijk 

onderzoek. . 
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Hoestenn komt veel voor bij jonge kinderen. Voor kinderen onder de 4 jaar 

iss het de klacht waarvoor de huisarts het meest wordt bezocht. Voor huisart-

senn is het moeilijk om tussen de jonge kinderen met hoestklachten die 

kinderenn eruit te halen die een hoger risico op astma hebben. De meeste 

kinderenn met hoesten als het enige symptoom ontwikkelen namelijk geen 

astma. . 

Ditt proefschrift heeft drie doelstellingen. Het eerste doe! is te bepalen of een 

verhoogdee IgG-antistof-titer tegen voedingsmiddelen een indicator is voor 

eenn verhoogde kans op het ontwikkelen van een inhalatie-allergie bij jonge, 

aanvankelijkk niet gesensibiliseerde kinderen, in een laag-medium risico 

populatie.. Het tweede doel is het verkrijgen van inzicht in risico-factoren en 

voorspellerss voor de ontwikkeling van sensibilisatie van jonge kinderen in 

dee huisartsenpraktijk. De derde doelstelling is het vaststellen van de voor-

spellendee waarde voor astma op de leeftijd van 6 jaar aan de hand van IgE-

testenn tegen kat, hond en huisstofmijt op jongere leeftijd en het ontwikkelen 

vann een diagnostische formule om astma te voorspellen bij kinderen met 

hoestklachtenn in de huisartsenpraktijk. 

Voorr de eerste twee doelstellingen is een prospectieve studie in de huisart-

senpraktijkk opgezet. Deze bestudeert de ontwikkeling van IgE-antistoffen bij 

jongee aanvankelijk IgE-negatieve kinderen na twee jaar follow-up. Voor de 

derdee doelstelling is een deel van de IgE-negatieve kinderen en de IgE-posi-

tievee kinderen gevolgd tot hun zesde jaar. Op dat moment kan worden 

bepaaldd of ze astma hebben ontwikkeld. 

Hoofdstukk 2 

Hett tweede hoofdstuk beschrijft de (ontwikkeling van de) aangepaste metho-

dee die we hebben gebruikt om IgE te meten. Allergeen-specifiek IgE in het 

serumm van de patiënt kan worden bepaald door gebruik te maken van de 

RASTT (radioallergosorbent test). Normaal gesproken wordt daarvoor serum 
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gebruiktt dat wordt verkregen via venapunctie. In sommige gevallen is vena-

punctiee echter niet zo geschikt en blijkt dit op bezwaren te stuiten van 

ouderss en huisartsen. Daarom hebben wij in deze studie onderzocht of we 

totaall en allergeen-specifiek IgE konden meten door capillair bloed te ge-

bruikenn dat wordt afgenomen met een vingerprikje. Dit bloed wordt vervol-

genss opgevangen op een filtreerpapiertje ("bloedspot"). Een vingerprikje is 

makkelijkk uit te voeren en kan bijvoorbeeld worden gedaan door de assis-

tentee van de huisarts. De bloedspot op het filtreerpapiertje wordt vervolgens 

inn een plastic envelop naar het laboratorium gestuurd. 

Omm met slechts drie druppels bloed voldoende gevoelige bepalingen te 

doen,, zijn de standaardmethoden voor het meten van totaal serum IgE en 

specifiekk IgE aangepast ("bloedspotprocedure"). Hoofdstuk 2 laat zien dat de 

resultatenn van deze nieuwe methode goed overeenkomen met de standaard-

RAST.. Deze methode om bloed af te nemen en IgE te meten blijkt bruikbaar 

enn gemakkelijk voor het testen van jonge kinderen in de huisartsenpraktijk. 

Hoofdstukk 3 en 4 

Dezee hoofdstukken behandelen de eerste doelstelling van de studie. De 

vraagg is of een relatief sterke {maar op zich zelf niet ziek-makende) immuno-

logischee reactie tegen voedingsmiddelen vaker wordt gevonden bij kinderen 

diee later een allergie voor inhaleerbare allergenen (allergenen van huisstof-

mijtenn en/of huisdieren) ontwikkelen. 

Allereerstt is in een cross-sectionele studie (hoofdstuk 3) onderzocht óf er 

eenn relatie is tussen IgG tegen voedingsmiddelen en atopie. In deze studie is 

atopiee gedefinieerd als de aanwezigheid van IgE tegen huisstofmijt, kat, 

hond,, ei en koemelk. We hebben voor deze studie gegevens gebruikt van 

1200 atopische en 144 ni et-atopisch e 1-jarige kinderen van het Bokaal-cohort 

(Bokaall staat voor: Borstvoeding en koemelk afwisselend: allergie?). Deze 

kinderenn werden getest op de aanwezigheid van IgE-antistoffen tegen kat, 
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hond,, huisstofmijt, ei en koemelk en op de aanwezigheid van IgG tegen 

voedselantigenenn (sinaasappel, aardappel, eiwit, koemelk, mengsel van soja 

enn pinda, varkensvlees en mengsel van tarwe en rijst). 

Wee hebben een sterke relatie gevonden tussen atopie en de 66-percentielen 

vann IgG tegen voedingsmiddelen, met name voor eiwit <OR= 7.5, 95% Cl = 

4.2-13.4),, sinaasappel (OR= 4.0, 95% Cl= 2.3-6.8) en tarwe-rijst mengsel 

(OR== 4.8, 95% Cl= 2.8-8.3), zowel bij kinderen met als kinderen zonder 

eczeem. . 

Inn een longitudinale studie (hoofdstuk 4) hebben we vervolgens 397 aan-

vankelijkk IgE-negatieve kinderen onderzocht. Deze kinderen waren bij de 

huisartss geweest met langdurig hoesten. Na twee jaar follow-up zijn 51 van 

dezee IgE-negatieve kinderen IgE-positief geworden voor huisstofmijt, kat 

en/off hond. Zoals we ook in de cross-sectionele studie hebben gevonden, 

hebbenn ook in deze studie kinderen met verhoogde IgG-antistof waarden 

tegenn voedingsmiddelen (66-percentiel), met name sinaasappel (ongecorri-

geerdee OR= 2.0, 95% Cl= 1.1-3.7) en tarwe-rijst mengsel (ongecorrigeerde 

OR== 2.2, 95% Cl= 1.2-3.9) een hoger risico op het ontwikkelen van IgE 

tegenn inhalatie-allergenen dan IgE-negatieve kinderen. 

Inn de inleiding van dit proefschrift hebben we drie verklaringen gegeven 

voorr de relatie tussen IgG tegen voedingsmiddelen en IgE tegen inhalatie-

allergenen.. De resultaten van deze studie ondersteunen kruisreactiviteit van 

voedingsmiddelenn met inhalatie-allergenen niet als de belangrijkste verkla-

ringg voor de associatie tussen IgG tegen voedingsmiddelen en IgE tegen 

inhalatie-allergenen.. Het is aannemelijker dat deze associatie een uiting is 

vann hyperreactiviteit van het immuunsysteem, dat hetzij sneller reageert, 

hetzijj minder snel afgeremd wordt, hetzij beide. 

Eenn verhoogd IgG tegen bepaalde voedingsmiddelen wijst er op dat kinde-

renn een hoger risico hebben op het ontwikkelen van IgE tegen inhalatie-

allergenen.. IgG tegen voedingsmiddelen zou derhalve een indicator kunnen 

zijnn voor risico-evaluatie: welke kinderen moeten in de gaten worden ge-

houden?? IgG als indicator is echter niet zo goed als we hadden verwacht op 

grondd van eerdere studies. Vanwege een lage positief voorspellende waarde 
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(16.5%)) bij een prevalentie van 12.8% in deze groep en een lage specifici-

teitt (53.0%) en een lage sensitiviteit (63.0%), is IgG tegen voedingsmiddelen 

niett erg bruikbaar in de dagelijkse klinische praktijk, maar kan bruikbaar 

zijnn als screeningtest in epidemiologische studies. 

Hoofdstukk 5 

Dee frequentie van allergeen-specifiek IgE tegen huisstofmijt, kat en hond in 

onzee groep jonge hoestende kinderen bij inclusie was 13% voor de totale 

groepp (1-4 jarigen) bij een RAST-grenswaarde van 0.5 U/ml. In de groep 

kinderenn jonger dan 3 jaar was 11 % gesensibiliseerd. Dit betekent voor de 

huisartsenpraktijkk dat 8-10 kinderen moeten worden geprikt om 1 positief 

kindd te vinden, als alle hoesters zouden worden geprikt. Daarom hebben 

wee onderzocht of er karakteristieken zijn in de anamnese of demografische 

kenmerkenn die geassocieerd zijn met extreme (hoge of lage) kansen op 

allergischee sensibilisatie bij kinderen. Als het diagnostisch onderzoek een 

lagee kans op sensibilisatie geeft, dan kan de huisarts "afwachten". Om de 

kanss op sensibilisatie te voorspellen, hebben we een scoringsformule ont-

wikkeld,, waarbij gebruik wordt gemaakt van de aanwezige informatie uit de 

anamnesee van 640 hoestende kinderen (van wie 13% was gesensibiliseerd). 

Inn deze studie blijkt dat vijf voorspellers uit de anamnese en patiëntken-

merkenn bijdragen aan het onderscheid tussen kinderen met een hoog of een 

laagg risico op sensibilisatie tegen huisstofmijt, kat en/of hond. Deze voor-

spellerss zijn: leeftijd (3-4 jaar), aanwezigheid van eczeem/dauwworm, 

positievee familie-geschiedenis van mijt-allergie, broertjes/zusjes met pollen-

allergiee en roken door de ouders. Als geen of één van deze kenmerken 

aanwezigg is in het profiel van het kind, dan is de kans op sensibilisatie 

minderr dan 25%. Als de huisarts alleen hoestende kinderen test als de kans 

opp sensibilisatie minstens 25% is {wat een arbitraire grens is), dan hoeft 80% 

vann de 1- tot 4-jarige kinderen geen allergietest te ondergaan (vergeleken 
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mett wanneer alle hoestende kinderen zouden worden prikken). Het beslis-

momentt waarbij de huisarts vindt dat de kans hoog genoeg is om te testen, 

iss afhankelijk van de onzekerheid en het aantal onnodig geteste kinderen 

datt de huisarts wil accepteren. In dit hoofdstuk hebben we praktische infor-

matiee gegeven over kansen op sensibilisatie voor verschillende profielen 

vann langdurig hoestende kinderen om de huisarts te helpen bij de beslissing 

omm wel of niet een RAST te doen. Een negatieve RAST helpt om sensibilisa-

tiee uit te sluiten, terwijl een positieve RAST kan helpen om de diagnose te 

bevestigen.. De vraag, die we in deze studie niet kunnen beantwoorden, is 

wanneerr een kans hoog genoeg is om vervolgens een behandelingsstrategie 

opp te baseren. 

Hoofdstukk 6 

Inn de studie beschreven in hoofdstuk 6 hebben we onderzocht of aanvan-

kelijkk IgE-negatieve kinderen die IgE-positief zijn geworden, vaker bij de 

huisartss zijn geweest en met andere allergische en astmatische symptomen 

dann kinderen die IgE-negatief zijn gebleven. Dit hoofdstuk laat de resultaten 

zienn van een medisch dossieronderzoek. Met deze analyses hebben we het 

verbandd onderzocht tussen de ontwikkeling van sensibilisatie en astma-

gerelateerdee symptomen bij aanvankelijk IgE-negatieve kinderen. Dit is 

bestudeerdd onder 162 IgE-negatieve hoestende kinderen in onze studie, van 

wiee er 27 (1 7%) IgE-positief zijn geworden voor huisstofmijt, kat en/of hond 

gedurendee 30 maanden follow-up. De klachten en symptomen hebben we 

uitt de medische dossiers bij de huisarts gehaald. Hoewel de meerderheid 

vann de kinderen hun huisarts heeft bezocht voor luchtwegklachten, laat het 

dossieronderzoekk zien dat de serogeconverteerde kinderen de huisarts vaker 

enn met specifiekere luchtwegklachten hebben geconsulteerd dan de kinde-

renn die IgE-negatief zijn gebleven. Tijdens follow-up kwam 52% van de IgE-

positievee kinderen voor kortademigheid bij de huisarts vergeleken met 19% 

vann de IgE-negatieven, 37% vergeleken met 1 7% voor piepen, 33% vergele-
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kenn met 16% voor allergische rhinitis of conjunctivitis en 22% vergeleken 

mett 8% voor pneumonie. We hebben gevonden dat seroconversie is geas-

socieerdd met een familiegeschiedenis van atopie, borstvoeding, oudere 

leeftijd,, kortademigheid (>1 bezoek) en piepen (>2 bezoeken). 

Ookk hebben we gevonden dat kinderen die IgE-positief zijn geworden voor 

huisstofmijt-,, kat- en/of hond-allergenen een drie keer zo hoge kans hebben 

opp het krijgen van een dokters diagnose (allergisch) astma. In totaal heeft 

27.2%% (44/162) van de kinderen een dokters diagnose astma gekregen na 

follow-up:: 48% (13/27) van de IgE-positieve kinderen en 23% (31/135) van 

dee IgE-negatieve kinderen. Daarnaast hebben we voor kinderen met lucht-

wegsymptomenn de voorspellende waarden berekend van een allergietest op 

hett krijgen van een dokters diagnose astma. De positief voorspellende 

waardee voor "IgE-positief zijn" voor kinderen met symptomen van piepen 

(>> 1 consult voor piepen) op een diagnose astma is 90.0% (9/10). Voor 

recidiverendd hoesten (>6 consulten) en kortademigheid zijn de positief 

voorspellendee waarden respectievelijk 73% en 71%. De resultaten van het 

dossieronderzoekk geven aan dat het mogelijk is om jonge kinderen (<6 

jaar)) met een hoog risico op sensibilisatie aan de hand van hun luchtweg-

symptomenn te identificeren. 

Hoofdstukk 7 

Inn de hoofdstukken 5 en 6 hebben we ons gericht op het bepalen van aller-

gischee sensibilisatie van jonge kinderen die met hoestklachten bij de huis-

artss komen. Het doel van de studie die in hoofdstuk 7 is beschreven is het 

vaststellenn van de voorspellende waarde van sensibilisatie tegen inhalatie-

allergenenn voor een astmadiagnose bij de 6-jarige kinderen in onze studie. 

Wee hebben een scoringsformule ontwikkeld om astma op 6-jarige leeftijd 

meee te kunnen voorspellen. Speciale aandacht hadden we hierbij voor de 

voorspellendee waarde van IgE-testen naast andere makkelijker verkrijgbare 
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informatiee uit de anamnese. Het idee is dat een scoringsformule ons kan 

helpenn bij het stellen van een vroege diagnose en het effectief starten van 

vroegee therapie. In dit hoofdstuk hebben we astma gedefinieerd als een 

combinatiee van luchtwegklachten en/of astmamedicatiegebruik in de afgelo-

penn 12 maanden en een positieve longfunctie (dat wil zeggen een positieve 

histaminetest,, gedefinieerd als PC20<8 mg/ml). We hebben alle IgE-positie-

vee en een deel van de IgE-negatieve kinderen gevolgd tot hun zesde verjaar-

dag.. Op dat moment hebben we bepaald of de kinderen astma hebben. 

Onderr 123 IgE-positieve en IgE-negatieve kinderen hebben we de diagnosti-

schee waarde van de patiëntkenmerken en anamnese geëvalueerd en de 

toegevoegdee waarde van een allergietest. Om de handelswijze van een 

huisartss te volgen hebben we eerst een (multivariabel) diagnostisch model 

gemaaktt met demografische kenmerken en anamnese-variabelen. Daarna 

hebbenn we gekeken of een IgE-test iets toevoegt aan deze demografische 

kenmerkenn en anamnese. Het blijkt dat naast demografische kenmerken en 

anamnesee {leeftijd bij inclusie, familiegeschiedenis van pollenallergie en 

piepenn bij inclusie) IgE-testen de voorspellende waarde verbeteren. Dit is te 

zienn aan het oppervlakte onder de Receiver Operating Characteristics-curve 

diee stijgt met 11% (P-waarde = 0.02). De allergietest verbetert ook het 

onderscheidd tussen kinderen met astma en kinderen zonder astma. Dit is te 

zienn aan de verandering van het bereik van de kansen op astma van 6 tot 

75%% voor de allergietest tot 1 tot 95% na de allergietest. 

Voorr elk profiel hebben we de kans op het ontwikkelen van astma voor en 

naa de allergietest berekend door gebruik te maken van de formule: kans = 

1/(11 +e(score+consönte)) D o o r d e z e formu|e t o e t e p a s s e n kan de huisarts astma 

bijj jonge kinderen voorspellen. 

Dee afwezigheid van piepen is belangrijk in de scoringsformule: kinderen die 

geenn last hebben van piepen, hebben minder dan 50% kans op het ontwik-

kelenn van astma, zelfs na een positieve allergietest. Voor kinderen die bij de 

inclusiee wel piepen, is een allergietest nodig om onderscheid te maken 

tussenn de kinderen met en de kinderen zonder astma: de kans op astma 
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stijgtt naar meer dan 80% na een positieve test en is minder dan 50% na een 

negatievee test, afhankelijk van de andere kenmerken van het kind. 

Afhankelijkk van het profiel van het kind kan het testen van jonge kinderen 

opp allergie de huisarts helpen te voorspellen of een kind een hoge kans 

heeftt om astma te ontwikkelen. Als de huisarts de kans hoog genoeg vindt, 

kann deze besluiten te starten met behandeling. 

Hoofdstukk 8 

Inn de huidige astmastandaard van het Nederlands Huisarts Genootschap 

(NHG)) is geen plaats voor het testen op allergie bij kinderen onder de 4 

jaar.. Dit omdat een negatieve test niet uitsluit dat een kind positief wordt in 

dee toekomst. In hoofdstuk 8 hebben we bekeken of kinderen die na hun 

vierdee verjaardag gesensibiliseerd worden (de "late sensibiliseerden") het-

zelfdee risico hebben om astma te ontwikkelen als de vroeg gesensibiliseerde 

kinderenn die vóór hun vierde verjaardag allergisch zijn geworden. Als het 

risicoo op astma voor de op latere leeftijd gesensibiliseerde kinderen gelijk is 

aann het risico van de vroeg gesensibiliseerden, dan worden de aanbeveling-

enn in de NHG-standaard niet ondersteund. De resultaten tonen aan dat 64% 

vann de vroeg gesensibiliseerde en 12% van de nooit gesensibiliseerde kin-

derenn astma hebben ontwikkeld, terwijl geen enkel laat gesensibiliseerd 

kindd astma heeft ontwikkeld. Het risico op astma op 6-jarige leeftijd is voor 

dee laat gesensibiliseerden gelijk aan het risico van de nooit gesensibiliseerde 

kinderen.. Het risico voor de vroeg gesensibiliseerden is significant hoger, 

ookk als we rekening houden met familiegeschiedenis en eczeem/dauw-

worm. . 

Sensibilisatiee voor inhalatie-allergenen vóór de leeftijd van 4 jaar blijkt 

belangrijkk te zijn voor het hebben van astma op 6-jarige leeftijd. Onze 

bevindingenn moeten echter worden bestudeerd in een grotere studie omdat 

dee groep kinderen die IgE-positief is geworden na hun vierde verjaardag in 
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dezee studie heel klein is (5/96). Daarnaast is het mogelijk dat deze kinderen 

opp een latere leeftijd astma ontwikkelen. 

Hoofdstukk 9 

Hoofdstukk 9 gaat ter afsluiting in op een aantal methodologische onderwer-

penn die in dit proefschrift aan de orde komen. In dit hoofdstuk vergelijken 

wee de definitie van astma in de dossieronderzoekstudie (hoofdstuk 6) en de 

definitiee van astma in de studie die beschreven is in hoofdstuk 7. Daarnaast 

bestedenn we aandacht aan enkele punten met betrekking tot diagnostische 

studies,, generaliseerbaarheid en de toepasbaarheid van onze studie in de 

praktijk,, de 'behandelingsparadox' en ten slotte de gevolgen voor verder 

onderzoek. . 
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