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During the last three decades, a two- to threefold 
increase in the prevalence of major allergic diseases, 
i.e., bronchial asthma, allergic rhinitis, and atopic 
dermatitis, has been reported (1). Positive skin prick 
tests (“atopy”) and allergic diseases seem to be 
significantly more common in affluent than devel- 
oping countries (2). The results have been confirmed 
by validated questionnaires in the International 
Study of Asthma and Allergies in Childhood 
(ISAAC), in which information about allergic 
manifestations in several hundred thousand children 
from all over the world (3) has been collected. 

The importance of a family history of allergy for 
the development of allergic disease has been 
recognized for centuries. Subjects with a family 
history of allergy have a two- to threefold higher 
risk of developing allergic disease than subjects 
with no such history (41, and they are particularly 
prone to develop IgE antibodies and allergic 
manifestations if exposed to allergens at an early 
age (5). Many other risk factors for atopic allergy 
have been identified, such as exposure to tobacco 
smoking during pregnancy, infancy, and childhood 
(6); urban living (7); and indoor humidity or mold 
growth (8) (Fig. 1). These factors are important for 
the development and progression of atopic dis- 
eases, not only in affluent but also in developing 
societies (2). Therefore, prevention of atopic 
diseases should be possible by reducing exposure 
to known risk factors, particularly among those 
who are genetically predisposed to atopic allergy. 
Taken together, however, the cited risk factors can 
explain only a small part of the increase in atopic 
diseases during the last decades. Research efforts 
should focus on the cause(s) of the recent increase 
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in allergic disease - associated with a Western 
lifestyle and a high socioeconomic status. Preven- 
tive measures should reduce exposure to allergens 
and adjuvants known to cause allergic disease, 
particularly - but not exclusively - among those at 
high risk of developing allergy (primary preven- 
tion) and those who already suffer from allergy 
(secondary prevention). 

This paper will summarize attempts to predict 
and prevent the onset of atopic allergy; in 
particular, publications since 1982 (9). 

Prediction 
An evidence-based prevention program for sub- 
jects identified as at high risk of allergy is a 
prerequisite for attempts to predict allergy in 
healthy subjects (10). Subjects at high risk of 
allergy (>40%) may be identified as neonates or 
infants. Allergic diseases preferentially develop in 
genetically predisposed subjects in response to 
repeated contact with exogenous factors, and 
research has focused on various aspects of the 
family history of allergy and tests in the neonate 
indicating that the baby has or has not inherited a 
trait associated with atopic disease; e.g., a high 
serum IgE level. 

The usefulness of a particular test for the 
prediction of later developing atopic disease may 
be assessed by calculating the following: 

1) the sensitivity: the percentage of sick subjects 

2) the specificity: the percentage of healthy sub- 
identified by a positive test 

jects having a negative screening test 
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3) the positive predictive value: the percentage of 
subjects with a positive test developing disease 
during the observation period 

4) the negative predictive value: the percentage of 
subjects with a negative test not developing 
disease during the observation period. 

For a screening test to be useful, it is not enough 
to offer a high positive predictive value - the 
sensitivity of the test must be high or moderately 
high and the specificity must be high. A simple 
summary of all attempts to predict allergy accu- 
rately by tests is that no test meets all these criteria, 
nor is the family history of allergy particularly 
useful, but combinations of tests and a carefully 
taken family history may at least help to find 
candidates for clinical trials of prevention pro- 
grams. 

In the early 1970s, IgE determination with 
P R I S P  was compared with other methods (11). 
The PRIST method allowed the determination of 
low IgE concentrations. During the collection of a 
reference material of healthy, nonatopic children 
from nonatopic families, we found a considerable 
variation in IgE values in children of the same age 
(12). Among the healthy infants with the highest 
IgE values, the development of atopic disease 
during the subsequent 18 months was 10 times 
higher than if the serum IgE concentration was 
lower. A “predictive value” of a raised IgE level in 
cord blood was shown in a few cases (13). On the 
hypothesis that babies at high risk of allergy might 
be identified by adding neonatal IgE determination 
to a carefully taken family history of allergy, we 
started collecting cord serum samples from con- 
secutive live births in Linkoping, Sweden, in 1974. 
A few years later, cord-blood IgE values (with the 
PRIST method) and questionnaire data from the 
first 18 months of life were available from 1701 
children born in 1974-5, and 1654 of them were 

Allergens Smoke, damp buildings, 
urban living, ”western lifestyle”, 

inhalants socioeconomic factors 

RS virus (?) Other infections? 

Genes, Sensitization 
boys Inflammation PrimJary 1- rreactivity 

Secondary /r Symptoms 

Damage 
Prevention 

Tertiary 

Fig. I. Risk factors for development of atopic allergy, protec- 
tive factors, and potential means for prevention. 

Table 1. Examples of investigations used for prediction of allergic/atopic disease in 
healthy neonates, infants, and young children (reference citations in parentheses) 

Parents/siblings 

Mothers 

Neonates 

Family history of allergy (14. 15, 24) 

IgG/IgA to  cow’s milk, egg, and wheat in colostrum (26, 53) 

Serum IgE in cord blood (14. 18. 21-23, 54) 
Specific IgE (55, 56) 
IgG to milk, egg, and wheat (57) 
IgG anti-lgE (27) 
Eosinophils (24, 58) 
Platelets (24) 
Lymphocytes. cytokine profile, stimulation index of 

Phosphodiesterase/mononuclear leukocytes (62) 
Skin quality (24) 
Histamine skin prick test (24) 

Blood tests or skin tests as in neonates (59, 63. 64) 
Eosinophils (65) 
Metachromatic cells (66) 

mononuclear cells (28, 5 9 4 1 )  

Infants 

followed-up with questionnaires to 11 years of age 
(14-16). Questionnaire data had a high validity in a 
sample of the children seen by a pediatrician who 
was not aware of the cord-blood IgE value before 
either a cumulative diagnosis of allergic disease had 
been established or no allergy had been found. The 
positive predictive value of a high cord-blood IgE 
level (20.9 kUA) was about 8O%, confirming the 
initial results. However, the sensitivity of the test 
was only 26% for any atopic disease manifestation 
from birth to 11 years of age. The sensitivity was 
higher for more serious and multiple manifesta- 
tions or allergic disease with current symptoms 
reported in every questionnaire during the study. 
The specificity of cord-blood IgE determination 
was high (94%). In the same cohort of children, the 
sensitivity of an immediate family history of allergy 
was 45 YO with a specificity of 74%. Thus, neither of 
the evaluated predictors was found to be suitable 
for allergy-risk screening in the general population. 
When we combined the information of the cord- 
blood IgE and the family history, the sensitivity 
increased to 56% - still not ideal for use in a 
screening program. Several other groups have also 
assessed cord-blood IgE determination for allergy- 
risk screening with somewhat varying results, which 
were initially encouraging and then showed the low 
sensitivity of the test (17-21). Nowadays, there is 
agreement that cord-blood IgE determination, 
used as a single test, is not suitable for allergy- 
risk screening (22, 23). 

With a simple scoring system for obvious (2 
points) or probable (1 point) atopic disease in the 
mother, father, and group of siblings, prediction 
was slightly improved, particularly if a high score 
(5-6) coincided with elevated cord-blood IgE or 
blood eosinophilia in the neonatal period (24). 
Many tests have been applied, including tests in 
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Table 2 Summary of recommendations by board of pediatric allergists in Sweden to 
families of babies at high risk of developing atopic allergy (revised 1997) 

Pregnancy Refrain from smoking 
Do not keep furred pets 
Breast-feeding to be promoted 
Breast-feeding to be promoted, preferably to 6 months of Early feeding 

age. and if there is need for substitute, use exfensive/y 
hydrolyzed cow’s milk-based formula 

Do not give hen’s egg, fish, or nuts/peanuts before 12 
months 

No solids before 4 months of age 

Do not keep furred pets indoors 
Take action against indoor damp and high indoor humidity, 

as evidenced by water condensation on inner of two 
windowpanes during winter; if indoor air is perceived as 
dry. try to reduce temperature and avoid pollutants or 
too high humidity 

Environment No smoking at home 

parents, neonates, and infants, all, however, show- 
ing a low level of sensitivity, often about 20%, or a 
low specificity (a high number of false-positive 
tests) (Table 1). 

Furthermore, many of the tests are complicated 
and not available at ordinary laboratories. For 
instance, some tests may help us to understand 
some of the mechanisms of interaction between the 
mother and her fetusibaby (25-27), and/or mechan- 
isms of sensitization (28), but they are not suitable 
for general screening purposes. Thus, a family 
history of allergy, if carefully taken from the 
mother and the father, is still the best method we 
have to predict a high risk of subsequent allergy. 
Children with two atopic parents (or parents with 
multiple allergic manifestations) constitute a parti- 
cular risk group for allergic disease before 11 years 
of age (15), but children with a biparental history of 
allergy were only a minority (10%) of all children 
with atopic disease at any time from birth to 11 
years (15). Therefore, if we want to achieve a 
considerable reduction in the development of 
atopic allergy, preventive measures should be 
recommended to everyone, as lifestyle already 
during pregnancy (particularly smoking) may 
affect, among other things, the level of airway 
reactivity in the baby (29) and the development of 
allergic manifestations later (6, 30). 

Prevention 
Controlled trials of allergy prevention have been 
performed only in infants at high risk of developing 
atopic allergy. Preventive measures recommended 
to the general population are based on results of 
epidemiologic studies, calculating the “attributable 
proportion” of various exposures (31-33). Expo- 
sure during infancy (and smoking during preg- 
nancy) seems crucial for later development of 

allergic disease. The importance of allergen expo- 
sure in utero remains to be elucidated (34). 
Maternal immunity may modify the outcome of 
allergen exposure via placenta and breast milk. 

Breast-feeding seems to be essential for many 
aspects of health, including the transfer of maternal 
immunity to the child, thereby protecting against 
certain respiratory tract infections (35) and gastro- 
intestinal disorders, and stimulating the maturation 
of the immune system (36). Breast-feeding is now 
so common that it is difficult to perform studies of 
its importance, as practically all children are breast- 
fed from the beginning. It was recently shown, 
however, that adolescents, breast-fed for 1 month 
or more, had significantly less respiratory allergy 
than those not breast-fed at all or for less than 1 
month (37). Breast-feeding for 9 months or more 
(and feeding with an extensively hydrolyzed cow’s 
milk-based formula) significantly reduced wheez- 
ing before 18 months of age (38). 

There are no studies supporting recommenda- 
tions to eliminate highly allergenic foods from the 
pregnant mother’s diet (39). Elimination of such 
foods during lactation has shown controversial 
results (4042)  and is now recommended only if the 
baby has symptoms or signs of allergic disease. 
Retrospective studies support the introduction of 
“Beikost” (solid food) after, but not before, 4-6 
months of age (43,44). 

The effect of comprehensive prevention pro- 
grams in babies at high risk of allergy was moderate 
and usually transient (45). Poor compliance may 
partly explain the results. Elimination diet has been 
shown to reduce food allergy and atopic dermatitis, 
but not asthma, while environmental measures 
reduced respiratory symptoms and sensitization to 
indoor allergens (46, 47). 

Recommendations given to families of newborn 
babies regardless of family history of allergy should 
include a nonsmoking policy during pregnancy and 
when living/working with infants and (young) 
children. Indoor humidity (e.g., that favoring 
survival of various mites and growth of molds) 
should be kept low, if feasible. Breast-feeding 
should be encouraged due to its many favorable 
effects. There are no data supporting exclusive 
breast-feeding after 6 months of age. It may be wise 
not to keep furred pets indoors during infancy, 
particularly if a baby has a family history of allergy. 

Additional efforts may be necessary for babies at 
high risk of allergy, including the use of an 
extensively hydrolyzed cow’s milk formula (38, 
45, 48), should breast milk not suffice for the 
nutrition of the baby to at least 4 months and 
preferably to 6 months of age (48). There is no 
consensus regarding attendance or not at day-care 
centers (49, 50). There is no need to avoid certain 
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vaccinations, such as that with pertussis vaccine 
(51). The current prevention program available for 
high-risk families in Sweden is shown in Table 2. 

Prospectives 
Research must address the issue of early identifica- 
tion of babies at high risk of atopic allergy. The 
cause(s) of the increase in allergy during the past 
20-30 years and the causes underlying the differ- 
ences in sensitization and symptoms between, for 
example, urban and rural living should be identi- 
fied. Studies on the effect of changes in hygiene and 
infections are of particular interest (52). It is to be 
hoped that it will be possible to manipulate the 
immune balance toward a Thl-like response to 
environmental allergens without causing auto- 
immune diseases. 
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