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the pollen season (March to April) showed an increased risk 
of being sensitised/allergic to birch pollen. The results also 
indicated a tendency towards an increased risk for subjects 
born in the grass pollen season (May to June) to develop 
grass pollen allergy.  Conclusion:  Our results support the hy-
pothesis that the first few months of life constitute a sensi-
tive period, during which inhalative exposure to certain al-
lergens may predispose to the subsequent development of 
atopic respiratory disease.  Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 The prevalence of atopic diseases has dramatically in-
creased over the last 30 years  [1–3] . In Switzerland, two 
studies, the Swiss Study on Childhood Allergy and Respi-
ratory Symptoms with Respect to Air Pollution and Cli-
mate (SCARPOL) and the Swiss Study on Air Pollution 
and Lung Diseases in Adults (SAPALDIA), allowed a 
thorough investigation of the prevalence of respiratory 
atopic diseases in Switzerland  [4–7] . These studies re-
vealed that in Switzerland, the prevalence of self-reported 
hay fever had increased from 0.82% in 1926 to 13.5% in 
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 Abstract 
  Background:  The first months of life may represent a vulner-
able period in the development of atopic diseases. The ob-
jective of this study was to examine the relationship be-
tween the month of birth and the development of birch and 
grass pollen allergy in the Swiss population.  Methods:  Data 
from the Swiss Study on Air Pollution and Lung Diseases in 
Adults   (SAPALDIA) as well as the Swiss Study on Childhood 
Allergy and Respiratory Symptoms with Respect to Air Pollu-
tion and Climate (SCARPOL) were used. A logistic regression 
was calculated with grass and birch pollen sensitisation 
(positive skin prick test) or allergy (positive skin prick test and 
allergic symptoms) as outcome variables and the season of 
birth as predictor variable. The contribution of the season of 
birth on pollinosis was further adjusted for well-known risk 
factors and potential confounding variables.  Results:  The lo-
gistic regression revealed a significant effect of the season 
of birth on birch pollen sensitisation and an effect of border-
line significance on birch pollen allergy, i.e. subjects born in 

 Received: July 17, 2006 
 Accepted after revision: January 22, 2007 
 Published online: March 12, 2007 
  

 Correspondence to: Dr. Gabriela Senti 
 Center for Clinical Research, University Hospital of Zurich 
 Gloriastrasse 31 
 CH–8091 Zurich (Switzerland) 
 Tel. +41 44 255 1111, Fax +41 44 255 4418, E-Mail gabriela.senti@usz.ch 

 © 2007 S. Karger AG, Basel 
 1018–2438/07/1434–0269$23.50/0 

 Accessible online at: 
 www.karger.com/iaa 



 Graf et al. 
  

 Int Arch Allergy Immunol 2007;143:269–275 270

1991  [5] . In 1991, the prevalence of atopic sensitisation in 
adults was approximately 30%, predominantly caused by 
grass pollen (12.7%), followed by house dust mite (8.9%), 
silver birch pollen (7.9%), cat (3.8%) and dog epithelia 
(2.8%)  [5] . In children, atopic sensitisation occurred in 
about 35%, caused by grass pollen (22.5%), house dust 
mite (12,4%), birch pollen (11.4%), dog (7.4%) and cat ep-
ithelia (6.4%)  [4] . 

 The development of atopic diseases depends on both 
genetic  [8, 9]  and environmental factors  [10, 11] , and sen-
sitisation derives from the contact between a genetically 
predisposed individual and the environment. Early in-
fancy is suggested to be a particularly vulnerable period 
in the development of atopic diseases. However, the rela-
tionship between allergen exposure and sensitisation is a 
controversial topic. While early exposure to cats or dogs 
appears to protect against allergic sensitisation  [12] , 
house dust mite exposure in infancy might be a risk fac-
tor for sensitisation  [13] . Seasonal allergies such as pollen 
allergies are well suited to further examine the relation-
ship between allergen exposure and sensitisation, as ex-
posure is temporally limited to the pollen season. There-
fore, many clinical trials have investigated the relation-
ship between atopic diseases and the date of birth, of 
which some concluded that a positive relationship existed 
between pollinosis and the date of birth when birth coin-
cided with  [14–16]  or was closely preceded  [17–21]  by the 
season of maximum allergen exposure. Other studies 
found no relationship between the date of birth and pol-
linosis  [22, 23]  or a negative relationship in that sensitisa-
tion to pollen and allergic rhinoconjunctivitis was least 
common in children born in the pollen season  [24] . For 
Switzerland, no study has examined this relationship. 
Therefore, we analysed the relationship between the 
month of birth of subjects born in Switzerland and the 
development of two frequent causes of atopic allergy,
i.e. allergy to grass pollen and birch pollen. Using the
SAPALDIA as well as the SCARPOL data, we found an 
increased risk for subjects being born in the birch pollen 
season to develop birch pollen sensitisation/allergy and a 
tendency towards an increased risk for subjects born in 
the grass pollen season to develop grass pollen allergy. 

 Methods 

 Study Population 
 The Swiss SAPALDIA study represents a random sample of 

9,651 adults (18–60 years old) from eight different regions of Swit-
zerland (Aarau, Basel, Davos, Geneva, Lugano, Montana, Payerne 
and Wald). Details of the SAPALDIA study design have been de-

scribed elsewhere  [5, 25] . In the present study, we included 7,435 
(77%) subjects (49.4% males and 50.6% females) who were born 
in Switzerland. Skin prick test data were available of 96.9% of the 
subjects. 

 The SCARPOL study included 4,470 children from 10 differ-
ent Swiss towns (Anières, Berne, Biel, Geneva, Langnau, Lugano, 
Montana, Payerne, Rheintal and Zurich) and from three age 
groups (1st, 4th and 8th school grade). The age of the children 
ranged between 5 and 16 years, with a mean of 10 years. Skin prick 
test data were available of 2,879 (64.4%) children (50.2% girls and 
49.8% boys). Details of the SCARPOL study design have been de-
scribed elsewhere  [26] .  

 Definitions 
 Grass and birch pollen sensitisations were defined positive 

based on a positive result in the skin prick tests to grass and birch 
pollen, respectively (adjusted wheal diameter  6 3 mm).   Mite sen-
sitisation was similarly defined based on a positive result in the 
skin prick test to house dust mite  (Dermatophagoides pteronyssi-
nus).  Grass pollen allergy was defined as a positive skin prick test 
to grass pollen combined with self-assessed rhinitis or conjuncti-
vitis occurring during natural pollen exposure in spring/summer 
(SAPALDIA) or in May, June or July (SCARPOL).   Birch pollen 
allergy was defined as a positive skin prick test to birch pollen 
combined with self-assessed rhinitis or conjunctivitis occurring 
during natural pollen exposure in spring (SAPALDIA) or in 
March/April (SCARPOL). 

 Statistical Analysis 
 The statistical analysis was performed by means of logistic re-

gression, which is suited to model effects on dichotomous out-
come variables. It is especially useful when multiple predictors are 
being considered  [27] . Analyses were performed with respect to 
pollen sensitisation and pollen allergy. Three different selection 
criteria were applied in order to control for possible confounding 
by multiple sensitisation or allergy. Firstly, no subjects were ex-
cluded. Secondly, subjects sensitised or allergic to grass or birch 
pollen were excluded. Thirdly, subjects sensitised/allergic to grass 
pollen and mites or birch pollen and mites were excluded ( fig. 1 , 
 2 ). Beside the season of birth, the predictor of primary interest, 
we included other important risk factors for pollinosis as well as 
potential confounding variables. The odds ratios (ORs) for the 
season of birth were thus adjusted for the presence of other pre-
dictor variables. Nine independent variables were included in the 
final model for the SAPALDIA data: season of birth, sex, age, ed-
ucation, maternal atopy or asthma, paternal atopy or asthma, 
number of older siblings, study area and date of interview. The 
following variables entered the final model for the SCARPOL 
data: season of birth, sex, age, social status, maternal hay fever, 
paternal hay fever, farming as a family occupation, study area and 
date of interview. The pollen season was defined as the months 
with symptom-triggering concentrations of pollen, i.e. May to 
June for the grass pollen season and March to April for the birch 
pollen season. As there were too few cases of birch pollen-allergic 
subjects in the SCARPOL data set, we confined the analysis for 
the SCARPOL data to grass pollen sensitisation or allergy and to 
birch pollen sensitisation. 
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 Results 

 As illustrated in  figure 1 , 987 (13.7%) of all included 
SAPALDIA subjects had a positive skin prick test to grass 
pollen and 571 (7.9%) to birch pollen, while in the SCAR-
POL data set, 523 children (18.2%) had a positive skin 
prick test to grass pollen and 339 (11.8%) to birch pollen. 

 Figure 2  shows the corresponding frequencies for grass 
and birch pollen allergy. Of all included SAPALDIA sub-
jects, 764 (10.6%) could be defined as allergic to grass pol-
len and 384 (5.3%) to birch pollen, while 178 children 
(6.2%) of the SCARPOL data set could be defined as al-
lergic to grass pollen and 58 (2.0%) to birch pollen. In 
both cohorts, a relatively large proportion of subjects 
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123/95 249/125

512/238

Grass
(987/523)

180/109366/189
39/40

Birch
(571/339)

Mites
(631/389)

  Fig. 1.  Numbers of house dust mite, grass and birch pollen sensi-
tisations for the SAPALDIA and the SCARPOL study, respective-
ly (total numbers in parentheses). 
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  Fig. 2.  Numbers of house dust mite sensitisation and grass and 
birch pollen allergies for the SAPALDIA and the SCARPOL study, 
respectively (total numbers in parentheses). As the questionnaire 
did not contain questions that would have allowed the definition 
of allergic symptoms due to mite allergy, we used mite sensitisa-
tion as selection criterion. 

  Table 1.  Adjusted ORs and 95% CI (in parentheses) for grass or birch pollen sensitisation and allergy associated with birth in the grass 
(May to June) or birch pollen season (March to April) 

Data set Grass pollen Birch pollen

total birch birch/mites total grass grass/mites

Sensitisation and OR
SAPALDIA 1.02 (0.85–1.22) 1.10 (0.89–1.37) 1.18 (0.93–1.49) 1.19 (0.96–1.47) 1.48 (1.08–2.04) 1.68 (1.19–2.36)
SCARPOL 0.97 (0.73–1.30) 1.11 (0.79–1.55) 1.14 (0.77–1.67) 1.07 (0.77–1.48) 1.07 (0.67–1.70) 1.27 (0.76–2.12)

Allergy and OR
SAPALDIA 1.07 (0.88–1.31) 1.12 (0.88–1.43) 1.25 (0.97–1.63) 1.07 (0.82–1.40) 1.55 (0.97–2.48) 1.66 (1.00–2.75)
SCARPOL 1.07 (0.70–1.66) 1.34 (0.86–2.10) 1.59 (0.97–2.62)

 The reference categories with an OR of 1 were defined as July 
through April for regression analysis with grass pollen sensitisa-
tion/allergy and May through February for regression analysis 
with birch pollen sensitization/allergy. ORs were adjusted for sex, 
age, education, maternal atopy/asthma, paternal atopy/asthma, 
number of older siblings, study area and date of interview (SA-
PALDIA), as well as for sex, age, social status, maternal hay fever, 

paternal hay fever, farming as a family occupation, study area and 
date of interview (SCARPOL). Odds are computed as the proba-
bility of an event divided by the complementary probability that 
the event does not occur. ORs are ratios of odds between two 
groups or populations. The statistical significance is indicated 
when the 95% CI excludes 1. 
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showed a combined grass and birch pollen sensitisation 
or allergy. 

 The logistic regression analysis of the SAPALDIA data 
indicated that being born in the grass pollen season (May 
through June) was not associated with significantly in-
creased risks of grass pollen sensitisation or allergy ( ta-
ble 1 ). However, the ORs increased when subjects with 
multiple sensitisation or allergy were excluded. The logis-
tic regression analysis of the SCARPOL data showed a 
similar result. While the ORs were not significantly in-
creased for grass pollen sensitisation or allergy, they 
steadily increased when subjects with multiple sensitisa-
tion or allergy were excluded ( table 1 ). Furthermore, the 
analysis of the SCARPOL data revealed that being born 
in June was associated with a significantly increased risk 
of grass pollen allergy ( fig. 3 ).  

 The regression analysis with birch pollen sensitisation 
or allergy as outcome variable also indicated a rise in the 
ORs as multiple sensitisation or allergy was excluded ( ta-

ble 1 ). In the SAPALDIA cohort, subjects born in March 
through April had a 68% increased risk of being sensi-
tised (likelihood ratio test, p  !  0.01) and a 66% increased 
risk of being allergic (p = 0.062) to birch pollen ( table 1 ). 
While the ORs for birch pollen sensitisation were not sig-
nificantly increased for the SCARPOL subjects born in 
March through April, they were significantly higher for 
children born in April as compared with children not 
born in April ( fig. 4 ). 

 In order to visualise the course of risk of pollinosis 
over the year, we performed a second analysis with the 
month of birth instead of the season of birth as predictor 
variable. For both grass and birch pollinosis, the peak in 
the pollen season got more pronounced when multiple 
sensitisation or allergy was excluded ( fig. 3 ,  4 ). In the 
SCARPOL data, the peaks appeared to be more strongly 
confined to the months of June (grass pollen) and April 
(birch pollen), respectively. The course of risk over the 
year for grass pollinosis appeared to be similar for the 
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  Fig. 3.  Adjusted ORs for grass pollen sen-
sitisation ( a – c ) and grass pollen allergy 
( d – f ) with exclusion criteria: none ( a ,  d ), 
birch pollen sensitisation ( b ) or allergy ( e ), 
birch pollen and mite sensitisation ( c ), and 
birch pollen allergy and mite sensitisation 
( f ) analysed for the SAPALDIA ( U ) and the 
SCARPOL ( S ) data. ORs were adjusted for 
sex, age, education, maternal atopy/asth-
ma, paternal atopy/asthma, number of 
older siblings, study area and date of inter-
view (SAPALDIA), as well as for sex, age, 
social status, maternal hay fever, paternal 
hay fever, farming as a family occupation, 
study area and date of interview (SCAR-
POL). December was defined as the refer-
ence month with an OR of 1. 
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SAPALDIA and the SCARPOL data with two additional 
peaks in March and October.  

 Interestingly, not all the risk factors showed similar 
associations with grass and birch pollen sensitisation or 
allergy. Male sex, higher education, having an atopic or 
asthmatic mother or father, or having at most one older 
sibling were all positively associated with the risk of grass 
pollen sensitisation and allergy (results not shown). In 
the adult sample (SAPALDIA), younger age was posi-
tively associated with the risk of grass pollen allergy, 
while within the juvenile sample (SCARPOL), younger 
age was negatively associated with grass pollen allergy 
(results not shown). For birch pollen sensitisation or al-
lergy, no correlation with sex, age, education, family his-
tory of atopy or asthma and older siblings was deter-
mined.  

 Discussion 

 It is generally understood that environmental factors 
are of major importance regarding the onset of allergic 
diseases, and it is suggested that the neonate with an atop-
ic predisposition (parental or sibling atopy) is especially 
vulnerable with respect to the development of allergies. 
The relationship between pollen exposure during early 
infancy and the development of allergies has been thor-
oughly studied  [14–23] . However, the exact time period 
that is most significantly associated with the risk of al-
lergic development is ill defined. Some studies, for in-
stance, showed that the higher risk of pollinosis applies 
to subjects born during the pollen season  [14–16] , while 
others suggested that subjects born a few months before 
the peak of the pollen season have a higher risk of polli-
nosis  [17–21] . A 3-month lag between the months with 
the highest prevalence of pollinosis and the peak of envi-
ronmental pollen antigens has been explained by the fact 
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  Fig. 4.  Adjusted ORs for birch pollen sen-
sitisation ( a – c ) and birch pollen allergy 
( d – f ) with exclusion criteria: none ( a ,  d ), 
grass pollen sensitisation ( b ) or allergy ( e ), 
grass pollen and mite sensitisation ( c ), and 
grass pollen allergy and mite sensitisation 
( f ) analysed for the SAPALDIA ( U ) and the 
SCARPOL ( S ) data. ORs were adjusted for 
sex, age, education, maternal atopy/asth-
ma, paternal atopy/asthma, number of 
older siblings, study area and date of inter-
view (SAPALDIA), as well as for sex, age, 
social status, maternal hay fever, paternal 
hay fever, farming as a family occupation, 
study area and date of interview (SCAR-
POL). December was defined as the refer-
ence month with an OR of 1. 
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that the age of 3 months corresponds to a physiological 
low in maternal immunoglobulin levels  [19] . As these im-
munoglobulins decline and the child’s production of own 
serum antibodies has not yet matured, the infant is more 
vulnerable to environmental antigenic stimulation. 

 Our study is the first to investigate the relationship 
between pollinosis and the date of birth in Switzerland. 
The results demonstrated that being born in seasons of 
birch (March–April) or grass (May–June) pollen was
associated with an increased risk of developing birch or 
grass pollinosis, respectively. Especially when cases with 
multiple sensitisation or allergy were excluded, it could 
be shown that those born in the pollen seasons were more 
likely to develop pollinosis than those born during the 
rest of the year. In the SCARPOL cohort, the month of 
birth effect was more strongly confined to the month 
with the highest pollen count, i.e. June (grass pollinosis) 
and April (birch pollinosis). By demonstrating an in-
creased risk of pollinosis for subjects born in the pollen 
seasons, our results generally supported the hypothesis 
that the risk is at its highest when the child is exposed to 
pollen allergens at the time of birth and not the hypoth-
esis of the 3-month lag between the months with the 
highest prevalence of pollinosis and the peak of the pol-
len season. Only for grass pollen allergy, a slight peak in 
March suggested such a 3-month lag relationship. 

 The effect of the month of birth on pollinosis was ex-
pected to be even greater, if not a second peak in October 
was surprisingly detected. This was first observed in the 
adult population (SAPALDIA) and was interpreted as a 
coincidence or only a result of cumulative environmental 
experiences. However, the subsequent analysis of the juve-
nile population (SCARPOL) showed an almost identical 
pattern, with three peaks in March, June and October. Pro-
spective analyses of other cohorts in Switzerland or neigh-
bouring countries are required to verify this pattern, and 
experimental studies are needed to elucidate its causes. 

 The close relationship between the month of birth and 
the development of allergy or atopy might go back to events 
taking place even before the time of birth. An indication 
of immunological memory being established before birth 
is the delay in the onset of disease rather than its preven-
tion as a consequence of interventions to reduce allergen 
exposure immediately after birth  [28, 29] . Evidence that 
children are more likely to inherit allergic diseases from 
the mother than the father further supports the impor-
tance of prenatal influence  [30] . Despite the fact that the 
prenatal environment plays an important and decisive role 
in the development of allergy later in life, the effects of pre-
natal immunological experiences have been less studied. 

In mice, the fetoplacental unit produces interleukin (IL)-4, 
IL-5 and IL-10  [31] , and the fetal cytokine production itself 
reaches a peak of T helper cell 2 (Th2) bias shortly before 
the time of birth. The latter might explain why exposure 
at the time of birth is associated with such a high risk of 
allergy against the immediate allergen. IL-4 and IL-5 are 
crucial for immunoglobulin E isotype switching and pro-
duction in B cells, whereas both IL-4 and IL-10 can turn 
off the cytokine synthesis of Th1 cells. Therefore, irrespec-
tive of whether or not the mother is allergic herself, the 
foetus is exposed to conditions that would favour the de-
velopment of Th2-like responses. Hence, upon this back-
ground of heightened Th2-like activity shortly before 
birth, a high load of environmental pollen allergens may 
lead to sensitisation in the neonate. It has also been sug-
gested that maternal allergen exposure beyond the 22nd 
week of pregnancy may play an important role in fetal T 
cell priming  [32] . The immune response of infants with an 
inherited tendency to a reduced interferon- �  production 
may be influenced still further by maternal allergen expo-
sure and immune response to that allergen during preg-
nancy. Therefore, maternal allergen exposure during preg-
nancy may contribute to the development of allergic-type 
responses already in the infant. These responses may then 
be reinforced by the exposure of the infant to the same or 
other antigens in the first months of life, leading to persis-
tent immunoglobulin E responses and allergy. 

 In conclusion, the present study of a Swiss adult (SA-
PALDIA) and children (SCARPOL) population showed 
that subjects born in the birch or grass pollen season had 
an increased risk of developing pollen sensitisation or al-
lergy. The comparison of the results from the SAPALDIA 
and the SCARPOL data indicated that there might be a 
typical annual course of risk of grass pollinosis that goes 
beyond the pollen season. However, the reasons for this 
regularity would need further studies for verification and 
explanation.  

 Acknowledgements 

 SAPALDIA is part of the European Respiratory Health Survey 
and the Swiss National Research Programme 26A. It was sup-
ported by the Swiss National Science Foundation and the Federal 
Office of Education and Science.  

 We would like to thank the SAPALDIA team fieldworkers at 
Aarau, Basel, Davos, Geneva, Lugano, Montana, Payerne and 
Wald. We are grateful to the collaborators of the central team at 
Basel (Institute of Social and Preventive Medicine), Lausanne (di-
rection of SAPALDIA) and Zurich (Allergology Unit, Depart-
ment of Dermatology). The authors also wish to thank the au-
thorities of the participating cantons of Aarau, Basel, Geneva, 



 Relationship between Pollinosis and Date 
of Birth 

 Int Arch Allergy Immunol 2007;143:269–275 275

Vaud, Valais, Zürich, Ticino and Grisons for their logistic and fi-
nancial support of SAPALDIA.  

 SCARPOL was set up in 1992 to monitor the development of 
asthma and allergy rates over time in children attending school 
in Switzerland by investigating the same age group of children 
with the same methodology every 3 years. The authors are grate-
ful to their many colleagues in the School Health Services who 
organised the survey. The study was supported by a grant of the 
Swiss National Science Foundation (grant 4026-033109), the 
Swiss Federal Office of Public Health, the Swiss Federal Office of 

the Environment, the Lung Association of Zurich and St. Gallen, 
and the cantonal health services of Zurich, St. Gallen, Valais, 
Vaud, Geneva and Bern. We would also like to thank the SCAR-
POL team: C. Bezençon, C. Braun-Fahrländer, B. Bringolf, M.I. 
Carvajal, P.A. Eigenmann, M. Gassner, L. Grize, U. Heininger, U. 
Neu, P. Schmid-Grendelmeier, F.H. Sennhauser, D. Stamm, P. 
Straehl, T. Stricker, K. Takken-Sahli, and B. Wüthrich. 

 We are grateful to Dr. Charlotte Braun-Fahrländer (Basel) for 
providing the SCARPOL data and for critical comments on the 
manuscript. 

  

 References 

  1 Wüthrich B: Epidemiology of the allergic dis-
eases: are they really on the increase? Int Arch 
Appl Immunol 1989;   90:   3–10. 

  2 Linneberg A, Nielsen NH, Madsen F, Frølund 
L, Dirksen A, Jørgensen T: Increasing preva-
lence of specific IgE to aeroallergens in an 
adult population: two cross-sectional surveys 
8 years apart: the Copenhagen allergy study. J 
Allergy Clin Immunol 2000;   106:   247–252. 

  3 Nakagomi T, Itaya H, Tominaga T, Yamaaki 
M, Hisamatsu S-I, Nakagomi O: Is atopy in-
creasing? Lancet 1994;   343:   121–122. 

  4 Braun-Fahrländer C, Wüthrich B, Gassner M, 
Grize L, Neu U, Varonier H, et al: Prävalenz 
und Risikofaktoren einer allergischen Sensi-
bilisierung bei Schulkindern in der Schweiz. 
Allergologie 1999;   22:   54–64. 

  5 Wüthrich B, Schindler C, Leuenberger P, 
Ackermann-Liebrich U: Prevalence of atopy 
and pollinosis in the adult population of Swit-
zerland (SAPALDIA study). Int Arch Allergy 
Immunol 1995;   106:   149–156. 

  6 Wüthrich B, Schindler C, Medici T, Zellweger 
JP, Leuenberger P, SAPALDIA team: IgE lev-
els, atopy marker and hay fever in relation to 
age, sex and smoking status in a normal adult 
Swiss population. Int Arch Allergy Immunol 
1996;   111:   396–402. 

  7 Wüthrich B, Leuenberger P, Ackermann-
Liebrich U, Schindler C, Karrer W, Künzli
N, et al: Atopische Sensibilisierung, Luftver-
schmutzung und respiratorische Erkrankun-
gen in der Schweiz (SAPALDIA-Studie). Al-
lergologie 1999;   22:   267–274. 

  8 Kuchroo VK, Umetsu DT, DeKruyff RH, 
Freeman GJ: The TIM gene family: emerging 
roles in immunity and disease. Nat Rev Im-
munol 2003;   3:   454–462. 

  9 Monney L, Sabatos CA, Gaglia JL, Ryu A, 
Waldner H, Chernova T, et al: TH1-specific 
cell surface protein Tim-3 regulates macro-
phage activation and severity of an autoim-
mune disease. Nature 2002;   415:   536–541. 

 10 Phipatanakul W, Celedon JC, Raby BA, Liton-
jua AA, Milton DK, Sredl D, et al: Endotoxin 
exposure and eczema in the first year of life. 
Pediatrics 2004;   114:   13–18. 

 11 Upham JW, Holt PG: Environment and devel-
opment of atopy. Curr Opin Allergy Clin Im-
munol 2005;   5:   167–172. 

 12 Ronmark E, Perzanowski M, Platts-Mills TA, 
Lundback B: Four-year incidence of allergic 
sensitization among schoolchildren in a com-
munity where allergy to cat and dog domi-
nates sensitization: report from the Obstruc-
tive Lung Disease in Northern Sweden Study 
Group. J Allergy Clin Immunol 2003;   112:  
 747–754. 

 13 Sporik R, Holgate ST, Platts-Mills TA, Cogs-
well JJ: Exposure to house-dust mite allergen 
(Der p 1) and the development of asthma in 
childhood. A prospective study. N Engl J Med 
1990;   323:   502–507. 

 14 Carosso A, Ruffino C, Bugiani M: The effect 
of birth season on pollinosis. Ann Allergy 
1986;   56:   300–303. 

 15 Erel F, Karaayvaz M, Caliskaner Z, Ozangüc 
N: The allergen spectrum in Turkey and the 
relationships between allergens and age, sex, 
birth month, birthplace, blood groups and 
family history of atopy. Invest Allergol Clin 
Immunol 1988;   8:   226–233. 

 16 Guerra S, Sherrill DL, Cottini M, Michetti G, 
Allegra L: On the association between date of 
birth and pollen sensitization: is age an effect 
modifier? Allergy Asthma Proc 2002;   23:   303–
310. 

 17 Bjoerksten F, Suoniemi I, Koski V: Neonatal 
birch-pollen contact and subsequent allergy 
to birch pollen. Clin Allergy 1980;   10:   585–
591. 

 18 Karachaliou F-H, Panagiotopoulou K, Ma-
nousakis M, Sinaniotis K, Papageorgiou F: 
Month of birth, atopic disease, and sensitiza-
tion to common aeroallergens in Greece. Pe-
diatr Allergy Immunol 1995;   6:   216–219. 

 19 Kemp AS: Relationship between the time of 
birth and the development of immediate hy-
persensitivity to grass-pollen antigens. Med J 
Aust 1979;   1:   263–264. 

 20 Quoix E, Bessot JC, Kopferschmitt-Kubler 
MC, Fraisse P, Pauli G: Positive skin tests to 
aero-allergens and month of birth. Allergy 
1988;   43:   127–131. 

 21 Saitoh Y, Dake Y, Shimazu S, Sakoda T, Sogo 
H, Fujiki Y, et al: Month of birth, atopic dis-
ease, and atopic sensitization. J Invest Aller-
gol Clin Immunol 2001;   11:   183–187. 

 22 Korsgaard J, Dahl R: Sensitivity to house dust 
mite and grass pollen in adults. Influence of 
the month of birth. Clin Allergy 1983;   13:   529–
536. 

 23 Morrison Smith J, Springett VH: Atopic dis-
ease and month of birth. Clin Allergy 1979;   9:  
 153–157. 

 24 Nilsson L, Bjorksten B, Hattevig G, Kjellman 
B, Sigurs N, Kjellman NI: Season of birth as 
predictor of atopic manifestations. Arch Dis 
Child 1997;   76:   341–344. 

 25 Martin BW, Ackermann-Liebrich U, Leuen-
berger P, Künzli N, Stutz EZ, Keller R, et al: 
SAPALDIA: methods and participation in the 
cross-sectional part of the Swiss Study on Air 
Pollution and Lung Diseases in Adults. Soz 
Präventivmed 1997;   42:   67–84. 

 26 Braun-Fahrländer C, Vuille JC, Sennhauser 
FH, Neu U, Künzle T, Grize L, et al: Respira-
tory health and long-term exposures to air 
pollutants in Swiss schoolchildren. Am J 
Respir Crit Care Med 1997;   155:   1042–1049. 

 27 Vittinghoff E, Glidden DV, Shiboski SC,
McCulloch CE: Regression Methods in Bio-
statistics: Linear, Logistic, Survival, and
Repeated Measures Models. New York, 
Springer, 2005. 

 28 Hide DW, Matthews S, Tariq S, Arshad SH: 
Allergen avoidance in infancy and allergy at 
4 years of age. Allergy 1996;   51:   89–93. 

 29 Zeiger RS, Heller S, Mellon MH, Halsey JF, 
Hamburger RN, Sampson HA: Genetic and 
environmental factors affecting the develop-
ment of atopy through age 4 in children of 
atopic parents: a prospective randomised 
study of food allergen avoidance. Pediatr Al-
lergy Immunol 1992;   3:   110–127. 

 30 Ruiz RG, Richards D, Kemeny DM, Price JF: 
Neonatal IgE: a poor screen for atopic disease. 
Clin Exp Allergy 1991;   21:   467–472. 

 31 Wegmann TG, Lin H, Guilbert L, Mosmann 
TR: Bidirectional cytokine interactions in 
the maternal-fetal relationship: is successful 
pregnancy a TH2 phenomenon? Immunol 
Today 1993;   14:   353–356. 

 32 Jones AC, Miles EA, Warner JO, Colwell BM, 
M. BT, Warner JA: Fetal peripheral blood 
mononuclear cell proliferative responses to 
mitogenic and allergenic stimuli during ges-
tation. Pediatr Allergy Immunol 1996;   7:   109–
116. 

 33 Warner JA, Jones CA, Jones AC, Warner JO: 
Prenatal origins of allergic disease. J Allergy 
Clin Immunol 2000;   105:S493–S496. 

  




