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Background: The study focused on the question of whether and – if so – to what direction and extent
immunisations in the 1st year may be associated with the risk of being diagnosed with atopic diseases
after the 1st year of life.
Methods: Data from the German Health Interview and Examination Survey for Children and Adolescents
(KiGGS, 2003–2006) were analysed. For analyses of potential associations between vaccination status and
risk of hay fever, atopic dermatitis or asthma, sample sizes of 15254, 14297, and 15262, respectively,
were available.
Results: Children with a sufficient TDPHiHeP vaccination at the end of the 1st year of life had a lower risk
of being diagnosed with hay fever after the 1st year of life (adjusted prevalence ratio 0.85, 95% confidence
interval 0.76–0.96). Analyses for associations between TDPHiHeP vaccination and risk of atopic dermati-
tis or asthma, or between age at onset of vaccination or of the number of antigens vaccinated in the 1st
year of life and risk of atopic disease failed to yield statistical significance.
Conclusions: Our results provide no evidence that immunisations in the 1st year of life may increase the
risk of atopic disease. If any association exists at all, our results may be interpreted as weakly supportive
of the hypothesis that immunisations may slightly decrease the risk of atopy in later life.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

For the past 30 years, the prevalence of atopic diseases (hay
fever, atopic dermatitis and asthma) has increased substantially,
not only in most western countries, but almost worldwide [1].
Most remarkably, shortly after German reunification, the preva-
lence of atopic diseases in Eastern Germany was considerably
lower than in the West [2,3]. However, the prevalence of atopic
diseases gradually increased in Eastern Germany over time [4,5],
before finally equalling the higher prevalence in the West [6]. It
has been hypothesised that certain changes in lifestyle, also
referred to as ‘westernisation’, may have played a major role in this
increase. In general, less close contact to other children early in life
(smaller families, less time spent in nursery), less contact with ani-
mals, dirt and harmless germs; and less infections with endopara-
sites seem to be associated with a higher risk of atopic diseases.
According to the ‘hygiene hypothesis’ [7–11], non-pathogenic
microbial stimuli of a chronic or recurrent nature early in life
may lower the risk of atopic diseases later in life by means of a
complex modulation of the immune system.

Following the hygiene hypothesis, there may be an association
between atopic diseases and vaccines. On the one hand, immunisa-
tions may be associated with a higher risk of atopic diseases
because vaccinations prevent the clinical onset of certain commu-
nicable diseases and, thus, may also prevent the hypothesised ben-
eficial stimulation and modulation of the immune system. On the
other hand, however, vaccinations may be associated with a lower
risk of atopy because they contain antigens that are intended to
stimulate the immune system similar to pathogens and, therefore,
may also modulate the immune system in the hypothesised posi-
tive manner. However, it has also been hypothesised that vaccines
may stimulate the immune system in a way that promotes atopic
disease independent of the effect on infections.

The question as to whether and – if so – to what direction and
extent immunisations may be associated with the risk of atopic
diseases has been subject to an increasing number of epidemiolog-
ical studies in recent years. The results, however, have been incon-
sistent [12,13], which may – at least in part – be attributed to
various sorts of bias potentially inherent in some studies [14]. In
order to provide a scientific contribution to the debate on potential
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associations of vaccinations and risk of atopic disease, this question
was addressed in the framework of a recent nationwide interview
and examination survey into health issues in children and adoles-
cents in Germany.

Since only few surveyed children were unvaccinated by the end
of the first year of life and unvaccinated children tend to be differ-
ent from vaccinated children with respect to various health and
lifestyle factors, results of comparisons between vaccinated and
unvaccinated children would be underpowered and difficult to
interpret. Moreover, vaccinated children differ in their exposure
to vaccines from having received just 1 dose to having completed
the whole vaccination schedule. Thus, a classification as ‘‘vacci-
nated” would be a considerable simplification or even misclassifi-
cation of their exposure to vaccines. This is why we decided to
use 3 different measures of vaccination status as the exposures
under study to test the following hypotheses:

1. Age at onset of immunisation may be associated with risk of
atopic disease after the 1st year of life.

2. The number of antigens vaccinated in the 1st year of life may be
associated with risk of atopic disease after the 1st year of life.

3. Whether or not immunisation against TDPHiHeP is sufficient or
insufficient at the end of the 1st year of life may be associated
with risk of atopic disease after the 1st year of life.

2. Materials and methods

The methodology of KiGGS, the German Health Interview and
Examination Survey for Children and Adolescents, has been
described in detail elsewhere [15,16]. In brief, study subjects, aged
0–17 years were sampled from 167 communities in Germany
between May 2003 and May 2006. The sampling frame of this
cross-sectional study followed a complex, multi-stage,
probability-clustered design with intentional oversampling of chil-
dren and adolescents in Eastern Germany and of non-German
nationality. The survey involved questionnaires filled in by parents
and parallel questionnaires for children/adolescents aged 11 years
or older, physical examinations and tests, and a computer-assisted
personal interview (CAPI) with a parent or guardian (preferably the
mother) performed by the physicians involved in the study. A wide
range of blood and urine testing was carried out at central labora-
tories. A representative sample of 17641 children and adolescents
was surveyed (8985 boys and 8656 girls); informed consent was
gained from their parents or guardians and additionally from par-
ticipants aged 14 year or older. The proportion of sample-neutral
dropouts was 5.3%; the response proportion 66.6%. The study
was approved by the ethics committee of Charité – Univer-
sitätsmedizin Berlin (reference number 101/2000) and by the Ger-
man Federal Office for the Protection of Data. The KiGGS survey
obtained data on a broad spectrum of health issues, including
physical, mental and social well-being, behavioural risk factors
and health care utilisation.

Data on atopic diseases (hay fever, atopic dermatitis and
asthma) were obtained by CAPI. The accompanying parent or guar-
dian was asked whether and when the respective condition had
ever been diagnosed by a doctor. Information on socio-economic
status (SES), migration background, birth order, parental atopic
diseases and smoking was obtained by parental questionnaire.
The SES was constructed using both parents’ educational and pro-
fessional status as well as the total income available to the house-
hold [15].

Data on the type and date of each administered dose of vaccina-
tion were extracted from vaccination cards, which parents had
been asked to bring to the study centre. Study subjects were
excluded from further analyses in the following cases: (a) if a
child’s parent or guardian was unable to present a vaccination card
but stated that their child had been vaccinated; (b) if they stated
that some vaccinations were missing from the card; or, (c) if the
card was unreadable or marked as a replacement or was a
follow-up to the original vaccination card and the original was
no longer available.

For the purpose of this study, a child’s vaccination status at the
end of his or her first year of life was considered as the relevant
exposure. Vaccination status was assessed by 3 different measures:
(1) The total number of antigen-doses was calculated by adding all
vaccinations together after having multiplied each vaccination by
the number of different antigens in the administered vaccine; (2)
the age at first vaccination against tetanus was calculated as an
indicator for age at onset of immunization because tetanus is rec-
ommended as the first vaccination in Germany; and (3) a complex
assessment of all vaccinations administered in the 1st year of life
was made as to whether immunisation against tetanus, diphtheria,
poliomyelitis, haemophilus influenzae type B, hepatitis B and per-
tussis (TDPHiHeP) was sufficient or insufficient in accordance with
the recommendations made by the German Standing Committee
on Vaccination (STIKO) at the time of study (2003–2006). These
recommendations stated that a one-year-old child should have
received 3 doses of pertussis vaccine and 3 doses of a vaccine
against tetanus, diphtheria, poliomyelitis, haemophilus influenzae
B and hepatitis B if administered as multivalent vaccination includ-
ing the pertussis component. Two doses were rated as sufficient if
the respective vaccines did not include pertussis. As the last dose of
the full primary immunisation was scheduled to be administrated
at age 11–14 months, this study’s definition of a sufficient TDPHi-
HeP vaccination was not equivalent to a full primary immunisa-
tion, which required an additional dose in the second year of life.

Children included in these analyses were born between 1985
and 2005. During this time, the national recommendations on vac-
cination in the first year of life were amended by vaccinations
against pertussis (introduced in 1991), haemophilus influenzae B
(1990) and hepatitis B (1996). Recommendations on vaccination
against poliomyelitis changed from oral vaccination towards IPV
in 1998. The first measles, mumps and rubella vaccination
(MMR) was initially scheduled for the second year of life and then
changed to start at age 11 months in 1997. A second dose of MMR
was introduced in 1991, initially scheduled for the 6th year of life
and then changed to the second year of life in 2001. A booster vac-
cination against tetanus and diphtheria was scheduled for age 5–
6 years. The outcomes under study were a diagnosis of asthma or
hay fever or atopic dermatitis after the first year of life.

Data analyses were performed using the package Statistical
Analysis Software Version 9.4 (SAS Institute, Cary, NC, USA). In order
to ensure that estimates derived from the KiGGS data are represen-
tative at the national level, survey weights were applied through-
out the statistical analyses. Furthermore, the data were analysed
in a manner that took into account the stratified and clustered
sample design implemented for KiGGS, using the survey proce-
dures and cluster statements provided by SAS. Statistical signifi-
cance testing of categorical data was conducted by the Rao Scott
chi-square test (Proc Surveyfreq), with testing of metric data was
performed by t-test (Proc GLM). Prevalence ratios and their 95%
confidence intervals were calculated by Proc Genmod.

Covariates were included in multivariable models when they
were potential confounders for the associations of exposures and
outcomes under study. Final models were adjusted for the dichoto-
mous variables sex (male/female), regional provenance (East/West
Germany), socio-economic status (lower/middle/upper), back-
ground of migration (none, one-sided, two-sided), birth order
(born last, middle/first, as part of multiples or without siblings),
whether or not the mother and/or father smoked, and parental ato-
pic disease (yes, no). Both age at time of study and age at the begin-
ning of nursery were entered as continuous variables.
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Any p-value of 0.05 or below was considered statistically signif-
icant, as were 95% confidence intervals that did not include the
value 1.
3. Results

A total of 17641 children and adolescents participated in the
KiGGS study. For the purpose of this investigation, 2258 subjects
had to be excluded either because they were younger than 1 year
at time of study or because of missing/incomplete data on vaccina-
tion. Further study subjects had to be excluded due to missing CAPI
data on the atopic diseases under study (Fig. 1). For analyses of
potential associations between vaccinations and hay fever, atopic
dermatitis or asthma, sample sizes of 15254, 14297, and 15262
were available, respectively.

Basic characteristics of the study population, broken down by
measures of vaccination status, are shown in Table 1. In the full
study population, the average age was 9.3 years (SD – standard
deviation, 4.9), 51.3% were boys, 26.4% lived in families of low
socio-economic status, and 15.3% had a two-sided background of
migration. The mother or father was a smoker in 48.7% and
44.8% of study subjects had at least one parent with an atopic dis-
ease. The TDPHiHeP vaccination status at the end of the first year of
life was rated as ‘‘sufficient” in 7468 and ‘‘insufficient” in 7968
study subjects. Both groups were comparable in most characteris-
tics. In the ‘‘insufficient” group, however, there were slightly more
children with a two-sided background of migration or from former
West Germany. The first tetanus vaccination had been adminis-
tered by the 90th day of life in 3260 and thereafter in 11786 chil-
dren. Again, both groups were comparable with regard to most
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Fig. 1. Selection of study subjects for this data analysis. KiGGS, German Health Intervie
Personal Interview.
characteristics, whilst the latter group comprised of slightly more
children from former West Germany. The mean number of anti-
gens vaccinated in the first year of life was 12.4 (5.2) in the study
population and in most subgroups. There were only slight differ-
ences in subgroups defined by background of migration and by
regional provenance.

Hay fever had been diagnosed in 10.8%, atopic dermatitis in
7.7% and asthma in 4.3% of study subjects after the 1st year of life.
Males were more likely to be diagnosed with hay fever (12.8% vs
8.9%) or asthma (5.0% vs 3.7%), whilst atopic dermatitis was more
common among females (9.1% vs 7.6%). Children of atopic parents
were about twofold more likely to be diagnosed with an atopic dis-
ease. A diagnosis of hay fever or atopic dermatitis was reported
more often in children from high SES families or in families with
two-sided background of migration. Having older siblings was
associated with a lower risk of being diagnosed with hay fever
(9.1% vs 12.8%) or asthma (3.9% vs 4.7%).

Table 2 shows crude comparisons between the 3 measures of
vaccination status and diagnoses of atopic diseases after the 1st
year of life. The mean number of vaccinated antigens in the 1st
year of life was lower in study subjects who were later diagnosed
with hay fever (10.6 vs 12.6; p � 0.0001), atopic dermatitis (11.8 vs
12.4; p � 0.0001) or asthma (10.7 vs 12.4; p � 0.0001). Among
those with a diagnosis of hay fever or asthma, more children had
had a first tetanus vaccination after the 90th day of life (hay fever
11.3 vs 9.5%, p = 0.0335; atopic dermatitis 8.5 vs 7.5%, p = 0.1610;
asthma 4.5 vs 3.3%, p = 0.0160). The TDPHiHeP vaccination status
by the end of the 1st year of life was more often ‘‘insufficient” in
children who were diagnosed with hay fever, atopic dermatitis or
asthma after the 1st year (hay fever 12.6 vs 8.7%, p � 0.0001; atopic
dermatitis 8.8 vs 7.6%, p = 0.0206; asthma 5.0 vs 3.5%, p � 0.0001).
) due to 
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Table 1
Basic characteristics of the study population, broken down by 3 different measures of vaccination status.

Total TDPHiHeP vaccination status by
the end of the 1st year of life%
(n)

First vaccination (tetanus) Mean number of antigens
vaccinated in the 1st year
of life (SD)

Sufficient Insufficient By the 90th
day of life% (n)

After the 90th
day of life% (n)

Study population n = 15383 n = 7468 n = 7915 n = 3260 n = 11786 n = 15383
Mean age/no. of antigens (SD) 9.3y (4.9) 7.9y (5.0) 10.3y (4.6) 7.7y (4.8) 9.6y (4.9) 12.4a (5.2)

Age group
�6 years 33.4% (5491) 48.6% (3687) 21.5% (1804) 50.5% (1704) 29.8% (3679) 16.2a (4.7)
7–13 years 40.6% (6611) 30.5% (2448) 48.4% (4163) 28.1% (9 7 8) 43.5% (5513) 11.7a (3.9)
14–17 years 26.0% (3281) 20.9% (1333) 30.1% (1948) 21.4% (5 7 8) 26.7% (2594) 8.5a (4.0)

Sex (n)
Male 51.3% (7809) 50.7% (3731) 51.7% (4078) 51.9% (1659) 51.1% (5980) 12.3a (5.3)
Female 48.7% (7574) 49.3% (3737) 48.3% (3837) 48.1% (1601) 48.9% (5806) 12.4a (5.1)

Socio-economic status
Lower 26.4% (4055) 25.9% (1938) 26.8% (2117) 25.4% (8 3 9) 26.6% (3118) 12.3a (5.3)
Middle 46.1% (7118) 47.8% (3602) 44.7% (3516) 47.4% (1563) 45.8% (5410) 12.5a (4.9)
Upper 27.5% (3940) 26.3% (1815) 28.4% (2125) 27.3% (8 1 0) 27.6% (3048) 12.3a (5.4)

Background of migration
None 76.4% (12175) 77.7% (6100) 75.3% (6075) 75.6% (2671) 76.7% (9256) 12.4a (4.9)
One-sided 8.3% (1114) 8.4% (5 2 3) 8.2% (5 9 1) 8.7% (2 0 9) 8.2% (8 8 0) 12.9a (5.7)
Two-sided 15.3% (2030) 13.9% (8 1 3) 16.5% (1217) 15.6% (3 6 7) 15.1% (1601) 11.8a (6.4)

Regional provenance
Former East Germany 17.0% (5178) 23.8% (3234) 11.6% (1944) 32.6% (1764) 13.5% (3296) 13.7a (3.2)
Former West Germany 83.0% (10205) 76.2% (4234) 88.4% (5971) 67.4% (1496) 86.5% (8490) 12.1a (5.9)

Smoking mother or father
No 51.3% (7631) 51.8% (3735) 50.9% (3896) 51.8% (1626) 51.2% (5841) 12.4a (5.3)
Yes 48.7% (7573) 48.2% (3648) 49.1% (3925) 48.2% (1605) 48.8% (5805) 12.3a (5.1)

Parental atopy
No 55.2% (8538) 54.9% (4153) 55.4% (4385) 55.3% (1855) 55.1% (6502) 12.3a (5.1)
Yes 44.8% (6581) 45.1% (3203) 44.6% (3378) 44.7% (1357) 44.9% (5086) 12.5a (5.2)

SD standard deviation; y years; a antigens.
TDPHiHeP: vaccination against tetanus, diphtheria, poliomyelitis, haemophilus influenzae type B, hepatitis B and pertussis.

Table 2
Crude comparisons of vaccination status in the 1st year of life and diagnosis of atopic diseases after the 1st year of life.

Exposure Hay fever diagnosed after the
1st year of life

Atopic dermatitis diagnosed
after the 1st year of life

Asthma diagnosed after the
1st year of life

Yes (n = 1548) No (n = 13706) Yes (n = 1200) No (n = 13097) Yes (n = 642) No (n = 14620)

Mean number of antigens vaccinated in the 1st year of life (SD) 10.6 (4.5) 12.6 (5.2) 11.8 (4.8) 12.4 (5.2) 10.7 (4.4) 12.4 (5.2)
P value �0.0001 �0.0001 �0.0001

First vaccination (tetanus) in % (n)
By the 90th day of life 9.5 (275) 90.5 (2963) 7.5 (228) 92.5 (2787) 3.3 (101) 96.7 (3134)
After the 90th day of life 11.3 (1242) 88.7 (10441) 8.5 (946) 91.5 (10020) 4.5 (522) 95.5 (11172)

P value 0.0335 0.1610 0.0160
Vaccination status of TDPHiHePy by end of the 1st year of life in% (n)
Sufficient 8.7 (629) 91.3 (6785) 7.6 (552) 92.4 (6410) 3.5 (262) 96.5 (7158)
Insufficient 12.6 (919) 87.4 (6921) 8.8 (648) 91.2 (6687) 5.0 (380) 95.0 (7462)

P value �0.0001 0.0206 �0.0001

SD: standard deviation.
TDPHiHeP: vaccination against tetanus, diphtheria, poliomyelitis, haemophilus influenzae type B, hepatitis B and pertussis.
y According to recommendations made by the German Standing Committee on Vaccination (STIKO) at the time.
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Adjusted prevalence ratios of associations between the 3 mea-
sures of vaccination status and risk of being diagnosed with any
of the 3 atopic diseases after the 1st year of life are depicted in
Table 3. After adjustment for sex, regional provenance (East/West
Germany), socio-economic status, background of migration, birth
order, mother or father smoked, parental atopy, age at beginning
of nursery and age at time of study, only one statistically signifi-
cant result remained. Children with sufficient TDPHiHeP vaccina-
tion by the end of the 1st year of life were less likely to be
diagnosed with hay fever after the 1st year of life (prevalence ratio
0.85, 95% confidence interval 0.76–0.96) than were children with
insufficient TDPHiHeP vaccination. Prevalence ratios of all other
analyses were 1.0 or slightly below and failed to yield statistical
significance. Further adjustments for vaccinations against tubercu-
losis (bacillus Calmette-Guérin vaccine; BCG) and against measles,
mumps and rubella (MMR), which were described to be potential
confounders in some studies [14,17], did not alter the results.
4. Discussion

4.1. Methods

The data for this paper were taken from the KiGGS study, a
nationally representative health interview and examination survey
in Germany with high participation. Between 81% and 86% of study



Table 3
Adjusted* prevalence ratios (and 95% confidence intervals) of associations between vaccination status in the 1st year of life and risk of being diagnosed with hay fever, atopic
dermatitis, or asthma after the 1st year of life.

Exposure Outcome

Hay fever diagnosed after the
1st year of life

Atopic dermatitis diagnosed after
the 1st year of life

Asthma diagnosed after the
1st year of life

Number of antigens vaccinated in the 1st year of life
(increment for any additional antigen)

0.99 (0.98–1.01) 1.00 (0.98–1.01) 1.00 (0.98–1.02)

First vaccination (tetanus) by the 90th day of life 0.97 (0.82–1.15) 0.96 (0.79–1.15) 0.95 (0.73–1.24)
Sufficient TDPHiHeP vaccination by the end of the 1st year of

life
0.85 (0.76–0.96) 0.93 (0.81–1.06) 0.91 (0.78–1.07)

TDPHiHeP: vaccination against tetanus, diphtheria, poliomyelitis, haemophilus influenzae type B, hepatitis B and pertussis.
* Adjusted for sex, regional provenance (East/West Germany), socio-economic status, background of migration, birth order, mother or father smoked, parental atopy, age at

beginning of nursery and age at time of study.
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subjects met the inclusion criteria of these data analyses and had
all the necessary data. Most data were obtained from standardized
physician interviews of parents (atopic diseases) or parent-
administered questionnaires (SES, migration, smoking and sib-
lings). Data on vaccinations were taken from vaccination cards,
which are official documents filled in by doctors after administer-
ing vaccinations. Therefore, it is unlikely that there was a major
selection or information bias that could have affected the results.

However, since the information on diagnoses of atopic diseases
had to be provided through parental recollection during interviews
rather than through extraction from medical records, there may be
some degree of misclassification. In particular, some level of differ-
ential recall by SES, migration background or with increasing age of
the child cannot fully be ruled out, but it is unlikely to explain the
findings fully.

This paper addresses a secondary study question that was not a
focus of the original KiGGS study. However, the available data jus-
tify this secondary analysis, even if a tailored study would allow for
more detailed analyses of the potential associations between vac-
cination and the risk of atopy. For example, whilst it was possible
to calculate the number of different antigens administered by vac-
cinations from entries on vaccination cards, it was not possible to
determine the amount of each antigen that had been administered.

With 3 measures of vaccination status as exposures and 3 atopic
diseases as outcomes, there were multiple statistical comparisons
that increase the likelihood of chance findings. This should be con-
sidered when interpreting the single statistically significant result
of this paper. On the other hand, the lack of statistical significance
in some of our results with prevalence ratios below 1 may be due
to the combination of low magnitudes of effect and sample size.
Therefore these analyses should be repeated in larger studies.

Since the data from this cross-sectional study allow for a clear
timing of exposure and outcome, there is no doubt that the vacci-
nations took place before a doctor had diagnosed atopic diseases.
Thus, reverse causality is highly unlikely to have influenced the
results.
4.2. Results

Our results suggest that a sufficient TDPHiHeP vaccination sta-
tus by the end of the 1st year may be associated with a lower risk
of hay fever diagnosed after the 1st year of life. If this is not a
chance finding, it may be regarded as weakly supportive of the
hypothesis that vaccination may be negatively associated with risk
of atopy, i.e. that vaccinations may lower the risk of atopic disease
in later in life. The German risk-enhanced birth cohort study MAS
came to similar conclusions: the cumulative dose of vaccines was
inversely related to the risk of atopic dermatitis and asthma later
in life [18].
In our data analyses, not a single result was found that could
suggest any positive association between degree of immunisation
and risk of atopy. This can be regarded as strongly supportive of
the hypothesis that there is no association between vaccination
and risk of atopy at all, i.e. that vaccinations do not increase or
decrease the risk of atopic disease later in life.

Numerous studies have also revealed no or slightly negative
associations between vaccination and the risk of atopic diseases.
In a French population sample of 718 adolescents, those who had
been vaccinated had a significantly lower risk of suffering from
asthma or atopic diseases than non-vaccinated study subjects
[19]. In a cross-sectional study of 14,893 children in 5 European
countries, atopic sensitization was inversely associated with
measles infection, and a similar tendency was seen for measles
vaccination [20]. A follow-up study with 23,201 person-years at
risk in the UK provided no evidence of an association between vac-
cination against pertussis in infancy and an increased risk of
wheeze or asthma in later life [21]. In a follow-up study of
80,000 Swedish children who had been immunized against pertus-
sis as part of a vaccination trial, and 100,000 non-vaccinated con-
trol children, no difference was found in the odds of being
prescribed asthma medication [22]. In a retrospective study of
700 families in the Netherlands, whole cell pertussis vaccination
turned out to be associated with a lower risk of atopic disorders
[23]. In another study of 1,875 children attending Orthodox
Reformed (Protestant) primary schools in the Netherlands, the
same author found an adjusted odds ratio of any atopic disorder
(vaccinated/unvaccinated) of 1.00 (CI 95%: 0.80–1.24) [24]. In a
follow-up study of 1778 full-term infants, childhood asthma was
not significantly associated with having received hepatitis B vac-
cine or age at first hepatitis B vaccine; number of whole-cell per-
tussis, haemophilis influenzae type B or oral polio vaccine doses;
having received measles, mumps, rubella vaccine; or total number
of vaccine doses combined. The only statistically significant predic-
tor of childhood asthma was the number of infant wheezing epi-
sodes [25]. In a birth cohort study, McKeever et al. found no
association between the age at first injection of either DPPT or
MMR and the risk of asthma or eczema [26].

Some studies came to different conclusions concerning the
potential associations of immunisation and risk of atopic diseases.
A Danish follow-up study found an increased risk of atopic der-
matitis after MMR vaccination and measles infection [27]. Results
from a Chinese animal study were interpreted in a way that pro-
grammed vaccination in China may possibly be responsible for
the increasing prevalence of asthma and atopic diseases by induc-
ing T-helper 2 cytokine expression [28]. McDonald et al. found that
a delay in scheduled DPT vaccination was associated with a
reduced risk of childhood asthma [29]. Bremner et al. came to
the conclusion that a late completion of DTP or MMR immunisa-
tion may be associated with reduced hay fever risk [30]. Similar



M. Schlaud et al. / Vaccine 35 (2017) 5156–5162 5161
results were found by Kiraly et al. suggesting that delayed DTaP
vaccination was associated with reduced risk of eczema and
eczema medication use [31].

Literature reviews and meta-analyses provide the most com-
prehensive assessments of whether or not immunisations may be
associated with a risk of atopy in later life. In a literature review,
Rottem et al. [32] found no evidence that the BCG; pertussis;
influenza; measles, mumps and rubella; or smallpox vaccine have
an effect on the risk of atopy in later life. Another review came to
the conclusion that the majority of studies have not found an
increased risk of asthma and atopies after immunisation [33]. In
a systematic review of 7 studies of pertussis vaccination (with a
total of 186,663 patients) and 5 studies of BCG vaccination (with
a total of 41,479 patients) that directly compared vaccinated and
unvaccinated children, and that validated vaccination status using
medical charts, and applied current criteria to define asthma, no
statistically significant association was detected between either
whole-cell pertussis or BCG vaccination and incidence rates of
asthma during childhood and adolescence [13].
5. Conclusions

In conclusion, our results provide no evidence that immunisa-
tions in the 1st year of life may increase the risk of atopic disease.
If any association exists at all, our results may be interpreted as
weakly supportive of the hypothesis that immunisations may
slightly decrease the risk of atopy. This is reassuring for parents
and paediatricians alike who can continue immunising children
as recommended by national expert groups.

Our results add to the current evidence and are in line with the
majority of similar studies in this field. However, given the limita-
tions of our observational cross-sectional study, future research
should address in more detail the potential effects of timing of vac-
cination and of the number of antigens administered by vaccina-
tion on the risk of atopic diseases.
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