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Atopy in children in relation to BCG vaccination and
genetic polymorphisms at SLC11A1 (formerly
NRAMP1) and D2S1471
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The influence of the SLC11A1 (formerly NRAMP1) gene on the association between BCG vaccination and atopy in
children was studied in 179 children, BCG vaccinated in infancy, and 307 children without BCG vaccination, all 3 to 8
years of age and with atopic heredity. DNAs were genotyped for a functional repeat polymorphism (designated GTn) in the
promoter of SLC11A1 and a linked microsatellite D2S1471. Associations between genotype, atopic symptoms and
allergen-specific IgE-antibodies in relation to the BCG status of the children were assessed. Atopy in relation to SLC11A1
GTn-alleles was similarly distributed between the two groups. In BCG vaccinated children, genotype associations were
observed for D2S1471 and atopy, with carriage of allele 5 conferring increased risk of atopy (odds ratio (OR) 2.6; 95%
confidence interval (CI) 1.3–5.5; P = 0.01), and particularly IgE responses to airborne allergens (OR = 4.3; 95% CI 1.7–
10.7; P = 0.002). No linkage disequilibrium was found between the SLC11A1 GTn repeat and the microsatellite D2S1471,
and therefore no haplotype associations were observed for atopy in BCG- or non-BCG vaccinated children. Stratification
by BCG vaccination unmasked a potential genetic risk factor for atopy in the region of the SLC11A1 locus, and point to
the importance of genotype by environment interactions in determining disease susceptibility.
Genes and Immunity (2002) 3, 71–77. DOI: 10.1038/sj/gene/6363834
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Introduction
Atopic diseases, consisting of food allergy, atopic derma-
titis, allergic asthma and rhinoconjunctivitis, have shown
a considerably high prevalence among children in many
countries, especially those with a ‘Western lifestyle’.1
Genetic, but also environmental factors are important in
the aetiology of atopy.2 Following exposure to an aller-
gen, an antigen-presenting cell processes the allergen to
peptides, which becomes associated with major histoc-
ompatibility complex (MHC) molecules. On the cell sur-
face MHC class II-molecule interaction occurs with CD4+

T-cells via specific receptors. The activated CD4+ cell can
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S-118 83 Stockholm, Sweden. E-mail: Johan.Alm�sos.ki.se
This study was financially supported by the Swedish Medical
Research Council (grants no 16x-7924, 72P-13149), the Swedish
Foundation for Health Care Sciences and Allergy Research, the
Swedish Asthma and Allergy Association, the Swedish Council for
Work Life Research, Consul Th C Berg’s Foundation, the Samariten
Foundation, the Hesselman’s Foundation, and the Karolinska Insti-
tutet. The work carried out in Cambridge was supported by grants
from The Wellcome Trust.
Received 15 August 2001; revised 1 November 2001; accepted 5
November 2001

differentiate into T-helper1 (Th1)-like T-lymphocytes,
which mainly produce interferon-� (IFN-�), a principal
regulator of cellular immunity, or into Th2-like T-cells
producing interleukine-4 (IL-4) and other cytokines of
importance for IgE synthesis.3 A Th2-like immune
response dominates in atopic individuals, an imbalance
which is thought to be a result of both constitutional and
environmental impacts.3 According to the hygiene
hypothesis,4 external exposures like changes in the panor-
ama of infectious diseases could constitute a possible
cause of the increased prevalence in atopic diseases. For
example, an inverse relation between atopy and oro-
faecal transmitted diseases such as hepatitis A and tox-
oplasma has been observed.5 An inverse correlation
between size of tuberculin skin indurations and atopy
has also been observed in Bacillus Calmette-Guérin
(BCG)-vaccinated school children in Japan.6 Animal stud-
ies support an association between response to myco-
bacteria and allergic responses.7,8 These data are consist-
ent with BCG’s action as a potent adjuvant for induction
of cell-mediated immunity, with IFN-� as one of the
major cytokines induced.9 IFN-� is associated with a Th1-
like immune response and counteracts production of IgE
antibodies.3 Since ability to mount an immune response
to mycobacterial antigens is highly heritable,10 a genetic
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contribution to the association between tuberculin reac-
tivity and atopy is also plausible. Whilst the association
between BCG vaccination and atopy remains contro-
versial, with further epidemiological studies reporting
both a strong inverse correlation11 and others as no
effect,12–14 no studies have yet introduced genetics as a
risk factor regulating this association.

One interesting candidate gene already known to con-
trol immune response to mycobacteria is the natural
resistance associated macrophage protein 1 (NRAMP1),
now renamed SLC11A1. In mice, Slc11a1 controls
response to Mycobacterium bovis BCG, as well as to a
range of other intracellular macrophage pathogens
(reviewed in Blackwell et al15). In man, SLC11A1 has been
shown to be linked or associated with both infectious16–

23 and autoimmune24–30 diseases. The protein encoded by
Slc11a1/SLC11A1 localizes to membranes of late
endosome/lysosomes,31,32 and is a proton/divalent cat-
ion antiporter.33 Whilst divalent cation transport may
directly affect antimicrobial activity through contribution
of Fe2+ to the Fenton Reaction,34 the central role of
divalent cations in many cellular functions provides the
basis to multiple pleiotropic effects of the SLC11A1 gene
(reviewed in Blackwell et al15). One such pleiotropic effect
is enhanced antigen processing for presentation to T
cells,35 which may reflect metal ion requirement for met-
alloprotease activity and/or endosomal fusion events.
This effect on antigen processing is compounded by
Slc11a1’s influence on molecules regulating (TNF-�, IL-
1�) or directly involved in (MHC class II) antigen presen-
tation.15 Hence, in mice vaccinated with attenuated Sal-
monella typhimurium engineered to express tetanus toxoid
fragment C, polarised Th1 vs Th2 responses are observed
in Slc11a1 congenic wild-type vs mutant mice.36 This
Th1:Th2 bias is also seen in mycobacterial infection in
Slc11a1 congenic mice.37 In Malawi, significant SLC11A1
haplotype associations with IFN-� responses to a range
of mycobacterial antigens from M. tuberculosis, BCG or
environmental mycobacteria have been observed (PEM
Fine, JM Blackwell and others, unpublished data) consist-
ent with the murine Th1:Th2 bias. These results suggest
that polymorphism at SLC11A1 influences immune
response to ‘priming/vaccinating’ exposures to myco-
bacteria. This is interesting in that BCG’s effectiveness in
protecting against leprosy in the same Malawian popu-
lation is also associated with polymorphism at SLC11A1
(AV Hill and PEM Fine, personal communication). No
SLC11A1 association with leprosy is observed in non-
BCG vaccinated subjects. Polymorphism at SLC11A1 is
also associated with Mitsuda-type skin test reactivity to
leprosy antigens in Vietnam.38

Given the potential impact of SLC11A1 in determining
the Th1:Th2 bias in response to environmental or vacci-
nation exposure to mycobacterial antigens, we decided to
examine SLC11A1 as a candidate gene for atopy, compar-
ing BCG vs non-BCG vaccinated children in an allelic
association study. DNA from atopic and non-atopic chil-
dren with atopic heredity was analysed in relation to
their BCG vaccination status and polymorphisms at
SLC11A1 and the tightly linked microsatellite D2S1471.

Results
Following randomised exclusion of a sibling in order to
eliminate clustering within families, and of children with-

out parental consent for genetic analysis, DNA was avail-
able for 179 of 216 BCG vaccinated children and for 307
of 358 non-BCG vaccinated children from a previous
study.12 SLC11A1 could be typed in 175 (98%) and 297
(97%), respectively; D2S1471 in 165 (92%) and 297 (97%),
respectively. Geometric mean age by vaccination in the
BCG group was 4 days. Atopy, defined as positive sero-
logical test and/or skin-prick test to any of the selected
allergens, occurred in 54 (30%) children in the BCG
group, compared with 80 (26%) in the non-BCG group.
Gender was similarly distributed between the two
groups, 47% and 49% females, respectively. By likelihood
ratio test no effect modulation of age by BCG vaccination
on atopy was found (data not shown).

SLC11A1 GTn and atopy
Distribution of SLC11A1 genotypes according to atopic
status in BCG vaccinated and non-BCG vaccinated chil-
dren are shown in Table 1. No significant differences in
genotype frequencies were observed between any of the
four groups of children, ie BCG vaccinated/non-BCG
vaccinated and with/without atopy. Combined allele fre-
quencies (0.01, 0.27 and 0.72 for alleles 1, 2 and 3
respectively) were similar to those reported in previous
studies of European populations.27,28 Using logistic
regression no statistically significant interaction could be
shown between BCG vaccination and the SLC11A1 GTn

in relation to atopy. Symptoms and history congruent
with atopy were similarly distributed between the two
groups in relation to SLC11A1 alleles, also assessed by
logistic regression (data not shown). Age by BCG vacci-
nation, gender, parental place of birth, or age at sampling
had no influence on the effect of BCG on the occurrence
of atopy in relation to SLC11A1 alleles (data not shown).

D2S1471 and atopy
Seventeen alleles of D2S1471 were identified in this study
population. Only alleles 5 and 11 occurred at frequencies
�0.1. The likelihood ratio test showed no overall allelic
associations between the four groups of children. How-
ever, within the BCG vaccinated group an overall �2 stat-
istic of 23.59 with 15 degrees of freedom achieved a P-
value of 0.07 for association between D2S1471 alleles and
atopy. No equivalent association was seen in the non-
BCG-vaccinated group, or for the total sample without
stratification for BCG vaccination status. Analysis of
genotype frequencies for the common alleles (Table 2)
showed that the association in BCG-vaccinated children
appeared to be due to differences between non-atopic
and atopic children in frequencies of genotypes carrying
one or two copies of allele 5 compared with all other
genotype combinations (�2 5.72; 2 d.f. P = 0.06). Logistic
regression analyses, including adjustment for potential
confounders, showed that carriage of at least one copy of
allele 5 conferred increased risk of atopy in BCG vacci-
nated children (odds ratio (OR) 2.6; 95% confidence inter-
val (CI) 1.3–5.5; P = 0.01) (Table 2). In contrast, allele 11
showed no significant genotypic or allelic associations
with atopy in the BCG vaccinated group (data not
shown). No associations were seen with rare (�0.1)
alleles. The risk attributed to allele 5 in the BCG vacci-
nated group was particularly elevated for IgE responses
to airborne allergens (OR 4.3; 95% CI 1.7–10.7; P = 0.002)
(Table 2). Although no overall allelic or genotype associ-
ations were found in the non-BCG-vaccinated group,
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responses to food or air-borne allergens

BCG vaccinated Non-BCG vaccinated
(n = 175) (n = 297)

Atopya

Neg Pos Neg Pos

SLC11A1 n = 122 (%) n = 53 (%) n = 223 (%) n = 74 (%)
1;2 0 0 0 1 (1.4)
1;3 3 (2.5) 1 (1.9) 4 (1.8) 2 (2.7)
2;2 19 (15.6) 8 (15.1) 25 (11.2) 6 (8.1)
2;3 38 (31.1) 14 (26.4) 67 (30.0) 21 (28.4)
3;3 62 (50.8) 30 (56.6) 127 (57.0) 44 (59.4)

Foodb

Neg Pos Neg Pos

SLC11A1 n = 139 (%) n = 36 (%) n = 252 (%) n = 45 (%)
1;2 0 0 0 1 (2.2)
1;3 3 (2.1) 1 (2.8) 6 (2.4) 0
2;2 21 (15.1) 6 (16.7) 28 (11.1) 3 (6.7)
2;3 40 (28.8) 12 (33.3) 76 (30.2) 12 (26.7)
3;3 75 (54.0) 17 (47.2) 142 (56.3) 29 (64.4)

Air bornec

Neg Pos Neg Pos

SLC11A1 n = 137 (%) n = 38 (%) n = 252 (%) n = 45 (%)
1;2 0 0 0 1 (2.2)
1;3 3 (2.2) 1 (2.6) 4 (1.6) 2 (4.4)
2;2 21 (15.3) 6 (15.8) 27 (10.7) 4 (8.9)
2;3 43 (31.4) 9 (23.7) 75 (29.8) 13 (28.9)
3;3 70 (51.1) 22 (57.9) 146 (57.9) 25 (55.6)

aDefined as positive serological test and/or skin-prick test to any of the selected allergens. bPositive IgE response to food allergens. cPositive
IgE response to air-borne allergens.

stratification by type of allergy showed that IgE response
to food allergens appeared less common among children
with allele 5 within the non-vaccinated group. Symptoms
or history congruent with atopy were similarly distrib-
uted between the two groups, also in relation to presence
of allele 5 (data not shown). Age by BCG vaccination,
gender, parental place of birth, or age at sampling had
no strong influence, if any, on the effect of BCG on the
occurrence of atopy in relation to D2S1471 alleles (data
not shown).

Linkage disequilibrium and haplotyping
Logistic regression analyses did not indicate any interac-
tion between SLC11A1 GTn alleles and D2S1471 alleles.
This is consistent with values obtained for Wn in the non-
atopic children (Wn 0.23; P � 0.01), indicating that there
is no linkage disequilibrium between alleles at the 5� pro-
moter region SLC11A1 GTn polymorphism and the 3�
D2S1471 microsatellite in this population. In accordance
with this observation, no overall associations were
observed for SLC11A1 GTn − D2S1471 haplotypes for any
comparison between non-atopic and atopic children
whether BCG vaccinated or not (data not shown).

Genes and Immunity

Discussion

Previous analysis of risk factors for atopy in this cohort
of children had concluded that BCG vaccination did not
confer pre-school age protection against atopy in these
children of atopic heredity.12 The aim of the current study
was to determine whether taking account of SLC11A1
genotype as a genetic risk factor could uncover a pre-
viously masked association between response to BCG
vaccination and susceptibility to atopy. No association
was observed between atopy and the functional GTn

SLC11A1 promoter region polymorphism in either BCG
vaccinated or non-vaccinated children, indicating that
this polymorphism is not itself a risk factor for disease.
Interestingly, however, allelic and genotypic associations
were observed between atopy and the D2S1471 microsat-
ellite lying �68 kb 3� of SLC11A1 within the group of
BCG vaccinated children, as compared with the non-BCG
vaccinated children. D2S1471 lies within the VIL1 gene,
with genes encoding the two functional interleukin 8
receptors (IL8RA, IL8RB)39 and a pseudogene lying
between SLC11A1 and VIL1. Hence, we cannot discount
the possibility that polymorphism at the IL8R genes in
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Table 2 Distribution of D2S1471 genotypes in BCG vaccinated or non-vaccinated children in relation to atopy and sub grouped by IgE
responses to food or air-borne allergens

BCG vaccinated Non-BCG vaccinated
(n = 165) (n = 297)

Atopya

Neg Pos Neg Pos

D2S1471 n = 112 (%) n = 53 (%) n = 217 (%) n = 80 (%)
5;5 17 (15.2) 10 (18.9) 31 (14.2) 7 (8.9)
5;non-5 46 (41.1) 30 (56.6) 101 (46.3) 34 (43.0)
non-5;non-5 49 (43.7) 13 (24.5) 86 (39.5) 38 (48.1)
OR; 95% CI; P *2.6; 1.3–5.5; 0.01 *0.64; 0.38–1.1; 0.1

Foodb

Neg Pos Neg Pos

D2S1471 n = 129 (%) n = 36 (%) n = 247 (%) n = 50 (%)
5;5 20 (15.5) 7 (19.4) 34 (13.8) 4 (8.0)
5;non-5 57 (44.2) 19 (52.8) 117 (47.4) 18 (36.0)
non-5;non-5 52 (40.3) 10 (27.8) 96 (38.8) 28 (56.0)
OR; 95% CI; P *1.7; 0.78–3.9; 0.2 *0.49; 0.27–0.91; 0.03

Air bornec

Neg Pos Neg Pos

D2S1471 n = 127 (%) n = 38 (%) n = 248 (%) n = 49 (%)
5;5 19 (15.0) 8 (21.1) 34 (13.7) 4 (8.2)
5;non-5 53 (41.7) 23 (60.5) 110 (44.4) 25 (51.0)
non-5;non-5 55 (43.3) 7 (18.4) 104 (41.9) 20 (40.8)
OR; 95% CI; P *4.3; 1.7–10.7; 0.002 *0.97; 0.51–1.8; 0.9

aDefined as positive serological test and/or skin-prick test to any of the selected allergens. bPositive IgE response to food allergens. cPositive
IgE response to air-borne allergens.
*5;5 + 5;non-5 alleles compared to non-5;non-5 alleles by logistic regression, adjustment for age at sampling and gender.

linkage disequilibrium with allele 5 of D2S1471 contrib-
ute to the increased risk of atopy observed in BCG vacci-
nated children. However, given that a strong association
is only observed in the BCG vaccinated group, and that
SLC11A1 is known to regulate immune response to
mycobacterial infection and vaccination, it seems more
likely that the association observed is due to linkage dis-
equilibrium between D2S1471 and 3� haplotypes in
SLC11A1. This is consistent with previous work40 in a
Vietnamese population, where no linkage disequilibrium
was observed between 5� and 3� polymorphic markers
within the SLC11A1 locus, but evidence was obtained for
linkage disequilibrium between 3� SLC11A1 markers and
D2S1471. Also with the demonstration that both 5� and
3� polymorphisms at SLC11A1 are independently asso-
ciated with susceptibility to tuberculosis in the Gambia,17

indicating that there are likely to be as yet unidentified
functional polymorphisms at the 3� end of the SLC11A1
gene. Thus, overall our data demonstrate that stratifi-
cation by BCG vaccination has unmasked a potential gen-
etic risk factor for atopy in the region of the SLC11A1
locus on human chromosome 2q35, and point to the
importance of genotype by environment interactions in
determining disease susceptibility.

SLC11A1 is known to control susceptibility to a range
of infectious16–23 and autoimmune24–30 diseases in man.
Whilst susceptibility to infection may in part be determ-

ined by the direct influence of SLC11A1 on antimicrobial
activity of macrophages, it seems likely that its plei-
otropic effects in regulating Th1:Th2 balance in the
immune response36,37 will contribute to both autoimmune
and infectious disease susceptibility. Indeed, one of the
current perplexities in SLC11A1 research has been the
clear association between both 5� and 3� haplotypes and
global susceptibility to pulmonary tuberculosis in man,17–

20,22,23 but lack of any effect of Slc11a1 on primary infec-
tion with M. tuberculosis41–43 in mice. One clear difference
is that humans, especially in Africa, are repeatedly
exposed to environmental mycobacteria prior to infection
with M. tuberculosis. The demonstration (PEM Fine, JM
Blackwell and others, unpublished data) that polymor-
phism at SLC11A1 influences immune response to
‘priming/vaccinating’ exposures to mycobacteria in
Malawi provides some explanation for this. It is of inter-
est too that it was a 3� haplotype of SLC11A1 in linkage
disequilibrium with D2S1471 that showed significant
association with Th1 interferon-� responses to M. tubercu-
losis, BCG and a range of environmental mycobacteria
including M. fortuitum. These data suggest that SLC11A1-
regulated responses to environmental mycobacteria
could also influence progression to atopic disease in
places like Africa where environmental exposure is high.
Further studies have shown, however, that even on this
background of high environmental exposure to myco-
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is also associated with polymorphism at SLC11A1 (AV
Hill and PEM Fine, personal communication). As with
the atopy study, no SLC11A1 association with leprosy
was observed in non-BCG vaccinated subjects.

It was of interest in our study that the association we
observed between D2S1471 and atopy within the BCG
vaccinated children was with IgE response to airborne
but not food allergens. These results suggest that
SLC11A1 genotype can influence bias in the Th1:Th2
response to non-mycobacterial antigens and allergens in
BCG vaccinated individuals, but it seems likely that the
route of allergen entry may be important in determining
this response. Although SLC11A1 has been associated
with gut immune responses by virtue of its linkage to
Crohn’s disease,25 nothing is known about its influence
on Th1:Th2 bias in the gut, or whether it could influence
development of tolerance to food allergens.

In conclusion, the results obtained here suggest that
polymorphism(s) in the genomic region of SLC11A1 are
associated with risk of atopy in BCG vaccinated children.
Further work is required to pinpoint the poly-
morphism(s) involved, and to confirm the underlying
immunological mechanism by which immune response
to BCG vaccination or environmental mycobacteria can
influence atopy. Overall our results support the hypoth-
esis that gene/environment interactions are likely to be
important in determining susceptibility to complex dis-
orders like atopy and autoimmunity.

Methods

Subjects
In a retrospective cohort study described elsewhere12 216
children, 3–8 years of age who received BCG vaccination
when they were younger than 6 months of age, were
identified at their Child Health Centres. They were born
in Stockholm, Sweden, between 1989 and 1992 and com-
pared with 358 age-matched children living in the same
area, who had not been BCG vaccinated. To increase the
efficiency of the study, only children whose parents had
history of atopy were included. The parents were all of
Nordic ethnicity (Swedish born (95%), Finnish born
(4.0%), Danish born (0.5%) or Norwegian born (0.5%). A
physician assessed clinical symptoms or history congru-
ent with atopic disease. Atopy was also assessed by
analysis of allergen specific IgE antibodies in sera
(Pharmacia Diagnostics AB, Uppsala, Sweden) using six
common food allergens (hen’s-egg white, codfish, cow’s
milk, peanut, soy bean and wheat flour (fx5)) and 11 air-
borne allergens (cladosporium, D. farinae, D. pteronys-
sinus, cat, dog, horse, birch, timothy grass, mugwort,
olive and Parietaria judaica (Phadiatop)). In addition,
skin prick tests (SPT) (ALK, Copenhagen, Denmark) were
performed against 13 common allergens: birch, cat, clado-
sporium, Dermatophagoides pteronyssinus, dog, horse,
mugwort, timothy grass (Soluprick, 10 HEP, ALK) and
hen’s egg white (Soluprick, w/v 1/100), codfish
(Soluprick, w/v 1/20), cow’s milk (3% fat, standard
foodstuff), peanut (Soluprick, w/v 1/20) and soy bean
(Soja Semp, Semper AB, Stockholm, Sweden). The same
batches of individual extracts were used and the SPTs
were performed by the same well-trained nurse through-
out the study, who also did not know if the child was

Genes and Immunity

BCG-vaccinated or not. Children with a positive serologi-
cal test and/or at least one positive SPT (�3 mm in diam-
eter and � the histamine-induced weal after 15 min) to
any of the selected allergens were considered to be
atopic. The term atopy here exclusively refers to such
positive tests. The BCG used in all vaccinated children
was 0.05 ml attenuated Kb 1331 strain of Mycobacterium
bovis (Statens seruminstitut, Copenhagen, Denmark), and
a scar on the vaccination site was confirmed in the clinical
assessment. Since BCG vaccination is generally associated
with Th1:Th2 immune balance, the prevalence of Th1-
type response associated diseases3 was assessed in paral-
lel. Only one of the 486 children (a control) had such a
(autoimmune) disease, type 1 diabetes.

Genotyping
DNA extraction from capillary blood samples stored at
−20°C was carried out using QIAamp Blood Kit
(QIAGEN GmbH, Hilden, Germany). Instructions from
the manufacturer were modified by mechanical fragmen-
tation of the blood clot twice during the lysis procedure
to maximise the DNA yield. Following storage at −20°C,
the DNA samples were amplified by PCR for specific
DNA sequences. The repeat (designated GTn) in the pro-
moter region of SLC11A1 and the microsatellite D2S1471
were PCR amplified and the products generated were
sized using an Applied Biosystems 377 automated
sequencer. The fluorescent oligonucleotide primers and
methods used have been published previously.27 The GTn

is located within a possible enhancer element containing
a Z-DNA forming dinucleotide repeat.44,45 Four alleles
have been identified in previous studies: allele 1
t(gt)5ac(gt)5ac(gt)11g, allele 2 t(gt)5ac(gt)5ac(gt)10g, allele 3
t(gt)5ac(gt)5ac(gt)9g, and allele 4 t(gt)5ac(gt)9g. Only alleles
1, 2 and 3 were present in our study population. D2S1471
lies �68 kb 3� of the SLC11A1 gene, in an intron of VIL1
[http://www.ncbi.nlm.nih.gov/LocusLink(VIL1)]. Thus,
any haplotypes between the promoter region SLC11A1
polymorphism and D2S1471 would span the entire
SLC11A1 locus.

Statistics
GraphPADInStat Version 1.15 (GPIS; University of
Birmingham 921928S) statistics packages were used for
assessing linkage disequilibrium between the SLC11A1
GTn repeat and D2S1471 in the non-atopic population by
Cramer’s association measure (Wn) for contingency
tables.46 When Wn = 1, strong linkage disequilibrium is
indicated; for Wn = 0, there is no linkage disequilibrium.
The associated P-value provides a measure of confidence
in the Wn statistic. Overall allele frequencies for each
polymorphic locus tested were compared using the likeli-
hood-ratio test. Haplotype frequencies were obtained
using a modification of the E-M algorithm as described.47

The likelihood-ratio tests and calculation of Wn statistics
were performed within the computer programme Coca-
phase written by F Dudbridge at the CIMR. Pearson’s
chi-squared (�2) test and logistic regression, using Stata
7.0 (Stata Corporation, College Station, TX, USA) were
performed to assess associations between groups strati-
fied according to BCG vaccination status and atopic
phenotypes (IgE responses to food and/or airborne
allergens) and allele or genotype frequencies. Odds ratios
and 95% confidence intervals were estimated including
adjustments for gender and age at sampling. P-values
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�0.05 were considered statistically significant, however
also higher P-values are given.
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