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ALLERGIC DISEASE
PREVENTION AND
RISK FACTOR IDENTIFICATION
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There is a widespread impression that the incidence of allergic
diseases (asthma, allergic rhinitis, and eczema) has increased in the past
15 to 20 years.” * Although asthma is the most serious of these atopic
diseases, the impact on quality of life of patients with allergic rhinitis is
significant. Despite major advances in asthma management, morbidity
and mortality from asthma continue to increase.'> ™ It has been estimated
that 4% to 6% of children have food allergies, 8% to 10% have asthma,
and 15% to 25% have allergic rhinitis (Fig. 1).

Genetic predisposition and environmental exposure are important
factors in the development of allergic disease. Many parents seek advice
from their primary care physician or allergist on ways to prevent aller-
gies in their children. Although genetic engineering holds promise for
the future, current recommendations are based on reduction of allergen
exposure to prevent sensitization.

PREDICTING ALLERGY IN INFANTS

Many studies have been performed to identify children who may be
at risk for developing allergic disease. Ideally, the identification method
should predict atopy at birth so that methods to reduce sensitization can
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Figure 1. Relative prevalence of allergic disease. (From Food hypersensitivity reactions
[slide show]. Current Views in Allergy and Immunology 21, January 1993; with permission.)

be implemented. Many immunological markers have been examined,
including umbilical cord total IgE levels,® %% % serum IgE levels in in-
fancy,** serum-specific IgE levels,™ % blood eosinophilia in infancy,” se-
rum eosinophil cationic protein in infancy,” and serum gamma-
interferon/interleukin-4 ratios.® ¢

Many of these markers are helpful as research tools. As early as 11
weeks, IgE production has been detected in fetal liver and lungs.#” The
clinical relevance is unknown. Similarly, specific IgE to parasites has
been observed prenatally, whereas an IgE response to common food or
inhalant allergens does not develop during fetal life.*®

A prospective study followed nearly 1700 children from birth
through the age of 11 years.® The best predictors for development of an
atopic disease were an elevated umbilical cord IgE level and a positive
family history. In this group of children, 76% developed allergic disease.
For children with only a history of elevated umbilical cord IgE level,
58% subsequently developed allergic disease, although 38% of the chil-
dren with only a family history developed allergies. A more recent study
followed 129 newborns through the age of 18 months for subsequent
allergy development.® The sensitivity of using cord blood IgE levels and
eosinophil counts ranged from 25% to 79%, with a specificity ranging
from 40% to 74%. If infants had a combination of dry skin, a history of
two or more atopic family members, and an elevated umbilical cord IgE
level, the chance of developing allergy was 89%. Umbilical cord IgE
levels greater than 1.0 IU/mL appear to correlate well with the atopic
diathesis®; however, analysis of umbilical cord IgE level can be con-
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founded by contamination with maternal blood or inaccurate laboratory
technique.>

It appears that in most clinical settings, a family history of atopy is
most predictive in identifying high-risk infants. Umbilical cord IgE level
is reserved for research studies. The predictive value of family history is
highest if allergy is found in either parents or siblings and less predictive
if extended family members are affected.

THE ROLE OF GENETICS

Epidemiological, family, and twin studies provide evidence that
genetic factors are involved in the propensity for atopy. For example, if
one parent has allergies, the risk is 25% to 40% that the child has some
atopic disease; if both parents have allergies, the risk increases to 50%
to 70%.22 Nevertheless, as demonstrated in other studies, genetic factors
are not the only factors responsible for developing allergies. A large
twin study examined the concordance rates for allergic diseases in al-
most 7000 twin pairs.#! As expected, the rates for asthma, allergic rhinitis,
and eczema were higher for monozygotic twins compared with dizygotic
twins; however, even the concordance rates in monozygotic twins
ranged from 15% to 21%, suggesting that other factors are contributory.

Recently, several cytokines with the potential to influence IgE pro-
duction have been identified; these cytokines are encoded on chromo-
some 5q.** 5 In the future, it may become possible to target genetic
markers not only to identify atopic individuals but also to intervene.

SEASON OF BIRTH

The season of birth and its effect on allergy development have been
investigated. A recently published study found increased prevalence of
IgE antibody to food and dander in children born from September
through February.® Pollen sensitization was least common for children
born in the spring.

Children born in the months prior to the pollen season may develop
pollen sensitivity and allergic rhinitis more frequently than children born
during the pollen season,” although this is not always consistent.”

FAMILY SIZE

Large family size appears to have a preventive effect against allergic
sensitization. An inverse relationship has been described between the
number of older siblings and the incidence of hay fever® A recent
retrospective survey of more than 11,000 Italian men aged 18 to 24 years
also found an inverse relationship between prevalence of atopy and
number of siblings.#® The prevalence of atopy was 25% in those men
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without siblings compared with 9% in the men with five or more
siblings. The theory contends that infections acquired early in infancy
or during childhood might prevent development of atopy later in life.
The shift from Th2 lymphocytes to Thl lymphocytes occurs with infec-
tions.®* Therefore, children born into large families would be exposed to
more illnesses and less likely to become allergic.

INFANT IMMUNIZATIONS

Researchers have attempted to link some component of infant im-
munization as a risk factor for the development of asthma in childhood.
The published reports are inconsistent, however. In one study, more than
1200 New Zealand children were followed.*® Only 23 children had not
received immunizations for diphtheria/pertussis and polio at the ages
of 3 and 5 months, respectively, and for measles/mumps/rubella at the
age of 12 to 15 months. Prior to the age of 10 years, these 23 children
had no documented episodes of asthma, supposedly supporting an
inverse relationship between immunization and allergic disease. An
important limitation of this study was the size of the nonvaccinated
group. Another study suggested that pertussis vaccination increased the
risk of asthma, whereas a randomized trial of two types of acellular
pertussis vaccine, whole-cell pertussis vaccine, and no vaccine showed
no difference in wheezing or rhinitis symptoms at 2 years of age.5 %

The risk factors that have been discussed thus far cannot be easily
altered, and the likelihood of manipulation of these factors to prevent
atopic sensitization is small. An area that has received much interest
because of the more realistic likelihood of making modifications is diet.

ROLE OF DIET

The effect of diet has been evaluated with regard to maternal diet
during pregnancy, maternal diet during lactation, breast-feeding, infant
formulas, and solid food introduction. Each of these areas is discussed
below.

Two prospective, randomized, controlled studies compared third
trimester pregnancy maternal diets. One of the studies followed 197
high-risk atopic infants and altered the maternal diet during the third
trimester so that eggs and cow’s milk were excluded.’** No effect on
food-specific or total serum IgE was found in the offspring up to the
age of 5 years. The other study randomized 171 pregnant women with
a history of respiratory allergy symptoms into two groups.® % One
group ingested small amounts of eggs and cow’s milk during the third
trimester, and the other group ingested eggs and dairy products daily.
Again, the maternal avoidance diet failed to show any effect on infant
atopy or IgE levels. The conclusion of these studies is that third trimester
maternal allergen avoidance diets fail to alter the clinical development of
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allergic disease in high-risk infants. Maternal dietary avoidance regimens
during pregnancy should not be recommended as a way to prevent
allergies.

Human breast milk is considered the optimum nutrition for infants.
The benefits of breast-feeding include nutritional, immunological, psy-
chological, and intestinal factors. It is unclear if breast milk modifies the
development of food allergies and other atopic disease, as there are
design limitations in studies which preclude definitive conclusions.

One of the first studies to report that breast-feeding could prevent
allergic disease was reported in 1936.2 In a cohort of nearly 20,000
infants, exclusive breast-feeding reduced the incidence of atopic derma-
titis sevenfold compared with that in children who drank cow’s milk
exclusively.

Recently, a Finnish group studied human breast milk as a prophy-
laxis against atopic disease.”” They studied 150 infants up to the age of
17 years. The children were categorized by the length of time breast-fed:
less than 1 month, 1 to 6 months, and greater than 6 months. Overall,
the prevalence rates for atopy were 65%, 36%, and 42%, respectively.
Atopic eczema was least prevalent at the ages of 1 and 3 years in the
group of children breast-fed longer than 6 months. A 20-year follow-up
study showed similar results. Long-term prognosis of childhood asthma
was better in children breast-fed longer than 2 months as compared with
those breast-fed less than 1 week? however, the conclusions of these
studies must be moderated, as the study design failed to randomize
groups.

gne prospective randomized study compared the development of
allergy in a group of preterm infants fed either human milk or cow’s
milk.2 For the neonates at high risk because of family history, those fed
cow’s milk showed an increased risk of eczema at the age of 18 months.

If breast-feeding is best, what, if any, is the role of avoidance diets
in lactating mothers? Bovine milk antigens,! 1 12 31,34 ¢4 ega ovalbumin,'"
2.3 and gliadin® have been detected in human milk 2 to 6 hours after
maternal consumption of milk, egg, and wheat. Small amounts of protein
from food ingested by the mother can pass through her milk and
potentially lead to allergic sensitization. Recognition of this potential led
to two prospective controlled studies of maternal avoidance diets during
lactation. First, the effect of maternal avoidance of eggs, cow’s milk, and
fish during the first 3 months of lactation was studied.” % The infants’
diet consisted of human breast milk or Nutramigen (Mead-Johnson,
Evansville, IN) until they were 6 months of age, with cow’s milk intro-
duced after they reached 6 months of age and eggs and fish introduced
after they reached 9 months of age. The infants were followed from birth
until the age of 10 years. Although the incidence and severity of atopic
dermatitis were less in the first 6 months of life in infants with a history
of atopy, a reduction in eczema was not seen in these children at the age
of 18 months or 10 years. There were no differences in skin test results
or other manifestations of atopy.

In the other prospective randomized study, cow’s milk, eggs, pea-
nuts, soy, and fish were eliminated during the entire lactation period,
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and the infants were followed until they were 18 months of age.'* Only
22% of the infants whose mothers were on the restricted diet had eczema
compared with 48% of the infants whose mothers were not restricting
their diet. Maternal avoidance diets during lactation appear to have a
preventive effect on atopic dermatitis, especially in the first 1 to 2 years
of life.

Other studies have examined the role of infant formula and the
development of allergies. Randomized prospective studies of atopic-
prone infants fail to show a reduction in atopy when soy formula is
substituted for cow’s milk.'> % Soy formula does not appear to be
hypoallergenic; therefore, soy milk should not be used for the purpose
of milk allergy prophylaxis.

Available protein hydrolysate formulas may be substituted for pur-
poses of allergy prevention. Both Nutramigen and Alimentum (Ross,
Abbott Laboratories, Columbus, OH) are casein hydrolysates and have
been defined by the American Academy of Pediatrics as hypoallergenic.”
The safety and hypoallergenicity of Nutramigen have been documented
during more than 50 years of commercial use in milk protein allergic
infants and children”; however, allergic reactions have rarely been
reported.® 3 Therefore, the introduction of casein hydrolysate formulas
should occur under the supervision of physicians knowledgeable about
food allergies and experienced in treating anaphylaxis. On the other
hand, Good Start (Carnation, Nestlé USA, Inc., Glendale, CA), a partial
whey hydrolysate formula, has been shown'to frequently induce allergic
reactions in infants with cow’s milk protein allergy.’® For infants at high
risk for developing allergies, protein hydrolysate formulas may be used
in an attempt to prevent food allergy. High-risk infants fed either protein
hydrolysate formula or cow’s milk formula from birth in non-breast-fed
infants or as a supplement in breast-fed infants revealed a lower inci-
dence of cow’s milk allergy and serum-specific milk IgE at 1 year
of age.”™

Diet manipulation by delaying introduction of solid foods has been
practiced for years. It has been suggested that early introduction of solid
foods may increase the risk of an infant developing an allergy. In an
uncontrolled prospective study, more than 1200 neonates were followed
for 10 years for development of atopy.® The children exposed to solid
foods during the first 4 months of life had a threefold increase in eczema
compared with those children not exposed to early solid food feeding
practices. This relationship was evident at the age of 2 years and ap-
peared to continue until the age of 10 years.

A randomized, controlled, prospective study of combined maternal
and infant allergen avoidance was conducted in nearly 300 children.”>7*
More than half were available for follow-up at the age of 7 years. The
treatment group consisted of mothers who avoided cow’s milk, peanuts,
and eggs during the last trimester of pregnancy and lactation and infants
who avoided cow’s milk until they reached the age of 1 year, eggs until
they reached the age of 2 years, and peanuts and fish until they reached
the age of 3 years. Casein hydrolysate supplementation was used prior
to the age of 1 year. The control group consisted of maternal/infant
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pairs without specific elimination diets. A significant reduction in food
allergy and milk sensitization was found in infants before the age of 2
years, but these differences subsequently disappeared. By the age of 7
years, there were no differences between the two groups in terms of
food allergy, atopic dermatitis, allergic rhinitis, or asthma.

A group from the Isle of Wight added dust mite avoidance strategies
to the maternal and infant food allergen avoidance protocol. 2 * This
prospective, randomized, controlled study found that infants in the
avoidance group had a significant reduction in eczema and asthma at 1
year of age. By the ages of 2 and 4 years, the reduction in asthma was
not statistically significant, but a reduction in eczema was still evident.
The control children also had more positive skin prick tests to dietary
and environmental allergens than the children in the prophylactic group
at the ages of 2 and 4 years.

ENVIRONMENTAL EXPOSURES

Environmental exposures to tobacco smoke and indoor allergens
have been implicated in allergic sensitization. The association of mater-
nal smoking with higher rates of asthma and onset of asthma at an
earlier age is well described."”- ?* % ¢ More than 1000 infants were fol-
lowed prospectively through their first year for development of atopy.?
Maternal smoking was the single most important risk factor for the
development of asthma. In those infants of smoking mothers, the preva-
lence rate of asthma was 17.8% compared with 7.8% for infants of
nonsmoking mothers.

A recent study found that maternal smoking during pregnancy and
lactation was associated with an increased risk of atopic eczema.®® A
questionnaire was completed by the parents of over 600 preschool-aged
children which asked them to recall maternal smoking history during
pregnancy and lactation. Fifty-two percent of children whose mothers
had smoked during pregnancy and lactation manifested atopic derma-
titis in contrast to 35% of children of nonsmoking mothers. In another
study, children with atopic eczema whose mothers smoked were more
likely to develop asthma.®

Early exposure to indoor allergens as a potential risk factor has also
been assessed. The relationship between exposure to house dust mite
allergen and the development of infant sensitization and asthma was
evaluated in nearly 70 high-risk children followed to the age of 11
years.® Children who were exposed to high levels of dust mites (>10
ug Der p I per gram of dust) as infants were more likely to develop dust
mite sensitivity and asthma than those not exposed to these levels.

Further studies have investigated this relationship. In one study
1314 newborns were followed prospectively for their first 36 months of
life."” Dust mite and cat allergen levels in the home were measured at
intervals. The early induction of sensitization to indoor allergens during
infancy and early childhood correlated with dust mite or cat allergen
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exposure. Another study prospectively investigated the relationship be-
tween exposure to cats, dogs, and house dust mites and sensitivity at 5
years of age in 86 high-risk children.*® Investigators discovered that
sensitization to indoor allergens may occur at lower house dust allergen
levels than previously suggested. The majority of the children sensitized
to cat dander were exposed to less than 1 g of cat allergen per gram of
dust, whereas previous studies suggest Fel d I levels greater than 8 pg/
g of dust as a critical sensitization level. Dog allergen levels as low as
1.5 ug/g of dust were associated with sensitivity.

CONCLUSIONS

Atopy is a genetically inherited trait whose expression is dependent
on exposure. Although genetic engineering holds promise for absolute
prevention in the future, our current approach must rely on reductions
in allergen exposure.

A family history of allergy should be elicited, preferably at the
prenatal visit. Realistically, most families take precautionary steps after
already having one severely affected child in hopes of preventing allergic
disease in siblings. In allergy-prone families, breast-feeding should be
encouraged, especially for the first 6.to 12 months of life and possibly
with a restricted maternal diet excluding peanuts, tree nuts, and fish.
These foods are relatively easy to avoid and may lead to a lifelong
sensitivity as compared with milk, egg, and soy allergies, which are
typically outgrown. In infants not fed human breast milk, protein hydro-
lysate formulas such as Nutramigen and Alimentum should be consid-
ered rather than cow’s milk, goat’s milk, or soy formula. The introduc-
tion of solid foods should be delayed until the child is 4 to 6 months of
age. Each food should be introduced individually so that parents can
identify and eliminate those foods that cause a reaction. It may be best
to avoid eggs through the age of 2 years and peanuts, tree nuts, and fish
through the age of 3 years. Dust mite and pet dander avoidance meas-
ures may help to reduce the occurrence of subsequent atopic develop-
ment. Finally, it is imperative that children not be exposed to secondhand
tobacco smoke prenatally or during childhood. Although it is not possi-
ble to prevent allergies completely in young children, these preventive
strategies may help to reduce or delay the occurrence of atopic disorders.
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