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Infant Immunization and the Occurrence of
Atopic Disease in Dutch and German Children:
A Nested Case-Control Study

M. Mommers, msc,"2* M. Weishoff-Houben, mp,! G.M.H. Swaen, php,® H. Creemers, msc,*

H. Freund, mp,® W. Dott, php,' and C.P. van Schayck, php?

Summary. Our goal was to assess the role of early childhood vaccination in the occurrence of
respiratory symptoms and allergic sensitization in 7—8-year-old Dutch and German children.
A nested case-control study was conducted among children participating in a large longitudinal
study on respiratory health, to study the relationship between vaccination (bacille Calmette-
Guérin (BCG), pertussis, measles/mumps, rubella, and Haemophilus influenza type b (Hib)) and
respiratory symptoms and allergic sensitization. Parents of 510 7—8-year-old children with
respiratory complaints and an equal number of randomly selected children without respiratory
complaints were asked to complete a questionnaire. Blood samples were collected for specific
serum IgE analysis. Vaccination status was assessed through the records of the participating
Municipal Health Services. No association between vaccination against pertussis, measles,
rubella, or Hib and respiratory symptoms or allergic sensitization was found. For sensitization
against house dust mite, BCG vaccination resulted in an increased risk (OR, 2.28; 95% Cl, 1.05—
4.96). Birth order was inversely associated with allergic sensitization, but was not related to
respiratory symptoms. We found an association between BCG vaccination and the subsequent
risk for sensitization against house dust mite. No evidence was found for an association between
vaccination and respiratory symptoms. Earlier reports of an association of birth order with atopic
disease were supported by the results of the present study. Pediatr Pulmonol. 2004; 38:329—-
334. © 2004 Wiley-Liss, Inc.
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INTRODUCTION

In recent years, the prevalence of atopic disease has
increased substantially, but the causes of this increase
remain unclear. As a possible explanation, Strachan'
postulated the ‘“‘hygiene hypothesis,” in which he pro-
posed a protective effect of early childhood infections
on atopic disease. Several studies using number of older
siblings or daycare attendance as marker for early
childhood infections are supportive of a protective effect
of infections early in life.>3 Vaccination, on the other
hand, might promote atopic disease, either by preventing
possible protective effects of natural infections or through
direct immune effects, as is probably the case for bacille
Calmette-Guérin (BCG), which has been thought to
protect against atopy by inducing T-helper 1 (Thl)-
immune responses.4 However, the evidence for a role of
vaccination in the development of atopic disease is
inconclusive.*™®

Vaccination programs differ between Germany and the
Netherlands, as does vaccination coverage. In Germany,
poliomyelitis vaccine was administered orally until
1998, whereas in the Netherlands, poliomyelitis vaccine
is coadministered with vaccination against tetanus and
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diphtheria, and normally also with pertussis. Combined
measles, mumps, and rubella (MMR) vaccination is
standard in the Netherlands but in Germany, although
MMR vaccination is recommended, some parents prefer
to vaccinate their child against measles and mumps only.
Furthermore, Haemophilus influenza type b (Hib) was
introduced in the German guidelines in 1991, just after the
children participating in the present study were born. In
the Netherlands Hib vaccination has been recommended
since 1993.

The present study is part of a large longitudinal study on
respiratory symptoms and allergies conducted in the
Dutch-German borderland. Because of differences in
vaccination program and vaccination coverage between
Germany and the Netherlands, the data set provided
the opportunity to assess the role of immunization in
the development of respiratory symptoms and allergic
sensitization in 7—8-year-old Dutch and German children.

METHODS
Study Population and Study Design

A nested case-control study of participants in a longi-
tudinal study on respiratory health in children was con-
ducted in the Dutch-German borderland, involving the
Municipal Health Services of Kreis Heinsberg, Germany
(250,000 inhabitants) and of the Westelijke Mijnstreek,
the Netherlands (170,000 inhabitants).

In 1995, parents of all 5,052 children born between
November 30, 1989—December 1, 1990 and living in the
study area were invited to participate in the first survey.
Parents of 3,871 children (76.6%) returned the completed
questionnaire on respiratory symptoms and diagnosis.
A second survey was conducted in 1997. By then, 218
children (5.6%) were lost to follow-up because they had
moved out of the study area or their forwarding address
was unknown. Of the remaining 3,653 children, 2,884
(78.9%) completed the 1997 questionnaire. Children with
respiratory symptoms as well as controls were selected
based on the answers given in the first and second surveys.
All 510 children with respiratory symptoms and an equal
number of randomly selected control children were
included in the case-control study.

Data Collection

For both the first (1995) and second (1997) survey,
data were collected in May. In autumn 1997, the case-
control study was conducted. Together with an invita-
tion for a physical examination, parental questionnaires
were sent for self-completion. In the presence of one or
both parents, completeness of the questionnaire was
checked by an assistant of the Municipal Health Service,
and blood samples were taken for immunological
analysis.

Data on vaccination status and childhood infections
were obtained from the Youth Health Care Department
of the participating Municipal Health Services. In the
Netherlands, vaccination status was registered during
routine checkups of children. In Germany, vaccination
status was registered during the checkup of school
beginners at age 5-6 years. Data were collected on
vaccination against poliomyelitis, diphtheria, tetanus,
pertussis, measles, mumps, rubella, Hib, and BCG. For
each individual vaccination, children were regarded as
vaccinated if they had received at least one dose of the
specific vaccine.

Questionnaires

The 1995 and 1997 surveys used identical questions
about respiratory symptoms taken from the WHO
questionnaire.” To obtain data for the case-control study,
an extensive questionnaire was developed, including ques-
tions about respiratory symptoms based on the ISAAC
questionnaire'® and questions on indoor environment.

Definitions

Respiratory symptoms were defined as reported
wheezing in the last 12 months and reported attacks of
shortness of breath with wheezing in the last 12 months, or
reported coughing in the morning or during the day or
evening in the autumn and winter, and coughing daily for
about 3 months a year, in 1995 or 1997. Control children
had negative answers to all questions about respiratory
symptoms in 1995 as well as in 1997.

In order to study the association between vaccination
status and allergic sensitization, we additionally deter-
mined specific immunoglobulin (Ig) E in the children
participating in the case-control study. Children were
regarded as sensitized if at least one specific IgE tested
positive, irrespective of respiratory status. Children with
specific IgE against grasses or specific IgE against house
dust mite (HDM) were defined separately as sensitized
against grasses or against HDM, respectively. For these
analyses, controls were redefined as negative for all
specific IgE tested.

Blood Sampling and Determination
of Immunoglobulin E

Blood samples were taken from the cubital vein of
the child and, after 15 min at room temperature, were
centrifuged for 10 min at 2,000g. Sera were stored at
—20°C until further analysis.

Levels of specific IgE against Dermatophagoides
pteronyssinus, Dermatophagoides farinae, Cladosporium
herbarum, Aspergillus fumigatus, Alternaria tenuis,
chicken egg, cow’s milk, cat and dog epithelium, and a
mix of grasses were measured using the Pharmacia CAP



System (Pharmacia and Upjohn Diagnostics AB, Uppsala,
Sweden) and were regarded as positive if >0.35 kU/IL.

Statistical Analysis

Univariate analyses were performed by cross-tabulation
of variables and Pearson’s x> test. Multivariate logistic
regression analysis was used to calculate adjusted risks for
each individual vaccination. All regression models were
adjusted for gender, birth order, country of residence,
socioeconomic status, breastfeeding, exposure to envir-
onmental tobacco smoke, home dampness, pets, and
childhood infections (measles, mumps, rubella, varicella,
and scarlet fever). Analyses stratified according to country
of residence or respiratory status were additionally
performed.

All analyses were performed using SPSS PC version
10.0 (SPSS, Inc.).

RESULTS

The parents of 775 (76.0%) 7-8-year-old children
returned the completed questionnaire. In 638 children,
specific IgE analyses for all test allergens were per-
formed, and for only one child was specific IgE analysis
incomplete. Complete vaccination status could be re-
trieved for 572 of these children (89.5%). There were only
marginal differences in response rates between cases and
controls for the questionnaire (75.1% vs. 76.9%) and
specific IgE analyses (62.5% vs. 62.7%). A somewhat
larger difference was seen between cases and controls,
with completed questionnaire and specific IgE analysis,
for retrieval of vaccination status (87.5% vs. 91.6%).

Because of differences in national vaccination pro-
grams, vaccination status differed between German and
Dutch children (Table 1). All participating German and
Dutch children were vaccinated against poliomyelitis,
tetanus, and diphtheria. Differing from the Netherlands, in
Germany, poliomyelitis vaccination was orally adminis-
tered until 1998. Because almost all children vaccinated
against measles were also vaccinated against mumps,

TABLE 1— Vaccination Rates for Participating German and
Dutch Children’

7-8-year-old children

Vaccine All, n (%) German, n (%) Dutch, n (%)
BCG 75 (13.1) 74 (25.9) 1(0.3)
Pertussis 364 (63.6) 81 (28.3) 283 (99.0)
Measles 551 (96.3) 265 (92.7) 286 (100.0)
Mumps 551 (96.3) 265 (92.7) 286 (100.0)
Rubella 438 (76.6) 152 (53.1) 286 (100.0)
Hib 247 (43.2) 247 (86.4) 0 (0)

'All children were vaccinated against poliomyelitis, diphtheria, and
tetanus.
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only measles vaccination will be considered in further
analyses.

No associations were seen between any of the vaccina-
tions and respiratory symptoms or allergic sensitization in
univariate analyses (Tables 2 and 3). The adjusted odds
ratios (ORs) also did not show an association between
vaccination and respiratory symptoms (Table 4). How-
ever, BCG vaccination increased the risk for sensitization
against HDM (OR, 2.28; 95% CI, 1.05—-4.96). A tendency
toward an increased risk with allergic sensitization (OR,
1.74; 95% CI, 0.91-3.32) and sensitization against
grasses (OR, 1.95; 95% CI, 0.89—-4.31) was also seen for
BCG vaccination (Table 4). Because these analyses
involved both children with and children without respi-
ratory symptoms, the same analyses were repeated
stratified according to respiratory status. The association
between BCG vaccination and sensitization against HDM
was stronger and statistically significant only in children
with respiratory symptoms (OR, 3.41; 95% CI, 1.03-
11.29), but not statistically significant in children without
respiratory symptoms (OR, 1.87; 95% CI, 0.45-7.82).

An inverse association between allergic sensitization
and number of older siblings was found (Table 4). The
same inverse association was seen in children sensitized
against grasses.

DISCUSSION

It was hypothesized that vaccination may promote
allergic disease by reducing clinical infections in children.
In the present study, an association was found between
BCG vaccination and subsequent sensitization in 7-
8-year-old children. In addition, an inverse association
with birth order was found for allergic sensitization but not
for respiratory symptoms.

The evidence for a role of vaccination in the develop-
ment of atopic disease is confusing. Although measles
vaccination was reported to reduce the risk of hay fever
in children with multiple older sibling contacts,” for
pertussis vaccination, an increased risk of atopic disease
was described.!' Little evidence was found for an as-
sociation between Hib vaccination and atopic outcomes in
East German children.'? Other studies’*'? did not find an
association between the vaccinations investigated and
risk of asthma. The results of the present study are in
accordance with these latter studies in showing no effect of
childhood vaccination on respiratory symptoms and
atopy.

Mycobacteria are potent Thl inducers, and infection
and vaccination may consequently offer protection in
relation to atopy, as was reported for early BCG
vaccination.* Other, mostly European studies failed to
show such an inverse association of BCG vaccination with
atopy, defined as presence of allergen-specific IgE®'* or
skin prick test positivity,® or using questionnaire-based
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TABLE 2—Frequencies of BCG, Pertussis, Measles, Rubella, and Hib Vaccination in Children With Respiratory Symptoms

and in Sensitized Children’

Respiratory symptoms

Allergic sensitization®

No symptoms Symptoms Not sensitized Sensitized
Vaccine (n=293) (n=279) OR (95% CI) (n=1351) (n=220) OR (95% CI)
BCG 36 (12.3) 39 (14.0) 1.16 (0.71-1.89) 44 (12.5) 31 (14.1) 1.14 (0.70-1.88)
Pertussis 192 (65.5) 172 (61.6) 0.85 (0.60-1.19) 222 (63.2) 141 (64.1) 1.04 (0.73-1.47)
Measles 283 (96.6) 268 (96.1) 0.86 (0.36-2.06) 336 (95.7) 214 (97.3) 1.59 (0.61-4.17)
Rubella 226 (77.1) 212 (76.0) 0.94 (0.64-1.38) 274 (78.1) 163 (74.1) 0.80 (0.54-1.19)
Hib 122 (41.6) 125 (44.8) 1.14 (0.82-1.58) 154 (43.9) 93 (42.3) 0.94 (0.67-1.32)

"Values are numbers (percentages).
%At least one specific IgE >0.35 kU/L.

atopy definitions such as allergic disease'> and diagnosis
of atopic disease.'® However, these latter studies found a
protective effect in children from ethnic origin.'>'® Also,
a Finnish study conducted among adults, using an asthma
definition based on drug reimbursement registry data,
found a protective influence of Myobacterium tubercu-
losis infection on asthma in women; in contrast, this
infection was a risk factor for asthma in men."”

As in most previous studies, BCG vaccination was not
associated with presence of respiratory symptoms at 7—
8 years of age. Also, in accordance with the results of
German and Swedish studies,ls’16 we observed a (statis-
tically nonsignificant) tendency toward lower frequency
of diagnosis of asthma, hay fever, or eczema, as well as a
lower frequency of antiasthma medication use among
BCG-vaccinated children with asthmatic symptoms
compared to non-BCG-vaccinated asthmatic children
(data not shown). Factors associated with BCG vaccina-
tion, such as healthcare access, may partly explain these
differences, because an indication for BCG vaccination in
Western countries may selectively identify a subgroup of
children with characteristics differing from the rest of the
population.

In Germany, until 1998, BCG vaccination was recom-
mended for children from regions with high tuberculosis
prevalence or close contact with persons at risk. This risk-
group approach resulted in a higher proportion of children
from ethnic backgrounds to be BCG-vaccinated. How-
ever, most children (>95%) in our study sample were of

German or Dutch origin. Our results differ from previous
results in that they tended toward a positive association
between BCG vaccination and sensitization, especially
against HDM. Excluding children from ethnic back-
grounds from the analysis did not greatly change the
results. Other factors such as low birth weight or smoking
during pregnancy did not explain the results.

In a prospectively followed birth cohort of German
children, transient protection against atopy was observed
in BCG-vaccinated children early in life.'® However, for
the proportion of positive specific IgE tests, the tendency
towards lower proportion of positive tests in the BCG-
vaccinated group compared to the non-BCG-vaccinated
group during the first 3 years of life was reversed later in
life and reached statistical significance at 5 and 7 years of
age. The authors suggested that the lack of an inverse
association between BCG vaccination and atopy at later
age may be attributable to other environmental influences
overriding an initial BCG effect.'® In our study, environ-
mental influences associated with HDM allergen exposure
and subsequent sensitization may have been associated
with BCG vaccination, and may consequently have
resulted in the higher risk for sensitization against HDM
in BCG-vaccinated children. Ethnicity and socioeco-
nomic status (SES) are associated with BCG vaccination
in our study sample and may explain part of the positive
association with HDM sensitization, through higher levels
of HDM allergen exposure. For the Netherlands it was
recently reported that mean Der pl levels from mattress

TABLE 3—Frequencies of BCG, Pertussis, Measles, Rubella, and Hib Vaccination in Children Sensitized Against Grasses

and in Children Sensitized Against HDM'

Sensitized against grasses

Sensitized against HDM

Vaccine No (n=351) Yes (n=144) OR (95% CI) No (n=351) Yes (n=119) OR (95% CI)

BCG 44 (12.5) 20 (13.9) 1.13 (0.64-1.99) 44 (12.5) 20 (16.8) 1.41 (0.79-2.51)
Pertussis 222 (63.2) 92 (63.9) 1.03 (0.69-1.54) 222 (63.2) 78 (65.5) 1.11 (0.72-1.71)
Measles 336 (95.7) 142 (98.6) 3.17 (0.72-14.04) 336 (95.7) 115 (96.6) 1.28 (0.42-3.95)
Rubella 274 (78.1) 105 (72.9) 0.76 (0.48-1.18) 274 (78.1) 87 (73.1) 0.76 (0.47-1.23)
Hib 154 (43.9) 58 (40.3) 0.86 (0.58-1.28) 154 (43.9) 56 (47.1) 1.14 (0.75-1.73)

'Values are numbers (percentages).
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TABLE 4— Odds Ratios and 95% Confidence Intervals for Association Between Risk Factors and Atopic Disease’

Respiratory symptoms

Allergic sensitization®

Sensitized against grasses

Sensitized against HDM

OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Gender (male vs. female) 1.68 1.13-2.49° 2.68 1.76-4.09° 3.44 2.05-5.76° 2.90 1.69-4.96°
Birth order?
Only younger siblings 1.06 0.54-2.08 0.57 0.29-1.13 0.52 0.24-1.12 0.74 0.30-1.83
1 older sibling 0.91 0.47-1.76 0.47 0.24-0.92° 0.44 0.20-0.95° 0.75 0.31-1.82
2 older siblings 1.63 0.74-3.60 0.40 0.18-0.91° 0.40 0.16-1.02 0.69 0.24-1.97
>2 older siblings 0.95 0.30-3.02 0.33 0.09-1.15 0.20 0.04-1.13 0.29 0.05-1.71
BCG* 1.17 0.63-2.19 1.74 0.91-3.32 1.95 0.89-4.31 2.28 1.05-4.963
Pertussis” 0.83 0.45-1.52 0.89 0.47-1.70 0.84 0.38-1.84 1.02 0.46-2.25
Measles” 0.93 0.30-2.90 1.51 0.43-5.35 2.85 0.45-18.08 1.93 0.38-9.95
Rubella* 1.17 0.65-2.10 0.85 0.46-1.57 0.75 0.36-1.56 0.89 0.41-1.92
Hib* 1.39 0.60-3.19 0.74 0.30-1.79 0.55 0.19-1.58 1.14 0.33-3.89

' Adjusted for breastfeeding, exposure to environmental tobacco smoke, home dampness, pets, country of residence, socioeconomic status, and
childhood infections (measles, mumps, rubella, varicella, and scarlet fever).

2At least one specific IgE >0.35 kU/I.
P <0.05.
“Reference category: risk factor not present.

dust were three times higher among Moroccan immigrant
children compared to Dutch children or Turkish immi-
grant children, and consequently sensitization was also
most frequent in Moroccan children.'® Besides ethnicity
or SES, other factors not accounted for in the present study
may likewise be associated with factors (such as way of
heating or presence of insulation measures) contributing
to higher indoor HDM allergen levels.

The argument that vaccination presents a risk because
it reduces natural infection is not a likely explanation for
our finding. Protective effects of Mycobacterium tubercu-
losis infection in childhood on asthma and atopy were
reported,'” but tuberculosis incidence in Germany is low,
and none of the German subjects in the present study were
reported to have a tuberculosis infection.

The inverse association of birth order with atopic
manifestations seen in the present study was repeatedly
found in many but not all studies.''*°~%? It is at present
uncertain which factors cause this birth-order effect. Our
findings are in accordance with the ‘“hygiene hypoth-
esis,”? but alternative explanations focusing on in utero
programming and endocrine effects” have also been
proposed.

After adjustment for various childhood infections
(measles, mumps, rubella, chickenpox, and scarlet fever),
the association with birth order remained, indicating that
other infections than those adjusted for were responsible
for this birth-order effect. However, sibling order may
represent differences in timing or dose of exposure, as
suggested for measles infection in children from a British
national birth cohort, in whom contact with older siblings
seemed to be a prerequisite for a protective effect of
measles.” In addition, birth order may represent factors
other than exposure to infection, such as changes in in
utero environment and in some of the mother’s lifestyle

characteristics likely to change with parity.23 In our study
sample, children from atopic mothers (self-reported
asthma, hay fever, or eczema ever), especially children
from asthmatic mothers, more often had no siblings and
less often older siblings than children from nonatopic or
nonasthmatic mothers. Furthermore, paternal asthma was
not associated with number of siblings. Previously it was
also observed that atopic mothers had a lower number
of offspring, and since maternal atopy is a strong risk
factor for childhood atopy, this could partly explain the
association between atopy in the child and birth order.**

Vaccinated and unvaccinated children may differ in
other respects than those accounted for in the regression
models. For instance, atopic parents may be more reluctant
to vaccinate their children than nonatopic parents. In our
data, we found no evidence of selective avoidance of
vaccination of their child by parents with self-reported
asthma.

A limitation of the present study design is that children
were selected based on answers to questions about re-
spiratory symptoms in previous surveys, and sensitization
was determined afterwards in the case-control study.
Analyses stratified by respiratory status showed no
evidence of an association between atopic disease and
vaccination in children with respiratory complaints or in
children without complaints, and the elevated risk for
HDM-sensitization with BCG vaccination was seen only
in children with respiratory symptoms. Also, the case
group consisted of children with wheezing or coughing
symptoms. However, most children (75.0%) had ever had
wheezing, and 43.7% reported suffering from wheezing
in the past 12 months. Narrowing our definition of respi-
ratory symptoms down to children with only asthmatic
symptoms, recent wheezing at age 7—8 years, or asthmatic
symptoms already present at age 5 did not change the
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results. Failure to find a consistent relationship between
childhood asthma and respiratory infections may lie in the
lack of a clear phenotypic description of asthma.? If the
same applies to vaccination, our case definition may have
diluted possible vaccination effects. However, because of
the low number of BCG-vaccinated children, the power
to detect an association between BCG vaccination and
sensitization was low. Consequently the association must
be strong to reach statistical significance.

Although we acknowledge the potential problem of
misclassification of disease outcome when relying on
parental reports, we used reported respiratory symptoms
instead of asthma diagnosis because of the large diffe-
rences in prevalence rates of diagnosis between German
and Dutch children.?

A large advantage of the present study was that exposure
(vaccination) and outcome (atopic disease) were inde-
pendently assessed, so information bias is not likely to
have greatly influenced our data. Also, considering only
children born in 1 year excluded age as an important
confounder.

In conclusion, the results provide no evidence for an
association between vaccination and respiratory symp-
toms. However, positive associations were found between
early childhood BCG vaccination and sensitization to
house dust mite. Further studies to elucidate the mechan-
isms underlying the effects of BCG vaccination on atopic
disease are needed, as the possible role of mycobacteria in
the prevention and treatment of atopic disease is currently
being discussed. Earlier reports of an association of birth
order with atopic disease were supported by the results of
the present study.

ACKNOWLEDGMENTS

The authors thank R. Derkx, A.W. Jongmans-Liede-
kerken, P. Mertens, B. Ziemer, and S. Riess for their
cooperation in this study, and H.F. Merk and his team for
specific IgE measurements.

REFERENCES

1. Strachan DP. Hay fever, hygiene, and household size. Br Med J
[Clin Res] 1989;299:1259-1260.

2. Kramer U, Heinrich J, Wjst M, Wichmann HE. Age of entry to day
nursery and allergy in later childhood. Lancet 1999;353:450—-454.

3. Ball TM, Castro-Rodriguez JA, Griffith KA, Holberg CJ,
Martinez FD, Wright AL. Siblings, day-care attendance, and
the risk of asthma and wheezing during childhood. N Engl ] Med
2000;343:538-543.

4. Aaby P, Shaheen SO, Heyes CB, Goudiaby A, Hall AJ, Shiell AW,
et al. Early BCG vaccination and reduction in atopy in Guinea-
Bissau. Clin Exp Allergy 2000;30:644—650.

5. Lewis SA, Britton JR. Measles infection, measles vaccination
and the effect of birth order in the aetiology of hay fever. Clin Exp
Allergy 1998;28:1493-1500.

6. Alm JS, Lilja G, Pershagen G, Scheynius A. Early BCG vac-
cination and development of atopy. Lancet. 1997;350:400—403.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Wickens K, Crane J, Kemp T, Lewis S, D’Souza W, Sawyer G,

et al. A case-control study of risk factors for asthma in New
Zealand children. Aust N Z J Public Health 2001;25:44-49.

. DeStefano F, Gu D, Kramarz P, Truman BI, Iademarco MF,

Mullooly JP, et al. Childhood vaccinations and risk of asthma.
Pediatr Infect Dis J 2002;21:498-504.

. Florey CV, Leeder SR. Methods for cohort studies of chronic

airflow limitation. WHO regional publications European series.
London: WHO; 1982.

Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F,
et al. International Study of Asthma and Allergies in Childhood
(ISAAC): rationale and methods. Eur Respir J 1995;8:483-491.
Farooqi IS, Hopkin JM. Early childhood infection and atopic
disorder. Thorax 1998;53:927-932.

Laubereau B, Grote V, Holscher G, Holscher B, Frye C,
Wichmann HE, et al. Vaccination against Haemophilus influenzae
type b and atopy in East German schoolchildren. Eur J Med Res
2002;7:387-392.

Henderson J, North K, Griffiths M, Harvey I, Golding J. Pertussis
vaccination and wheezing illnesses in young children: prospective
cohort study. The Longitudinal Study of Pregnancy and Child-
hood Team. Br Med J [Clin Res] 1999;318:1173—-1176.

Krause TG, Hviid A, Koch A, Friborg J, Hjuler T, Wohlfahrt J,
et al. BCG vaccination and risk of atopy. JAMA 2003;289:1012—
1015.

Strannegard IL, Larsson LO, Wennergren G, Strannegard O. Pre-
valence of allergy in children in relation to prior BCG vaccination
andinfection withatypicalmycobacteria. Allergy 1998;53:249-254.
Gruber C, Meinlschmidt G, Bergmann R, Wahn U, Stark K. Is
early BCG vaccination associated with less atopic disease? An
epidemiological study in German preschool children with different
ethnic backgrounds. Pediatr Allergy Immunol 2002;13:177-181.
von Hertzen L, Klaukka T, Mattila H, Haahtela T. Mycobacterium
tuberculosis infection and the subsequent development of asthma
and allergic conditions. J Allergy Clin Immunol 1999;104:1211—
1214.

Gruber C, Kulig M, Bergmann R, Guggenmoos-Holzmann I,
Wahn U. Delayed hypersensitivity to tuberculin, total immuno-
globulin E, specific sensitisation, and atopic manifestation in
longitudinally followed early bacille Calmette-Guerin-vaccinated
and nonvaccinated children. Pediatrics 2001;107:36.

van Amsterdam JG, Bischoff EW, Hady M, Opperhuizen A,
Steerenberg PA. The prevalence of allergic sensitisation in
immigrant children in the Netherlands. Int Arch Allergy Immunol
2004;133:248-254.

Strachan DP. Family size, infection and atopy: the first decade of
the “‘hygiene hypothesis”. Thorax [Suppl] 2000;55:2—10.
Pekkanen J, Remes S, Kajosaari M, Husman T, Soininen L.
Infections in early childhood and risk of atopic disease. Acta
Paediatr Scand 1999;88:710-714.

Rasanen M, Laitinen T, Kaprio J, Koskenvuo M, Laitinen LA.
Hay fever, asthma and number of older siblings—a twin study.
Clin Exp Allergy 1997;27:515-518.

Karmaus W, Botezan C. Does a higher number of siblings protect
against the development of allergy and asthma? A review.
J Epidemiol Community Health 2002;56:209-217.

Sunyer J, Anto JM, Harris J, Torrent M, Vall O, Cullinan P, et al.
Maternal atopy and parity. Clin Exp Allergy 2001;31:1352—-1355.
Holt PG, Sly PD. Interactions between respiratory tract infections
and atopy in the aetiology of asthma. Eur Respir J 2002;19:538—
545.

Weishoff-Houben M, Mommers M, Derkx R, Jongmans-
Liedekerken AW, Mertens P, Steup A, et al. Prevalences of
respiratory and allergic symptoms in children in the Dutch-
German borderland. Int ] Hyg Environ Health 2001;204:278.



