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Background: Sensitization to cockroach allergens is an impor-
tant epidemiologic risk factor for asthma, particularly among
African Americans living in urban environments. A recent
genome screen in the Hutterites, a white founder population,
identified a linkage between an HLA-linked marker and sensi-
tization to cockroach allergens.
Objective: Our purpose was to determine whether alleles at
one or more HLA loci are associated with sensitization to
cockroach allergens in ethnically diverse populations.
Methods: Alleles at 14 HLA region loci were studied in the
Hutterites. On the basis of these results, selected loci were
examined in 54 African Americans with cockroach sensitization
(cases) and 65 African Americans without cockroach sensitiza-
tion (controls). Sensitivity to cockroach allergens was assessed
in both samples by skin prick test to purified cockroach aller-
gens (Periplaneta americana and Blatella germanica).
Results: Significant associations between cockroach allergies and
DRB1*0101 (Pcorrected = .0066), DQA1*0101 (Pcorrected = .0012),
and DQB1*0501 (Pcorrected = .00096) were detected in the Hut-
terites. In the African American sample, the most significant
association was with the DRB1*0102 allele (Pcorrected = .0088,
odds ratio 16.4, 95% confidence interval 2.0, 131). The
DRB1*0101 allele was infrequent in the African American sam-
ple (freqency 0.06) and the DRB1*0102 allele was absent in the
Hutterites. DRB1*0101 and DRB1*0102 are closely related alle-
les that differ from nearly all other DRB1 alleles at 3 amino
acids in the 1 peptide binding domain of the HLA-DR molecule.
Conclusions: The DRB1*0101 allele in the Hutterites and the
DRB1*0102 allele in African Americans confer risk for cock-
roach sensitization. Elucidating this interaction at the molecu-
lar level may allow for more targeted treatment and preven-
tion of atopic asthma in inner-city populations. (J Allergy Clin
Immunol 2000;105:960-6.)
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A large number of potential environmental risk factors
for asthma have been identified, such as respiratory viral
infections,1,2 secondhand smoke,3 and indoor allergens.4

Among the latter, sensitization to cockroach allergen has
been associated with asthma severity, particularly in
urban areas5 and among African American populations.6-8

In a large epidemiologic study of asthma in inner-city
children, asthma morbidity was highest among children
with exposure to high bedroom levels of cockroach aller-
gen and with cockroach allergy, measured by a skin prick
test (SPT).7 Interestingly, not all children with high levels
of exposure were allergic to cockroach, and exposure per
se did not correlate with asthma severity, suggesting that
genetic factors may also be important. Identifying the
genes that influence sensitivity to cockroach allergens
could allow for more targeted treatment and prevention of
atopic asthma, particularly in inner-city populations.

A genome screen to identify loci that influence positive
SPTs to 14 airborne allergens was recently completed in
the Hutterites, a founder population of European origins.9

Founder populations are particularly useful for identify-
ing genes for complex traits, such as asthma and atopy,
because the small number of ancestral genomes present in
these populations may result in a smaller number of sus-
ceptibility alleles at any particular locus and perhaps a
smaller number of susceptibility loci. This reduced het-
erogeneity should facilitate the search for complex trait
genes. A significant association between the microsatel-
lite marker DQ.CAR and a positive SPT to cockroach was
detected in the Hutterites.9 The DQ.CAR locus is located
in the HLA class II region, between the HLA-DQA1 and
HLA-DQB1 loci. Because of their role as immune
response genes, the HLA loci were considered as posi-
tional candidate genes for the DQ.CAR-associated atopy-
susceptibility locus. In this report we present results of
studies of positive SPT to cockroach allergens and poly-
morphisms in 14 HLA region genes in the Hutterites. To
further characterize the susceptibility locus and to deter-
mine whether the same susceptibility allele could influ-
ence cockroach allergies in an urban population, we stud-
ied selected HLA loci in 119 African American subjects
who were evaluated by SPT to cockroach allergens.
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METHODS

The Hutterites

The Hutterites originated in the 1500s in the Tyrolean Alps and
have been reproductively isolated for more than 200 years. As a
result, the more than 35,000 North American Hutterites are descen-
dants of fewer than 90 ancestors.10,11 The Hutterites live on com-
munal farms of 10 to 15 families, which ensures that all Hutterites
are exposed to a similar environment, including airborne allergens
and other environmental and lifestyle factors that may influence
susceptibility to asthma. Of particular relevance to these studies is
that smoking is prohibited (and rare) in the population.

Sample composition

Nine Hutterite communal farms (colonies) in South Dakota were
visited in 1994 and 1996-1997 as part of our participation in the Col-
laborative Study on the Genetics of Asthma (CSGA).12,13 These
colonies were selected because of a previously reported high preva-
lence of atopy14 and to represent different lines of colony descent.11,15

All members of the colonies who were 6 years old or older and home
at the time of our visit were included in these studies. Our sample
included 683 Hutterites, all of whom were derived from 64 Hutterite
ancestors who lived in the early 1700s to the early 1800s.13

The African American subjects were recruited from asthma clin-
ics in Chicago as part of the CSGA. This sample includes the fol-
lowing: 34 families that were ascertained through 2 asthmatic sib-
lings (CSGA1)12 and 34 children and 26 adults with asthma
(CSGA2). In this study the asthmatic proband from the CSGA2
sample was classified as either a case (positive SPT to cockroach
allergens) (n = 35) or a control (negative SPT to cockroach aller-
gens) (n = 25). One case (positive SPT) was randomly selected from
among the proband’s sibship in each CSGA1 family (n = 19) and
one or more unrelated controls (negative SPT) was selected from
each CSGA1 family (n = 40). Our final sample included 54 unre-
lated cases and 65 unrelated controls.

Clinical evaluation

The details of the protocols used to evaluate subjects were
reported previously.12,13 Of particular relevance to this study is that
SPT was performed with the following 14 standardized allergens:
house dust mites (Dermatophagoides pteronyssinus, Der-
matophagoides farinae), cockroaches (Blattella germanica, Peri-
planeta americana), molds (Alternaria alternata, Cladosporium
herbarum, Aspergillus fumigatus), pollens (Lolium perenne,
Ambrosia artemisifolia, Artemisia vulgaris, Quercus alba, Betula
verrucosa), and animal dander (Felix domesticus, Canis familiaris).
All tests included a negative (saline solution) and positive (hista-
mine) control. A skin prick test was considered positive if the aver-
age wheal was at least 3 mm greater than the average wheal diame-
ter of the negative control.

The diagnosis of asthma was based on the following criteria: (1)
2 of the following symptoms: cough, wheeze, or dyspnea; (2) either
bronchial hyperresponsiveness (BHR) characterized by a fall from
baseline FEV1 of 20% at 25 mg/mL methacholine or bronchodila-
tor reversibility defined by 15% increase from baseline FEV1 after
bronchodilator use; and (3) <3 pack-years of cigarette exposure.

Genotyping

Alleles at 14 loci in the HLA region were previously genotyped
in the Hutterites: HLA-A, HLA-C, HLA-B, TNF-α, Bf, C4A/C4B,
DRB1, DQA1, DQB1, LMP2, TAP1, LMP7, and DPB1.16 Genotyp-
ing methods are reported elsewhere.16 On the basis of the results in
the Hutterites (described below), African American subjects were
genotyped for HLA-DRB1, –DQA1, –DQB1 alleles with use of the
same methods. 

Statistical analysis

The evidence for linkage between each HLA locus and the phe-
notype of a positive SPT to cockroach was evaluated in the Hut-
terites with the transmission disequilibrium test (TDT).17,18 The
TDT is a test of both linkage and association and compares the
number of transmissions of an allele from heterozygous parents to
affected offspring with the expected (random) number of transmis-
sions assuming no linkage (ie, 50:50). TDTs were performed for
every allele with at least 10 transmission events at each locus. Dif-
ferences in HLA frequencies between African American cases with
positive SPTs and control subjects with negative SPTs were exam-
ined by chi-square tests. Odds ratios (OR) were calculated and 95%
confidence intervals (CI) derived on the basis of the normal approx-
imate to the distribution of log(OR).19 All P values were corrected
for multiple comparisons by the Bonferonni correction (ie, multi-
plying the uncorrected P value by the number of comparisons at
each locus).

RESULTS

Clinical characteristics of study samples

The clinical characteristics of the Hutterite and
African American samples are shown in Tables I and II.
The differences in clinical characteristics between the 2
samples reflect, in part, differences in sampling strate-
gies. The Hutterite sample was population based and par-
ticipants were unselected with respect to asthma or asso-
ciated phenotypes; the African American families were
selected through one or more individuals with asthma. In
these samples, 45% of African Americans and 22% of
Hutterites were positive to German (B germanica) or
American (P americana) cockroach. Among the individ-
uals who had a positive SPT to cockroach allergens, 65%
of Hutterites and 63% of African Americans were reac-
tive to both German and American cockroach. The
remaining Hutterites with a positive SPT were nearly
equally reactive to only American cockroach or only
German cockroach. In contrast, 15% of African Ameri-
can cases with a positive SPT were reactive to American
cockroach only, whereas 22% were reactive to German
cockroach only. The greater prevalence of reactivity to
German cockroach has been reported for other urban
populations,20 and the small difference in allergen speci-
ficity between the African American and Hutterite sam-
ples likely reflects differences in exposures in the urban
Chicago and rural South Dakota environments. Among
individuals who had a negative SPT to cockroach aller-
gens, only 29% (158/536) of Hutterites but 46% (30/65)
of African Americans had a positive SPT to one or more
other allergens (P = .006). The proportion of subjects
with asthma or with BHR did not differ among those sen-
sitized to P americana only, B germanica only, or to both
in either sample (P > .15 for all comparisons) (Table III).

Results of genetic analyses in the Hutterites

The results of the TDT analyses in the Hutterites for
all alleles at 14 loci are shown in Appendix I. Only alle-
les at the class II loci, HLA-DRB1, HLA-DQA1, and
HLA-DQB1 were significantly associated with positive
SPT to cockroach allergens after adjustment for multiple
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comparisons. The HLA-DRB1*0101 allele was transmit-
ted to 66 and not transmitted to 32 affected offspring of
98 heterozygous parents (expected 49:49; Puncorrected =
.00059; Pcorrected = .0066), the HLA-DQA1*0101 allele
was transmitted to 70 and not transmitted to 32 affected
offspring of 102 heterozygous parents (expected 51:51;
Puncorrected = .00017; Pcorrected = .0012), and the

DQB1*0501 allele was transmitted to 71 and not trans-
mitted to 32 affected offspring of 103 heterozygous par-
ents (expected 51.5:51.5; Puncorrected = .00012; Pcorrected
= .00096). No alleles at any of the other loci examined
were associated with this phenotype (Pcorrected > .10 for
all alleles at other loci).

Among individuals who had a positive SPT to cock-
roach allergens, there was no difference in allele frequen-
cies between individuals sensitized to different cockroach
allergens. For example, 14 of the 28 (50%) subjects who
were positive to American cockroach only, 12 of 23
(50%) who were positive to German cockroach only, and
44 of 96 (45%) who were positive to both cockroaches
carried the DRB1*0101 alleles (P > .50). The overall fre-
quency of this allele in the Hutterite population is 0.25.16

DRB1*0101, DQA1*0101, and DQB1*0501 occur on
8 Hutterite haplotypes (or chromosomes) (Table IV). A
more detailed description of these haplotypes and their
relationship to other Hutterite haplotypes is reported in
Weitkamp and Ober.16 The DQA1*0101 and DQB1*0501
alleles are always present on the same haplotypes and
occur together with DRB1*0101 on 7 haplotypes and
with DRB1*1001 on a single haplotype. The DRB1*1001
was not significantly overtransmitted to affected off-
spring, but there were few informative transmissions for
this allele (18 transmitted and 12 nontransmitted). All

TABLE I. Clinical characteristics of Hutterite subjects who were positive and negative to cockroach allergens

Positive SPT to cockroach allergens Negative SPT to cockroach allergens

Sample size 147 536
Mean age (y) (SD) 28.1 (15.9) 30.4 (17.3)
Percent with asthma* 9.5 9.7
Percent BHR* 25.2 20.3
Mean percent predicted FEV1 100.3 100.9
Sex ratio (male/female) 87:60 229:307
Percent positive SPT to P americana only (No.) 19.0 0
Percent positive SPT to B germanica only (No.) 15.6 0
Percent positive SPT to P americana and 65.3 0

B germanica (No.)
Percent positive SPT other allergens (No.)† 67.3 29.5

For more detailed descriptions of the clinical characteristics of the samples, see references 9 and 13.
*Diagnosis based on CSGA criteria.12

†See Methods.

TABLE II. Clinical characteristics of African American subjects who were positive and negative to cockroach allergens

Positive SPT to cockroach allergens Negative SPT to cockroach allergens

Sample size 54 65
Mean age (y) (SD) 23.3 (19.0) 31.0 (18.0)
Percent with asthma* 94.4 64.6
Percent BHR* 96.3 67.7
Mean percent predicted FEV1 66.2 74.1
Sex ratio (male/female) 29:25 29:36
Percent positive SPT to P americana only 15.0 0
Percent positive SPT to B germanica only 22.2 0
Percent positive SPT to P americana and B germanica 63.0 0
Percent positive SPT other allergens† 83.3 46.1

For more detailed descriptions of the clinical characteristics of the samples, see reference 12.
*Diagnosis based on CSGA criteria.12

†See Methods.

TABLE III. Clinical characteristics of samples by cock-
roach specificities

Total No. asthmatic No. BHR

No. (%) (%)

Hutterites 683
Positive SPT to P 28 3 (10.7) 10 (35.7)

americana only
Positive SPT to B 23 2 (8.7) 2 (8.7)

germanica only
Positive SPT to both 96 9 (9.4) 25 (26.0)
Negative SPT to both 536 52 (9.7) 109 (20.3)

African Americans 119
Positive SPT to P 8 8 (100) 8 (100)

americana only
Positive SPT to B 12 12 (100) 12 (100)

germanica only
Positive SPT to both 34 31 (91.2) 32 (94.1)
Negative SPT to both 65 42 (64.6) 44 (67.7)
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these haplotypes were overtransmitted to offspring with
a positive SPT to cockroach, but the deviation from ran-
dom expectations was only marginally significant for one
haplotype (haplotype 1017, Puncorrected = .033). These
data suggest that it is not a haplotype per se that is asso-
ciated with a positive SPT to cockroach allergens in the
Hutterites but rather that the DRB1*0101,
*DQA1*0101, or DQB1*0501 alleles acting alone or
together confer risk.

Because the three associated alleles occur together on
the same haplotypes in the Hutterites, it was not possible
to evaluate the individual effects of each locus or allele
on sensitivity to cockroach allergens in this population.
Therefore we extended these studies to include a distant-
ly related population of African Americans. The relative-
ly long evolutionary time separating Europeans and
Africans (40,000 to 100,000 years)21 increases the likeli-
hood that HLA alleles are present on different haplotype
backgrounds in these 2 populations. On the basis of the
results of our studies in the Hutterites, the African Amer-
ican sample was genotyped for alleles at the HLA-DRB1,
HLA-DQA1, and HLA-DQB1 loci.

Results of genetic analyses in African

Americans

There were significantly more DRB1*0102-positive
cases compared with controls in the African American
sample (Pcorrected = .0088; OR 16.4, 95% CI 2.0, 131)
(Table V). In addition, there were fewer DRB1*1101-pos-
itive cases than controls, which was not significant after
adjustment for multiple comparisons (Pcorrected = .086),
and a small excess of DRB1*1302 cases compared with
controls, which was only nominally significant after
adjustment for multiple comparisons (Pcorrected = .039)
(Table V). The DRB1*0101 allele, which was associated
with a positive SPT to cockroach allergens in the Hut-
terites, and the DRB1*1001 allele, which was present on
one Hutterite haplotype carrying DQA1*0101 and
DQB1*0501 alleles, were infrequent in the sample (fre-
quency *0101 = 0.059, *1001 = 0.008). None of the 8 sub-
jects who were positive to American cockroach only, 4 of

the 12 (33.3%) subjects positive to German cockroach
only, and 7 of the 34 (20.6%) subjects positive to both
cockroaches carried the DRB1*0102 allele (Pexact > .50).

The DQA1*0101 was increased in the cases compared
with controls, but this difference was not significant after
adjustment for multiple comparisons (Pcorrected = .091).
The DQB1*0501 allele was also increased in the cases
compared with controls, and this difference remained
nominally significant after adjustment for multiple com-
parisons (Pcorrected = .029) (Table V). The small increase
in frequency of the DQA1*0101 and DQB1*0501 alleles
in the African American cases reflects the fact that all
individuals with the DRB1*0102 allele also carried the
DQA1*0101 and DQB1*0501 alleles. However, unlike
in the Hutterites, many other individuals with
DQA1*0101 or DQB1*0501 alleles carried alleles other
than DRB1*0102 at the HLA-DRB1 locus. For example,
among the non-DRB1*0102 positive individuals, there
were 11 cases and 12 controls positive for DQA1*0101
and 11 cases and 9 controls positive for DQB1*0501.

DISCUSSION

These studies demonstrate that HLA class II
DRB1*01 alleles confer susceptibility to cockroach sen-
sitivity in 2 distantly related populations. Sensitization to
cockroach allergens was significantly associated with
DRB1*0102 in African Americans (Pcorrected = .0068;
OR 16.4, 95% CI 2.0-131) and with DRB1*0101 in the
Hutterites (TDT Pcorrected = .0066). The DQA1*0101 and
DQB1*0501 alleles also showed evidence of association
with a positive SPT to cockroach allergens in the Hut-
terites. However, the associations with DQA1*0101 and
DQB1*0501 were likely due to linkage disequilibrium
with the DRB1*0101. As we hypothesized, the
DQA1*0101 and DQB1*0501 alleles were on different
haplotype backgrounds in the African Americans than in
the Hutterites, as evidenced by the weak association with
DQA1*0101 and DQB1*0501 in this population. These
data indicate that the primary association with cockroach
allergies is with DRB1*01 alleles. In fact, associations

TABLE IV. Hutterite haplotypes with HLA-DRB1*0101, DQA1*0101, or DQB1*0501

HLA loci
Haplotype

Haplotype A C B DRB1 DQA1 DQB1 DPB1 frequency TR:NT

1017 2 0401 62 0101 0101 0501 0402 0.033 16:6*
1019 3 0202 27 0101 0101 0501 0201 0.035 22:15
1023 11 0401 35 0101 0101 0501 0301 0.017 8:4
1026 24 0501 44 0101 0101 0501 0301 0.016 6:4
1027 24 1401 51 1001 0101 0501 0501 0.052 18:12
1080 2 0304 60 0101 0101 0501 0201 0.001 1:0
1088 3 0401 35 0101 0101 0501 0401 0.018 7:6
1089 3 0401 35 0101 0101 0501 0402 0.056 16:7

Pooled 0.228 94:54†

See reference 16 for complete description of haplotypes. TR:NT, Number of haplotypes transmitted and not transmitted from heterozygote parent to child with
positive SPT to cockroach allergens.
*Puncorrected = .033.
†Puncorrected = .001.
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between HLA-DR antigens have been reported for a
number of allergens, such as associations between DR2
and ragweed,22,23 DR5 and rye grass,24 DR3 and Ameri-
can fever few pollen,25 DRw52 and birch pollen,26 DR4
and molds and DR1 and cat dander,27 and DRB1*1101
and house dust mite.28 However, this is the first report of
an HLA association with cockroach allergy (defined as a
positive SPT) and identification of a genetic locus influ-
encing sensitivity to cockroach allergens.

The fact that 2 different DRB1*01 alleles are associat-
ed with cockroach sensitivity in different populations
may provide some clues to the molecular basis of cock-
roach allergies. The DRB1*0101 and DRB1*0102 are
closely related alleles that differ from each other at only
2 amino acid sites. DRB1*0101 has a valine at position
85 and a glycine at position 86, whereas DRB1*0102 has
an alanine at position 85 and a valine at position 86. The
fact that both alleles are associated with a positive SPT to

cockroach allergen suggests that amino acids 85 and 86
may not be critical in binding peptides derived from
cockroach proteins. On the other hand, the DRB1*0101
and DRB1*0102 alleles differ from all other DRB1 alle-
les (except DRB1*1001 and DRB1*1130) at amino acids
11, 13, and 31, which are within the peptide-binding 1
domain of the HLA-DR molecule. These alleles encode
a leucine at position 11, a phenylalanine at position 13,
and an isoleucine at position 31. In all other DRB1 alle-
les, position 31 is a phenylalanine but positions 11 and 13
are highly variable and close to the P4 and P6 peptide
binding pocket.29 Because the DRB1*1001 allele is a
low-frequency allele that was present on only a single
Hutterite haplotype and in a single individual in the
African American sample, and the DRB1*1130 allele
was absent in both samples, the relationship between
these alleles and a positive SPT to cockroach allergies
could not be assessed in this study. However, the associ-
ations between cockroach allergies and DRB1*0101 in
the Hutterites and DRB1*0102 in the African Americans
suggest that a leucine at amino acid 11, an isoleucine at
amino acid 13, and a phenylalanine at amino acid 31 act
alone or together in binding cockroach antigens and elic-
iting an immune response. Molecular characterization of
cockroach antigen binding by DRB1*0101 or
DRB1*0102 molecules may suggest pharmaceutical
interventions in genetically susceptible individuals. Fur-
ther, differential binding affinities between these 2 relat-
ed alleles that differ at amino acids 85 and 86 may influ-
ence the strength of the response to cockroach antigen
and contribute differentially to cockroach-related asthma
risk in whites and African Americans.

Although sensitization to P americana was less com-
mon than sensitization to B germanica in the African
American sample and although none of the 8 subjects
with a positive SPT to P americana only were
DRB1*0102+, the sample size was to small to draw con-
clusions about differential susceptibility to the American
versus German cockroach. In the Hutterites, however, 14
of the 28 (50%) subjects with a positive SPT to P ameri-
cana only and 12 of the 23 (50%) subjects with a positive
SPT to B germanica only were DRB1*0101 positive, sug-
gesting that the DRB1*0101 allele is associated with sen-
sitization to both the American and German cockroach.

It is noteworthy that, although DRB1*01 alleles are
significantly associated with sensitivity to cockroach
allergens both in a rural white farming population and an
urban African American sample, cockroach sensitivity
per se is not associated with asthma and BHR in Hut-
terites (Table III; asthma, P > .50; BHR, P > .05).
Because of the way in which the African American sam-
ple was selected, it is not possible to draw conclusions
regarding cockroach sensitivity and asthma in this study.
However, previous epidemiologic studies in US cities,
including Chicago, have identified cockroach sensitiza-
tion as a major risk factor for asthma.5-8 The fact that
cockroach sensitivity is associated with asthma in urban
African Americans but not in the Hutterites could be due
to differences in environmental or genetic risk factors. In

TABLE V. The number (frequency) of cases and controls
who were positive for each allele

Alleles Cases (n = 54) Controls (n = 65)

HLA-DRB1
0102* 11 (0.20) 1 (0.02)
0301 9 (0.17) 10 (0.15)
0302 3 (0.06) 11 (0.17)
0701 6 (0.11) 10 (0.15)
0804 7 (0.12) 8 (0.12)
1101† 1 (0.02) 11 (0.17)
1201 7 (0.12) 1 (0.02)
1301 3 (0.06) 8 (0.12)
1302‡ 7 (0.12) 0 (0.00)
1303 7 (0.12) 6 (0.09)
1501 6 (0.11) 12 (0.18)
1503 10 (0.19) 18 (0.28)
Other§ 33 (0.61) 37 (0.57)

HLA-DQA1
0101� 22 (0.41) 13 (0.20)
0102 29 (0.54) 30 (0.46)
0103 0 5 (0.08)
0201 7 (0.13) 10 (0.15)
0301 14 (0.26) 17 (0.26)
0401 7 (0.13) 17 (0.26)
0501 18 (0.33) 30 (0.46)

HLA-DQB1
0201 18 (0.33) 25 (0.38)
0301 14 (0.26) 26 (0.40)
0302 10 (0.19) 9 (0.14)
0402 6 (0.11) 11 (0.17)
0501# 21 (0.38) 10 (0.15)
0502 6 (0.11) 3 (0.05)
0602 17 (0.31) 26 (0.40)
Other** 10 (0.19) 10 (0.15)

Alleles in 5 or fewer individuals in both samples were pooled into “other.”
*Puncorrected = .00068; Pcorrected = .0088.
†Puncorrected = .0066; Pcorrected = .086.
‡Puncorrected = .003; Pcorrected = .039.
§Includes alleles 0101, 0401, 0402, 0403, 0404, 0405, 1001, 1102, 1101,
1103, 1304, 1401, 1402, 1601, 1602, and 1603.
�Puncorrected = .013; Pcorrected = .091.
#Puncorrected = .0036; Pcorrected = .029.
**Includes alleles 03032, 0601, 0603, 0604, and 0605.
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particular, environmental differences with respect to the
timing or levels of exposure to cockroach allergen may
be important. For example, the Hutterites live commu-
nally and all meals are prepared and eaten in a central
kitchen. As a result, cockroach exposure in the homes
may be quite low. Hutterite children under the age of 5
years do not eat in the communal dining room or spend
time in the barns, another potential source of cockroach
exposure. Thus exposure to cockroach allergens before
the age of 5 years may be low among the Hutterites. In
contrast, exposure to cockroach allergens among urban
African Americans likely begins shortly after birth. Such
differences in early life exposures can have a significant
impact on subsequent risks for asthma.30-32 Furthermore,
the levels of cockroach allergen may be much lower
overall on Hutterite farms than in city homes and may
not provide a sufficient “trigger” for asthma symptoms
and BHR. Alternatively, differences between the 2 sam-
ples may reflect differences in the DRB1 susceptibility
alleles in each population. For example, the DRB1*0102
allele may have a higher affinity for cockroach allergens
and elicit a stronger response to bound antigens than the
DRB1*0101 allele, as discussed above. Such gene-envi-
ronment interactions are likely to be common risk factors
for complex disorders such as asthma. Identifying sus-
ceptibility loci and environmental risk factors, such as
the DRB1*01 association with cockroach sensitization
identified in this study, is the first step in elucidating the
more complex pathways involved in the pathogenesis of
atopy and asthma.

We thank Carston Schou at ALK A/S (Denmark) for providing
allergens; Rhonda Peterson, Jennifer Anderson, Heidi Gidley,
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HLA-A
1 48:39 1.16
2 58:47 1.15
3 52:35 3.32
11 10:6 1
24 34:51 3.4
26 6:9 0.6
30 4:7 0.82
31 9:13 0.73
32 8:16 2.67
Other* 4:11 3.3

HLA-C
0102 10:12 0.18
0202 28:26 0.07
0302 3:5 0.5
0303 7:7 0
0304 20:31 2.37
0401 45:24 6.39
0501 15:21 1
0602 43:28 3.17
0701 7:15 2.91
0702 7:17 4.17
1203 20:29 1.65
1402 20:14 1.06
1601 20:16 0.44

HLA-B
7 2:8 3.6
8 12:31 8.4
13 10:15 1
18 4:10 2.57
27 36:30 0.55
35 32:28 0.27
44 6:4 0.4
51 44:37 0.6
57 37:19 5.79
60 12:16 0.57
62 28:25 0.17
Other† 8:11 0.47

TNF-α
99 5:8 0.69
101 43:38 0.31
103 6:7 0.08
107 36:49 1.99
108 35:25 1.67
111 21:23 0.09
115 2:2 0
117 43:36 0.62
119 6:15 3.86
121 3:7 1.6
123 16:6 4.55

Bf
F 68:64 0.12
F1 5:8 0.69
S 67:68 0.01

C4
A3 24:28 0.31
B1 17:14 0.29
BQ0 17:17 0
Other‡ 22:21 0.02

DRB1
0101 66:32 11.8
0301 17:38 8.02
0401 27:32 0.42
0404 11:14 0.36
0701 40:23 4.59
1001 18:13 0.81
1101 18:33 4.41
1301 27:35 1.03
1501 11:15 0.62
8032 12:9 0.43
Other§ 4:7 0.82

DQA1
0101 70:32 14.16
0102 13:20 1.48
0103 27:35 1.03
0201 40:23 4.59
0301 35:43 0.82
0401 12:9 0.43
0501 30:65 12.89

DQB1
0201 29:52 6.53
0301 31:44 2.25
0302 14:21 1.4
0303 37:19 5.79
0402 17:18 0.03
0501 71:32 14.77
0502 2:4 0.67
0602 12:15 0.33
0603 27:35 1.03

LMP7
1 67:83 1.71
2 83:67 1.71

TAP1
190 81:60 3.13
192 66:68 0.03
202 16:17 0.03
206 16:34 6.48

LMP2
1 50:64 1.72
2 64:50 1.72

DPB1
0101 7:13 1.8
0201 45:67 4.32
0202 5:8 0.69
0301 19:19 0
0401 65:68 0.07
0402 32:15 6.15
0501 18:13 0.81
1301 31:18 3.45
1701 2:3 0.2

APPENDIX I. Results of TDT with HLA and positive SPT to cockroach allergens in Hutterites

TR:NT Chi-square TR:NT Chi-square

TR:NT, The number of haplotypes transmitted and not transmitted from heterozygote parent to child with positive SPT to cockroach allergens.
*33, 34.
†38, 50, 56.
‡A2, 2; A2, 3; A3, 3; A4; A6; AQ0; B1; B1, 2; B3.
§0405, 1601.


