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ABSTRACT

A familiarity with the expanding body of information on the natural history of allergic
diseases in children will help clinicians provide better advice to parents on the care and
intervention of allergic disease.

INTRODUCTION

N THESE DAYS of slick salesmanship, the motto of health maintenance organizations or private

hospitals looking for a larger portion of the shrinking patient share—also corporate health
goals and labor’s demand for better medical care—is “maintenance of good health”—in other
words, prevention of disease. For allergic disease in children, before one can discuss prevention,
it is necessary to be familiar with how big a problem allergic disease is in the spectrum of all
childhood disease. Also, who are these allergic children, and what are their characteristics? In
recent years, clinicians have begun to piece together the factors that, it is hoped, will form a
scientific basis not only for predicting who is at risk for those conditions but also for
formulating a factually based program of prophylaxis.

It is quite disturbing to find how few recent graduates of pediatric and family medicine
training programs seem to be aware of or at least make use of what is known about the natural
history of allergic disease in children and how this knowledge can be helpful in its intervention.
The reasons for this are many. Because the vast majority of patients with allergic disease are
seen in an outpatient or private practice setting rather than on university hospital ward rounds,
academicians and, thus, medical students and residents in training tend to overlook the
magnitude of the problem in the overall list of medical conditions worthy of serious study. They
may not know until they have been out in practice for some years the enormity of the scope of
allergic problems. Bronchial asthma and other respiratory allergic disorders make up a very
significant portion of chronic disease in children. Allergies rank second in order after dental
problems and are among the most costly pediatric medical problems. The cost in number of
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deaths, hospital admissions, and loss of full activity is enormous.® With such an impact on
health and on school and work attendance, interest is growing in learning more about the natural
history of allergic disease in order to improve treatment and, hopefully, to prevent its
development.

CHILDREN AT RISK

What are the characteristics of those children at risk to develop atopic disease?® Table 1 lists
these characteristics.

Whereas most humans form IgE immunoglobulins in response to exposure to some foreign
proteins, in atopic individuals, the IgE response persists much longer. Kuhns and Pappenheim-
er®® demonstrated this by finding that young college students given injections of diphtheria
toxoid developed skin-sensitizing antibodies to this toxoid. However, 6 months later, positive
skin tests to the toxoid persisted only in those students with a positive family history of atopic
disease.

Injections of acetylcholine and histamine result in some abnormal dermal responses as well as
white dermographism.® Varnier and Hahn® found that 11 of 14 children with asthma and
eczema showed a positive delayed blanch skin reaction to intradermal injection of methacholine.
At room temperature, they found that basal skin temperature was higher than in nonatopic
children in their study. Resting heart rates of children with asthma and eczema were significant-
ly higher than in nonatopics. They concluded that their results indicate that abnormal basal and
reactivity levels in cardiac and vascular variables in atopic children may represent a nonallergic
factor related to atopy. An immediate family history of atopic disorders seems to set the stage
for the development of the atopic state.®

Most asthmatics and® some nonasthmatic atopics('® have hyperreactive airways, as demon-
strated by abnormal bronchial responses to the inhalation of methacholine, histamine, and pollen
extracts. This hyperreactivity is apparently not inborn but acquired.

Ouelette and Reed(? found that 9 of 10 asthmatics given an injection of killed influenza
vaccine had a significant increase in the amount of airway obstruction induced by methacholine
inhalation whereas nonatopic children had no such response.

Predisposing factors

With this as a background to the characteristics of those children at risk of developing atopic
disease, it is helpful to review what is known about some of the factors that seem to predispose
to, or turn on, allergic responses. These are listed in Table 2.

Genetic factors

The inheritability of atopic disorders has been confirmed.('2!3 There is also a trend toward a
genetic predisposition to end-organ inheritance.(4-16 Individuals with the HLA phenotype Dw?2

TABLE 1. SOME CHARACTERISTICS OF ATOPIC INDIVIDUALS

. Persistence of the IgE response

. Abnormal dermal responses

. Peculiar autonomic responses

. Exaggerated bronchial reactivity and irritability

. Different reactivity to some vaccines and viral infections

. Age-specific factors in childhood asthmatics

Susceptibility to nonspecific mucosal irritants, such as cold air, viruses, histamine-releasing drugs, and
psychologic stimuli
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TABLE 2. FACTORS THAT MAY PREDISPOSE TO OR MODULATE
DEVELOPMENT OF ALLERGIC RESPONSES

Genetic factors

. In utero factors

a. Drugs administered during pregnancy (progesterone and beta blockers)
b. Maternal smoking during pregnancy

¢. In utero food sensitization

Mother’s serum IgE level

Country of birth

Month of birth

Perinatal complications of mother or infant

Possible predictive value of cord blood IgE level; not all at-risk newborns have elevated cord blood IgE
Influence of infant’s diet on subsequent development of allergy

9. The role of breast-feeding

10. Surgery, general anesthesia, and/or hospitalization in the first year of life
11. Household exposure to allergens and pollutants

12. Cigarette smoking in the home

13. Role of infection in atopic disease

14. Role of early immunotherapy in pollinosis and asthma

N —
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are highly likely to become sensitized to ragweed antigen Ra5. Other phenotypes may also prove
to be predictive of atopy. If both parents are allergic, the risk of their offspring developing
allergy has been shown to be 40-60%.07 If both parents are atopic with the same manifestation
of atopy, the risk is 50-60%. If one parent is atopic, the risk is 20-40%. If one sibling is atopic,
the risk is 25-35%. If neither parent nor sibling is atopic, the risk is 5-15%. Magnusson(® has
reported that atopic women have more male offspring. Another recent interesting but not
altogether unexpected report on cellular genetics of allergic disease was reported by Agosti et
al.,0» who were able to demonstrate that allergen-specific IgE-mediated hypersensitivity is
adoptively transferable by bone marrow transplantation from donor to recipient by B cells with
allergen-specific memory. Marsh et al.03 have pointed out that there is increasing evidence that
atopic disease development is brought on by multifactoral effects of both genetic and environ-
mental origins. In this regard, Falliers et al.?% cited a study of a group of monozygotic twins.
One of each pair had moderately severe asthma requiring chronic medication. The other twin, in
each case, had one or two bouts of mild wheezing associated with viral infections. Serum levels
of IgE, eosinophilia, and number of positive skin tests to allergens were similar in both twins.
However, responses to inhaled methacholine were dissimilar. The more symptomatic twin was
more reactive to methacholine inhalation challenge, suggesting that the degree of bronchial
hyperreactivity is not inborn but is somehow acquired. What are some of the factors that favor
acquiring this state?

In utero factors

A history of symptomatic asthma during pregnancy has been shown to be associated with an
increased incidence of respiratory disease or jaundice,?) as well as decreased birth weight.@?
Prematurity and low birth weight by themselves, however, do not affect the development of
allergy.»

Drugs administered during pregnancy may have some immunoregulatory actions. Progesterone
administered during pregnancy was shown to cause a highly significant increase in cord blood
serum IgE levels.2% Similarly, a study of the effects of mothers taking a beta-blocker drug during
pregnancy resulted in increased cord blood IgE levels, and follow-up®% of the resulting offspring
revealed that at 3 years of age, atopic disease developed in the offspring of 9 of 24 mothers
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taking metaprolol compared to only 2 of 19 controls not on the drug with a similar atopic
family history.

Maternal smoking during pregnancy causes a significant rise in cord blood serum IgE and
IgD,?9 as well as IgG.?" These findings were most apparent in newborns with a negative
biparental family history of atopy. Furthermore, newborns of nonallergic parents had a more
than threefold higher risk of developing atopic disease before 18 months of age if the mother
smoked than if she did not. These findings suggest that parental smoking in some way affects
the fetal immune system.

There is ample evidence of in utero sensitization to milk,?® wheat,2® egg,39 penicillin,3" and
microfilariae.32 Michel et al.?» reported finding three infants with milk-specific RAST IgE
antibodies in their cord blood. Their mothers’ sera did not contain similar antibodies, strongly
suggesting that these newborns had become sensitized to cow’s milk prenatally. In view of this,
some pediatric allergists have recommended that mothers of at-risk infants should avoid during
pregnancy those foods thought to be most allergenic, e.g., egg, milk, fish, nuts, peanuts, and
wheat. The role of the maternal diet during pregnancy on the development of allergy was studied
in allergic families in Sweden.(334 Atopic pregnant women were randomly either placed on a diet
free of milk and egg during the third trimester of pregnancy or were permitted to eat these
foods. However, those on the avoidance diet were permitted to consume 65 g per day of
Nutramagen. Recent clinical observations have shown that some babies who are exquisitely
sensitive to cow’s milk may also exhibit allergic symptoms from drinking Nutramagen. The
Swedish authors found no difference in cord blood IgE levels and no positive RAST antibodies
to milk or egg in cord bloods. However, mothers fed milk and egg during pregnancy did have
higher IgG antibodies to these foods. The authors concluded that avoidance of these foods in
pregnancy did not prevent in utero sensitization to foods and may be less likely to affect the
fetus than previously supposed. However, longer follow-up of these infants may come to another
conclusion. Also, the authors admitted that “evidently, a future beneficial effect of maternal diet
in pregnancy cannot be excluded by estimation of cord blood IgE only”.

In fact, Chandra et al.3% did demonstrate, in a group of women who had already delivered one
atopic child and were placed on a diet avoidance program during pregnancy, that there was a
significant reduction of occurrence of atopic eczema compared to mothers permitted to consume
milk and egg, fish, beef, and peanut. The effect was even more noticeable for mothers on the
restricted diet who breast-fed their infants. Among 55 mothers in the food avoidance group, 17
of their offspring developed atopic eczema. Eczema developed in 5 of 35 infants who were
breast-fed, and it occurred in 12 of 20 who were not breast-fed. In the group of women in this
study who did not avoid allergenic foods, eczema developed in 30 infants. These differences
were significant. Even in the group who did not observe dietary avoidance in pregnancy, eczema
occurred five times more frequently in formula-fed than in breast-fed babies. Similarly, Zeiger et
al.¢® reported that maternal allergen avoidance during pregnancy and lactation resulted in a
lowered occurrence of atopic eczema.

One of the main reasons why some workers3’-40 in this field have not endorsed allergenic food
avoidance during pregnancy for atopic women is the belief that fetal exposure to large amounts
of an allergenic food may result in tolerance to it, whereas exposure to minute amounts of the
same antigen might result in sensitization to it. This concept came from the work of Jarret and
Hall.#h However, these workers were able to demonstrate these effects only in rats and only if
the antigen were injected along with adjuvant. Kjellman et al.?% have speculated that perhaps
exposure to tobacco smoke and other sources of indoor or outdoor pollution may constitute
adjuvants for atopic infants. A study by Firer et al.4» has been cited by several workers as the
human counterpart to Jarret’s animal studies. Firer studied two groups of children allergic to
milk. One group was exclusively breast-fed, and the other group received cow’s milk either in
substantial amounts on more than two occasions or small volumes at frequent intervals over a
period of months. The median IgA, IgG, and IgM as well as food-specific IgE levels were higher
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in the breast-fed group than in the milk-fed and control groups. It should be noted, however,
that there were some important differences in the breast-fed and cow’s milk-fed groups. In the
breast-fed group, 5 of the 10 infants had urticaria or angioedema, suggesting that they were,
perhaps, members of a specially and exquisitely milk-sensitive group described by Schwartz et
al.#» It might have been helpful if Firer et al. had done their study prospectively, randomly
assigning infants to either group based on cord blood IgE and RAST food-specific antibody
studies. The cow’s milk-fed group in their study developed mainly gastrointestinal symptoms as
evidence of cow’s milk allergy rather than urticaria and angioedema found in the breast-fed
group.

There probably exists a subset of atopic infants destined to develop severe or even life-
threatening milk allergy. In Schwartz et al.’s study,®¥ these infants had high IgE levels and RAST
antibodies to milk. One reason this type of severe allergy is not more common was suggested by
Jacoby et al.,*9 who reported that pregnancy is characterized, in some, by a strong suppresser T
cell activity, which may explain the low incidence of IgE-specific sensitization in utero.

Glovsky et al.#% reported that immunotherapy with grass extract in mothers led to decreased
skin test reactivity in their offspring. Similar studies of offspring of mothers undergoing
immunotherapy during pregnancy by the same authors found that the offspring of these mothers
were less likely to have positive prick tests to Chinese elm, house dust, and mite than were
offspring of mothers not receiving such immunotherapy. Settipane et al.“® were not able to
confirm these results. They reported a long-term follow-up of children of atopic mothers who
either did or did not receive immunotherapy during pregnancy. They found no difference in the
proportions of either group’s giving positive skin tests to pollens or the numbers who developed
asthma or rhinitis.

The mother’s serum IgE level plays an important role in the subsequent development of atopy
in her child. Michel et al.?» found that, roughly, the more allergic the mothers, the higher the
concentrations of IgE in the cord blood of their newborn infants. If a mother had a serum IgE
level of more than 100 IU/ml, the serum IgE of her newborn’s blood was significantly higher
than that of newborns whose mothers’ serum IgE level was less than 100 IU/ml. Conversely,
they found that the IgE levels of the infants’ fathers did not seem to influence the newborns’
cord blood IgE levels.

Country of birth or, more precisely, whether a child is born in an urban area or in a rural
area, seems an important predictive factor in whether a child is more likely to develop atopic
disease. Morrison-Smith¢? reported that atopy is less common in “developing” countries than in
“developed” countries. In a study of immigrants to England, he confirmed a lower incidence of
bronchial asthma in children of African origin who were born outside Britain. Offspring of
parents of similar origins who were born in England, however, had at least as high a prevalence
of atopic disease as non-African children. This finding is in keeping with the reports of Haus®“®
and Van Niekerk et al.,#® who found a lower incidence of atopic disease in rural compared to
urban South African blacks. Similar findings have been reported in Nigeria®® and New Zea-
land,5» as well as in inhabitants of the Maldives©? and Tristan de Cunha*¥ Islanders. These
findings suggest that the difference in the prevalence of asthma in these groups was environmen-
tal rather than purely genetic.

Month of birth seems to be a predisposing factor in atopic sensitization. Bjorksten et al.(5459
studied thousands of Finnish conscripts and found that subjects born in March, i.e., 2 months
before the birch pollen season, developed birch pollen allergy twice as often as did those born in
other months. Also, the degree of exposure, i.e., the birch pollen count in the year of birth,
influences the atopic outcome of such newborns. Croner and Kjellman®® found that this seasonal
influence was confined to babies with an elevated cord blood IgE. Morrison-Smith and Sprin-
gett? reported increased risk for grass allergy in British children born before the grass pollen
season. Kemp®® made similar observations about children born before the grass pollen season. In
the United States, Settipane and Hagy®% found, similarly, that American infants born 2 months
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preceding the ragweed pollen season have a twofold increased risk of developing allergy to
ragweed compared to infants born in the winter.

Perinatal complications

Certain details of an infant’s perinatal history may significantly affect his or her chances of
developing bronchial asthma. A group of psychologists at the New York Hospital® examined the
perinatal records of a group of asthmatic children and their mothers’ delivery. They found a
history of greater frequency of neonatal complications of various sorts among the asthmatic
children and their mothers than they found in a control group of nonasthmatic children
delivered in the same hospital on the same day. Clearly, this study suggests that a stressful birth
significantly increases the chances of a child’s subsequently developing bronchial asthma.
However, prematurity and low birth weight do not affect the development of allergy.?¥

Predictive value of cord blood IgE

Although there is ample evidencet06!-67 of the predictive value of an elevated cord blood IgE
level, not all children destined to develop allergy have elevated cord blood IgE. Kjellman and
Croner®) measured cord blood IgE in 1,651 newborns and followed them for 7 years. If the cord
blood IgE concentration was more than 0.9 kU/L, atopy developed in 52% of the children by 18
months of age, in 69% by 3 years, and in 82% by 6 years of age. They found that an elevated
cord blood IgE level or a positive family history of allergic disease accounted for 67% of the
obvious allergic disease in infants in their study identified by 6 years of age. However, 33% of
obvious allergic infants did not have either elevated cord blood IgE levels or a positive family
history of atopy and would thus not have been identified at birth as being at risk for developing
atopic disease. Similarly, Zeiger et al.,3® in reporting on follow-up of a group of at-risk children
placed on a prophylaxis program, noted that more than 60% of infants treated prophylactically
who subsequently developed atopic disease had undetectable cord blood IgE levels. Also, it must
be remembered that total IgE levels may be elevated not only in atopic infants but also in
apparently healthy individuals. It is not surprising that one often finds low or normal levels in
individuals with very serious atopic disease.®® In addition, some ethnic influences affect IgE
levels. Haus et al.’® studied cord blood IgE levels in South African newborns and found that
these levels were significantly elevated in these black infants, even if one eliminated from the
study those infants with a positive family history and those whose mothers had Ascaris
infestation. So although finding an elevated cord blood IgE seems predictive of atopic disease in
most infants, not all infants destined to develop atopy have elevated levels.

INFLUENCE OF DIET ON SUBSEQUENT DEVELOPMENT OF ALLERGY

Once a child is born, one of the most important factors influencing his or her chance of
developing atopic disease is diet. In the 1920s, pediatricians noted that children who were fed
egg vyolk, either to treat or to avoid iron deficiency anemia, frequently developed classic atopic
eczema. They further observed that a majority of these eczematous infants went on to develop
major respiratory allergies, such as asthma or allegeric rhinitis.’) They also noted that seven
times as many infants fed cow’s milk developed atopic eczema as did those who had been
exclusively breast-fed.(»

Glaser and Hill are credited with the recommendation that one should deliberately withhold
from the diet of babies of allergic families those foods suspected of being common allergenic
offenders in the development of eczema. These foods include egg, chicken, milk, beef, and
wheat. They suggested that these foods be avoided during the first 6-9 months of life as well as
during the mother’s last trimester of pregnancy.
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Trials of dietary prophylaxis

The first reported trials recommended strict avoidance of egg and chicken and cow products
and wheat for 9 months, substituting soybean milk for milk formula. Few of these infants were
breast-fed. In the first of these trials,’» infants who were fed such a diet showed significantly less
atopic eczema. Also, of those who did develop eczema, only 15% went on to develop asthma or
rhinitis. By contrast, 60% of their eczematous siblings and controls not on this diet went on to
develop major respiratory allergies. In a second, 12-year prospective study of the effects of
dietary prophylaxis,™ 235 infants of atopic families were randomly assigned either to be on a
diet free of milk, beef, egg, chicken, and wheat for the first 9 months of life or to be permitted
to have these foods in the first few months of life. Of those on the prophylactic diet, only 10%
were breast-fed. The only other formula permitted for this group was soybean-derived formula.
The nondiet group received evaporated milk formula. Follow-up data revealed that significantly
fewer (9 of 112) in the milk-free diet group developed asthma compared to infants not placed on
such a diet (40 of 120), followed for an average of 12 years. Mothers of both groups were
advised to avoid consumption of milk in the last trimester of their pregnancies.

Other studies have reported the helpfulness of dietary prophylaxis. Businco et al.(’» reported
that environmental controls and reduced maternal intake of milk and eggs gave promising results
in preventing atopic disease. Zeiger et al.(® carried out a study of dietary prophylaxis, making
significant efforts to minimize or avoid criticisms of other such studies. They found that in spite
of a prophylactic protocol and regimen, availability of professionals to provide nutritional and
environmental guidance, and frequent and personal follow-up, atopic sensitization and allergic
disease developed in some of these prospectively followed infants of parents with documented
IgE-mediated atopy. The “two most obvious factors responsible for the above findings are
parental non-compliance and genetic penetrance.”® These authors used a sensitive enzyme-
linked immunosorbent assay (ELISA) for cow’s milk-specific IgG antibody to document noncom-
pliance by parents or parent surrogates.

In a follow-up of the subjects in their intervention study, Hamburger et al.’® found that less
than half (47%) of highly motivated families adhered to one of the fundamental precepts of their
allergy prophylaxis study, namely, elimination of or marked restriction of the intake of cow’s
milk during the last trimester of pregnancy and while nursing their infant. Confirmation of this
rather surprising poor showing was noted©® during unexpected home visits, where less than half
of the families had removed pets or instituted dust and mold control in the home in spite of
detailed environmental instructions. Kajoraari and SaarinenU? emphasized the importance of
total solid food avoidance for infants for 6 months in dietary prophylaxis regimens. Halpern et
al.’® were unable to confirm the effectiveness of dietary prophylaxis. A detailed critique of the
comparison of the studies of Johnstone and Dutton and Halpern et al. has appeared elsewhere.(’9
Two more recent studies®%8) have presented impressive evidence to try to refute the prophylactic
advantage of soy vs cow’s milk in the prevention of allergic disease. In the first of these,
Kjellman and Johansson®® studied 48 children with a biparental family history of atopy. The
soy-fed group was breast-fed for 2-3 months, and the milk-fed group was breast-fed for 1.5-3
months before milk formula was given. In either group, these children might have become
sensitized to cow’s milk received via their mothers’ breast milk. The authors concluded that
withholding cow’s milk for 9 months did not reduce the incidence of atopic symptoms of cow’s
milk intolerance. However, they permitted mothers of both groups to drink milk while nursing
and did not specify how long or if solid foods were delayed. Obvious allergy developed in 66.7%
of both groups. This incidence of allergy inordinately exceeds any previously published frequen-
cies of allergic disease found in other studies®!-83 of the incidence of atopic disease in the
general population. These authors could not reproduce the findings of Dannaus et al.¢6 that a
high level of transplancentally received anti-cow’s milk IgG antibody protects against the
development of atopic disease.
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In a more recent report on the use of soybean formula in a dietary prophylaxis program,
Merrett et al.®) reported a 12 month prospective study of 500 Welsh babies born into allergic
families. In the intervention group, 238 mothers were assigned to withhold from their children
all cow’s milk products for 4 months, replacing them with soy formula or breast-feeding with soy
complementary feeds. Mothers in this group were advised to restrict their daily milk intake to
one-half pint per day. One third of the soy-fed group were breast-fed compared to 43% of the
cow’s milk-fed group. By 3 months of age, 26% of the soy group had received some cow’s milk
products. The allergic symptoms reported among the two groups during the first year were
similar, but all symptoms were less in infants in either group who had been breast-fed. This
would at least suggest, contrary to the findings of Kjellman and Johansson,®® that avoidance of
cow’s milk was helpful in the intervention of atopic disease in the study groups. Few IgE
antisoybean antibodies were detected in the sera of the soy-fed group. As in Zeiger’s study,3¢
these authors found problems with compliance with instructions by parents. At 3 months of age,
37% of the soy-fed group infants had demonstrable serum IgG4 milk-specific antibodies in their
sera. In both groups, nasal symptoms were related to house dust mite exposure and number of
siblings in the home. Mother’s smoking, social class, presence in the home of open fires, and
being born within the months of August and November increased the risk of wheezing in either
group. They also found no cord blood IgE level below which symptoms of asthma or eczema did
not occur. They wondered if the really predictive value of cord blood IgE measurements will be
in those infants without a positive family history of atopy. It may be that those with an
immediate family history will develop atopic symptoms no matter what the level of cord blood
IgE is, if the appropriate dietary and environmental factors are at work. Finally, it is of interest
that Merrett et al.,89 in the discussion of their article, state that “it is just possible that the
deleterious effects of cow’s milk feeding are yet to show and that the ten-year follow-up trial of
Johnstone and Dutton [("] anticipates this possibility.”

In support of the argument against use of soy formula as a substitute for cow’s or breast milk
in a dietary prophylaxis regimen, several authors368084 refer to the allergenicity of soybean.
However, a careful review of the references cited by these authors revealed that with the
exception of a description of a child with anaphylaxis from ingestion of soy formula,®% most of
the references®¢-89 reported either sprue-like or other nonallergic gastrointestinal symptoms.
Asthma from occupational inhalation of soybean dust has been reported..) Thus, it was not
unexpected that Kjellman and Johansson,®® in their soy vs milk prophylaxis trial, found no
significant IgE antibodies to soybean in their soy-fed group. In fact, in clinical practice, slightly
positive skin tests to soybean extract occur not uncommonly, but the incidence of soybean-
induced anaphylaxis as a result of an infant’s ingesting soy formula is very low if not rare.

Recently, Lindfors and Enocksson®? attempted to refute the desirability of cow’s milk
avoidance in at-risk newborns by conducting a study in which 216 infants were randomly given
during the first few days of life either cow’s milk formula or only breast milk. After their
mothers’ lactation began, both groups were breast-fed. No effort was made to standardize the age
at which infants were weaned or given solids. Nursing mothers were not put on an allergen-free
diet. More infants in the breast-fed group developed symptoms of allergy than infants in those
permitted to have cow’s milk in the first few days of life before resuming breast-feeding. Serum
IgE from cord bloods of the breast-fed group were higher than the milk-fed group. This may
mean that there could have occurred a bias for more truly at-risk infants being in the breast-fed
group. If other factors, such as mothers’ ingestion of milk, smoking among mothers, and other
social and environmental factors, operated, the two groups may not have been truly comparable
and thus not equally at risk for atopic disease. Also, their findings are at odds with those of
Stintzing and Zietterstrom.®% The delayed introduction of solid feeding has been associated with
a significant prevention of atopic diseases in prospective®+9%) and retrospective studies.®?

In the past, the choice for a hypoallergenic formula for at-risk infants as well as those
suspected of having milk allergy was evaporated milk, which was tolerated by some children who
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were sensitive only to the heat-labile milk proteins, such as lactalbumin. Goat’s milk has
significant cross-reactivity with cow’s milk. Wilson and Hamburger®® have stated that a formula
with even less potential for allergy than soybean is a formula whose protein source is
enzymatically hydrolyzed casein. Unfortunately, however, these casein hydrolysate formulas have
been shown capable of causing anaphylaxis in a subset of infants who were exquisitely sensitive
to milk proteins.©®.10) This is also true for the newer whey protein hydrolysates.(101.102 Recently,
Schwartz(103 described 20 children who were very sensitive to cow’s milk. All 20 gave a positive
prick test to cow’s milk proteins. He also found that 75% (15/20) of these infants gave
significantly positive prick tests to whey hydrolysate (Good Start), 10/20 had positive prick tests
to Alfa-Re, another whey hydrolysate formula, 10/20 had positive prick tests to casein hydroly-
sate (Nutramagen), and 8/20 had a positive prick test to Elementum. Although he has not yet
challenged these infants with these hydrolysates by oral feeding of these formulas, he advised
that caution be used when considering the use of hydrolysates of casein or whey in children
known to have had severe adverse allergic reactions to cow’s milk. He found that those infants
with the positive prick tests to the hydrolysate formulas had significantly higher antigen-specific
serum IgE antibody levels to cow’s milk, casein, and beta-lactoglobulin.

The findings of Schwartz(19» and of Businco et al.(1o» are not surprising in view of the report of
Seban et al.,19% who pointed out 12 years ago that because hydrolysis of milk proteins may be
incomplete and a number of potentially allergenic macromolecules may be present in such
formulas, manifestations of milk intolerance may occur in infants with extreme sensitivity if they
are fed such formulas. These same authors showed that although manufacturers of casein
hydrolysis formulas claimed that they were produced only from casein, injections of these
formulas into animals resulted in the production of precipitating antibodies against at least three
whey proteins as well as against casein. The manufacturers of such whey hydrolysates in the
United States have removed the word ‘hypoallergenic,” which appeared in bold type on the
front of their can labels. This announcement(92 came just weeks after publicity over reports that
a small number of infants, who were extremely allergic to cow’s milk formulas, suffered serious
reactions to these so-called hypoallergenic formulas.

Breastfeeding: Is it protective?

Some of the controversy(%) about the preventive value of breast-feeding in at-risk infants is
due to differences in study design.

Evidence that food proteins gain entrance to an infant via breast milk. Donnally(1%9 and
Cogswell and Alexander(!9 demonstrated egg allergy in infants whose only source of egg was via
their mothers’ breast milk. Similar evidence for sensitivity to cow’s milk via breast milk has
been reported.(108.109 Jacobsson and Lindberg(!9 reported the results of a study of 19 breast-fed
infants with severe colic. When the mothers of these infants were put on a diet free of cow’s
milk, the colic disappeared in 13 of the 19 infants. In 12 of the 13, the colic reappeared when
the mothers resumed drinking cow’s milk. The authors identified cow’s milk proteins in the
breast milk of these mothers. Warner(!!) reported infants with eczema whose rash was exacer-
bated when their mothers ate egg. The eczema cleared when the mothers stopped eating egg and
recurred when they ate it again.

Studies suggesting that breast-feeding prevents or delays onset of atopic disease. Saarinen et
al.®9 followed 256 infants for 3 years and found that infants solely breast-fed for 6 months had
fewer atopic symptoms than those given cow’s milk. This was thought to be significant, however,
only if there was a positive family history of atopy. Hide and Gueyer!!'!» followed 843 infants for
2 years. Breast-feeding was associated with reduced incidence of allergy overall as well as asthma
in patients with a negative family history. Blairt!!3 followed 244 children for 20 years and found
that those who had been breast-fed for at least 8 weeks had, on average, an appreciably better
prognosis than asthmatics who had never been breast-fed. This finding confirms the previous
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findings% suggesting that a prolonged follow-up is needed to be sure of the final outcome of a
dietary intervention study. Other studies(0.!14-11) have demonstrated similar findings. Kaufman
and Frick('® reported that babies who were breast-fed for 6 weeks were less likely to develop
bronchial asthma than those who had been given cow’s milk formulas. They prospectively
followed full-term infants of 92 allergic mothers for 2 years. Only 2 of 38 breast-fed babies
developed asthma, where as 10 of 56 infants who received cow’s milk became asthmatic in this
study.

On the other hand, there have been some studies©697.119 that suggested that breast-feeding does
not help. However, Midwinter et al.,02® Blair,(!'» and Atherton et al.(!2) have appropriately
refuted their conclusions and criticized their study designs.

The latest study in this field is that of Hattevig et al.(122 They assigned one group of 65 atopic
mothers to a diet free of egg, cow’s milk, and fish during the first 3 months postpartum, whereas
the 65 mothers in the control group consumed their usual diet. The infants were breast-fed. The
diet of both groups of infants was similar; i.e., cow’s milk was not permitted during the first 6
months of life, and eggs and fish were not permitted until 9 months of age. The incidence of
atopic eczema was significantly lower in the group whose mothers avoided milk, egg, and fish
(10.8%) compared to infants whose mothers ate these foods (28%). Additional evidence
suggesting the importance of breast-feeding was the report of Chen.(123 He reported a synergistic
effect of passive smoke exposure and artificial feeding on numbers of hospitalizations for
respiratory illness in early childhood. Thus, although there seems little doubt that breast-feeding
and avoidance of solids for the first 6 months is helpful to prevent or delay allergy symptoms, it
is important that the mothers be on a diet strictly free of cow products, egg, chicken, and fish
during the lactation period. Early feeding of solids increases risk of allergy in at-risk infants.

Fergusson et al.®? followed 1123 infants for 2 years and found that atopic dermatitis was
associated with early solid feedings and was proportional to the number of solid foods
introduced in the first year of life. Similarly, Murray,(24 in a survey of Canadian children, found
that any child with a positive family history of allergy who was exclusively breast-fed was
significantly less likely to have rhinorrhea or nasal eosinophilia.

Additional potential benefits of breast-feeding. Downham et al.(2% found that breastfeeding
protects against respiratory syncytial viral infections. Machtinger and Moss(!26) studied 57
mother—infant pairs with a positive family history of atopy. Eleven infants in the study
developed obvious allergic disease. The breast milk from mothers of these 11 infants was found
to contain lower total IgA as well as lower IgA antibodies to cow’s milk and casein than breast
milk from mothers whose infants had few or no allergic symptoms. Inadequate quantities of
maternal antibodies to food allergens appear to play a permissive role in the development of
allergic disease in at-risk infants who are breast-fed. In this regard, it is of interest that Sloper et
al.u2? reported that atopic eczematous infants have significantly lower IgA plasma cell counts in
their jejunal mucosa biopsies than do controls. Also, Schwartz and Buckley!2® found that
children with no serum IgA are more likely to have allergic disease. Taylor et al.(29 reported that
at-risk children of allergic families who had transient lower levels of serum IgA at 3 months of
age were more likely to develop eczema and to have positive skin tests to allergens. Juto(30
described a subset of infants with low T lymphocyte counts in their blood at 1 month of age
who were more likely to develop an elevated serum IgE level if fed cow’s milk, whether or not
breast-fed. These findings suggest that the tendency to develop allergic disease is multifactorial
and that some of the determinants act at certain crucial ages in the infant or fetus. When we
have a more complete understanding of all of these factors, we can be more specific about
intervention suggestions and the times when they should be applied.
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Other dietary factors

Anderson et al.(3D reported the interesting observation of the oral pruritis that occurs when
some hay fever patients eat cantaloupe, banana, honeydew melon, or watermelon. Patients with
this type of symptom were all highly allergic to ragweed and were more likely to develop pollen
asthma than were ragweed-sensitive hay fever patients without itching in their throats from
eating melons. Similarly, there has been reported oral itching in birch pollinosis when eating
apples.(32 Other authors have found a relationship between birch pollinosis and symptoms from
ingestion of hazelnut, potato, apple, carrot, and celery.(33-13) Moller(!39 reported on a study of 72
children with birch pollinosis. Of these, 93% reported sensitivity to nuts, apples, and carrots.
Their hay fever symptoms improved after immunotherapy. However, neither subcutaneous nor
oral immunotherapy resulted in a decrease in their food sensitivities. Dreborg(40 has reviewed
the mechanisms involved in these food sensitivity symptoms in pollen-sensitive children.

EARLY SURGERY OR ANESTHESIA AND HOSPITALIZATION IN THE
FIRST YEAR OF LIFE

In early infancy, factors other than diet seem to turn on the allergic diathesis. Johnstone et
al.t4) conducted three studies to follow up the clinical impression of some pediatric allergists
that early surgery might increase the risk of developing asthma or hay fever. In the first part of
the study, 115 children who had been operated on for pyloric stenosis were traced and found to
have had an above-average prevalence of allergic disease. Of those who had undergone such an
operation, 20% developed bronchial asthma, 21% developed hay fever, and 36% developed one
or both of these conditions. These prevalences were much higher than those found in household
interviews in the Rochester Child Health Study investigation®® of a random sample of children
0-17 years of age in Monroe County, New York. That study showed that 3.4% of the random
sample of Rochester children had had asthma, 8.5% had had hay fever, and 10.6% had had one
or both of these conditions. In the second part of their study, Johnstone et al.(!4D reported on 47
boys who had had a hernia repair and who were followed with similar results. Of those who had
undergone a herniorrhapy in their first year of life, 34% developed asthma, 21% developed hay
fever, and 55% developed either one or both of these conditions. In the third part of the study,
202 children from the Rochester Child Health Study®? whose parents had reported that they had
had asthma or hay fever were studied for evidence of early hospitalization or surgery. Their
parents reported significantly more hospitalizations. For boys under 2 years of age, there were
significantly more operations necessitating general anesthesia than for nonasthmatic children of
the same age from the same random population group.

HOUSEHOLD EXPOSURE TO ALLERGENS AND POLLUTANTS

Factors in one’s indoor and outdoor environment, which may have an impact on the atopic
patient and affect how symptomatic one’s condition may be, are numerous, and the number
grows each year. Some of them are living organisms or are derived from living creatures, e.g.,
molds, mites, pollens, animal danders. Some are inanimate factors, such as temperature,
humidity, wind, and strong odors. Kjellman et al.(3» have proposed that environmental factors,
especially cigarette smoking, may act as adjuvants for the process of IgE-type sensitization in
humans, much as proposed by Szentivanyi’s animal model of Bordetella pertussis-induced
hypersensitive state of mice and rats.(42 Climatic factors may influence the availability of
allergens. Interest is centering on the influence of air pollution, indoors and outdoors. Samet et
al.043 called attention to the importance of particles and fumes, especially tobacco smoke, SO,,
and NO,.
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Effect of cigarette smoking

The literature on the health effects of involuntary smoking(!49 is vast and expanding. Parental
smoking raises children’s serum IgE(4% and IgD.(149 It also results in a 60% increase in asthma-
related visits to emergency departments of hospitals.(4? Using other criteria for studying the
effect of passive smoke of mothers, Murray and Morrison!4® investigated 94 consecutively
observed asthmatic children. The 24 children whose mothers smoked, when they were compared
with children whose mothers did not smoke, had 47% more symptoms, a 13% lower mean FEV,
percent, a 23% lower mean FEF».;s, and a fourfold greater responsiveness to aerosolized
histamine. There was a highly significant correlation between the results of the tests and the
number of cigarettes the mother smoked while she was in the house. The differences between the
children of smoking and nonsmoking mothers were greater in older than in younger children.

Black(49 estimates that 30% of all chronic middle ear effusions in children could be attributed
to passive smoking exposure. Also, smoking plays a role in recurrent otitis media.(5® Pukander et
al.tsh found that exposure to passive smoking increases the frequency of acute otitis even if the
patient is not atopic. Exposure to smoke significantly increases the number of episodes of
bronchitist*52 in children of allergic families.(!53.159 Oski, (159 commenting on the article of Murray
and Morrison,4® stated that “A pregnant woman who smokes, smokes for two> and “This form
of child abuse should be reportable!”

Indoor household dampness

Andrea et al.059 demonstrated a synergistic effect of parental smoking and dampness in the
home, which increased allergy to animal pets but not to pollen. Outdoor pollution, on the other
hand, increased the risk of pollen asthma. The effect of dampness in the home had an effect
only among children with a genetic propensity3%143 for asthma.

Role of house dust mites

Over the past 20 years, allergists have come to appreciate the importance of house dust
mite, (157 which is probably the single most important source of house dust allergens. Since then,
reports from around the world have documented the role of mites as an etiologic allergen in
asthmat!58-163) as well as in rhinitis and atopic dermatitis.(6!-164 A committee of the American
Academy of Allergy and Immunology(¢9 reviewed the types and performance characteristics of
available domestic air-cleaning devices, the available data on concentration of allergens in indoor
air, and the studies on the clinical relevance of the use of indoor air-cleaning devices. They
concluded that use of room air-cleaning devices in the absence of other forms of environmental
controls was not reasonable. In an effort to elucidate these “other forms of environmental
controls,” Mosbech et al.(¢9 carried out a study to demonstrate the importance of heat and
humidity control in reducing exposure to dust mites. They studied the mite content of mattress
dust in beds covered with electric heating blankets and found significant differences between
beds with and without electric blankets within the first month of observation. The amount of
dust mite in mattresses of control beds increased by 120% compared to a reduction of 52% in
beds supplied with electric blankets. Also, climatic conditions were measured beneath the blanket
in a spare bed in the same bedroom. When beds were covered with eiderdown, the temperature
was increased by 12°C. and the relative humidity was decreased by 24% within 3 hours.
Comparisons of laboratory results with actual measurements in dwellings(!5? demonstrated that
humidity is usually the decisive limiting factor for mite growth.(¢6-170 The primary source of
food of mites appears to be human skin scales or fungi growing on skin scales. The efficiency of
avoidance measures is supported(’? by studies on patients living in mite-free environments, such
as high altitude or mite-free rooms, in which patients have demonstrated both improvement of
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asthma and reduced nonspecific bronchial reactivity.(61.171.172 Two controlled studies(’3.17) have
demonstrated the clinical efficacy of cleaning measures in patients’ houses. Mothers of mite-
sensitive children need to know the importance of removal of bedroom rugs, closing hot air
bedroom registers, and frequent hot water laundering of a child’s bedding. Miller et al.(17®
recently reported on the efficacy of using a 3% tannic acid spray in reducing dust mite
concentrations in carpets.

Household pets

One important source of increasing the allergic load in the home is the presence of animal
pets. When it is hot, most pets pant and drool saliva to control their body temperatures instead
of sweating. When this highly allergenic saliva dries, it becomes an important part of what we
call “house dust” in the home. Only in industrialized nations do parents have the necessary
room, food, and finances to maintain household pets. In large cities of countries such as Chi-
na,17® asthma resulting from allergy to cats, dogs, hamsters, or guinea pigs rarely occurs because
cramped housing conditions, the fact that both parents go to work, and limited food availability
make the keeping of pet animals in homes impractical. Chinese pediatricians could not believe
that Americans not only keep cats and dogs in their homes but often have them sleep in a
child’s bedroom or even on the bed! Although most allergists agree that the most rational
therapy for atopic disease is complete avoidance of the offending allergen, we seem to be waging
a losing battle®® to convince parents to remove pets from the home. It is not surprising that
even when parents have been convinced to get the cats out of the home, cat antigen Fel d 1 can
be demonstrated in dust samples in the homes(!’ up to 24 weeks later.

Attempts at hyposensitization through immunotherapy have been made with varying success.
Taylor et al.07® were able to demonstrate that immunotherapy with a potent cat antigen can
decrease bronchial reactivity to inhalation challenge with the same cat antigen. Efforts are
ongoing to further identify breed-specific dog dandruff antigens.(\?® Clinicians have long observed
that pet-sensitive children may respond on exposure with allergic symptoms to some cats or dogs
while failing to do so to other species of the same animal. This observation, however, is not an
excuse for a parent to exchange a child’s cat or dog for another pet of the same species for an
asthmatic child known to be sensitive to his or her own pet.

ROLE OF INFECTION IN ATOPIC DISEASES

In an effort to separate out the relative roles of genetics vs. environmental factors in the
development of allergic disease, Frick et al.189 studied prospectively 13 infants born to allergic
families. Over the 4-year study, all 13 developed some symptoms of allergy. An upper
respiratory infection occurred in 11 of the 13 children 1-2 months before the onset of allergic
sensitization. Evidence for a viral infection was an increase in complement-fixing antibody titers
to viruses, such as parainfluenza, respiratory syncytial, and cytomegalic inclusion viruses. To
further evaluate the relationship between viral infections and the development of allergic
sensitization, Frick(8) conducted studies on inbred allergic dogs. Puppies from litters of dogs
with positive skin tests for grass pollens were given injections of pollen extracts, and measure-
ments of IgE antibody were then compared in animals given either live attenuated distem-
per-hepatitis virus vaccination or placebo injections. Vaccinated puppies produced more IgE
antibody to pollen than did unvaccinated littermates. In additional experiments, IgE sensitization
was determined in pups who were given an intranasal canine parainfluenza virus vaccine
followed by pollen inhalation or in littermates exposed only to inhalation of pollen. More IgE
antibody to pollen was produced in parainfluenza-vaccinated dogs than in unvaccinated litter-
mates. Frick concluded that in atopic-prone children as well as in inbred dogs, viral infections
can alter immunoregulation of IgE and thereby influence the development of allergic disease. It
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is important to keep in mind that it is viral infections and not bacterial infections that cause
trouble in atopic children.t82 For this reason, it was not surprising that bacterial vaccines proved
no better than placebo injections in protecting against the allergic effects of respiratory
infections.(183)

Welliver et al.089 discovered a correlation between titers of RSV-IgE antibody and the pattern
of respiratory illness. Children with either pneumonia with wheezing or bronchiolitis had higher
titers of virus-specific IgE antibody during both acute and convalescent periods compared to
infants with upper respiratory RSV illness without wheezing. Welliver et al.(189 also found that
the pattern of IgE antibody response to parainfluenza virus was similar to observations with
RSV infections. To evaluate further the significance of virus-specific IgE, Welliver et al.136
followed 38 infants for 48 months after an initial episode of bronchiolitis. They found that 70%
of infants with high RSV-IgE antibody titers experienced wheezing on later occasions. Only 28%
of infants with undetectable titers of RSV-IgE had subsequent episodes of documented wheezing.
The authors concluded that sensitization to antigens other than the viruses can follow damage to
bronchial epithelia because antigen permeability increased.

The direct effect of virus infection on allergic subjects as well as the late asthmatic response
was studied by Lemanski et al.(8? They studied 10 adult ragweed-allergic rhinitis patients. One
month after baseline studies, the patients were inoculated intranasally with live rhinovirus
(RV16). During the acute RV illness, there was a significant increase in airway reactivity both to
histamine and to ragweed antigen. Before the rhinovirus inoculation, only 1 of 10 subjects had a
late asthmatic reaction after antigen challenge. However, during the rhinovirus infection, 8 of 10
patients had a late asthmatic reaction (p < 0.0085 compared with baseline) The development of
the late asthmatic reactions was independent of changes in airway reactivity and the intensity of
the immediate response to antigen. Busse(8® recently reviewed the subject of the relationship of
viral infections to the onset of allergic disease and asthma. He notes that during acute rhinovirus
infection, leukocyte histamine release to ragweed antigen was significantly enhanced over
baseline. The greater the amount of leukocyte histamine release following activation, the greater
the degree of bronchial reactivity.

EARLY IMMUNOTHERAPY MAY SIGNIFICANTLY ALTER THE NATURAL
HISTORY OF CHILDHOOD POLLINOSIS

Having considered what constitutes being allergic and some of the forces that seem to turn on
the process, it seems appropriate to sum up the clinical conditions in which the type and timing
of treatment may influence the outcome in children. Immunotherapy, appropriately applied, can
be a useful tool in the treatment of respiratory allergies. However, immunotherapy by itself
should never be considered the total treatment of these conditions. Four general factors
determine how well or poorly an individual child will do. Paying attention to or crediting the
success of treatment to only one of them completely misses the point of optimal holistic medical
management of the allergic child.(13» Unless all these factors receive equal attention by investiga-
tors, the findings may color the validity(%® or creditability of such reports. The first of these
factors is the degree of success in lessening or interrupting exposure to offending allergens. The
second is judicious use of prophylactic and therapeutic pharmacologic agents. The third factor is
appropriate use of immunotherapy. The fourth is general, nonspecific advice, including avoid-
ance of nonspecific irritants, such as tobacco smoke, education of patients and families on the
use of therapies, including use of gadgets to monitor severity of asthma, and warning parents not
to inadvertantly teach children to use their illness for gain. Choice of careers may be an
important subject to discuss with patients and parents.
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Immunotherapy in pollinosis and allergic rhinitis

Seasonal allergic rhinitis due to pollen allergy is one of the most common as well as the most
undertreated types of allergy in American children.(99 In an effort to characterize any benefit
from immunotherapy in children with pollinosis, a prospective controlled study was designed in
the Allergy Clinic of the University of Rochester School of Medicine.(92 We started with the
thesis that to give immunotherapy for childhood hay fever did not help any child. The object of
the study was to prove this thesis or disprove it. Children with a history of August-September
hay fever, with a positive family history for atopy and a positive skin test to short ragweed were
assigned to receive either immunotherapy injections of extract of short ragweed or placebo
injections. Otherwise, their treatments were the same. The fact that an experiment was going on
was unknown to the mother, the nurses administering the injections, and the clinic physicians
who evaluated the children. The study went on for 5 years. Not all of the children receiving
ragweed injections lost all their hay fever symptoms, but none of them developed asthma during
the study period. Approximately 40% of the placebo group developed asthma, first in the
ragweed season and then at other times of the year. Also, significantly more of the placebo group
developed allergic rhinitis symptoms in nonpollen seasons.

In reviewing the study population afterward, it was found that the severity of the hay fever
symptoms in either group before the study had nothing to do with whether or not a child went
on to develop asthma. We could find no distinguishing features of a single child in the placebo
group that would indicate which child was at risk to develop pollen asthma. However, the
tendency for a child to do well in this study seemed related to the dose of antigen given in
immunotherapy. The higher the dose of ragweed antigen a child was given, the better were the
symptom scores and the less likely the child was to develop asthma. None of those who received
relatively high doses of ragweed antigen developed asthma during the study period if they had
not already had asthma before the study began. We concluded that although we could have
prevented asthma in this experimental population in only a portion of the children with hay
fever, we thought that children with polien hay fever should receive immunotherapy regardless of
the severity or mildness of their allergic symptoms. This points out a difference in the natural
history of hay fever in children compared to adults, where the chances of an untreated adult hay
fever patient’s developing asthma because of not receiving immunotherapy may be as low as 2-5
per thousand.

Parents of atopic children deserve to know these differences, and if they should decide to
defer immunotherapy, they should at least participate in the decision-making. Pediatricians
should recall that patients with hay fever but without asthma may show slightly abnormal
pulmonary function tests during the pollen season.(9 Townley et al.0® demonstrated a significant
increase in bronchial sensitivity to inhalation of methacholine, histamine, and pollen extracts in
patients with hay fever compared to normals. More recently, Ramsdale et al.(%9 reported finding
methacholine responsiveness in 10 of 25 rhinitis patients with no history of asthma. These
findings suggest that pulmonary function tests should be a routine part of the work-up of new
patients with hay fever or perennial allergic rhinitis who have never shown signs of asthma.

Others have reported(%9 similar findings on the benefits of early immunotherapy in children
with hay fever as well as pointing(?® out that the results were better the shorter the duration of
symptoms before immunotherapy began and the longer the duration of therapy.

However, studies of Broder et al(9 and Smith(%® claimed that they were unable to
corroborate the concept that early immunotherapy in children with hay fever prevented the
subsequent development of pollen asthma. In a review of these studies,(!89 it was pointed out
that in these studies, interviews of families were carried out in a small town in Michigan. It is of
interest that the authors asked about hay fever and asthma in only a few of the children between
the ages of 6 and 8 years. However, ‘“neither asthma nor hay fever were uniformly asked about
in the remainder of six and seven year olds and all those under six years of age. This entire
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group (under age six) has been excluded from consideration in this report.”(89 As is well known
to most pediatricians, the onset of these conditions occurs well before 6 years of age in most
allergic children. In the second part of the Tecumseh study,(9) the authors reported on the onset
sequence of asthma in hay fever patients. In 23% of their patients, hay fever preceded asthma by
at least 1 year. During the period of the study, only 10% of those at risk, however, had actually
developed asthma as yet. Four years later, they again surveyed the same population and reported
the number of probably allergic as well as “highly suspect” of having asthma and hay fever.
Only the probable cases were used in the analysis of the onset sequence of hay fever and
asthma. They noted that “methods of ascertaining and diagnosing allergic rhinitis and asthma
were different in the first and second surveys.”(99 Thus, it is not surprising that the cumulative
prevalence rates increased 60% from the first Tecumseh study to the second one.200.200) They
found that 25% of the persons who were thought to have probable asthma as well as hay fever
had not previously been diagnosed as having either one. When they went back and asked the
same patients, ‘“‘the cumulative prevalence of allergy was higher in twice-examined persons.”
Thus, they may have missed some crucial pediatric hay fever patients the first time they
surveyed the town. Taking the Tecumseh studies at face value, a lower percentage of children
with hay fever in their study were at risk to develop asthma. However, it does not gainsay the
principle proposed in our Rochester study.(192

Fontana et al.202 reported that they found no benefit from immunotherapy in childhood
ragweed hay fever. However, in reviewing this report, Sly@ pointed out that the symptom
scoring system used did not assess severity or duration of symptoms. Also, relatively small doses
of pollen extracts were used.(192209 It is well known that clinical response to immunotherapy in
children is related to the dose of antigen administered in patients with rhinitis as well as
bronchial asthma. A study by Sadan et al.?% confirmed the value of immunotherapy in children
and detailed the immunologic basis for clinical improvement.

BRONCHIAL ASTHMA: NATURAL HISTORY

A knowledge of the natural history of asthma is essential background information for the
assessment of therapeutic measures. Parents frequently ask about the likely outcome of their
child’s disease. “Will he outgrow it?” One of the problems in evaluating studies of the natural
history of asthma is that few have involved following asthmatic children into late adolescence or
adulthood. Phaleno® followed 401 asthmatic Australian children from age 7 to 28 years. He
found that three quarters of wheezing children had infrequent episodes of asthma and represent-
ed only 5% of the childhood population. One in 40 of asthmatic children developed chronic or
persistent asthma, and they represented 1 in 200 children. With regard to age of onset of
symptoms, Phalen found that the majority with onset of wheezing before the age of 12 months
had the pattern of infrequent episodic asthma during childhood, and only 20% developed
persistent asthma. Fewer than 5% of those with onset after the age of 3 years developed
persistent asthma. Conversely, over half of those with persistent asthma had the onset of
wheezing before the age of 2 years and 40% before the age of 12 months. Although many
children with infrequent episodic asthma seem to lose their asthma, 50% continued to have
episodes of wheezing into late adolescence and early adult life. Most of these patients denied
that they had asthma. Phalen listed risk factors for a less favorable course of asthma as eczema
and the frequency of episodes of wheezing. He also found that “no subject fell into a group
called intrinsic asthma.” He believes that asthma is a very underdiagnosed condition. In his
study, only those children with infrequent episodes of wheezing have even a 50% chance of
being wheeze-free by early adult life. Even those who seemed to have outgrown their asthma in
adolescence have a risk of its recurring in adult life. He stressed the importance of following
asthmatic groups over many years, as did Blair.t®
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Anderson et al.20” undertook to follow the outcome of 8806 British children, born in March
1958, at ages 7, 11, and 16 years. By 16 years of age, 11.6% of children in their study had
experienced asthma. However, throughout the whole time span studied, the prevalence figure for
asthma was 4.2%, which figure comes close to that found in a study of a random population of
children in Rochester, New York.®» One interesting finding of the Anderson study was that half
of the children who were thought to have outgrown their asthma again had symptoms of
bronchospasm in adulthood.

Early immunotherapy may significantly alter the natural history of bronchial
asthma and increase the likelihood of a child’s outgrowing it

If the natural history of extrinsic bronchial asthma in childhood were the same with and
without immunotherapy, there would be no reason to give asthmatic children allergy injection
therapy. In each of four long-term studies(113.208-210 on the follow-up of asthmatic children who
had not received immunotherapy, at least 75% of these children persisted with symptoms of
asthma into adolescence or early adulthood. By contrast, Rackemann and Edwards®?!'D reported
on a 20-year follow-up study of 688 asthmatic children, all of whom had received immunothera-
py. They reported that approximately three fourths of their patients were free of asthma when
questioned 20 years after therapy began. Thus, the proportion of asthmatic children expected to
outgrow their asthmatic symptoms by late adolescence was almost exactly the opposite, depend-
ing on whether or not they had received specific immunotherapy. Blair(!!3 pointed out that
unless follow-up studies of childhood asthmatics extend beyond 18 years of age, a false
impression of the natural history of childhood asthma will result. In a Rochester study,?o a
previous history of seasonal hay fever significantly increased the likelihood of a child’s asthma’s
persisting into adulthood. Buffum and Settipane,2!2 in reporting on a 10-year follow-up of 518
asthmatic children, found a subset of children, with a strongly positive skin test to egg white and
with the onset of asthma before 2 years of age and a history of atopic eczema, who tended to
have a persistence of their eczema and asthma. Their asthma often became intractable to usual
treatment.

To follow the long-term clinical course of asthmatic symptoms in 210 asthmatic children,
Johnstone and Dutton?!» randomly assigned 210 asthmatic children to receive either specific
immunotherapy or placebo injections and followed their clinical course for 14 years. Twenty-two
percent of the placebo-treated children were free of their asthma for at least 1 year by the age of
16 years. Seventy-two percent of the children who had received immunotherapy were free of
symptoms by the same age. In the treated group, the chance of clinical improvement in a child’s
asthma@% or of outgrowing the asthma®!® seemed greater the higher the dose of antigen received
in immunotherapy. In the treated group who received the maximum tolerable dose of antigen,
the percentage of children free of asthma at the end of the study exceeded 80%. In this study,
the likelihood of a child’s outgrowing the asthma was in no way affected by the age of onset of
the asthma, the sex of the child, or the severity of asthma when first seen, providing the child
did not have egg-sensitive eczema and onset of asthma before age 2 years.2!» A previous history
of seasonal hay fever, however, significantly increased the likelihood of a child’s asthma
persisting into adolescence.

In a study of the effectiveness of immunotherapy for asthma caused by ragweed sensitivity,192
we followed a group of asthmatic children for 5 years. Randomly, the children were given either
ragweed injections or placebo injections. Over the 5 years of the study, two thirds of the treated
group of pollen asthmatics lost their symptoms. There was a 16% increase in the prevalence of
asthma in the placebo-treated group.

Aas@?!'9 demonstrated the positive value of immunotherapy in children with house dust asthma.
In 93 children, he substantiated the diagnosis of asthma by bronchial provocation challenges
with house dust extract. He then assessed the effectiveness of the treatment by measuring
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changes in bronchial sensitivity before and after immunotherapy by means of measuring changes
in pulmonary function after bronchial inhalation challenge with the same dust extracts used in
immunotherapy. Specific therapy was found to be superior to placebo injections. The differences
were statistically significant. Similarly, McAllen et al.!9 did bronchial challenges before and after
injections of grass pollen or placebo in grass-sensitive asthmatics. They reported that in the
second year, 80% of the treated group were protected, as evidenced by bronchial inhalation
challenge with grass pollen extracts. The controls remained unchanged in their bronchial
sensitivity to the same grass extract. Other reports?1621) have added to the growing number of
studies supporting the value of immunotherapy in childhood asthmatics. A refutation of the
arguments of opponents of immunotherapy exists in some detail.2!®

RECURRENT OTITIS MEDIA

Although pediatric allergists have long suspected a relationship between eustachian tube
dysfunction caused by underlying allergic rhinitis and recurrent otitis in infants and chil-
dren,219.220 too few pediatricians and primary physicians are quick to recognize this relation-
ship.22) McGovern et al.?22 summarized the age distribution of this condition together with a
description of the aural and allergic manifestations found in 512 children with secretory otitis
media seen by them. They maintained that conservative allergic management, consisting of
environmental controls, symptomatic medications, and immunotherapy resulted in marked
improvement in the majority of these children. Bierman et al.,2?®» in a study of 2,000 allergic
children, found that a fourth of them had middle ear dysfunction. The authors made a plea for
a team effort on the part of pediatricians, allergists, otologists, surgeons, and school teachers and
parents in the total care of children with secretory otitis media. The allergic part of their
regimen included advice on environmental controls, appropriate use of symptomatic medicines,
dietary restrictions where indicated, and specific immunotherapy.

Further interest in the possible connection between allergy and ear dysfunction in infants has
been aroused by the literature pointing to the connection between smoking and subsequent
elevation of serum IgE(4% and increase in childhood asthma,(14? as well as significant increase in
glue ear.04» McMahan et al.229 have suggested that up to 90% of patients with secretory otitis
develop it secondary to allergy. Bernstein?29 demonstrated in a series of studies that there is a
definite subset of children with allergic problems who develop secretory otitis media. In one of
his studies, a third of the children with secretory otitis had associated allergic rhinitis.

The possibility that IgE-mediated allergic reactions participate in the pathogenesis of otitis
media with effusion has been suggested®2® by clinical studies showing a higher prevalence of
otitis media in patients with allergy. Patients with allergic rhinitis can develop posterior
nasopharyngeal mucosal edema, which occludes the proximal portion of the eustachian tube,
which, in turn, contributes to the subsequent development of middle ear effusion. When
Ackerman et al.??? challenged patients with allergic rhinitis with pollen allergens intranasally,
many of them developed eustachian tube obstruction, as measured by the nine-step pressure-
swallowing procedure. In addition to pollens, house dust as a perennial allergen has been shown
to provoke eustachian tube obstruction and allergic rhinitis in similar studies. Rhinoscopy
performed minutes after antigen challenge revealed profuse edema and watery secretions that
enveloped the posterior nasopharynx and obscured the region of the eustachian tube orifice.

Fireman demonstrated in human subjects with allergy, as well as in primates, that aerosolized
intranasal histamine not only induced rhinitis but also provoked eustachian tube dysfunction.22®
Walker et al.?29 reported that a single intranasal challenge with histamine provoked eustachian
tube obstruction in patients with allergic rhinitis but not in normals. From these studies, it
seems that there is little doubt of the relationship between allergic rhinitis and the tendency to
develop eustachian tube obstruction.
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SUMMARY AND RECOMMENDATIONS FOR EARLY DETECTION AND
POSSIBLE INTERVENTION OF ALLERGIC DISEASE IN CHILDREN

. Genetic counseling about chances of a child’s inheriting atopic tendency

. Season of birth: Plan pregnancy to end after pollen seasons. If practical, plan first trimester
to occur when mother’s allergy symptoms are least likely to require symptomatic medica-
tions.

. During pregnancy: Mother should not smoke or drink alcoholic beverages. She should also
avoid taking progesterone and beta-blocker drugs. Although not yet proven of importance,
mothers should, in the last trimester, avoid milk products and egg.

. Consider some or all of the following theoretical predictive tests

. Pregnant mother’s serum IgE level

. In third trimester, measure mother’s serum level of IgG antibodies to beta-lactoglobulin

. Newborn cord blood levels of IgE and food-specific RAST IgE antibody determinations

. Measure newborn’s platelet count@3®

. Measure total IgA and milk-specific IgA antibody levels in colostrum and mother’s first
milk
6. At 1 month of age, measure infant’s total T lymphocyte count
7. At 3 months of age, determine infant’s serum IgA level
8. At 6 months of age, determine infant’s serum IgE level

. Dietary avoidance: Withhold cow’s milk, egg, wheat, corn, peanut, and fish for first 9-12
months of life. Warn hospital nurses against giving infants any supplemental feeding of cow’s
milk. Try to delay introduction of solids 9-12 months. Encourage exclusive breast feeding, if
possible, for 12 months. During nursing, mothers should avoid eating cow’s milk products,
egg, fish, corn, and peanut. Parents should be warned to prevent grandparents or other
surrogate infant caretakers from giving the infant milk or forbidden solids before the
indicated age. For complementary feeding when breast feeding is not possible, use soybean,
whey, or casein hydrolysate formula.

. Optimal obstetric and perinatal care to minimize complications in mother or infant during
the neonatal period

. When practical, defer elective surgery in first 2 years of life, especially in boys with a positive
family history of atopy.

. Because infants have been shown®3) to develop specific IgE antibodies to Bordetella pertussis

after DPT immunization, theoretically one should consider deferring DPT immunization of
children of allergic families until after 6 months of age, if practical and safe.
Environmental controls: No smoking in the home, including during pregnancy. No furry pets
in the home. Maintain optimal humidity in the home, including the basement and patient’s
bedroom. Use dustproof (waterproof) covers on mattresses and pillows. Minimize house dust
mite exposure (frequent laundering, including use of dryer, of bedding and night clothes at
least twice a week; remove carpets from bedroom). If symptoms are severe in spite of these
measures, consider use of a HEPA filter or air conditioner in child’s bedroom with bedroom
registers and doors closed. In pollen season, use of eyecup and eyedrops as well as rinsing
child’s hair at bedtime.
Early recognition of developing atopy in child by use of multitest skin tests or RAST tests at
4 months, 12 months, and yearly thereafter. This might permit early detection of sensitivities
before clinical symptoms begin and permit early further and more aggressive manipulation of
the child’s allergenic environment.

. Begin early immunotherapy for pollinosis (even if symptoms are mild) and extrinsically
caused atopic bronchial asthma.

wm AW =

Although knowledge of the natural history of atopy in children and familiarity with feasible
intervention measures is essential to modern care of children of allergic families, we do not
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always succeed in preventing the onset of major allergy in such children. Each year, new findings
in clinical and laboratory science add additional information that influences our chance of
preventing atopic disease. We must strive to improve compliance by patients in the intervention
process to make them succeed. We must continue to educate ourselves, physicians caring for
children, and their parents about what is known and what we can accomplish in the early
recognition of and prevention of allergic disease in children.
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