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Summary

Background It is uncertain as to what extent the development of allergic disease
in childhood is predictable during early infancy. A number of environmental factors
have been suspected of increasing the risk of acquiring allergy, but the evidence is
conflicting.

Objective To observe the development of atopy and allergic disease in a cohort of high-
risk children so as to determine the importance of certain environmental factors and to study
the relationship between early and later manifestations.

Methods A cohort of infants, all at high risk of allergy, was followed up from birth to the
age of 7 years. In half, selected at random, cow’s milk protein was avoided for 4 months.
Skin-prick tests were performed and serum IgE measured in infancy and at 7 years, when an
AlaTOP test was also performed.

Results Skin sensitivity to egg in the first year of life was strongly associated with eczema,
asthma, mite sensitivity and serum IgE at the age of 7 years, when mother’s atopic history
was associated with AlaTOP status, father’s atopic history with skin sensitivity, and male
sex with both. Maternal smoking during pregnancy was associated positively with IgE at 3
months and negatively with skin sensitivity at 7 years. The development of allergy was
unrelated to infant feeding method or number of older siblings.

Conclusion Allergic disease in childhood is to a large degree determined before birth or
during infancy.
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medication) are more likely to be found and will be most
worthwhile.
The ability to predict which infants will acquire allergic A first degree family history of atopic disease is known to
disease is potentially important in two ways. Firstly, it carry a higher risk for the infant. Cord blood IgE concentra-
reflects the extent to which babies arrive in the worldtion was thought to be a good predictive test [1,2]; but more
already predisposed to become allergic. This predispositionecent studies have shown that its sensitivity is rather low
will of course have a genetic component, but it may alsq3-5]. During infancy IgE levels have some predictive
involve environmental factors that operate antenatallwalue; in an American cohort, serum IgE at 9 months of
and are in principle open to intervention. Secondly, in scage was higher in children who wheezed up to the age of 6
far as allergic disease can be predicted, it is possible tyears than in other children [6].
identify infants at very high risk in whom the benefits Various environmental factors have been suspected to
of prophylactic intervention (by allergen avoidance orinfluence the risk of allergy antenatally or neonatally, such
as maternal smoking, breast-feeding, other foods (particu-
Correspondence: Dr M. L. Burr, Centre for Applied Public Health Iarly cow’s mllk), number  of Slbllngs, b|rthwe|ght, and_
Medicine, University of Wales College of Medicine, Temple of Peace €XPOSUre to inhaled allergens, such as the house dust mite.
and Health, Cathays Park, Cardiff, CF1 3NW, UK. Much of the evidence is conflicting — thus early feeding
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with cow’s milk has been associated with allergy bothBermuda grass, birch tree, Japanese cedar tree, ragweed,
positively [7—9] and negatively [10]. plantain,Parietaria, D. pteronyssinuscat, dog Penicillium

A cohort study was set up comprising infants with a notatumandAlternaria tenuisthe test is designed for use in
family history of atopy. It incorporated a randomized trial of a wide variety of countries, so not all of the constituent
withholding cow’s milk protein from half the participants allergens are encountered in the UK.
during the first 4 months of life [11]; other potential  Association between categorical variables was examined
determinants were recorded prospectively. This paper praisingx? tests; where one variable was ordinal, {5eest for
sents the development of atopy and allergic disease up to theend was used. The distributions of some of the variables
age of 7 years in this cohort; other findings have alreadywere highly non-normal; in some cases transformations
been published [12]. were used to reduce the skewness before comparing
means, while in others non-parametric tests were employed
to compare medians. In investigating possible risk factors,
multiple logistic regression was used to identify factors
The subjects in this study formed a cohort that was identifiedvhich made independent contributions. The analysis was
antenatally as being at high risk of allergy. A questionnaireperformed using SPSS for Windows.
completed by women in the antenatal clinics of two areas of The approval of the local Ethics Committee was obtained
south Wales enquired whether they, their husband or theifor both stages of the study.
children had ever had asthma, eczema or hay fever. Those
who answered affirmatively were invited to participate in
this study. A randomized controlled trial was conducted,
half the mothers being advised to avoid giving their babieOf the 497 babies in the original cohort, 440 were seen at the
any food containing cow’s milk protein for 4 months, while age of 7 years, and detailed questionnaires were completed
a soya preparation was given to those who were not breagr another 13 children who were living outside the original
feeding. Samples of maternal and cord blood were taken foarea. Because of the missing information on some children
measurement of IgE and 1gG4 concentrations; further samat each stage in the study, there were differences in the
ples were taken from the babies when they were 3 monthsiumbers available for the various analyses. Skin tests were
The intention was to repeat the blood tests at 12 months, byterformed on 437 children at age 7; 109 of these had at least
it was found that venepuncture at this age caused somene weal of diameter 3 mm or more and were designated as
distress to the infants and their mothers, so the proceduratopic, while the other 328 children were considered to be
was discontinued and results are available only for a subsethon-atopic.
Skin tests for common allergens were performed at 6 and 12 Table 1 shows the humbers of children who had positive
months. The parents were asked at 3, 6 and 12 monthskin tests (of 3mm diameter or more) to the five antigens
whether the child had wheezed or been treated by a doctdahat were used on all three occasions. Egg was the antigen
for eczema. Various other details were recorded, includinghat most commonly gave a positive reaction at 6 months
weight and head circumference at birth, duration of breasaind one year (in 7% of children on each occasion), but it had
feeding (if any), pet ownership, and the presence of dampleclined in importance by 7 years to affect only 1%. Cat
patches and mould on the inside walls of the house. Abouallergy increased from 1% at 6 months to 5% at 1 year, with
the time of the second to the sixth birthdays the parents wera further rise to 9% by 7 years. A striking rise in mite
sent an annual questionnaire asking whether they hasensitivity appeared between 1 and 7 years, to become the
consulted a doctor about the child, whether the child hadnost frequent allergy (19%). Grass pollen sensitivity, rare in
wheezed, and whether the child had been treated for
eczema, during the past 12 months. About the time of thaable 1. Numbers (%) of positive skin tests to certain antigens on
seventh birthday each child was invited to a clinic where adifferent occasions
guestionnaire was administered, skin tests were performed
(for egg, milk, cat, mite, grass pollen and mixed moulds),

Subjects and methods

Results

blood_was taken for AIaTQP testing, and the children wereAntigen E:]n;o;;gs n iﬁe%r N i)ge;rs
examined by a paediatrician.

Sera were analysed for Total IgE (AIaSTATEIA - ¢ 34 (7.1) 34 (7.1) 4 (0.9)
Diagnostic Products Corp., Los Angeles, USA) and forpk 3(0.6) 3(0.6) 4 (0.9)
inhalant IgE antibodies using the AlaTOP — EIA multi- cat 5 (1.0) 25 (5.2) 40 (9.2)
allergen screen (Diagnostic Products Corp.) according to th#fite 1(0.2) 8 (1.7) 84 (19.2)
manufacturers’ recommendations [13]. The AlaTORest  Grass pollen 1(0.2) 2 (0.4) 55 (12.6)

comprises aero-allergens from 12 sources: timothy grass
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Table 2.Relationship between egg skin test at 6 months and seruritable 4. Relationship between symptoms reported annually and

IgE AlaTOP status at age 7
Egg positive Egg negative Odds ratios (95% ClI) for positive AlaTOP test
at 6 months a 6 months Age
(years) Eczema Asthma Wheeze
Age Median IgE Median IgE
(years) No. kU/L No. kU/L P-value 0-1 2.42 (1.43, 4.09) - 0.94 (0.58, 1.55)
0-2 1.58 (0.87, 2.86) 0.96 (0.24,3.8) 0.76 (0.47, 1.24)
3 months 32 2.85 413 14 0.00017 0-3 1.67 (0.93,3.01) 2.68(1.99, 7.15) 1.22 (0.74, 1.99)
1 year 6 74 60 6.4 0.004 0-4 1.66 (0.81, 3.44) 2.92(1.22,7.00) 1.96 (1.20, 3.18)
7 years 24 162.5 315 40 0.0001 0-5 1.43 (0.70, 2.90) 2.46 (1.15,5.85) 1.77 (1.08, 2.90)
0-6 0.98 (0.45, 2.13) 2.87 (1.31, 6.27) 1.95(1.19, 3.22)
0-7 1.41(0.87,2.27) 2.76 (1.60, 4.76) 2.29 (1.40, 3.76)
0-7 1.64 (1.03, 2.64) 3.09 (1.83,5.24) 1.25(0.75, 2.07)

Table 3. Relationship between symptoms reported annually and
positive egg skin test at 6 months

and wheeze as reported by the parents during each of the 7

Odds ratios (95% ClI) for positive egg test years (except for asthma in the first year). For eczema and
Age asthma all the odds ratios are greater than 1 (i.e. there is a
(years) Eczema Asthma Wheeze positive relationship between the skin test and the symp-
0-1 557 (2.70, 11.5) 0.93 (0.44, 1.97) tom), significantly so on several occasions, including the
02 365(174,769) 238(050,112) 01028, 13052 IO YES ST B o S iae t
0-3 1.90 (0.85, 4.25) 1.87 (0.53,6.62) 1.43(0.69, 2.94) L . . .
0-4 1.10(0.37,3.27) 4.09 (1.62,10.3) 2.20 (1.08, 4.50) the width of the confidence intervals. The odds ratios for
0-5 152 (0.56,4.14) 2.70(1.10, 6.63) 1.70 (0.82, 3.52) Wheeze were lower than those for asthma. At each year,
0-6 1.59 (0.58, 4.34) 2.58 (0.99, 6.69) 2.02 (0.98, 4.18)asthma was also associated with positive skin tests to cats
0-7 3.55(1.70,7.43) 2.63(1.26,5.51) 2.56 (1.25, 5.24)and feathers at 1 year of age, the odds ratios for ages 0—7
0-7  4.25(1.80,10.0) 2.23 (1.07,4.66) 0.85 (0.41, 1.78)years being 5.54 for cats (95% CI 2.41, 12.8) and 3.22 for

feathers (95% CI 1.38, 7.54). For eczema these relationships
were less consistent.
the first year of life, also became common (12.6%) at 7 The AlaTOP test was performed in 338 children at age 7.
years. Of the other antigens that were used, none producemong the 104 who were AlaTOP-positive, 79 were atopic
positive reactions in more than five subjects (1%) at 6as judged by skin tests, and among the 234 who were
months, but at one year 26 children (5.5%) were sensitivélaTOP-negative 232 were non-atopic. Table 4 shows the
to feathers and 17 (3.6%) to house dust, while at 7 yearsdds ratios for eczema, asthma and wheeze in relation to a
eight children (1.8%) were sensitive to a mould mixture thatpositive AlaTOP. There was a significant association with
includedAlternaria and Cladosporium There was a strong eczema during the first year of life, and a significant
relationship between egg sensitivity at 6 months and miteassociation with asthma after the age of 2 years, showing
sensitivity at 7 years among the 427 children who were skinthat AlaTOP-positive children at age 7 have been at higher
tested on both occasions: 16 out of 31 who were eggrisk of atopic disease since birth. Again, the relationship
positive, and 66 out of 396 who were egg-negative,with wheeze was similar to that with asthma, only weaker.
became mite-positive at 7 yeai3<0.001). Information about hay fever was available only at age 7; a
Table 2 shows median IgE concentrations in the childrerhistory of the disease at any time was strongly related to a
who had positive and negative skin tests to egg at 6 monthgositive AlaTOP test (odds ratio 2.65, 95% CI 1.43, 4.88).
It is clear that egg sensitivity at that age is associated with The results of univariate logistic regression analysis of
higher IgE levels, not only in infancy but at the age of 7 various factors in relation to the skin sensitivity and AlaTOP
years. The children destined to become atopic at the age oftést are shown in Table 5. Significant associations with
years had significantly higher IgE levels at birth, at 3 monthsgither or both of these tests occurred for parental history,
and at 7 years, when median IgE concentrations were 148 andale sex, maternal IgE, cord IgE, and 3 months IgE
31 kU/L in atopics and nonatopics, respectively. (positive), and for maternal smoking during pregnancy
Table 3 shows the relationship between a positive eggnd pet ownership at 1 year (negative). Maternal smoking
skin test at 6 months and the occurrence of eczema, asthniiabits in pregnancy and at 1 year were so similar that their
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Table 5. Results of univariate logistic regression analysis of associations between
skin sensitivity and AlaTOP test at 7 years and variables recorded in infancy

Skin sensitivity AlaTOP test
Direction of Direction of
Variable association P-value association P-value
Father’s history Positive 0.02 Positive 0.39
Mother’s history Positive 0.09 Positive 0.005
Weeks breast fed Positive 0.06 Positive 0.63
Male sex Positive 0.045 Positive 0.01
No. older siblings Negative 0.13 Negative 0.12
Maternal smoking Negative 0.003 Negative 0.05
Mould on walls Negative 0.09 Negative 0.83
Pets Negative 0.12 Negative 0.02
Maternal IgE* Positive 0.005 Positive 0.004
Cord IgE* Positive 0.01 Positive 0.08
3 months IgE* Positive 0.02 Positive 0.003

*|og values.

effects could not be distinguished. The negative relationshipvere small. The number of prolonged colds during the first
between pets and AlaTOP was marginally greater for doggear of life was not related to atopic status at age 7. The
than for cats. There was a weak negative associationumber of older siblings was associated with the proportion
between mould growth and skin sensitivity (not statisticallywho wheezed at the age of 7 in the non-atopi¢s= 10.67,
significant). Further analysis showed no association$ =0.0011) but not in the atopics.

between skin sensitivity or AlaTOP test and randomization
group, social class, dampness, birthweight, head Circumferlf)iscussion
ence, or serum IgG4 in the mother, in cord blood, or at three

months. Multivariate logistic regression analysis was theriThe 7-year follow-up of these children shows that the
undertaken, using nine variables: paternal and materngroups destined to be atopic and non-atopic at the age of
allergic histories, maternal smoking, social class, randomi7 years were different in several respects during the first
zation group, sex, humber of older siblings, duration ofyear of life. Thus eczema in the first year of life was
breast-feeding, and pet ownership. The skin sensitivity waassociated with AlaTOP status at age 7, egg sensitization
positively associated with father’'s allergic history at 6 months was strongly associated with serum IgE, mite
(P=0.018) and negatively associated with maternal smoksensitivity and asthma at age 7, and IgE levels over the
ing (P=0.003); the AlaTOP status was significantly andwhole period were related to atopic status. The relationship
positively associated with mother’'s allergic history between cord IgE and subsequent atopy, although statisti-
(P=0.022) and male seXP(= 0.007), and negatively asso- cally significant, was too weak to be of much practical value
ciated with the ownership of pet® & 0.048). in predicting which children would become atopic, confirm-

The univariate analysis was repeated with the saméng our earlier findings on this cohort [3] and reports from
variables, using the consultant’'s diagnosis of asthmagther workers [4,5]. In so far as atopy at age 7 is predictable
eczema and hay fever at 7 years as outcome measures.the first year of life, its predictability probably represents
Male sex was associated positively with asthma and negaearly manifestations of genetic predisposition, although it
tively with eczema; there were no other significant associamay also reflect some environmental factors that operate
tions. antenatally or in infancy.

Maternal smoking during pregnancy was examined in The repeat skin tests show the order of appearance of
relation to serum IgE concentrations. The number of cigardifferent sensitivities and a marked change in their relative
ettes smoked per week during pregnancy was positivelyrequency over time. Of the antigens tested, egg was by far
associated with log IgE at 3 monthB£ 0.01). There was the most important among 6-month-old babies; during the
no association with log IgE in the cord blood or at 7 years;second 6 months of life the prevalence of egg sensitivity
the relationship at 1 year was not examined as the numbersmained constant while that of cat sensitivity rose steeply.

© 1997 Blackwell Science LtdZlinical and Experimental Allergy27, 1247—-1253
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By the age of 7 years the pattern had changed completelyn the present cohort, maternal smoking was related to
mite, grass pollen and cat became the predominant sensitiveported wheezing in the non-atopic but not in the atopic
ities, very few children being now sensitive to egg. Broadlychildren [12]; it was not possible to distinguish between the
similar findings were reported in a smaller study in whicheffects of antenatal and postnatal maternal smoking.
skin tests were performed annually up to the age of 5 years Reported relationships between breast-feeding and atopy
[14]. There are three possible explanations of this sequencéave been conflicting: several studies have shown a negative
Firstly, it may represent the order in which the allergens areassociation [7,9,24—27], some have shown no association
first encountered by the children. This does not seem verj14,28-30], while others have shown a positive association
likely. Secondly, egg antigen may be peculiarly effective in[31,32]. In the present study, duration of breast-feeding
switching on the allergic process, which then responds tshowed a non-significant positive association with atopic
other antigens. If so, withholding egg in infancy should status in the univariate analysis; it appeared to protect
prevent the development of allergy. Avoidance of ingestedagainst wheeze up to the age of 7 years in the non-atopics
and inhaled allergens has been shown to reduce the incenly [12]. Replacement of cow’s milk by a soya preparation
dence of allergy up to 2 years [15], but avoidance of fooddid not confer any protection, contrary to the findings of an
allergens (including egg) alone does not seem to be effectivearlier randomized trial, but this also involved the exclusion
[16]. Thirdly, the response to egg antigen may be an earlpf beef, chicken, egg and wheat products for the first 9
marker (though not a cause) of an allergic propensity, whichmonths of life [8].
later responds to inhaled allergens. In this case, egg avoid- Several studies have reported that the number of older
ance would merely postpone and not prevent the appearansélings is negatively associated with skin-prick reactivity
of allergic disease. Whatever the mechanism, it is clear thgB83,34], hay fever [35,36], wheeze [37], and asthma [36].
a positive response to egg at 6 months predicts miteThese associations were not confirmed in the present study,
sensitivity and asthma at age 7. although the number of older siblings was related to wheeze
The IgE-based AlaTOP test is designed to distinguishin the non-atopics. Maternal smoking, breast-feeding and
atopic from non-atopic persons in a wide variety of coun-older siblings probably influence the risk of infection; the
tries. It showed good overall agreement with the skin testsielationship between atopy and infection may not be the
and the two indices of allergy were broadly consistent insame in different populations.
their relationship with the various factors examined in the Seidmanet al. [38] reported an increased incidence of
univariate analysis. The association with male sex is welksthma among children whose birthweight was less than
established. Parental history of allergy is also well known ta2500 g. In the present study, birthweight was not related to
be a risk factor for atopy, and it was on the basis of a firstany of the outcome variables studied; the numbers were
degree family history that the children were selected in thevery much lower than in Seidman’s study, however, and
first place. Somewhat surprisingly, maternal history wasbabies weighing under 2000 g at birth were excluded. We
associated with AlaTOP status and paternal history wittdid not confirm the reported association with head circum-
positive skin tests. Other studies have tended to suggestfarence [39]. If these associations occur, they probably have
stronger role for maternal than for paternal history [17,18];only marginal importance in the overall cause of allergic
it is, however, possible that inaccuracies in the paternatlisease.
history (especially when it is obtained from the mother) Unexpectedly, pet ownership in infancy was negatively
cause its importance to be underestimated. associated with AlaTOP status at 7 years. This relationship
Maternal cigarette smoking appeared to raise IgE levelsnay be attributable to chance or confounding variables (e.qg.
in infancy, as reported by Magnusson [19]. The increase ira strong family history of allergy, which operates against the
serum IgE seemed to be transitory and was not associatéeeping of pets [40]), but it suggests that in this population
with atopy or disease at the age of 7 years. More unexpecteshrly exposure to pets is unlikely to increase the risk of
was the negative association between maternal smokingllergy to any great degree. As previously reported, cat
during pregnhancy and atopy (as judged by skin tests) at @dwnership during infancy was not related to skin sensitivity
years. Some studies have reported that maternal smoking tie cat antigen, nor was the level of mite antigen in household
related to asthma [20,21]. Adult smokers tend to have highedust related to the development of mite sensitivity [12].
serum IgE levels than non-smokers [22,23]; in one surveylhese antigens may be sufficiently ubiquitous for most
they also had a higher prevalence of positive skin tests [223usceptible children to become sensitized to them. The
but in another survey their prevalence of skin sensitivity wagpresence of moulds in infancy did not increase the risk of
significantly lower [23]. In the latter study the authors allergy; in fact there was a (non-significant) negative rela-
suggested that the findings might reflect a tendency fotionship. An association between current mould growth and
atopic subjects to avoid smoking, but it is quite possible thatvheeze has been reported [41,42] but was not found in this
smoking affects IgE and skin sensitivity in different ways. cohort [12].
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In conclusion, the results of this follow-up study draw  breast feeding, and respiratory infection in development of
attention to the continuity in the manifestations of allergy  allergic diseases. Arch Dis Child 1987; 62:338—44.
and atopy over the first 7 years of life. To some extent this!> DW, Matthews S, Matthews L, Stevens M, Ridout S, Twiselton
continuity reflects the genetic component in allergic disease. R» GrantC, Arshad SH. Effect of allergen avoidance in infancy
In so far as environmental factors influence the development ©" &llérgic manifestations at age two years. J Allergy Clin

of allergy, they must be looked for during infancy or in areas 'm'.mmOl 1994; 93:842-46.
' . . . . 16 Zeiger RS, Heller S, Mellon MH, Halsey JF, Hamburger RN,
that were not investigated in this cohort.

Sampson HA. Genetic and environmental factors affecting the
development of atopy through age 4 in children of atopic
parents: a prospective randomized study of food allergen
avoidance. Pediatr Allergy Immunol 1992; 3:110-27.
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ship between serum IgE levels at birth and subsequent inci-
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