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Background: Although it is known that atopic dermatitis (AD)
can develop during adolescence, research on its course and
predictors in this age group is thus far limited.
Objective: We aimed to describe the course of AD over puberty
and prospectively determine risk factors for the incidence,
recurrence, and persistence of AD until adolescence in a
population-based cohort study.
Methods: German participants of the International Study of
Asthma and Allergies in Childhood Phase II were followed
prospectively. The final dataset comprised 2857 adolescents, of
whom 2433 were unaffected by AD at baseline. Bivariate and
multivariate prediction models for the incidence, recurrence,
and persistence of AD using early-life factors, family history of
atopic diseases, and job history as predictors were developed.
Results: The incidence of AD between ages 9 to 11 and 16 to 20
years was 1.7%, and recurrence was 2.4%. AD persisted in
47.6% of adolescents with AD symptoms at baseline (n 5 424).
High socioeconomic status, female sex, asthma symptoms and a
positive skin prick test response at baseline, parental history of
rhinitis/AD, and having worked in a high-risk job were
significant predictors for the course of disease. With all the
factors present, the probability of the incidence of AD was
21.4% (95% CI, 1.8% to 80.2%) and increased up to 81.7%
(95% CI, 47.0% to 95.8%) for recurrence of AD and 87.6%
(95% CI, 63.4% to 96.6%) for persistence of AD among those
affected by AD. Early-life exposures did not predict the course
of AD over puberty.
Conclusion: Genetic factors, early allergen sensitization, and
having worked in a high-risk job seem to be more important for
disease development in late adolescence than other early-life
exposures. (J Allergy Clin Immunol 2010;126:590-5.)
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The incidence of atopic dermatitis (AD) in Western countries,
especially in Germany, has been increasing over the past de-
cades.1 To date, research in the field of AD concentrated on the
course of disease in the vulnerable stages of infancy and early
childhood, as well as on genetic factors.2-4 However, it has been
suggested that 10% to 20% of European children and teenagers
are affected by AD until adolescence.5,6

Several especially environmental factors, such as indoor aller-
gens,7 dust exposure,8 and environmental tobacco smoke
(ETS),9,10 have a relevant influence on the development of AD
in infancy and childhood. In addition, the presence of asthma
and rhinitis symptoms in patients and a positive family history
for those diseases are linked to the incidence of AD.11 Siblings
and day care attendance are known to have a protective effect on
the development of AD in early life.12,13 Dietary factors, such as
breast-feeding, and infections or vaccinations early in life were
found to be associated with a reduced incidence of AD.14,15 Later
in life, job exposure as a risk factor for the development of AD in
adolescents seems also to be relevant,16,17 although the evidence is
not as strong as for the other risk factors. However, data on predic-
tors of the course of AD later in life are sparse.

Phase II of the International Study of Asthma and Allergies in
Childhood (ISAAC) was designed as a multicenter study to
investigate the prevalence of allergies and asthma in children
attending fourth-grade classes (aged mainly 9-11 years).18 The
Study on Occupational Allergy Risks (SOLAR; started in 2002)
was the first follow-up of ISAAC Phase II investigating German
adolescents aged 16 to 20 years. This approach provided the op-
portunity to study the incidence of AD over adolescence. Factors
predicting the individual risk of AD were assessed. We used this
dataset to evaluate the course of AD over puberty and to deter-
mine risk factors for new onset, recurrence, and persistence of
AD at age 16 to 20 years and the individual probability of the
course of AD to support clinicians, especially pediatricians, in ad-
vising patients and their parents accordingly.
METHODS

Baseline survey (ISAAC Phase II)
The population for SOLAR was based on the population of ISAAC Phase II

in Germany (Munich and Dresden), which examined primary school children

in 1995-1996. Details of this study have been described previously.18,19

Briefly, parents of 6399 children aged 9 to 11 years completed a questionnaire

asking for demographic and environmental factors and health outcomes. In ad-

dition, children were examined for sensitizations by means of skin prick tests
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(SPTs) and specific IgE measurements in blood serum, for AD by means of

skin examination, and for asthma by measuring spirometric values and

bronchial responsiveness with nebulized hypertonic saline.

The questionnaire assessed the presence of AD symptoms during the past

12 months with explicit description of the predilection areas and physician-

diagnosed AD in the children. Despite the fact that parents without a medical

background had to state their child’s skin status, using this approach and the

long time range of 1 year for skin symptoms provided sufficient validity for a

correct classification for this item. However, one has to keep in mind that it is

difficult to diagnose AD during a single medical examination because

symptoms of AD come and go.20

SPT results (n 5 4401 [69%]) were the only clinical parameters from the

clinical examination at age 9 to 11 years used for the present analysis because

specific IgE data were only available in a smaller subset of the population (60%).18

Follow-up survey (SOLAR)
In 2002-2003, all ISAAC Phase II participants in Munich and Dresden

whose parents agreed to be contacted were contacted once again and were

invited to fill out a postal questionnaire; a medical examination was not

scheduled for this follow-up. SOLAR and the demographic information of the

cohort have been described in detail elsewhere.17,21 Overall, 4,893 (87%) ad-

olescents in Dresden and Munich were eligible for participation, of whom

3,785 finally took part in the study. The SOLAR questionnaire included 118

items, mostly on respiratory health, allergies, and potential occupational

and environmental risk factors. Most items were taken from the European

Community Respiratory Health Survey and ISAAC.22,23 Thorough arrange-

ments (reminder letters and up to 5 reminder telephone calls) were set to max-

imize response. Informed consent was obtained according to age either from

the participants only (age >_18 years) or additionally from their legal guardians

(age <18 years; see Fig E1 and Table E1 in this article’s Online Repository at

www.jacionline.org for a diagram and additional information of the ISAAC

Phase II and SOLAR participants and dropouts).

Definition of outcome and potential predictors
The dataset was analyzed according to AD symptoms at baseline and

follow-up and a physician’s diagnosis before ISAAC Phase II. AD was defined

as a diagnosis of AD by a physician and the indication of characteristic skin

alterations in the typical predilection skin areas (face, neck, and flexural folds

of the extremities) for more than 6 months during the 12 months before the

ISAAC Phase II (baseline) and SOLAR (follow-up) surveys, respectively.

Those children without a medical diagnosis of AD whohad no skin symptoms

at baseline but did have skin symptoms and a physician’s diagnosis at follow-up

were assigned as incident cases of AD. Participants with skin symptoms but

without a physician’s diagnosis of AD were not assessed separately to avoid

overestimation of the AD outcomes caused by possible misclassification.

Disease persistence was defined as having a physician’s diagnosis and

symptoms throughout the study from baseline until follow-up.

Recurrence of AD was defined as a prior medical diagnosis of AD but no

symptoms at baseline and presence of skin symptoms at follow-up.

The dataset was divided according to disease status and analyzed separately

to assess the individual risk factors (see Fig 1 for comparison groups and AD

distribution).
The incident cases were compared with those children who had never had

either a physician’s diagnosis or symptoms of AD. Recurrent cases were

compared with children with a physician’s diagnosis before baseline who did

not have symptoms either at baseline or at follow-up. The reference group for

the persistent cases consisted of those patients who had symptoms at baseline

but not at follow-up.

The following variables were considered as potential risk factors for each of

the possible AD outcomes:

d parental history of asthma (yes/no);

d parental history of rhinitis (yes/no);

d parental history of AD/eczema (yes/no);

d kindergarten attendance (yes/no);

d breast-feeding (ever/never);

d presence of siblings (0/>_1);

d exposure to ETS until baseline (yes/no);

d asthma symptoms, such as wheezing or whistling in the chest, 12 months before

baseline (yes/no), as defined according to the ISAAC protocol23;

d rhinitis symptoms 12 months before baseline (nasal symptoms, such as sneezing

or having a runny or blocked nose in the absence of additional infectious disease

symptoms);

d socioeconomic status (SES; high SES is defined as at least 1 parent with >_12 years

of schooling);

d positive SPT response (wheal size >_3 mm after subtraction of the negative control19)

of at least 1 of the allergens Dermatophagoides pteronyssinus, Dermatophagoides

farinae, cat, Alternaria tenuis, mixed tree pollen, and mixed grass pollen; and

d occupational exposure until follow-up, which was assessed according to the

Asthma Specific Job Exposure Matrix.24 The whole job history was taken into ac-

count, including holiday jobs or vocational training periods lasting for at least 8

hours per week for 1 month. Jobs were ranked as high-risk jobs (nursing, health

care assistance, bakery, and cleaning) or low-risk jobs (others) according to the

results of a previous analysis on this dataset.17

Statistical methods
Because the prevalence of AD and risk factors in different cultures and

countries showed large variations, participants without German citizenship

were excluded from the dataset before the analyses, reducing the number of

eligible participants from 3785 to 3492.

Missing data. Missing questionnaire data for the relevant parameters

under study were considered to be missing at random and were multiply

imputed (see the Methods section of this article’s Online Repository at www.

jacionline.org for additional statistical information). Medical data were not

imputed because of the complexity of the data with associations between dif-

ferent variables and potential confounders. Therefore 635 participants with in-

complete medical information were excluded from further analyses, leaving

2857 teenagers for the analyses.

Bivariate and multivariate analyses
For the bivariate analyses, cross-tabulation and x2 tests for the potential as-

sociation among all possible baseline risk factors and the incidence, recur-

rence, and persistence of AD were performed.

Those parameters with P (x2) values of less than .1 in any of the bivariate

analyses were included in logistic regression models for any of the 3 outcomes

by means of stepwise forward fitting, starting with the variable with the lowest

P value. To evaluate the goodness of fit of the respective models, the Akaike

information criterion was used to decide which variable to keep in the model.

SES and sex were a priori kept for all analyses. Effect modification by sex was

also tested. However, no indication for effect modification was seen (data not

shown). Because 86% of the teenagers were between 16 and 18 years old, ad-

justment for age was not performed.

In the next step the individual risk of the incidence, recurrence, and

persistence of AD was calculated according to Formula 1.

Formula 1: Risk model.

Logit Pðatopic dermatitisÞ5b01b1 � x11b2 � x21b3 � x31..1bn � xn

In this model all parameters that contributed significantly to the goodness

of fit of the logistic model were kept. In addition, receiver operating

http://www.jacionline.org
http://www.jacionline.org
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FIG 1. Distribution of AD in ISAAC Phase II and SOLAR. Double arrows at the bottom indicate the compar-

ison groups for further analyses.

J ALLERGY CLIN IMMUNOL

SEPTEMBER 2010

592 PETERS ET AL
characteristic (ROC) curves and the corresponding area under the curve

(AUC) values were used to evaluate the goodness of fit for the final risk model.

The ROC takes the sensitivity and specificity of the corresponding model into

account. A high AUC value represents a good and correct classification of all

adolescents in the dataset as either healthy or affected by AD.

The calculation of probabilities for a combination of several risk factors

was then performed according to Formula 2.

Formula 2: Calculation of probabilities for several

risk factors.

PðAtopic dermatitisjx.xnÞ5
expðb0Þ3ðOR13OR23.3ORnÞ

11½expðb0Þ3ðOR13OR23.3ORnÞ�

b0 intercept, b1 . bn regression coefficients of the risk factors x1 . xn. OR

odds ratio

Statistical analyses were performed with SAS software (SAS version 9.1;

SAS Institute, Inc, Cary, NC) and R software (version 2.7.0, www.r-project.

org).

RESULTS

Natural course of AD
The distribution of incident, remittent, persistent, and recur-

rent, as well as unaffected, participants is demonstrated in Fig 1.
Seventy-five percent of the participants showed no AD symptoms
in ISAAC Phase II and SOLAR, incidence of AD over puberty
was 1.7%, persistence of AD reached 7.1%, remission of AD be-
fore ISAAC Phase II was 6.1% and that after ISAAC Phase II was
7.8%, and recurrence of AD was 2.4%.
Prediction of AD
Prediction of the incidence of AD. In the bivariate

analyses ETS, high SES, parental history of allergic rhinitis,
and having ever worked in a high-risk job were the main risk
factors for the incidence of AD (Table I).

After adjustment, the multivariate model included additionally
female sex, a positive SPT response, and the absence of allergic
rhinitis symptoms at baseline, whereas ETS was excluded. The
probability of the incidence of AD for adolescents ranged from
0.14% in the absence of any of the assessed risk factors up to
21.4% with all risk factors present (Table II). The AUC value of
the ROC reached 0.68 (data not shown), representing a moderate
fit for the incidence model.

Overall, the contribution of a single risk factor seems to be
marginal for the incidence of AD, whereas the presence of various
risk factors can add up to a moderate risk for the development of
AD in adolescence.

http://www.r-project.org
http://www.r-project.org


TABLE I. Bivariate ORs for the incidence, recurrence, and persistence of AD for all potential risk factors considered

Incidence (n/N 5 48/2190),

OR (95% CI)

Recurrence (n/N 5 68/243),

OR (95% CI)

Persistence (n/N 5 202/424),

OR (95% CI)

Sex (female) 1.22 (0.69-2.17) 1.83 (1.03-3.25) 1.09 (0.74-1.59)

Study center (Munich) 0.88 (0.50-1.56) 1.12 (0.63-2.00) 1.04 (0.70-1.53)

ETS exposure until age 9-11 y 0.53 (0.28-0.99) 0.92 (0.52-1.63) 0.67 (0.46-1.00)

SES (high vs low) 2.29 (1.22-4.29) 1.27 (0.70-2.29) 1.20 (0.81-1.78)

Breast-feeding 0.96 (0.45-2.07) 0.75 (0.34-1.63) 1.28 (0.73-2.23)

Kindergarten attendance —* —* 0.22 (0.02-2.02)

Siblings 0.84 (0.41-1.70) 0.62 (0.27-1.44) 0.97 (0.56-1.69)

Parental history of:

Asthma 1.12 (0.44-2.87) 1.29 (0.61-2.73) 1.03 (0.60-1.78)

AD 0.81 (0.32-2.06) 1.29 (0.73-2.27) 1.63 (1.08-2.47)

Allergic rhinitis 1.96 (1.10-3.48) 1.28 (0.72-2.26) 1.58 (1.08-2.33)

Positive SPT response 1.77 (0.96-3.25) 3.40 (1.87-6.17) 1.83 (1.22-2.73)

Asthma symptoms at baseline 0.56 (0.08-4.13) 3.95 (1.58-9.88) 1.48 (0.70-3.12)

Rhinitis symptoms at baseline 0.34 (0.05-2.49) 2.72 (1.20-6.14) 1.51 (0.80-2.83)

Risk job 3.08 (1.19-7.98) 3.39 (0.88-13.03) 2.68 (1.01-7.12)

Values in boldface indicate relevant items of the bivariate analyses.

OR, Odds ratio.

*No ORs were computable because there were no observations in one of the corresponding groups.

TABLE II. Probabilities and adjusted ORs for incidence of AD over

puberty compared with those without symptoms or AD diagno-

sis ever*: Single risk factors and all risk factors combined (final

multivariate model)

AD

Probability, % (95%

CI); (incidence)

Adjusted OR

(95% CI)

b0 (intercept)� 0.1

SES (high) 0.3 (0.1-0.5) 2.0 (1.0-3.7)

Sex (female) 0.2 (0.1-0.3) 1.2 (0.7-2.3)

Positive SPT response 0.3 (0.2-0.6) 3.2 (1.2-8.6)

No rhinitis symptoms

at baseline

0.8 (0.1-6.0) 1.9 (1.1-3.4)

Parental history of

allergic rhinitis

0.3 (0.2-0.5) 2.2 (1.2-4.2)

Risk job 0.5 (0.2-1.2) 6.0 (0.8-45.8)

All risk factors listed

above present

21.4 (1.8-80.2) 195.8 (13.2-2907.2)

Items in boldface indicate a statistically significant result.

OR, Odds ratio.

*See Fig 1 for an illustration of group distribution and comparison between the

groups.

�exp(b0) 5 0.0014.
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Recurrence of AD. The bivariate analyses for recurrence of
AD comprised female sex, a positive SPT response in ISAAC
Phase II, and rhinitis and asthma symptoms at baseline (Table I).

The multivariate model additionally contained the variable of
high SES but excluded rhinitis symptoms at baseline as a relevant
risk factor for the recurrence of AD. The probabilities for the
recurrence of AD in the group of children with AD at school age
ranged from 9.3% for adolescents without any risk factor to
81.7% for those with all risk factors present (Table III). The AUC
showed a value of 0.71, representing a moderate fit for this model.

Persistence of AD. The persistence of AD in the bivariate
analyses was influenced by a parental history of AD/eczema and
rhinitis, a positive SPT response at baseline, and having ever
worked in a high-risk job (Table I).

The final multivariate model additionally included female sex
and high SES as relevant for the prediction of the persistence of
AD, whereas parental history of rhinitis was not included. The
probability for the persistence of AD in the group of children
with AD at school age ranged from 28.3% for teenagers without
any of the risk factors to 87.6% for those with all risk factors
present (Table IV). The AUC had a value of 0.63 for the final
model.

The exact probabilities of the incidence, recurrence, and
persistence of AD for other combinations of risk factors can be
calculated according to Formula 2 (see above).
DISCUSSION
We present follow-up data of a population-based study describ-

ing the natural course of AD from age 9 to 11 years to age 16 to 20
years. Furthermore, relevant risk factors for the incidence, recur-
rence, and persistence of AD over adolescence were evaluated.

About 7% of all participants ever having AD had symptoms
during adolescence. Sex-specific differences in the prevalence of
AD could be shown at neither age 9 to 11 years nor age 16 to 18
years for this dataset, although female sex was associated with a
higher risk for all disease occurrences. In infancy boys are more
affected by AD than girls,25 and the switch to a female predomi-
nance in adolescence is consistent with other European studies.11,26

Overall, nearly 5% of adolescents who were symptom free at
baseline had symptoms until follow-up. These results confirm the
observations from cross-sectional studies that although many
cases of AD occur early in life, an important number of cases still
might occur during adolescence.27

As in previous studies focusing on disease onset early in
life,11,25 a positive family history of AD increased the probability
of the incidence and recurrence of AD over puberty in our study.
However, in contrast to these earlier studies mainly focusing on
new onset of disease early in life, we could not show modifiable
childhood factors contributing to the development of AD over ad-
olescence. It might therefore be possible that all the common
childhood factors are no longer relevant in the assessed age group.

In the age group under study, genetic factors (indicated by
parental history of AD and rhinitis) and sensitization to allergens
at age 9 to 11 years (indicated by positive SPT responses) seemed



TABLE IV. Probabilities and adjusted ORs for persistence of AD

over puberty compared with those remitted after ISAAC II*:

Single risk factors and all risk factors combined (final

multivariate model)

AD

Probability, % (95%

CI; persistence)

Adjusted OR

(95% CI)

b0 (intercept)� 28.3

SES (high) 32.9 (24.5-42.6) 1.2 (0.8-1.9)

Sex (female) 33.9 (25.4-43.6) 1.3 (0.9-2.0)

Positive SPT response 42.0 (32.2-52.6) 1.8 (1.2-2.8)

Parental history of allergic rhinitis 35.2 (26.6-44.9) 1.6 (1.1-2.5)

Parental history of AD 39.0 (29.4-49.4) 2.7 (1.0-7.4)

Risk job 51.9 (28.4-74.6) 1.4 (0.9-2.1)

All risk factors listed above present 87.6 (63.4-96.7) 17.9 (4.4-73.0)

Items in boldface indicate a statistically significant result.

*See Fig 1 for an illustration of group distribution and comparison between the

groups.

�exp(b0) 5 0.3953.

TABLE III. Probabilities and adjusted ORs for recurrence of AD

over puberty compared with those in disease remission before

ISAAC II*: Single risk factors and all risk factors combined (final

multivariate model)

AD

Probability, %

(95% CI; recurrence)

Adjusted OR

(95% CI)

b0 (intercept)� 9.3

SES (high) 12.9 (7.2-22.1) 1.4 (0.8-2.8)

Sex (female) 21.3 (12.4-34.0) 2.6 (1.4-5.0)

Positive SPT response 27.1 (16.1-41.9) 3.6 (1.9-7.0)

Asthma symptoms at baseline 24.5 (10.7-46.8) 3.2 (1.2-8.6)

All risk factors listed above

present

81.7 (47.1-95.8) 43.7 (8.7-219.9)

Items in boldface indicate a statistically significant result.

*See Fig 1 for an illustration of group distribution and comparison between the

groups.

�exp(b0) 5 0.1025.

J ALLERGY CLIN IMMUNOL

SEPTEMBER 2010

594 PETERS ET AL
to be the most relevant childhood predictors for the course of
disease over puberty.

Furthermore, our data support the atopic march hypothesis, with
AD often representing the starting point of the atopic march
because especially those children without rhinitis symptoms at
baseline were at risk for AD.28,29 In contrast, we could not support
the findings of Barberio et al30 that asthma might precede AD at
older ages. The finding that a positive SPT response was highly as-
sociated with AD was consistent with previous cross-sectional
studies.31 However, one might argue that a positive SPT response
is part of the causal pathway rather than a predictor of AD.

In any case, having worked in one of the high-risk jobs
contributed to an increase in the incidence of AD.17 This was also
confirmed in a study by von Linstow et al.32 Therefore according
to our results, this seems to be the only factor that can be tackled
after childhood to reduce the probability for AD in adolescence
and adulthood. Pediatricians and work consultants should keep
this in mind when advising youngsters.

As demonstrated in the multivariate analyses, single risk
factors only contributed to a minor extent, especially to the
individual risk for AD. The probabilities increased strongly with
multiple risk factors present, such as parental atopy and having
worked in a high-risk job. However, because of the relatively low
number of cases, especially for the incidence of AD, the 95% CIs
were partly extremely large.
Strengths and limitations
One of the strengths of this study is its sample size, with follow-

up data for more than 2300 adolescents. Additionally, a follow-up
period of up to 8 years contributes to the assessment of a real
distinction of the occurrence of AD (ie, incidence, persistence,
and remission from childhood to adolescence).

Another advantage of this study was the use of validated and
well-established protocols for the medical examination and the
questionnaires.19,33 In ISAAC Phase II SPTs were used to assess
atopic sensitization in the children in addition to questionnaire
data. A standardized and rater-independent scheme was used to
avoid misclassification.18 Because ISAAC Phase II and SOLAR
data concerning clinical symptoms only referred to the corre-
sponding past 12 months, recall or reporting bias by the minors
and parents could be minimized. Study arrangements (eg, written
and telephone reminders) were set to increase the response as
much as possible to decrease selection bias.34

Some limitations have to be taken into account. Although a large
number of subjects could be followed, the number of participants
with incident, recurrent, and persistent AD was limited. Therefore
the reduced power resulted in large CIs, especially for the
incidence and recurrence of AD, where, for example, odds ratios
for kindergarten attendance were not computable because of the
lack of observations in these small groups.

Unfortunately, medical data were only available for ISAAC
Phase II, and therefore we decided to use only questionnaire data
for the definition of AD to use the same definition with identical
questions in both subsamples. In addition, no information was
available for the nonrespondents in SOLAR, which again reduced
the size of the remaining dataset. However, the questions used for
the assessment of AD allowed valid and reliable results on a
population level.35 AD was defined as a physician’s diagnosis of
AD and the presence of skin symptoms 12 months before each
survey. Although these questions were validated for ISAAC Phase
II and were used in the European Community Respiratory Health
Survey study,36 they are not validated in adolescents. Therefore
some misclassification of the outcome might have occurred. For
example, hand eczema might have been misclassified as AD. Fur-
thermore, although parents answered the questions at baseline,
the adolescents themselves answered the questionnaire at
follow-up. This also might result in misclassification of the out-
come.37,38 However, one-time skin inspection might miss an im-
portant proportion of cases because one characteristic of AD is
that symptoms come and go.20

Although we included a number of potential childhood risk
factors, we might have missed others. One of these factors might
be vaccination, which has been reported to be a potential
protective factor for the development of AD.39 However, we
used study center (Munich or Dresden) as a proxy for vaccination.
Dresden, as a major city in the former German Democratic Re-
public, had a higher vaccination coverage than Munich because
of compulsory medical surveillance in infancy and early child-
hood until reunification in 1990. In any case, having grown up
in Dresden showed no association with a lower risk for AD.

The questionnaire-based skin information had been obtained at
age 9 to 11 years; the potentially most vulnerable phase for AD in
infancy and early childhood was not covered in these results. For
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ISAAC Phase II, only those children who reported current skin
symptoms and a previous physician’s diagnosis of AD were taken
as AD cases. Children with symptoms in infancy or with present
symptoms but without medical diagnosis were not classified as
AD cases. Therefore we cannot exclude that some of our incident
cases were in fact recurrent cases of early childhood AD, which
could result in an overestimation of the incidence of AD.
However, because our aim was to support physicians in advising
parents of primary school children with AD about the course of
AD over puberty and its potential risk factors, this does not have a
major effect on our results. Likewise, we do not have detailed data
available on the course of AD between the 2 surveys. Because the
results of this study regarding the course of AD over adolescence
corresponded to those of other studies,40 it can be assumed that
the follow-up study design of SOLAR caught the majority of
AD development in the study participants.
Conclusion
In adolescents early-life factors seem to be less important for

the course of AD than in children. Occupational exposures, even
of limited duration and intensity (eg, on holidays and during
short-term vocational training), seem to be relevant. Therefore
these data will support the pediatrician in advising patients with
AD with respect to their job selection.

Parts of this paper have been used for the PhD thesis of Jessica Kellberger.

Clinical implications: Genetic factors, early allergen sensitiza-
tion, and having worked in a high-risk job seem to be more
important for disease development in late adolescence than
other early-life factors.
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METHODS

Time frame
The ISAAC Phase II study in Germany took place from 1995 to 1996, and

the participants we included in our analyses were aged 9 to 11 years (mean age

9.7 years). The follow-up survey SOLAR was carried out between 2002 and

2003, with participants now aged between 15 and 18 years (mean age of our

study population, 16.6 years). The mean follow-up time of all participants

included in our analyses was 6.99 years (95% CI, 6.97-7.00).

Multiple imputation
The amount of missing data differed for each variable. The extent ranged

from 35 (1.9%) missing entries for parental history of allergic rhinitis up to

308 (8.9%) for parental history of asthma. For the multiple imputation, sex,

study center, and age were used as requisite information. The parameters

SES, parental history of asthma/AD/allergic rhinitis, kindergarten atten-

dance, ETS, siblings, and breast-feeding were imputed. Rather than imputing
only 1 parameter, different plausible values were used for replacing the

missing values, resulting in 5 complete datasets. All of the subsequent

analyses were carried out on each of the 5 datasets, and the results were then

combined according to standard imputation procedures.E1,E2 The results for

the bivariate analyses revealed nearly identical results. Therefore only 1 ran-

dom dataset is shown to simplify the presentation. Multivariate analyses

were performed in 2 steps. First, analyses were carried out on each of the

5 datasets. Second, these results were combined, and the final results are

presented.



FIG E1. ISAAC Phase II and the SOLAR cohort: participants included in the

analyses, dropouts, and nonresponders. *Dropouts caused by missing

relevant medical information on SPTs.
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TABLE E1. Descriptive information of the final study sample and the excluded participants

Included participants (n 5 2,857), % (95% CI) Excluded participants (n 5 928), % (95% CI)*

Sex (female) 52.1 (50.3-54.0) 53.2 (50.0-56.5)

Study center (Munich) 48.6 (46.9-50.4) 70.6 (67.6-73.5)

ETS exposure until age 9-11 y 42.7 (40.9-44.5) 44.4 (41.1-47.7)

SES (high) 54.3 (52.5-56.1) 51.1 (47.8-54.3)

Breast-feeding 84.4 (83.1-85.8) 83.6 (81.1-86.0)

Kindergarten attendance 99.1 (98.7-99.4) 95.6 (94.2-96.9)

Siblings 83.1 (81.8-84.5) 84.4 (82.0-86.8)

Parental history of:

Asthma 10.6 (9.2-12.1) 9.2 (7.2-11.2)

AD 17.7 (16.2-19.3) 13.5 (11.3-15.7)

Allergic rhinitis 33.1 (31.4-34.8) 31.0 (28.0-34.0)

Positive SPT response 24.9 (23.3-26.5) 17.7 (13.7-21.7)

Asthma symptoms at baseline 4.6 (3.8-5.3) 5.7 (4.2-7.1)

Rhinitis symptoms at baseline 6.9 (6.0-7.9) 7,7 (6.0-9.4)

Risk job 3.9 (3.2-4.6) 4.0 (2.7-5.3)

*Varying number of observations caused by missing information for the individual items.
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CD27: A new player in the field of common
variable immunodeficiency and EBV-associated
lymphoproliferative disorder?

To the Editor:
CD27 is routinely used as a marker of memory B cells. On the

basis of its functions and expression in T, B, and natural killer
cells and the phenotype of a CD272/2 mouse, a human defect of
CD27 might have a substantial effect on cellular and humoral im-
munity,1-5 which is supported by clinical and laboratory data pre-
sented by van Montfrans et al6 on human CD27 deficiency in the
March 2012 issue of the Journal and our own observations. Be-
cause it is highly important for patients with hypogammaglobu-
linemia or severe courses of EBV infection, I would like to
report briefly the parallel findings in a Viennese family of Turkish
origin with an underlying CD27 mutation different from the one
in the presented Dutch/Moroccan family, in whom the immuno-
logic and genetic workup, including next-generation sequencing,
was performed recently (Wolf et al, manuscript in preparation;
Seidel, Haas, Pickl, Borkhardt, and Boztug, unpublished data).

Two months after undergoing infectious mononucleosis at the
age of 15 months, a normally thriving girl presented with signs of
EBV-associated hemophagocytosis (fever, increased ferritin and
triglyceride levels, reduced fibrinogen levels, pancytopenia, and
organomegaly), pneumonia, systemic inflammatory response
syndrome and lymphoproliferative disorder (LPD) that responded
to high-dose steroids only transiently. Because of moderate
hypogammaglobulinemia, intravenous immunoglobulin (IVIG)
substitution was initiated. After tapering steroids, life-threatening
EBV-associated LPD recurred with fever, oliguria, ascites, and
pancytopenia. Steroids were readministered successfully, and
IVIG was continued. B lymphocytes were found to lack CD27
surface expression (Wolf et al, manuscript in preparation) and to
show a common variable immunodeficiency (CVID)–like distri-
bution with markedly increased transitional and CD212 B cells
(Seidel and Pickl, unpublished data). A few months later, the
girl presented again with fever and EBV-associated LPD. The
girl was treated with one course of the anti-CD20 antibody ritux-
imab (375 mg/m2 administered weekly 4 times) and responded
immediately. The fever stopped, lymph node and spleen sizes
shrunk visibly, and during the 9- to 10-month phase of B-cell
aplasia and complete physical health, EBV was undetectable in
plasma. However, when B cells reappeared in the peripheral
blood, the symptoms slowly recurred, and full-blown EBV-asso-
ciated LPD with fever and systemic inflammatory response
syndrome was present 1 year after the first application of rituxi-
mab. The then-4-year-old girl received a second course of rituxi-
mab, again followed by complete clinical remission. This
remission has been ongoing for >1 year until today, although pe-
ripheral B cells and low-range EBV viremia became detectable 4
months ago. It is unclear, to date, whether the girl’s immune sys-
tem learned to regulate its aberrant response to EBV or whether
she will eventually require hematopoietic stem cell transplanta-
tion for a chance of definite cure.

Together, these observations suggest that autosomal recessive
CD27 deficiency should be considered in patients with CVID who
lack CD271 B cells and/or patients with severe courses of EBV
infection, who might be treatable with IVIG and rituximab. It re-
mains to be elucidated how the lack of (functional) CD27 contrib-
utes to the pathogenesis of CVID and EBV-associated LPD.
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Reply

To the Editor:
Seidel1 reports mutation of CD27 in a patient unrelated to the 2

patients with CD27 deficiency on whom we reported in the March
2012 issue of the Journal. Similar to the patients we describe,2

this case also presented during early childhood with complicated
EBV infection and hypogammaglobulemia. Although only lim-
ited information on the patient reported by Seidel is available,
the existence of an unrelated case with a similar clinical pheno-
type corroborates that CD27 deficiency predisposes to abnormal
adaptive human immunity. It further directs research toward iden-
tifying which of CD27’s pleiotropic functions are involved in this
clinical phenotype.

The combination of impaired EBV immunity and lymphopro-
liferation, together with the only subtle T-cell abnormalities, begs
consideration of other genes potentially involved in anti-EBV
defense. In our 2 patients, and apparently in the patient described
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by Seidel,1 mutations in genes known to disturb EBV immunity or
cause hemophagocytic lymphohistiocytotis were not found. The
latter is substantiated by our demonstration of normal cell-
mediated cytotoxicity. These features suggest that absence of
CD27 was the sole contributor to disturbed EBV immunity in
these cases. Comparison of exome or whole-genome sequencing
data of all described CD27-deficient patients would potentially
support the hypothesis that CD27 is indeed solely responsible
for the observed clinical phenotype.

The combined findings regarding CD27 direct the search for
additional patients with CD27 deficiency toward those with
disturbed EBV immunity. Because CD27 is widely used as a
marker for memory B cells in patients with common variable
immunodeficiency (CVID) and, thus far, absence of memory B
cells but not absence of CD27 has been reported in patients with
CVID, we find it unlikely that CD27 deficiency accounts for a
substantial number of CVID cases. A careful re-evaluation of
patients in whom memory B cells have been phenotyped,
however, is warranted, especially in cases in which there has
been susceptibility to EBV. More importantly, in patients with
disturbed EBV immunity, CD27 is not routinely investigated, and
in light of the present reports, perhaps it should be. Because CD27
is a dimer that trimerizes for proper function and serves both the
role of receptor and ligand for its counterpart, CD70, it is possible
that even heterozygous mutations in CD27 can disturb proper
CD27- or CD70-mediated signaling. Genotypes leading to
dysfunctional CD27 might influence EBV immunity to varying
degrees and thus define more subtle differences in severity and
presentating clinical phenotypes.
Because the severity of clinical course in the Viennese patient
was remarkable and it is unclear whether the EBVinfection can be
controlled, it will be important to understand EBV-specific T- and
B-cell immunity in this patient. Extensive immunologic evalua-
tion in our index patient demonstrated abnormalities in T-cell
immunity, including aberrant IL-2 production by EBV-specific
CD8 T cells, and severely abnormal T cell–dependent B-cell
function. Reproduction of these findings in the case reported by
Seidel1 would be consistent with the clinical presentation and
would solidify the importance of CD27 in human T-cell differen-
tiation and function and T/B-cell interaction.
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Correction

With regard to the September 2010 article ‘‘Prediction of the incidence, recurrence, and persistence of atopic dermatitis in
adolescence: A prospective cohort study’’ (J Allergy Clin Immunol 2010;126:590-5.e1-3), some of the odds ratios in Tables II and
IV are incorrect. Corrected versions of the 2 tables appear below.

TABLE II. Probabilities and adjusted ORs for incidence of AD

over puberty compared with those without symptoms or AD

diagnosis ever: single risk factors and all risk factors combined

(final multivariate model)

AD

Probability, %

(95% CI; incidence)

Adjusted OR

(95% CI)

ß0 (intercept)* 0.1

SES (high) 0.3 (0.1-0.5) 2.0 (1.0-3.7)

Sex (female) 0.2 (0.1-0.3) 1.2 (0.7-2.3)

Positive SPT response 0.3 (0.2-0.6) 2.2 (1.2-4.2)

No rhinitis symptoms

at baseline

0.8 (0.1-6.0) 6.0 (0.8-45.8)

Parental history of

allergic rhinitis

0.3 (0.2-0.5) 1.9 (1.1-3.4)

Risk job 0.5 (0.2-1.2) 3.2 (1.2-8.6)

All risk factors listed

above

present

21.4 (1.8-80.2) 195.8 (13.2-2907.2)

Items in boldface indicate a statistically significant result.

See Fig 1 for an illustration of group distribution and comparison between the

groups.

OR, Odds ratio.

*exp(ß0) 5 0.0014.

TABLE IV. Probabilities and adjusted ORs for persistence of

AD over puberty compared with those remitted after ISAAC II:

single risk factors and all risk factors combined (final multi-

variate model)

AD

Probability, %

(95% CI; persistence)

Adjusted OR

(95% CI)

ß0 (intercept)* 28.3

SES (high) 32.9 (24.5-42.6) 1.2 (0.8-1.9)

Sex (female) 33.9 (25.4-43.6) 1.3 (0.9-2.0)

Positive SPT response 42.0 (32.2-52.6) 1.8 (1.2-2.8)

Parental history of

allergic rhinitis

35.2 (26.6-44.9) 1.4 (0.9-2.1)

Parental history of AD 39.0 (29.4-49.4) 1.6 (1.1-2.5)

Risk job 51.9 (28.4-74.6) 2.7 (1.0-7.4)

All risk factors listed

above present

87.6 (63.4-96.7) 17.9 (4.4-73.0)

Items in boldface indicate a statistically significant result.

See Fig 1 for an illustration of group distribution and comparison between the

groups.

*exp(ß0) 5 0.3953.
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