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HIGH PREVALENCE OF AEROALLERGEN SENSITIZATION AMONG INFANTS
OF ATOPIC PARENTS

GRACE K. LEMASTERS, PHD, KIMBERLY WILSON, MS, LINDA LEVIN, PHD, JOCELYN BIAGINI, MS, PATRICK RYAN, MS,
JAMES E. LOCKEY, MD, SHERRY STANFORTH, RN, CNP, STEPHANIE MAIER, RT, JUN YANG, BS, JEFF BURKLE, BS, MANUEL VILLAREAL, MD,

GURJIT K. KHURANA HERSHEY, MD, PHD, AND DAVID I. BERNSTEIN, MD

bjective To present methodology to identify atopic parents and determine the prevalence of sensitization to 15 aeroal-
ergens in their infant offspring.

tudy design A birth cohort of infants was identified from birth records; an infant was enrolled if 1 of the parents reported
llergy respiratory symptoms and had a positive skin prick test (SPT) to a common aeroallergen. At age 1 year, these infants
ere tested to the same aeroallergens.

esults Of the 680 enrolled infants, 28.4% were SPT� to 1 or more aeroallergens and/or food, and 18.0% were positive to
or more aeroallergens. By category of allergens, 9.7% were sensitized to pollens, 7.5% to molds, 4.3% to house dust mite

nd/or cockroach, and 3.4% to dog and/or cat. Of the infants who were positive to an aeroallergen, 65.7% remained positive
t age 2 years.

onclusions Infants born to atopic parents with percutaneous sensitization to aeroallergens are at increased risk for
eroallergen sensitization during infancy, which persists to age 2 years. These findings suggest that current clinical practices,
hich generally avoid skin testing before age 2 years, be reassessed in this population of high-risk children.
J Pediatr 2006;149:505-11)

n the Third National Health and Nutrition Examination Survey, (NHANES III), conducted in 1988-1994, 50% of children
age 4 to 17 years exhibited a positive skin prick test (SPT) to at least 1 of 4 aeroallergens.1 Over the last 2 decades, these
high rates of aeroallergen sensitization have been accompanied by an estimated doubling in the incidence of allergic

espiratory diseases, with an 11% gap for asthma attacks (26% vs 15%) between black and white children.2,3 Aside from food
llergies and atopic dermatitis, the potential for development of atopic respiratory disor-
ers in infancy is often deemphasized, even though sensitization to allergens at younger
ges has been shown to be more important than sensitization later in childhood for the
evelopment of wheezing symptoms and asthma.4,5 Thus, early recognition of aeroaller-
en sensitization during the first and second years of life may facilitate surveillance of
nfants at highest risk for later expression of allergic respiratory disease.6

Although parental history of asthma and allergic rhinitis7-9 are important risk
actors for childhood asthma,10-12 little is known about percutaneous sensitization profiles
f infants born to parents with confirmed aeroallergen sensitization. This is due in part to
he difficulties inherent in performing the SPT in infants as well as parents, despite the
act that this procedure can be safely performed in patients of all ages and is more sensitive
han in vitro measurements of serum-specific IgE.13 Moreover, in all but 1 birth cohort
tudy of infants in which SPT has been performed, the number of aeroallergens evaluated
as 7 or less.14-17

Here we report methods used to precisely identify atopic parents and successfully
ecruit their high-risk infants for the Cincinnati Childhood Allergy and Air Pollution
tudy (CCAAPS). To better define the actual prevalence of aeroallergen sensitization

SQ Allergy symptom questionnaire
CAAPS Cincinnati Childhood Allergy and Air

Pollution Study
I Confidence interval

SAAC International Study of Allergies and Asthma

NHANES National Health and Nutrition Examination
Survey

OR Odds ratio
SPT Skin prick test
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mong infants of parents in whom atopic status was rigorously
onfirmed, we present data from skin test studies performed
n this cohort of high-risk infants with an expanded panel of
llergens (15 aeroallergens and 2 foods). We find an unex-
ectedly high prevalence of positive skin tests to aeroallergens
n this infant population that persists into the second year of
ife.

METHODS

tudy Design and Family Recruitment
Newborns were identified from birth certificate records

n the Cincinnati metropolitan area from October 2001
hrough July 2003. Eligibility for the study was determined by
eocoding residential addresses from the birth certificates, as
escribed previously.18 Parents were informed of the study by

etter; were screened by phone, mail, or personal interview at
heir home using an allergy symptom questionnaire (ASQ);
nd signed an informed consent approved by the University of
incinnati Institutional Review Board. This study is ongoing,
ith annual follow-up of infants for allergic disease. The

urrent report presents results for the parents’ and infants’ first
PT.

llergy Symptoms and SPTs
To maximize the efficient identification of atopic par-

nts, a screening ASQ identified those most likely to be
ensitized to aeroallergens. Sections of the short questionnaire
eveloped by Nielsen et al for the Glostrup Allergy Study in
enmark and the International Study of Allergies and
sthma in Childhood (ISAAC) core questionnaires were
odified and pilot tested.10,19 The final ASQ consisted of 12

ymptom questions, 7 questions adapted from Nielsen et al, 4
uestions adapted from the ISAAC, and 1 additional ques-
ion added based on clinician feedback after pilot testing. An
ffirmative response to 1 symptom qualified the parent for a
PT. A positive SPT (SPT�) to 1 aeroallergen was required
o enroll an infant.

The parent was considered atopic if he or she had at
east 1 allergy or asthma symptom and was SPT� to 1 of the
ollowing 15 aeroallergens: pollen (meadow fescue, timothy,
hite oak, maple mix, American elm, red cedar, short rag-
eed), mold (Alternaria, Aspergillus fumigatus, Penicillium
ix, Cladosporium), pet (cat, dog), and dust (German cock-

oach [Blattella germanica], dust mite mix [Dermatophagoides
arinae and Dermatophagoides pteronyssinus]).

The infants were evaluated for the same 15 aeroaller-
ens plus cow’s milk and egg. All SPTs were performed using
he Accu-set tips and aeroallergen (provided by ALK-Abelló,
nc, Round Rock, TX). A positive SPT was defined as a
heal � 3 mm larger than the saline control after 15 minutes.
his criteria has a positive predictive value between 0.79 and
.92 compared with food challenge in children under age 2
ears20 and can be interpreted without difficulty in infants

lder than 3 months.21 1

06 LeMasters et al
ata Analysis
The prevalence of positive SPTs for each allergen was

alculated for parents and children. Separate multiple logistic
egression analyses generated adjusted odds ratios (ORs) of a
hild having a positive SPT given the parental pattern of
llergic symptoms or aeroallergen sensitization; that is, all 12
arent symptoms or all 15 aeroallergens were analyzed simul-
aneously. Because of similarities among parent symptom
uestions, a cluster analysis was performed to identify groups
f similar symptoms and was repeated with cluster-specific
ndicators of at least 1 symptom being positive in the cluster.

To obtain “true” atopic and “true” nonatopic rates, the
onsymptomatic parents completing the ASQ should have
lso received a SPT. But those individuals without symptoms
re not generally the relevant clinical population, and they
ere not our relevant study population. Therefore, we evalu-

ted the ASQ to determine which symptom was most pre-
ictive of a positive SPT for only those parents who had at

east 1 symptom. Sensitivity and specificity were assessed for
ndividual symptoms compared with all of the others. Hence,
he ability of individual symptoms to predict aeroallergen
PT positivity was investigated by calculating percent sensi-
ivity (symptom prevalence given SPT�), specificity (symp-
om absence given negative SPT [SPT-]), and positive pre-
ictive values (symptom prevalence given SPT� divided by
ymptom prevalence).

RESULTS

dentification, Recruitment, and Description of
topic Parents

Of 7352 families who were sent a letter requesting their
articipation, 30.8% (n � 2265) completed the ASQ by
hone (43.6%), mail (34.3%), or at-home visit (22.1%). The
ther group comprised the nonparticipants (69.2%; n �
087), who refused to participate (19.9%), moved (7.8%), or
ere never reached (41.5%). Birth certificate records were

ompared in participants and nonparticipants to address any
ources of bias. The 2 groups had similar maternal Caucasian
acial status (74.3% and 70.1%), average age (28.3 [� 5.9]
ears and 27.7 [� 5.9] years), and Ohio residence (84.8% and
3.6%). To further assess participation bias, we asked those
ho refused to participate in the primary study to answer 2
rief questions; approximately half agreed to do so. Those
ho refused were similar to the participants in having had a
revious child with asthma or allergies (13.3% vs 12.6%) but
ere dissimilar in reporting that they themselves had allergies
r asthma (25.1% vs 53.5%). Because the purpose of the ASQ
as to identify and recruit atopic parents, this latter difference
oes not represent a bias, because these families likely would
ot have been eligible to participate.

A total of 1134 parents, either themselves (911) or their
pouse (223), completed the ASQ and underwent skin test-
ng. Of these, 304 were SPT- and thus were ineligible. For
hese analyses, if both parents were tested (59 families), only
was selected, either the SPT� parent or, if both were

The Journal of Pediatrics • October 2006
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ositive, the mother; 78.4% of those parents tested were
others.

Enrolled parents brought their infant(s) for a SPT at
ge 1 year. Results were available for 680 infants and 664
arents (16 sets of twins participated) in which the parent
eported at least 1 of the 12 symptoms and was SPT� and the
nfant received a SPT. The mean (� 1 standard deviation)
nd median ages of the infant at time of their first SPT were
3.7 (� 2.6) months and 12.6 months, respectively, and 93%
ere under age 18 months.

ymptoms Predictive of Sensitization in Parents
n � 1134)

One goal of the study was to identify atopic parents of
ewborns from a general population sample using infant birth
ecords. The wording of each question, the order in which the
uestions were asked, and the number and percent of parents
eported to have the symptom are shown in Table I. The
ensitivity, specificity, and positive predictive value for each
uestion are shown in the Figure. Because of similarities
mong symptom questions, we determined which symptoms
ere similar and significantly predictive of a parent being

topic, and found that 2 clusters were significant. For the first
luster, the questions included “itchy or stuffy nose or sneez-
ng near animals” and “shortness of breath near animals.”
here was a 4-fold likelihood of identifying an atopic parent

ie, being SPT�) given that they reported at least 1 of these
symptoms (OR � 4.1; 95% confidence interval [CI] � 2.9

o 5.8). For cluster 2, the questions included “itchy or watery
yes” and “itchy or stuffy nose or sneezing near grass, trees, or
owers.” There was almost a 2-fold likelihood of identifying
n atopic parent given a positive response (OR � 1.9; 95% CI

1.4 to 2.6). Thus, these 4 questions may be the most
mportant ones for identifying allergic adults.

ymptoms and Sensitization in Parents and Infants
The first column of Table II gives the prevalence of

able I. Percent of tested parents (n � 1134) with re

Reported symptoms

o you or your baby’s other biological parent have problems with
(1)a Itchy/watery eyes?
(2)c Itchy ears?
(3)a Problems with sneezing or a runny, or stuffy nose without a

the spring or fall?
(4)b An itchy or stuffy nose or sneezing during summer months?
(5)b An itchy or stuffy nose or sneezing when near grass, trees, o
(6)b An itchy or stuffy nose or sneezing near animals?
(7)b Shortness of breath when near grass, trees, or flowers?
(8)b Shortness of breath near animals?
(9)b Shortness of breath when cleaning rooms, making beds, or w
10)b Shortness of breath when hurrying on level ground or walkin
11)a Ever been diagnosed with eczema?
12)a Ever been diagnosed with asthma?

ources: aNielsen, et al, Glostrup Allergy Study; bAsher et al, ISAAC; cClinician recom
PT� by individual and category of aeroallergen for all 3

igh Prevalence Of Aeroallergen Sensitization Among Infants Of Atopic
arents having at least 1 allergy symptom. Overall, 73.2% of
he parents who responded “yes” to at least 1 symptom were
PT�. Of those parents whose spouse provided the symptom
istory, 79.8% had a SPT�; of those who self-reported
ymptoms, 71.6% were SPT�.

The overall rate of sensitization to any allergen in the
80 infants at their first test was 28.4% (Table II, column 3).
he highest rates of sensitization, in descending order, were

or egg (12.2%), milk (4.7%), dust mite (3.1%), and timothy
2.9%). The most frequent aeroallergen category included
ollen (9.7%), and the least frequent included dog and/or cat
llergen (3.5%). However, the pollens had a very wide differ-
nce in atopic response between adults and children in terms
f allergen sensitivity (eg, 43.1% and 1.2%, respectively, for
hort ragweed), although the difference between parent and
hild was quite narrow for 2 molds, Penicillium (5.6% vs 1.5%)
nd Aspergillus fumigatus (7.8% vs 2.1%). For those infants
ho were SPT� for aeroallergens, the highest rates were to
ust mite (10.9%) and timothy (10.4%) (Table II, column 4).

The results of multiple logistic regression examining the
dds of a child being SPT� given the parental sensitivity to
specific aeroallergen showed that only Cladosporium was

ignificant. It was, however, inversely (protective) associated
ith the child being atopic (OR � 0.6; 95% CI � 0.4 to 0.9).

ersistence of Infant Sensitization
To assess the persistence of the infant SPT results, we

nalyzed the results to date for those infants who have com-
leted their second SPT (n � 589). Our results show that of
hese 589 infants who were tested twice, 26.7% (n � 157)
ere SPT� at their first test, and 67.5% of these (n � 106)

emained positive at their second. Of those who were SPT�
o an aeroallergen at their first visit, 65.7% (n � 102) re-
ained positive, although only 39.7% (n � 31) of those who

re SPT� to food at age 1 year (n � 78) remained positive.
he overall SPT reactivity for 2-year-olds, regardless of the
rst-year test results, increased from 28.4% (n � 680) to

ted symptom

% Reported symptom

f the following:
68.3
43.5

or flu during 82.8

71.0
ers? 60.0

37.1
13.7
12.1

in bed? 23.4
slight hills? 39.1

13.8
22.9

ed
por

any o

cold

r flow

hen
g up
9.0% (n � 589), with 9.1% allergic to at least 1 food and
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6.3% allergic to at least 1 aeroallergen (non–mutually exclu-
ive categories).

DISCUSSION
Our study demonstrates that the prevalence of aeroal-

ergen skin sensitization in infants born to parents in whom
topy is confirmed by skin testing is substantially higher than
reviously reported. The present study is unique in that no
revious infant studies have undertaken SPT with so large a
anel of individual aeroallergens, representing most relevant
egional indoor and outdoor allergens (including tree, grass,
nd weed pollens), similar to that used for testing patients in
llergy clinics. In clinical practice, evaluation for aeroallergen
ensitization is often deferred until age 4 or 5 years, and hence

igure. Positive predictive value, sensitivity, and specificity of parent allerg
ssessment of potential risk for atopic disorders is generally

08 LeMasters et al
elayed until that time. However, we found that 28.4% of
nfants born to atopic parents were sensitized to 1 or more
eroallergens and/or food allergens. Furthermore, 18.0% were
ositive to 1 or more aeroallergens, and 13.7% were positive
nly to an aeroallergen. Pollens were the most common
eroallergens (9.7%). These findings have broad implications
or medical practice and may warrant changes including ear-
ier allergy evaluations for young children, especially those
orn to atopic parents. Further, the Third National Health
nd Nutrition Examination Survey (NHANES III) found
hat 54.3% of the US population was sensitized to at least 1
eroallergen.22 Therefore, our at-risk cohort has wide gener-
lizability, because more than 50% of the US population is
ensitized.

ptoms compared with positive SPT.
Documentation of aeroallergen skin test sensitization at

The Journal of Pediatrics • October 2006
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ge 1 has been demonstrated in a small number of birth
ohort studies, but at lower prevalences than identified in the
CAAPS cohort. These differences could be related to the
se of high-risk populations (eg, children of atopic parents)
ersus a general population-based sample or could be attrib-
table to study differences in the numbers and types of aeroal-
ergens tested. For example, Sandin et al17 reported a 7%
revalence of skin test positivity at age 1 year to at least 1 of
allergens (egg, milk, timothy, birch, and cat) in a general

opulation of Swedish infants. A study of 376 high-risk
nglish infants of SPT� parents found that 16% exhibited a
ositive skin test to a small allergen panel (ie, D. pteryonyssi-
us, cat, dog, grasses, egg, and milk).14 This lower overall

able II. Prevalence of atopy by aeroallergen for all

Category Individual Allergens

(1) Tested Pare
With Symptom

n � 1134 %

ollen

Meadow fescue 37.3
Timothy 38.4

White oak 21.6
Maple mix 23.4

American elm 16.5
Red cedar 12.3

Short ragweed 43.1

old

Alternaria 18.0
Aspergillus fumigatus 7.8

Penicillium 5.6
Cladosporium 18.2

ust
Dust mite 30.9

German cockroach 9.4

nimal
Cat 21.0
Dog 9.0

ood
Milk —
Egg —

Allergens by Category

Pollen 62.3
Pollen only 14.7

Mold 37.0
Mold only 1.5

Dust 35.7
Dust only 3.1

Animal 25.0
Animal only 1.6

Food (regardless of aero) —
Food only —

Aeroallergen (regardless of food) —
Aeroallergen only —

Both Aero and Food —
Positive to Any 73.2

All prevalence values are per total number tested
There were 16 sets of twins resulting in 664 parents tested and 680 infants tested
revalence of sensitization compared with findings in our a

igh Prevalence Of Aeroallergen Sensitization Among Infants Of Atopic
igh-risk cohort may be due to the use of a restricted aeroal-
ergen panel or to varying environmental or genetic influences
n the background population.

Becker et al23 reported that 21% of 545 infants born to
sthmatic parents were skin-sensitized to at least 1 of a panel
f allergens (ie, milk, egg white, wheat, soy, peanut, cat, dog,
ockroach, and 2 mold allergens). Their panel differed from
hat used to skin test infants in our study by the notable
bsence of pollens. Becker et al noted that the frequency of
llergen sensitization dropped to 14% by age 2 years, indicat-
ng that this change was due primarily to a decrease in
ercutaneous reactivity to food allergens.23 Their finding con-
rasts with findings in the CCAAPS cohort in which the

d parents and their infants at age one1

(2) SPT� Parents
With at Least

One SPT�
n � 6642 %

(3) Tested Infants
With Parent
SPT� and
Symptom
n � 680 %

(4) SPT� Infants
With at Least

One SPT�
n � 193 %

52.1 1.3 4.7
53.8 2.9 10.4
30.3 1.8 6.2
32.4 2.5 8.8
23.0 1.0 3.6
15.2 1.9 6.7
60.4 1.2 4.1
26.4 2.5 8.8
11.0 2.1 7.3
6.9 1.5 5.2

23.0 2.6 9.3
42.0 3.1 10.9
11.4 1.8 6.2
29.7 2.5 8.8
12.5 1.3 4.7
— 4.7 16.6
— 12.2 43.0

86.4 9.7 34.2
20.5 4.4 15.5
49.8 7.5 26.4
1.5 2.6 9.3

47.7 4.3 15.0
4.1 1.3 4.7

35.1 3.5 12.4
2.3 0.7 2.6

— 14.7 51.8
— 10.4 36.8
— 18.0 63.2
— 13.7 48.2
— 4.3 15.0

100.0 28.4 100.0
teste

nts
s

llergen sensitization rate rose from 28% during infancy to
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1% in year 2, with the increase attributable to a higher
revalence of positive skin tests to aeroallergens. The lower
revalence of infantile sensitization reported by Becker et al
ould be related to the fact that parental atopic status was not
onfirmed by skin testing or that the more restricted allergen
anel that excluded pollens failed to identify all sensitized
ubjects.

The fact that almost 10% of the infants were SPT� to
ollens raises particular concerns. Two of the 3 most prevalent
eroallergen sensitizations in the CCAAPS cohort were to
utdoor allergens: timothy (2.9%) and maple mix (2.5%).
his finding has important implications for skin testing in

oung children. Children with an atopic family history and
ymptoms could be evaluated by allergen skin testing even
efore age 1 year, including outdoor allergens. Allergists
ometimes limit skin testing of young infants to foods and
ndoor allergens, but according to our data, this practice
ould miss some sensitized infants. Although the prevalence
f pollen sensitization in children may indicate that the peak
ccurs later, the onset appears to begin earlier than previously
eported.

We found no concordance between parent and child
ensitization to either specific aeroallergens or categories of
llergens. This lack of agreement may be because the preva-
ence of specific aeroallergen sensitization in infancy is rela-
ively low compared with that in adults. Alternatively, the
eredity of atopy may not be allergen-specific. Our findings
upport those of a multigenerational study of 100 families in
hich complete allergen tests were available for both parents

nd 2 children.24 Their findings demonstrated that the prob-
bility that a child is sensitized to a specific allergen is inde-
endent of whether or not 1 or both of his or her parents were
ensitized to the same particular allergen. In addition, we
ound that only 1 allergen in the parent—Cladosporium—was
ignificantly associated with their infant not being sensitized.
hus, we conclude that the general propensity for parental

topy (symptoms and sensitization), rather than the specific
attern of parent sensitization, is a high-risk factor for child-
ood sensitization.

Another aim of this study was to efficiently identify
topic parents from a general population cohort. Identifying
ey symptoms also has important clinical applications for
etermining which adults need allergy testing or for identi-
ying potentially high-risk infants of atopic parents. The
reciseness of the questions in the ASQ was apparent in its
bility to correctly identify more than 70% of the parents who
eported symptoms as atopic using 12 brief questions. As
emonstrated by the cluster analysis, these 12 questions can
e further reduced to 4, which can be reliably answered by
ither self or spouse report.

This study evaluated a large panel of aeroallergens and
ound a high rate of aeroallergen sensitization in infants.
hese findings have broad public health implications, partic-
larly in relationship to outdoor pollen allergies, because
thers have shown that although dust mite and cat allergies

ecline with age, pollen allergies increase with age.25 It is 1

10 LeMasters et al
ntriguing to speculate whether a more aggressive approach by
linicians to the early identification of, and intervention for,
hildhood allergies would lead to a reduction in the incidence
r severity of allergic disease. For this reason, these infants are
eing studied prospectively to determine the significance of
arly sensitization to aeroallergens and the potential for future
evelopment of allergic disease.

e thank our participating families, our recruitment team, and
linical staff.
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Overall, Bakwin’s discussion on how to appropriately inform parents that their child is mentally retarded continues
to be largely applicable for healthcare professionals. Although physicians today typically use more objective educational
testing to diagnose mental retardation and often favor a multidisciplinary team approach, Bakwin expressed innovative
ideas about the range of parent’s emotional reactions and the continued need to promote the acceptance and provision
of appropriate services for children with mental retardation.
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