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Background: Suggestions that immunisation influences allergic disease risk, either positively (pertussis) or
negatively (BCG) are of concern for vaccination policy.
Aims: To determine whether DTP, MMR, and BCG vaccination in infancy influenced hay fever risk.
Methods: Case-control study of 7098 hay fever cases and controls, within two primary care databases.
One control per case was matched for practice, age, and sex. Odds ratios (OR) were derived using
conditional logistic regression.
Results: Compared to those completing in month 5 (base group) (39.3%), DTP unvaccinated children
(4.3%) had a similar risk of hay fever (OR =0.94, 95% CI 0.73 to 1.23). However, those completing after
12 months (4.2%) had a reduced risk (OR =0.60, 95% CI 0.45 to 0.76) compared to the base group.
Compared to those vaccinated in month 14 (base group) (29.5%), MMR unvaccinated children (2.3%) had
an OR of 0.79 (95% CI 0.58 to 1.08). Completion of MMR after two years was associated with reduced
hay fever risk (OR=0.62, 95% CI 0.48 to 0.80) compared to the base group. The effects of late
immunisation with DTP and MMR were independent. Those vaccinated with BCG by age 2 (2.4%) had an
odds ratio of 1.28 (95% CI 0.96 to 1.70). Adjustment for consulting behaviour, social factors, or sibship
size did not alter these associations.
Conclusions: Immunisation against DTP or MMR does not increase the risk of hay fever. The lower
confidence limit for BCG vaccination contradicts the hypothesised protective effect. The reduced risk of hay
fever among children immunised late may be explained by a third factor causing both postponement and
reduced risk such as intercurrent febrile illnesses.

A
rise in the prevalence of atopic diseases such as allergic
rhinitis during recent decades has been widely reported
from developed countries.1–3 One postulated explana-

tion is the reduction in childhood infections due to successful
vaccination programmes. Without the challenge of poten-
tially serious infection to trigger a Th1 immune response, a
Th2 response could predominate in the developing immune
system, predisposing to atopy and allergic diseases. The
literature on infections and atopic disease is equivocal.4–7

However, vaccines themselves may influence the infantile
immune system by shifting expression in favour of either Th1
or Th2 cytokine profiles.8 9 The relevant epidemiological
evidence is inconsistent.9 Although one recent review
concluded that the evidence did not support vaccines causing
allergic diseases, it focussed primarily on studies where the
outcome was asthma, a disease which has both atopic and
non-atopic components, particularly in early infancy.10

Studies focusing on allergic rhinitis provide a more specific
test of the hypothesis.
DTP vaccination (against diphtheria, tetanus, and pertus-

sis) has been considered as a possible inducer of immuno-
globulin E production through the whole cell pertussis
component. While positive associations have been reported
with atopic disease,11 allergy related respiratory symptoms,12

and allergic illnesses,13 other studies have found no associa-
tion between DTP vaccination and allergic diseases,14 hay
fever,15 or atopy assessed by skin prick tests.16 17

The triple vaccine against mumps, measles, and rubella
(MMR) has also been hypothesised as a risk factor for atopy,
mainly due to the measles component, but again the evidence
is inconsistent. Wild measles infection was associated with a
lower prevalence of allergic sensitisation in a study set in
Guinea Bissau,18 while a Finnish study found that children
infected with wild measles were at an increased risk of later

allergic rhinitis.19 Not receiving MMR vaccination was
protective of atopy in a study set in Steiner schools in
Sweden.20 The Guinean and Swedish studies have been
criticised for uncontrolled confounding. However, a recent
study of vaccinations and early onset hay fever using the
West Midlands section of the General Practice Research
Database showed that, after controlling for consultation
behaviour, the apparent protective effect against hay fever of
vaccination with MMR mostly disappeared.14 A study set in
five German cities found a negative dose-response relation
between number of vaccine doses (MMR and DTP among
others) and allergic sensitisation.21 Finally, in one national
British birth cohort, an inverse association between hay fever
and measles immunisation and/or infection was apparently
confined to those with many older siblings.22

Being a live mycobacterial vaccine, BCG (bacillus Calmette-
Guérin) activates a strong Th1 response. Following the
observation that tuberculin reactivity was strongly inversely
related to IgE levels23it has been suggested that this may
protect against a later atopic response, and BCG has been
associated with lower risk of subsequent atopy in some
studies,24 25 but not in others.26–30

To clarify the epidemiological evidence, we conducted
nested case-control studies in two large UK databases of
primary care consultations (the General Practice Research
Database (GPRD) and the Doctors’ Independent Network
(DIN)) to test the hypotheses that: (1) immunisation with
DTP in the first year of life increases subsequent hay fever
risk; (2) receipt of MMR vaccine in the first two years of life
increases subsequent hay fever risk; and (3) BCG vaccination
before age 2 years protects against subsequent hay fever. We
paid particular attention to the timing of each vaccination in
order to identify any critical period for long term immuno-
logical programming.
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METHODS
A detailed description of our methodology has
been published previously.31 In summary, we
conducted nested case-control studies within a
GPRD cohort of 76 310 children born between
1989 and 1993 from 464 general practices, and
within a DIN cohort of 40 183 children born
between 1989 and 1997 from 141 general prac-
tices. All children were registered with a con-
tributing practice within three months of birth
and had at least five years of continuous follow up
with that practice. Practices were located primarily
in England and Wales but Scotland and Northern
Ireland were also represented.
We aimed to be consistent across the two

databases in our case definition of hay fever and
selection of relevant drugs, despite the various
coding systems used. Only codes synonymous
with ‘‘allergic rhinitis’’ and with seasonal varia-
tion in recording were permitted. To assess case-
ness, sequential diagnoses of hay fever and/or
specific medications were sought. Subjects who
only ever had a hay fever diagnosis before age 2, or
non-specific allergic rhinitis diagnoses which did
not exhibit a seasonal pattern were excluded from
being cases or controls. All cases were required to
have at least one diagnosis of hay fever. For each
case of hay fever we selected one control child,
matched for general practice, sex, and birth month
who had continuous follow up until at least the
date of diagnosis of the index case.31 Cases and
controls were thus followed up for similar lengths
of time: 7.42 and 7.43 years respectively in GPRD
and 8.22 and 8.24 years in DIN.
Records of cases and controls from GPRD (4196

pairs) and DIN (2902 pairs) were searched for the
first occurrence of 3rd DTP immunisation (DTP3
with or without Haemophilus influenzae type b
and/or poliomyelitis) or if absent, any other
entries for DTP or pertussis. We chose 3rd DTP
for the main exposure as some general prac-
tices did not routinely record 1st and 2nd
doses. We also identified first entries for MMR
immunisation.
The sensitivity of any relation between hay fever

and DTP, MMR, and BCG was assessed by
controlling for consultation frequency in the first
five years of life, determined by categorising
the number of consultations during that time,
excluding days on which vaccinations were
administered.
In the UK during the 1990s, DTP (whole cell

pertussis) vaccine was normally administered
adsorbed onto a mineral compound. It was
routinely given as three separate injections at 8,
12, and 16 weeks.32 It is usually administered at
the same time as an oral live poliomyelitis vaccine
and can also be given in combination with
Haemophilus influenzae type B vaccine (HiB).
On its introduction, MMR-II was recommended in
year 2 and subsequently in months 12–15. BCG
vaccination is not routine during infancy, but is
generally reserved for neonates at high risk of
tuberculosis. At the time of our study, the
Copenhagen substrain 1077 of BCG, given intra-
dermally in a dose of 0.05 ml (to infants under
3 months of age) or 0.1 ml was recommended.
For the principal analyses, timing of DTP3 was

categorised as 1st–4th month, 5th, 6th, 7th–9th,
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10th–12th, 13th or later, DTP other than 3rd,
pertussis (single vaccination) (DIN only), and
unvaccinated against pertussis. MMR was cate-
gorised into the time bands: 1st–13th month,
14th, 15th, 16th, 17th, 18th–24th, and 25th
month or later. Odds ratios are reported with
those vaccinated ‘‘on time’’ (modal group)
forming the reference group (month 5 for
DTP3 and month 14 for MMR).
Finally, records of BCG vaccination were

sought in birth cohort members during their
first two years of follow up. Our main exposure
period of interest was BCG by the age of 2 years.
Those vaccinated with BCG after the age of 2
were classed as unvaccinated for the purpose of
this analysis. Case-control pairs where either
member had a record of tuberculosis at any age
were excluded.

Statistical analysis
Our analyses are based on conditional multiple
logistic regression models, with the matched
pairs forming separate strata, using proc phreg in
SAS (version 8.1 for SunOS).33

Within each database we adjusted for con-
sultation frequency and examined the effect of
excluding potential ‘‘ghost’’ controls. These
were children who had no record of a general
practitioner consultation in the period six
months before the case diagnosis date or at
any time after. The true disease and exposure
status of such controls would be unknown but
we might expect some of them to be misclassi-
fied cases. We also investigated the possible
confounding influence of socioeconomic cir-
cumstances measured at the small area level
by ACORN classification in DIN34 and sibship
structure based on the family identifier in
GPRD.
The odds ratio estimates from the two case-

control studies excluding potential ‘‘ghost’’
controls and adjusted for consultation fre-
quency were pooled using a fixed effects model
by way of the meta command in Stata (version
5.0 for Windows).35 36 In pooled, fixed effects
models, we explored whether the effects of DTP/
MMR were independent of each other and
whether there was any evidence of a trend
across categories of timing of vaccination.

RESULTS
DTP
In GPRD, 93.7% of cases plus controls were fully
vaccinated with DTP, while only 4.1% were
entirely unvaccinated (table 1). In DIN, 92.8%
were fully DTP vaccinated and only 1.1% were
entirely unvaccinated, with 3.5% receiving
pertussis only (table 2).
In both databases the DTP unvaccinated (also

pertussis unvaccinated in DIN) group were at
very similar risk of subsequent hay fever to
those vaccinated ‘‘on time’’ with unadjusted
odds ratios of 0.90 in GPRD (table 1) and 0.86 in
DIN (table 2). Children identified as having
incomplete or non-specific DTP records were
small in number and there was no evidence of
an excess or a deficit risk in this group.
However, later/delayed vaccination with DTP3
was associated with decreased risk of hay fever,
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and the trend was significant in both databases. In both
databases adjusting for consultation frequency and restrict-
ing to non-ghost controls had little effect on the odds ratio
estimated, save for the ‘‘no pertussis’’ group in DIN. In GPRD,
the number of older sibs was inversely related to hay fever
risk such that for each additional older sib, the odds of hay
fever reduced by 17.3% (12.9–21.4%). Further adjustment for
sibship structure was possible for 90% of case-control pairs in
GPRD, but had little impact on the odds ratios (table 1). In
DIN, the ACORN index was not significantly associated with
hay fever risk: the odds ratio of hay fever was 0.99 (0.80–
1.22) in the thriving ACORN group compared to the striving
group. Not surprisingly, further adjustment for the ACORN
socioeconomic index had little impact (table 2). The
similarity of the trends in the two databases with late DTP3
vaccination is apparent in fig 1.

MMR
In GPRD, 97.5% of cases plus controls were vaccinated with
MMR, with 87.3% being vaccinated by 18 months, a further
7.4% by age 2 years, and 2.8% after age 2; 2.5% had no record
of vaccination (table 1). In DIN, 98.1% of cases plus controls
received MMR; 89.5% by 18 months, a further 6.5% by age
2 years, and 1.9% after age 2; 1.9% had no record of
vaccination (table 2).
For MMR, the unvaccinated group were at lower risk of

hay fever than those vaccinated on time: odds ratios of 0.59
in GPRD (table 1) and 0.72 in DIN (table 2). Again there was
a decline in risk associated with later age of vaccination
which was significant in both databases and the odds ratios
for the unvaccinated were similar to those for those
vaccinated with MMR after 18 months. Adjustment for
consultation frequency and restricting to non-ghost controls
had no major impact, but the odds ratio for the unvaccinated
group in GPRD was less extreme after these adjustments
(OR=0.77). Further adjustment for sibship structure
(table 1) and ACORN socioeconomic score (table 2) made
no impact on the odds ratios. The similarity of the results for
the two databases is shown in fig 2.
Because the results are so similar for both GPRD and DIN,

further analyses to assess the independence of the trends

with delayed vaccination for the two triple vaccines were
based on pooling estimates from the two databases (table 3).
It is apparent that the trends are largely independent with
the inverse association between hay fever and postponement
being significant for both DTP (p=0.001) and MMR
(p=0.04).

BCG
The percentage of cases and controls vaccinated with BCG
was almost identical in each database: 2.4% of GPRD and
2.5% of DIN had a record of vaccination by age 2, 83% of
these within the first three months of life (tables 1 and 2). A
further 0.2% in each database were vaccinated by age 5 years.
In both databases immunisation with BCG by age 2 was

associated with an increased risk of hay fever. The pooled
estimate was 1.34 (95% CI 1.05 to 1.73; p=0.02) which
reduced to 1.28 (95% CI 0.96 to 1.73; p=0.09) after adjusting
for consultation frequency and restriction to non-ghost
controls.

DISCUSSION
In our large scale investigation we have found that infants
immunised against DTP or MMR in accordance with
vaccination schedules are at no greater or lesser risk of hay
fever than those who do not receive these immunisations.
This is reassuring in relation to the impact of routine
vaccinations on atopic sensitisation, and concurs with the
results of an international comparison of the prevalence of
allergic diseases and vaccine coverage.37

The finding of a protective effect of late immunisation was
unexpected, but was consistent in the two databases; a
powerful indication that the findings are not artefacts of a
specific method of recording. Moreover the odds of hay fever
fall steadily with increasing lateness of vaccination for both
DTP and MMR (figs 1 and 2) and the tests for trend are
significant. The associations are therefore likely to be real,
although not necessarily causal. We consider potential
explanations under three headings: artefact, family factors,
and childhood factors.
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Artefact
This is by far the largest and most comprehensive study to
date of the association between immunisation history and
subsequent allergic disease. Although delayed vaccinations
were uncommon, the size of our study detects trends with
high levels of statistical significance.
Restriction of potential ‘‘ghost’’ controls had no important

impact on our results.
It is theoretically possible that families who consult their

GP less often would be less likely to attend for routine
vaccination and less likely to present their child with hay
fever symptoms. However, adjustment for consultation
frequency made little difference and there was no reduction
in hay fever risk among DTP unvaccinated children, which
makes this explanation unlikely.

Family factors
In GPRD, the numbers of older and younger sibs were
available for 90% of case-control pairs. As consistently found

elsewhere, children from larger families were less likely to
complete vaccination on time, and having more older or
younger sibs was strongly protective of hay fever.38 However,
adjusting for sibship structure had no effect on the relation
between hay fever and timing of vaccination (table 1).
For both triple vaccines in DIN, we found a lower

percentage immunised on time in the more deprived
ACORN groups and a greater percentage not immunised or
immunised late. However, in regression models, ACORN was
found not to confound the relation between exposure timing
and later hay fever (table 2).

Child factors
Allergic children may differ from other children in several
ways. Their more frequent contacts with their GP may mean
they are also more likely to complete vaccinations. However,
while consultation frequency was strongly positively related
to the risk of hay fever, adjusting for it did not alter the odds
ratios for hay fever by age at immunisation.
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Table 3 Pooled (fixed effects) results for GPRD and DIN

Vaccine Month(s) of life

DTP and MMR modelled independently DTP and MMR modelled jointly

OR 95% CI p value OR 95% CI p value

Age at DTP3 DTP3 1st–4th 1.02 0.90 to 1.17 0.74 1.02 0.89 to 1.17 0.78
DTP3 5th 1 1
DTP3 6th 0.99 0.88 to 1.12 0.92 1.00 0.89 to 1.13 0.996
DTP3 7th–9th 0.80 0.69 to 0.94 0.005 0.83 0.71 to 0.97 0.02
DTP3 10th–12th 0.72 0.58 to 0.90 0.005 0.75 0.60 to 0.94 0.01
DTP3 13th + 0.60 0.45 to 0.76 ,0.001 0.66 0.50 to 0.86 0.002
Other DTP 0.88 0.65 to 1.20 0.41 0.94 0.68 to 1.28 0.69
No pertussis 0.94 0.73 to 1.23 0.65 0.99 0.76 to 1.28 0.92

Age at 1st MMR 1st–13th 0.94 0.83 to 1.07 0.36 0.92 0.81 to 1.05 0.24
14th 1 1
15th 0.96 0.85 to 1.08 0.48 0.97 0.86 to 1.10 0.62
16th 0.89 0.76 to 1.04 0.13 0.91 0.79 to 1.06 0.24
17th 0.90 0.74 to 1.10 0.31 0.94 0.77 to 1.15 0.56
18th–24th 0.80 0.67 to 0.95 0.01 0.85 0.71 to 1.01 0.07
25th + 0.62 0.48 to 0.80 ,0.001 0.67 0.52 to 0.90 0.007
No MMR 0.79 0.58 to 1.08 0.13 0.82 0.59 to 1.12 0.21

All of the analyses are based on non-ghost control pairs only and are adjusted for consultation frequency.
OR, odds ratio; 95% CI, 95% confidence interval.
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A more plausible explanation for postponing immunisation
would be presentation with a fever at the time an
immunisation was due. If this was as a result of infection
with a virus or bacterium which protected against subsequent
development of hay fever, then postponement would
indirectly be associated with lower risk. We propose that
this is the most plausible explanation for our observation, but
it will require further exploration and independent confirma-
tion as details of reasons for postponing vaccinations were
not recorded routinely on either database. A simple analysis
of mean infection rate on a month-by-month basis in years 1
and 2 did not show a graded relation with vaccination delay.
This is the subject of ongoing research.
However, it would be premature to suggest changes to

vaccination policy on the basis of our findings. MMR and
DTP protect against potentially fatal diseases and recent
media scares in the UK may have contributed to a reduction
in immunisation uptake in recent years.39

Finally, our finding that the small group of infants
vaccinated with BCG in early life were at a small increased
risk of hay fever was contrary to expectations. Again, this
result was not explained in any way by confounding due to
ACORN category or sibship structure. While the small
increased risk of hay fever associated with BCG is not
important, compared to the protection offered against
tuberculosis, our results, with narrow confidence intervals,
effectively rule out the hypothesised protective effect of BCG
on subsequent risk of allergic disease.

Conclusions
In summary, this study shows that infants vaccinated with
DTP and MMR are at no greater or lesser risk of developing
hay fever than unvaccinated children. This should reassure
parents and clinicians and no opportunity should be missed
to immunise. Postponement of routine immunisation in early
life is associated with a reduction in hay fever risk. This is a
novel and potentially important observation which deserves
to be further investigated.
There is an increasing risk of a measles epidemic.40

Delaying vaccination would further increase the number of
susceptible subjects at younger ages and almost certainly
increase the number of children not completing their
immunisations.
We believe that the most likely explanation is that

infections associated with fever both lead to postponement
of immunisation and protect against development of atopy. If
this interpretation is correct, it implies that common and
relatively mild intercurrent illnesses which may not be
presented to the GP, rather than serious infections, may
underlie the ‘‘hygiene hypothesis’’ for allergic disease.38 41
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