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Summary

The associations between skin sensitivity to various common allergens and the
development of childhood asthma were ascertained in a longitudinal study of a birth
cohort of New Zealand children up to the age of 13 years. Of 714 children skin-tested,
45-8% were sensitive to at least one of 11 allergens, the most common responses being to
rye grass pollen (32-5%), house dust mite (30-1%) and cat dander (13 3%). Allergen-
specific relative risk analysis, controlled for the effect of sensitivity to other allergens,
demonstrated that sensitivity to house dust mite and to cat dander were highly
significant independent risk factors associated with the development of asthma (whether
defined as recurrent typical respiratory symptoms, increased airway responsiveness, or
the concurrent presence of both), whereas grass sensitivity was not a significant
independent risk factor for asthma.
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Introduction

Childhood asthma is a common problem in New Zea-
land [1] and in many other countries [2,3]. Recent epi-
demiological studies have reported cumulative prevalence
rates of recurrent wheezing of up to 30% in children aged
9 years [1,4]. Atopy is a well known associated feature [5],
and was an invariable finding in New Zealand children
whose asthma symptoms and increased airway responsive-
ness persisted into adolescence [6]. Platts-Mills et al. [7]
have suggested that atopy, and especially sensitivity to the
house dust mite, may induce and perpetuate airway
hyperresponsiveness. We wished to determine the associa-
tions between sensitivity to the house dust mite and other
common aero-allergens, and the development of child-
hood asthma and airway hyperresponsiveness in New
Zealand.

Subjects and methods

We have previously described a birth cohort of children
who have been followed biennially from 3 to 13 years
Correspondence: Prof. M. R. Sears, Department of Medicine, Univer-
sity of Otago Medical School, PO Box 913, Dunedin, New Zealand.

[1,8,9]. In brief, 1661 children whose mothers were
resident in Dunedin were born in the city maternity
hospital between 1 April 1972 and 31 March 1973. Those
resident in Otago province at the age of 3 were invited to
participate in a multidisciplinary longitudinal health and
development study; 1037 (91 %) of 1139 eligible children
were enrolled, and by the age of 13,737 were still available
for review at the research centre. There were no significant
differences in perinatal history between the 1037 enrolled
in the study and the full birth cohort of 1661, nor any
systematic social, developmental or medical bias evident
in the sample of 737 remaining in the study after 10 years
compared with the cohort of 1037. Health questionnaires
were administered to the parents of the children every 2
years from age 3 up to the age of 11, and to the child at 11
and 13 years.

A child was recorded as having asthma if a physician-
administered questionnaire to the parent or child yielded
a history of recurrent wheezing episodes, whether asso-
ciated with exercise, allergen exposure, upper respiratory
tract infection or occurring spontaneously, regardless of
whether or not the diagnosis of asthma was reported by
the parent [1]. The presence or absence of airway
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Table 1. Distribution of number of positive skin test responses
and prevalence of asthma symptoms

Table 2. Distribution of positive skin test responses to 11 specific
allergens in 714 children

Positive responses
to:

7 or more
allergens

6 allergens
5 allergens
4 allergens
3 allergens
2 allergens
1 allergen
Non-atopic

Total

Number of children

n

10
14
11
18
62
79

126
394

714

Percentage of
total tested

14
20
15

. 2-5
8-7

111
176
552

100 0

Asthma symptoms

n

9
13
9
14
41
42
52

135

315

Percentage of
row total

900
929
818
77-8
661
53-2
41-3
34-3

441

Rye grass pollen
House dust mite
Cat fur
Alternaria
Dog fur
Horse hair
Cladosporium
Kapok
Aspergillus fumigatus
Wool
Penicillium

n

232
215
95
45
40
39
23
19
17
17
16

Percentage of
sample («-714)

325
301
13-3
6 3
56
55
3-2
2-7
2-4
2-4
2-2

Percentage of
atopies (n-320)

72-5

o /' 2,
291
141
125
122
7-2
59
5-3
53
50

hyperresponsiveness to methacholine was not used to
make this clinical diagnosis of asthma.

At ages 9, 11 and 13 years, subjects underwent an
abbreviated methacholine inhalation challenge which
was validated against a standardized 2 min tidal breath-
ing method [9]. For the purposes of this study, a PC20
< 8 mg/ml was regarded as indicating airway hyper-
responsiveness.

Atopic status was assessed at age 13 by skin-prick test
[10] to 11 common allergens; mixed rye grass pollen, cat
epithelium, dog hair, horse hair, kapok, wool, Aspergillus
fumigatus, alternaria, penicillium and cladosporium
moulds (all supplied by Hollister-Stier, U.S.A.), and
house dust mite {Dermatophagoides pteronyssinus, Ben-
card, U.K.). The development of one or more weals at
least 2 mm greater than that resulting from the negative
control (diluent) was regarded as indicating atopy.
Children taking antihistamines, and non-atopic children
failing to show a 2 mm or greater response to the codeine
phosphate positive control were excluded from the
analysis.

The relative risks of specific allergen sensitivities (as
defined by skin test response) in the development of
asthma were determined by logistic regression using the
computer program GLIM [11].

Results

At the age of 13, 737 of the original sample of 1037
children were fully assessed and of these, 714 (97%)
underwent satisfactory skin tests. Questionnaire infor-
mation was available for all subjects at the age of 13, and
for 689 subjects (93-5%) previous information obtained
at ages 7, 9 and 11 years was also available.

Of the 714 children skin tested at 13 years, 394 (55-2%)
were non-atopic, 126 (17-6%) had one positive skin test,
and 194 (27-2%) had two or more positive skin tests. The
cumulative prevalence of asthma symptoms up to the age
of 13 increased almost linearly with the number of
positive skin tests detected (Table 1).

The most common response was to rye grass pollen
(232 children, 32-5% of sample) followed closely by house
dust mite (215, 30-1%), while cat-sensitivity occurred in
95 (13-3%). Responses to other allergens were found in
less than 7% of the sample of 714 children (Table 2).

Of the 394 non-atopic children, 135 (34%) had experi-
enced recurrent wheezing at some time, and 34 (9%)
showed airway hyperresponsiveness to methacholine on
one or more of the three occasions on which it was
measured. In contrast, of 232 grass-sensitive children,
139 (60%) had experienced wheezing, and 75 (32%) had a
methacholine PC20 < 8 mg/ml on one or more occasions.
Similarly, of 215 mite-sensitive children, 138 (64%) had
a history of wheezing, and 88 (41%) showed airway
hyperresponsiveness, while of 95 cat-sensitive children,
13(11%) had suffered wheezing and 51 (54%) showed
airway hyperresponsiveness. The frequency with which a
positive history and/or methacholine challenge was
associated with a positive skin test is shown for each
allergen in Table 3.

The combination of asthma symptoms, at any age, with
concurrent airway hyperresponsiveness at the same age
was found in only 2% of non-atopic children, compared
with 27% of grass-sensitive, 33% of mite-sensitive and
51% of cat-sensitive children (Table 3).

When comparisons were made with non-atopic child-
ren, the presence of virtually any form of atopic sensitiza-
tion was a significant risk factor for the development of
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Table 3. Cumulative prevalence of asthma symptoms and of airway hyperresponsiveness at any age, and
concurrent symptoms and hyperresponsiveness at the same age for each allergen sensitivity

Allergen sensitivity

Nil
Rye grass pollen
House dust mite
Cat
Alternaria
Dog
Horse
Cladosporium
Kapok
Aspergillus fumigatus
Wool
Penicillium

n

394
233
215
95
45
40
39
23
19
17
17
16

Symptoms
(cumulative prevalence)

135 34%
139 60%
138 64%
73 77%
27 60%
31 78%
32 82%
18 78%
13 68%
15 88%
14 82%
8 50%

Airway hyperresponsiveness
(AHR) at any age

34 9%
75 32%
88 41%
51 54%
15 33%
23 58%
19 49%
11 48%
8 42%

10 59%
7 41%
4 25%

Concurrent
symptoms and AHR

at same age

9 2%
63 27%
71 33%
48 51%
15 33%
23 58%
18 46%
9 39%
6 32%

10 59%
7 41%
4 25%

Table 4. Allergen-specific relative risks (95% confidence limits) for development of asthma
symptoms at any age, airway hyperresponsiveness at any age, and concurrent symptoms
and hyperresponsiveness at the same age, compared with non-sensitivity to any allergen
tested

Allergen

Rye grass pollen
House dust mite
Cat fur
Alternaria
Dog fur
Horse hair
Cladosporium
Kapok
Aspergillus fumigatus
Wool
Penicillin

Asthma symptoms
at any age

Risk (95% CL)

2-87
344
6-37
2-88
6-61
8-77
6-90
4-16

14-38
8-95
1-92

(2-04, 4-03)
(2-41,4-90)
(3-75, 10-84)
(1-51, 5-48)
(3-01, 14-50)
(3-71,20-73)
(2-46,19-39)
(1-52,11-38)
(3-22,64-16)
(2-47, 32-50)
(0-69, 5-33)*

Airway
hyperresponsiveness
(AHR) at any age

Risk (95% CL)

4-86
7-20

11-76
5-30

14-32
10-05
9-71
7-70

15-12
7-41
3-53

(3-08, 7-67)
(4-57, 11-33)
(6-82, 20-30)
(2-56, 10-94)
(6-89, 29-80)
(4-82, 20-96)
(3-91,24-09)
(2-84, 20-84)
(5-31, 43-08)
(2-60,21-15)
(1-06, 11-78)

Concurrent
symptoms and AHR

at same age
Risk (95% CL)

17-22
23-29
47-23
24-12
65-30
41-35
31-00
22-26
68-92
33-78
16-09

(7-97, 37-20)
(10-81,50-17)
(20-80, 107-25)
(9-32, 62-41)
(25-11,169-80)
(15-87, 107-73)
(10-21,94-16)
(6-60,75-11)
(20-45, 232-25)
(10-03, 113-84)
(4-15,62-40)

'• Not significant; all others / '<0-05.

asthma symptoms at any age, and also for airway
hyperresponsiveness, irrespective of symptoms (Table 4).

The combination of asthma symptoms with concurrent
airway hyperresponsiveness has been used to define
asthma [12]. The relative risk for development of this
combination for each allergen sensitivity is also shown in
Table 4. Again, the presence of any atopic sensitivity was
a significant risk factor.

As there was a strong correlation between skin sensiti-
vity to one allergen and to several others (e.g. grass, mites,
cat), allergen-specific relative risks for development of
asthma symptoms at any age and for airway hyper-
responsiveness at any age irrespective of symptoms were
adjusted for the effects of sensitivity to any of the other 10
allergens. Results are shown in Table 5. In both
analyses, cat, mite and aspergillus sensitivity, but not
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Table 5. Allergen-specific relative risks (95% confidence limits), adjusted for the effects of sensitivity to
any of the other 10 allergens, for development of asthma symptoms at any age, airway hyperresponsive-
ness at any age, and concurrent symptoms and hyperresponsiveness at any age, compared with non-
sensitivity to that particular allergen

Allergen

Rye grass pollen
House dust mite
Cat fur
Alternaria
Dog fur
Horse hair
Cladosporium
Kapok
Aspergillus fumigatus
Wool
Penicillium

Asthma symptoms
at any <

Risk (95°/

1-29 (0 86,
1 94 (1 29,
2-27 (1-20,
0-67 (0-31,
1 49 (0 59,
2 25 (0-87,
1 21 (0 37,
0 86 (0 24,
7-15 (1 40,
3 28 (0 74,
0 24 (0-05,

ige
iCL)

192)
292)*
430)*
146)
3-77)
5-81)
398)
307)

3644)*
14-52)
112)

Airway hyperresponsiveness
(AHR) at iiny age

Risk (95% CL)

0-96 (0-57,
4-45 (2-69,
2-66 (1-42,
0-55 (0-22,
2-51 (1-04,
1-16 (0-47,
M l (0-38,
0-88 (0-22,
6-63 (1-79,
1-07 (0-28,
0-27 (0-04,

1-62)
7-36)* •

4-98)*
1-36)
6-06)*
2-84)
3-21)
3-44)

24-49)*
4-09)
1-73)

Concurrent symptoms and
AHR at same age

Risk (95%

1-33 (0-69,
6-71 (1-21,
4-19 (2-11,
0-78 (0-29,
3-68 (1-43,
1-03 (0-38,
0-71 (0-22,
0-31 (0-06,

13-76 (3-19,
1-28 (0-29,
0-55 (0-07,

, CL)

2-58)
13-38)*
8-31)*
2-13)
9-49)*
2-76)
2-34)
1-47)

59-45)*
5-68)
4-21)

* P<0-05; all others not significant.

grass sensitivity, significantly increased the relative risk
compared with lack of sensitivity to that particular
allergen. When the presence of asthma symptoms with
concurrent airway hyperresponsiveness was considered,
sensitivities to cat, dog, mite and aspergillus but not to
grass, were significant independent risk factors.

Discussion

Many factors are thought to infiuence the development of
asthma and airway hyperresponsiveness, and atopy is one
such factor [13]. Platts-Mills et al. [1] have suggested that
atopy, and especially sensitivity to the house dust mite,.
may induce airway hyperresponsiveness, as prolonged
avoidance of exposure to mites led to a reduction in
airway responsiveness. We have assessed the relative risk
of various atopic sensitivities, as determined by skin
testing, in the development of asthma in a longitudinal
epidemiological study of a birth cohort. This showed that
atopy to house dust mite and cat dander, two common yet
potentially avoidable allergens, are associated with the
presence of asthma symptoms substantially more
strongly than grass sensitivity. The third consistently
significant association was sensitivity to A. fumigatus, but
this may possibly reflect secondary sensitization after the
development of asthma, as often seen in adult asthma,
rather than a true predisposing risk factor in childhood.
Virtually all children with sensitivity to A. fumigatus had
symptoms consistent with asthma (Table 3).

While skin sensitivity to an allergen is not as strong a

proof of airway sensitivity as an inhaled allergen
challenge, close correlations have been found between
skin tests and bronchial challenge with house dust mite
and other allergens [14]. Similarly, skin testing detects
almost all subjects with an elevated specific IgE to that
allergen [15].

The prevalence of atopy in this sample of children was
at least as high as that reported in Australia [3,16],
England [2] or North America [17]. Over 30% of our
sample showed skin sensitivity to rye grass pollen, and to
the house dust mite, D. pteronyssinus. New Zealand is a
country of extensive grasslands, and even city dwellers
have their own lawn or are in close proximity to expansive
parks, and therefore it is likely that every New Zealand
child has been exposed to grass pollen. The prevalence of
house dust mite in New Zealand is unknown, but may
well be as high as in Australia where mites were found in
94% of homes [16]. We have previously established that
by the age of 9, 78-5% of the children in our cohort had
had a cat in their household at some time (unpublished
data).

The relative risks of various atopic sensitivities in the
development of childhood asthma has not been studied
systematically. While the house dust mite is thought to be
one of the most potent allergens in triggering asthma, it
has not been established previously that mite sensitivity is
a greater risk factor for development of asthma than the
equally common grass pollen sensitivity. One possible
alternative explanation for our findings is that as the
spectrum of atopic responses increases, so does the
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likelihood of the child developing asthma, not because of
any specific sensitivity but because other factors heighten
both the atopie response and the expression of asthmatic
symptoms and airway hyperresponsiveness. In our study,
as in others [5], the number of atopie responses present
was a strong predictor of asthma (Table 1). The allergen-
specific relative risks reported in Table 5, however, have
been adjusted for the effects of other allergen sensitivities,
and consequently are independent of this association.
Therefore, in this New Zealand cohort of children, house
dust mite sensitivity and cat sensitivity were significant
independent risk factors associated with the development
of asthma symptoms and airway hyperresponsiveness,
whereas grass sensitivity was not. This finding appears to
differ from that of Woolcock et al. [16] who found that
Australian children who lived inland and predominantly
had grass sensitivity had a higher prevalence of asthma
and airway hyperresponsiveness than children living on
the coast who predominantly had house dust mite
sensitivity. In that study, however, allergen-specific
relative risks within each community were not reported.

It is of interest that the commonest allergen skin
sensitivity, namely to rye grass pollen, was not indepen-
dently associated with asthma symptoms. Grass pollen is
a frequent cause of nasal symptoms, and perhaps the large
size of the pollen grain results in greater nasal and less
pulmonary deposition. This would explain the reduced
association with asthma compared with the house dust
mite, despite the similar prevalence of positive skin tests.
Equally possible, however, is the hypothesis that house
dust mite is a more potent inducer of the inflammatory
process in the airways characteristic of asthma.

Morbidity and mortality from asthma are high in New
Zealand [18]. If sensitivity to potentially avoidable
allergens considerably increases the relative risk for
development of asthma, should children, particularly
those of atopie parents, avoid exposure to mite and cat
allergens? In one study, 51 % of children ofatopic parents
themselves developed atopy [19]. Such children should be
studied to see whether avoidance of these allergens does
decrease the expression of clinical asthma and airway
hyperresponsiveness. Only in this way can the association
between allergen sensitivity and asthma be shown to be
causal.

House dust mite sensitivity is more commonly found
among families in lower socio-economic circumstances
[20] and in areas of high humidity [21]. Mites are found
predominantly in the dust from beds and fioors, and are
more prevalent on kapok and inner-spring mattresses
than foam rubber ones [22]. Sheepskins are commonly
used in New Zealand as bed covers for infants, but these
also harbour high concentrations of mites [22]. Methods
found to reduce the house dust mite population have

included spraying with tannic acid [23] and liquid nitro-
gen [24], but these experimental studies have not yet
resulted in practical measures which can be implemented
on a wide scale. Frequent and thorough vacuuming of the
bed and bedding, use of a foam rubber mattress and
pillow, avoidance of sheepskin and kapok, and reduction
in humidity are procedures which have been advocated to
reduce the bedroom mite population [25], but in practice
there can be difficulties in implementing some of these
measures effectively.

Avoidance of cat allergen should be more easily
achieved by not allowing a cat in the household. How-
ever, in Sweden skin reactions to cat allergen occurred as
commonly in those households without cats as in those
with cats [20], suggesting sensitizing exposure may occur
outside the home. Strict avoidance measures would be
needed to prevent sensitization.

In summary, in a longitudinal epidemiological study in
childhood, we have shown that atopy, as determined by
skin sensitivity to two common and potentially avoidable
allergens, house dust mite and cat dander, is significantly
associated with the development of asthma and airway
hyperresponsiveness, and suggest that avoidance meas-
ures be directed towards these allergens in the high risk
childhood population, for example, children of atopie
parents. As the prevalence of mite sensitivity was more
than twice that of cat sensitivity, but the associations with
asthma were similar, the house dust mite would seem to
be the more important factor to control if morbidity is to
be reduced.
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