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Summary

Background Bacillus Calmette-Guérin (BCG) vaccination triggers a T-helper type 1 response.
Whether BCG vaccination and positive tuberculin reactivity are preventive against allergic
disorders remains controversial.

Objective The current cross-sectional study investigated the relationship of BCG vaccination
and tuberculin reactivity with the prevalence of allergic disorders using data from the
Ryukyus Child Health Study (RYUCHS).

Methods Subjects were 5717 schoolchildren aged 8-11 years in Okinawa, Japan. The RYUCHS
collected information on symptoms of allergic disorders and potential confounding factors.
The outcomes were based on diagnostic criteria from the International Study of Asthma and
Allergies in Childhood. Data on BCG vaccination and tuberculin tests were obtained from
school records. Allowance was made for grade, sex, sibship size, smoking in the household,
paternal and maternal history of asthma, atopic eczema, and allergic rhinitis, and paternal
and maternal educational level.

Results No measurable relationship was found between BCG vaccination in infants and the
prevalence of allergic disorders. Among 5567 BCG-vaccinated children, positive tuberculin
reactivity (induration >10 mm) in the first grade was independently associated with a
decreased prevalence of wheeze, asthma, and atopic eczema: the multivariate odds ratios for
wheeze, asthma, and atopic eczema were 0.80 (95% confidence interval [CI], 0.67-0.94), 0.78
(95% (I, 0.64-0.95), and 0.77 (95% CI, 0.62-0.95), respectively. The inverse associations were
more pronounced in children with a negative parental allergic history than in those with a
positive parental allergic history. There was no significant relationship between tuberculin
reactivity and allergic rhinoconjunctivitis.

Conclusions The findings suggest that positive tuberculin reactivity may be inversely
associated with the prevalence of wheeze, asthma, and atopic eczema, but not allergic
rhinoconjunctivitis, especially among Japanese children without a parental allergic history.
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Introduction

and immunizations may alter the balance between Th1
and Th2 phenotypes [2].

The increase in allergic disorders during the past decades
might be to some extent explained by a reduction in bacterial
and viral infections and comprehensive vaccination
programmes in Japan as well as in Western societies [1].
If an individual has predominantly T-helper type 2 (Th2)
cells, the Th2 phenotype interacts with environmental
allergens to develop allergic disorders [2]. Infections

Bacillus Calmette-Guérin (BCG) vaccination triggers a
Th1 response in both healthy adults [3] and newborns [4].
Shirakawa et al. [5] demonstrated a clear relationship
among Japanese children between delayed hypersensitiv-
ity to tuberculin at the age of 12-13 years and a decreased
prevalence of asthma, rhinitis, and eczema, lower levels of
total serum IgE and Th2 cytokines, and higher levels of the
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Th1 cytokine IFN-y at the same age. BCG vaccination in
early infancy was significantly inversely related to atopy
among Guinean children [6] and asthma among Spanish
children [7]. However, an ecological study found no
relationship between local birth-year immunization rates
for tuberculosis and the prevalence of allergic disorders
based on the International Study of Asthma and Allergies
in Childhood (ISAAC) [8]. A number of epidemiological
studies failed to substantiate a clear beneficial association
of BCG vaccination or tuberculin reactivity with atopic
manifestations [9-19]. Moreover, a study in Turkey
showed that tuberculin reactivity in BCG-vaccinated al-
lergic children was stronger than in BCG-vaccinated non-
allergic children [20]. Another potential explanation of
the previous findings of Shirakawa et al. [5] is an impaired
Th1 immunity among atopic individuals [10].

In view of the inconsistency of epidemiological infor-
mation regarding the relationship of BCG vaccination and
tuberculin reactivity with the prevalence of allergic dis-
orders, the current study investigated this issue using data
from a part of the Ryukyus Child Health Study (RYUCHS)
and school records.

Methods

Study population: the Ryukyus Child Health Study

Naha City and Nago City are two of the 41 municipalities
in Okinawa Prefecture. All 35 public elementary schools
and 17 junior high schools in Naha City and all 17 public
elementary schools and eight junior high schools in Nago
City participated in the RYUCHS between September 2004
and January 2005. The purpose of the RYUCHS, a cross-
sectional survey, was to investigate the associations
between various selected factors and child health problems.
A set of two self-administered questionnaires was distrib-
uted by teachers to all 38 212 schoolchildren aged 6-15
years. The questionnaires were answered by the parents of
the elementary schoolchildren and the junior high school
students themselves and/or their parents. When research
technicians found missing or illogical data, the teachers
sent the questionnaires back to the parents. Finally,
28 885 sets of questionnaires (75.6%) were returned. The
ethics committee of the Faculty of Medicine, Fukuoka
University, approved the RYUCHS.

Questionnaires

One of the self-administered questionnaires included
questions on symptoms of wheeze, asthma, atopic eczema,
and allergic rhinoconjunctivitis in the past 12 months
based on the validated ISAAC phase-I questionnaire,
which has been reported in detail elsewhere [21-24]. We
translated these questions into Japanese by using standard
forward-backward translation. Wheeze was considered to

be present if respondents answered ‘yes’ to the written
question ‘Have you (Has your child) had wheezing or
whistling in the chest in the last 12 months?’ Those
children who responded positively to both the aforemen-
tioned question and another question ‘Have you (Has your
child) ever had asthma?’ were considered to have asthma.
Atopic eczema was defined as an itchy relapsing skin rash
affecting the folds of the elbows, behind the knees, in
front of the ankles, under the buttocks, or around the neck,
ears, or eyes in the past 12 months. Rhinoconjunctivitis
was defined as a positive response to both questions ‘In
the past 12 months, have you (has your child) had a
problem with sneezing or a runny or blocked nose, when
you (he or she) did not have a cold or the flu?’ and ‘In the
past 12 months, has this nose problem been accompanied
by itchy-watery eyes?’. The questionnaire also elicited
information on grade, sex, sibship size, smoking in the
household, paternal and maternal history of asthma,
atopic eczema, and allergic rhinitis (AR), and paternal
and maternal educational level. A paternal or maternal
history of asthma, atopic eczema, or AR was defined as
positive if the respective parent had any of these allergic
disorders since birth.

The other instrument was a validated self-administered
brief diet history questionnaire. Data regarding diet were
not used in the current study.

Venous blood samples were not taken as part of the
RYUCHS; therefore data on total serum IgE and specific
IgE were not available in the present study.

Bacillus Calmette-Guérin vaccination and tuberculin
reactivity

Japan has been conducting universal BCG vaccination in
infants since 1951. Re-vaccination, which had been con-
ducted in Japan since 1954, among tuberculin-negative
first grade elementary school and first year junior high
school children was discontinued in 2003. The data regard-
ing BCG vaccination status in infants and tuberculin
reactivity in the first grade of elementary school were
obtained retrospectively from the children’s health records
at the Naha City Municipal Board of Education. These
records were available for children who were in the third,
fourth, and fifth elementary school grades at the time of the
RYUCHS. Our questionnaires were distributed to 10749
children in the third, fourth, and fifth grade of elementary
school in Naha City. Among the 8729 children who took
part in the RYUCHS, we obtained data on BCG vaccination
and tuberculin reactivity of 6905 individuals. A total of
1188 children were excluded because of missing or illogical
data on the factors under investigation. The final analysis
included 5717 subjects (53% of eligible children).

School records included information on vaccination
status in infants based on a maternal and child health
handbook that was provided to all pregnant women by the
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municipality of the domicile although data on the date of
BCG vaccination in infants were not available. The im-
munization was carried out with 10° colony-forming units
of attenuated bovine Mycobacterium tuberculosis (BCG,
Tokyo 172 strain, Japan BCG Laboratory, Tokyo, Japan).
Among 5717 study subjects, 150 children had not been
immunized with BCG in infancy according to school
records. Only 44 of the 5567 vaccinated children were
revaccinated in the first year of elementary school be-
cause of a negative tuberculin response (<10 mm diameter
of erythema, but not induration). In this study, tuberculin
reactivity was considered positive if the diameter of the
induration was 10 mm or greater. The present study was
approved by the personal information protection commit-
tee of the Government of Naha City.

Statistical analysis

Grade, sex, sibship size, smoking in the household, pater-
nal and maternal history of asthma, atopic eczema, AR,
and paternal and maternal educational level were selected
a priori as potential confounding factors. Grade was
classified into three categories (third, fourth, and fifth),
sibship size into four (0, 1, 2, and >3), smoking in the
household into three categories (never, former, and cur-
rent), and paternal and maternal educational level into
four categories (junior high school, high school, junior
college or vocational technical school, and university).
Logistic regression analysis was used to estimate crude
odds ratios (ORs) and their 95% confidence intervals (CIs).
Also, multiple logistic regression analysis was used to
control for the potential confounding effects of selected
factors. All computations were performed using the SAS
software package, version 9.1 (SAS Institute, Inc., Cary,
NC, USA).

Results

In the present study, the prevalence values for symptoms
of wheeze, asthma, atopic eczema, and allergic rhinocon-
junctivitis in the past 12 months were 12.2%, 8.7%, 7.1%,
and 7.6%, respectively.

Table 1 provides the distribution of selected factors
among the 5717 subjects. Approximately 60% of the
subjects had two or more siblings. About half had at least
one current smoker in the household. Many more children
had parents with a history of AR than parents with a
history of asthma or atopic eczema.

Table 2 presents crude and adjusted ORs and their 95%
CIs for allergic disorders in relation to BCG vaccination
status in infants. Crude prevalence values for wheeze,
asthma, and atopic eczema were approximately 3.0%
lower in children immunized with BCG in infancy than in
non-BCG-vaccinated children; however, these associa-
tions were not statistically significant. Adjustment for

© 2007 The Authors

Table 1. Distribution of selected characteristics in 5717 schoolchildren

Variable No. (%)
Male sex 2877 (50.3)
Grade
3 1970 (34.5)
4 1862 (32.6)
5 1885 (33.0)
Sibship size
0 496 (8.7)
1 2004 (35.1)
2 2143 (37.5)
>3 1074 (18.8)
Smoking in household
Never 2566 (44.9)
Former 493 (8.6)
Current 2658 (46.5)
Paternal history of asthma 424 (7.4)
Paternal history of atopic eczema 148 (2.6)
Paternal history of allergic rhinitis (AR) 1015 (17.8)
Maternal history of asthma 503 (8.8)
Maternal history of atopic eczema 218 (3.8)
Maternal history of AR 1292 (22.6)
Paternal educational level
Junior high school 399 (7.0)
High school 2448 (42.8)
Junior college or vocational technical school 837 (14.6)
University 2033 (35.6)
Maternal educational level
Junior high school 256 (4.5)
High school 2402 (42.0)
Junior college or vocational technical school 2558 (44.7)
University 501 (8.8)

grade, sex, sibship size, smoking in the household, pater-
nal and maternal history of asthma, atopic eczema, and
AR, and paternal and maternal educational level did not
appreciably change these results. No measurable relation-
ship was found between BCG vaccination status in infants
and the prevalence of allergic rhinoconjuntivitis.

Among 5567 BCG-vaccinated children, 2710 (48.7%) in
the first grade of elementary school had an induration of
10 mm or greater in diameter. Range was 0-34 mm and the
median and 95th percentile values were 9 and 18 mm,
respectively (Fig. 1). ORs for allergic disorders in relation
to tuberculin reactivity are shown in Table 3. Positive
tuberculin reactivity (induration >10 mm) was indepen-
dently associated with a decreased prevalence of wheeze,
asthma, and atopic eczema after allowance for confound-
ing factors under study: the multivariate ORs for wheeze,
asthma, and atopic eczema were 0.80 (95% CI, 0.67-0.94),
0.78 (95% CI, 0.64-0.95), and 0.77 (95% CI, 0.62-0.95),
respectively. There was no significant relationship between
tuberculin reactivity and allergic rhinoconjunctivitis.

When children were divided according to whether there
was a negative or positive allergic history in at least one

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 1-7
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Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs) for allergic
disorders in relation to BCG vaccination status in infants in 5717

Table 3. Odds ratios (ORs) and 95% confidence intervals (CIs) for allergic
disorders in relation to tuberculin reactivity in the first grade in 5567

schoolchildren BCG-vaccinated schoolchildren
BCG vaccination status Tuberculin reactivity
Variable Non-vaccinated Vaccinated Negative Positive
Wheeze . (induration (induration
Prevalence 23/150 (15.3%)  674/5567 (12.1%) Variable <10mm) >10mm)
Crude OR (95% CI) 1.00 0.76 (0.49-1.22) Wheeze
Adjusted OR (95% CI)* 1.00 0.75 (0.48-1.23) Prevalence 378/2857 (13.2%)  296/2710 (10.9%)
Asthma Crude OR (95% CI) 1.00 0.80 (0.68-0.95)
Prevalence 18/150 (12.0%) 481/5567 (8.6%) Adjusted OR (95% CI)* 1.00 0.80 (0.67-0.94)
Crude OR (95% CI) 1.00 0.69 (0.43-1.18) Asthma
Adjusted OR (95% cn* 1.00 0.68 (0.41-1.17) Prevalence 277/2857 (9.7%) 204/2710 (7.5%)
Atopic eczema Crude OR (95% CI) 1.00 0.76 (0.63-0.92)
Prevalence 15/150 (10.0%) 391/5567 (7.0%) Adjusted OR (95% CI)* 1.00 0.78 (0.64-0.95)
Crude OR (95% CI) 1.00 0.68 (0.41-1.22) Atopic eczema
Adjusted OR (95% CI)* 1.00 0.64 (0.38-1.16) Prevalence 222/2857 (7.8%) 169/2710 (6.2%)
Allergic rhinoconjunctivitis Crude OR (95% CI) 1.00 0.79 (0.64-0.97)
Prevalence 11/150 (7.3%) 4225567 (7.6%) Adjusted OR (95% cn* 1.00 0.77 (0.62-0.95)
Crude OR (95% CI) 1.00 1.04 (0.58-2.05) Allergic rhinoconjunctivitis
Adjusted OR (95% CI)* 1.00 0.93 (0.52-1.86) Prevalence 223/2857 (7.8%) 199/2710 (7.3%)
N Crude OR (95% CI) 1.00 0.94 (0.77-1.14)
Adjustment for sex, grade, sibship size, smoking in the household, paternal Adjusted OR (95% CI)* 1.00 0.96 (0.78-1.18)

and maternal history of asthma, atopic eczema, and allergic rhinitis, and
paternal and maternal educational level.
BCG, Bacillus Calmette-Guérin.
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Fig. 1. Distribution of tuberculin reactivity in 5567 BCG-vaccinated first
grade students. BCG, Bacillus Calmette-Guérin.

parent, inverse associations of positive tuberculin reactiv-
ity with the prevalence of wheeze, asthma, and atopic
eczema were more pronounced in children with a negative
parental allergic history than in those with a positive
parental allergic history in the multivariate model
(Table 4). The inverse associations were statistically sig-
nificant only among children with a negative parental
allergic history. No significant interactions were observed
in the association of tuberculin reactivity with the

* Adjustment for sex, grade, sibship size, smoking in the household, paternal
and maternal history of asthma, atopic eczema, and allergic rhinitis, and
paternal and maternal educational level.

BCG, Bacillus Calmette-Guérin.

prevalence of allergic disorders between children with a
negative and positive parental allergic history (P=0.28,
0.10, and 0.31 for homogeneity of OR for wheeze, asthma,
and atopic eczema, respectively).

Discussion

This study demonstrated that a positive tuberculin re-
sponse at the age of 6-7 years was significantly inversely
associated with the prevalence of wheeze, asthma, and
atopic eczema, but not with allergic rhinoconjunctivitis,
especially among BCG-vaccinated Japanese children aged
8-11 years without a parental allergic history. There was
no statistically significant relationship between BCG vac-
cination status in infants and the prevalence of any of
those allergic disorders. These results were in partial
agreement with previous Japanese findings by Shirakawa
et al. [5] and epidemiological studies showing no associa-
tion between BCG vaccination and atopy [9, 10, 16-18],
but at variance with previous research that found no
statistically significant relationship between tuberculin
reactivity and allergy [9, 11-15, 17, 19].

Our results regarding a significant inverse association
between tuberculin reactivity and wheeze, asthma,
and atopic eczema may be explained by the BCG strain
used in Japan. A laboratory study in mice showed that
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Table 4. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs)
for allergic disorders in relation to tuberculin reactivity in the first grade
in 5567 BCG-vaccinated schoolchildren with a negative or positive
parental allergic history

Adjusted OR (95% CI)*

Negative Positive
tuberculin tuberculin
reactivity reactivity
(induration (induration
Variable <10 mm) >10 mm)
Wheeze
Negative parental allergic history  1.00 0.71 (0.54-0.93)
(n=3187)
Positive parental allergic history ~ 1.00 0.87 (0.70-1.08)
(n=2380)
Asthma
Negative parental allergic history  1.00 0.63 (0.45-0.88)
(n=3187)
Positive parental allergic history ~ 1.00 0.90 (0.70-1.15)
(n=2380)
Atopic eczema
Negative parental allergic history  1.00 0.71 (0.50-0.99)
(n=3187)
Positive parental allergic history ~ 1.00 0.80 (0.61-1.06)
(n=2380)

Allergic rhinoconjunctivitis
Negative parental allergic history  1.00
(n=3187)
Positive parental allergic history ~ 1.00
(n=2380)

0.75 (0.52-1.07)

1.09 (0.84-1.40)

*Adjustment for sex, grade, sibship size, smoking in the household, and
paternal and maternal educational level.
BCG, Bacillus Calmette-Guérin.

methacholine sensitivity and concentrations of IL-5 and
IL-10 in the supernatant of cultured splenocytes were
significantly lower only in the group treated with the
Tokyo 172 strain, but not in those treated with the other
three strains of BCG [25]. Moreover, a recent laboratory
investigation demonstrated that IL-21-induced Be cell
apoptosis is the mechanism responsible for the BCG-
mediated suppression of IgE production [26]. Alterna-
tively, the inverse associations in our study might be
ascribed to asymptomatic infection by environmental
non-tuberculous mycobacteria, but data on environmen-
tal mycobacterial exposure were not available in the
present study. However, a cross-sectional study in Sweden
showed a higher, rather than a lower, prevalence of
cutaneous reactivity to atypical mycobacteria in allergic
than in non-allergic children whereas there was a tendency
towards a lower prevalence of strongly positive skin reac-
tions to mycobacteria in allergic than in non-allergic
children [10]. A decreased ability of atopic patients to mount
strong Th1 cell-mediated immune responses might result
in decreased capacity to avert infection by atypical

© 2007 The Authors

mycobacteria [10]. This assumption regarding altered
immune responsiveness in atopic individuals is not likely
to explain the more evident inverse associations in chil-
dren without a parental allergic history than in those with
a parental allergic history in the present study, however. A
review proposed that an increase of Th2 cytokine expres-
sion, the so-called Th2 paradigm, is related to atopy
and inception of asthma whereas Th1 activation would
account at least in part for asthma symptoms [27].

We observed no relationship between tuberculin reac-
tivity and the prevalence of allergic rhinoconjunctivitis.
Different mechanisms might be involved in the manifes-
tation of asthma and atopic eczema than in allergic
rhinoconjunctivitis regarding the beneficial effects of
BCG vaccination. A significant inverse association be-
tween a positive tuberculin response and rhinitis was
found among Japanese adolescents, however [7].

The current study had several methodological strengths.
Study subjects were homogenous with respect to age and
residential background and the prevalence of allergic dis-
orders was assessed by validated ISAAC-based questions.
We were able to incorporate extensive data on potential
confounding factors. However, no allowance was made for
infectious history, immunization other than BCG, or exter-
nal factors such as air pollution and toxic chemicals. The
sample size was sufficient to adequately examine the
associations of tuberculin reactivity with allergic disorders.
However, the very low proportion of non-BCG-vaccinated
children might not have allowed us to detect true inverse
associations with BCG vaccination in infants.

Of the 10749 public elementary schoolchildren in the
third, fourth, and fifth grade in Naha City, 5717 (53%)
were included in this investigation. With regard to the
2020 non-participants in the RYUCHS, no information on
factors under study was available. It is difficult to know
whether our study subjects represented a different group
than those not studied in terms of exposures, outcomes, or
confounders under study. We compared the answers given
by 3012 participants who were excluded because of
incomplete data with answers by the 5717 study subjects
who completed all data. Compared with the 3012 partici-
pants, the 5717 study subjects were less likely to have no
siblings, fathers with a history of atopic eczema and AR
and mothers with a history of asthma, atopic eczema, and
AR and were more likely to be male and young and have
family members who had never smoked, fathers with a
low educational level, and mothers with a high educa-
tional level (data not shown). There was no statistically
significant difference between the excluded participants
and study subjects regarding the prevalence of wheeze,
asthma, atopic eczema, and allergic rhinoconjunctivitis, a
paternal history of asthma, and tuberculin reactivity.

Okinawa Prefecture is an island located in the south-
ernmost area in Japan and has a subtropical climate. The
distribution of various environmental factors in Okinawa

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 1-7
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is likely to be different from that in the mainland of Japan.
In fact, the prevalence of allergic disorders in the current
study was quite different from that in the mainland
of Japan. According to a cross-sectional study among
Japanese adolescents in Suita City in an urban area of the
mainland, the prevalence values for symptoms of wheeze,
atopic eczema, and allergic rhinoconjunctivitis in the past
12 months were 6.7%, 14.5%, and 23.9%, respectively, by
using the ISAAC criteria [28]. Therefore, we should be
cautious in generalizing the present observations.

BCG vaccination and tuberculin tests were performed
by many different persons. This type of exposure mis-
classification would be random with respect to outcomes
under investigation. The consequence would bias the
estimations of the association towards the null.

In conclusion, the current results partially corroborate
a previous Japanese report, which showed an inverse
association between a positive tuberculin response and
some allergic parameters. However, both the current
and previous studies do not necessarily indicate a causal
relationship between tuberculin reactivity and allergy.
Prospective studies are necessary to answer the question
of whether positive tuberculin reactivity caused by BCG
vaccination is protective against allergic disorders, taking
into consideration additional environmental factors to-
gether with genetic factors.
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