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Summary
Two populations of schoolchildren, one living in an area where the predominant
allergens are house dust mites and the other in an area where the predominant allergens
are pollens, were studied to investigate in more detail the associations between alopy.
bronchial hyperresponsiveness (BHR) and symptoms of aslhma. The prevalence of
atopy (39",n) was the same in both towns but the prevalence of BHR was higher in the
inland 'pollen" area (19% vs \5"A)). Atopic children had an increased risk of having
BH R and. to a lesser extent, respiratory symptoms, diagnosed aslhma and hay fever.
The risk of BHR was further increased in children atopic to both pollens and house
dust mites, and in children with a high index of atopy (derived from the number and
size of the skin reactions to four allergen groups). In addition, the relationship between
atopy and BHR was quantitative in that the severity of BHR increased with the
severity of atopy. We conclude that there is not a direct causal relationship between
atopy and BHR but there may be a common mechanism involved in their
development. It appears that, within the atopic population, the type of allergen to
which the individual is sensitized, the quantity of aeroallergen present in the
environment and the degree of atopy, as measured by the number and size of the skin
reactions, are all factors that may interact to increase the risk of BHR.

Introduction
A relationship between atopy, as shown by skin-test reactions, and asthma was first
suggested in 1923 in [I] and studies since then have supported the association [2.3]. A
similar relation between positive skin tests and bronchial hyperresponsiveness (BHR)
has been established [4-7]. However, a direct causal relationship between atopy and
BHR has not been shown. Il is possible that, over a period of time, repeated inhalation
of particles of allergen, with subsequent release of mediators and with late reactions,
may cumulatively contribute to the development of BHR [6], Bryant and Burns [7]
have suggested that allergens probably act as "trigger factors" for acute episodes of
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airway narrowing in subjects with BHR. Certainly, levels of BHR ean be increased by
exposure to [8] or decreased by removal from [6] environmental allergens.

Our data have shown that, in children, atopy has an important association with
BHR and that, although the prevalence rates of BHR and respiratory symptoms vary
in children living in different climatic areas, the nature of the aeroallergens to which
ehiidren are exposed does not affect the overall prevalence of atopy [9]. However, it
may be that the total aeroallergen load, in the presence of atopy, is of importance in
increasing the likelihood of children having BHR and associated respiratory
symptoms. This paper examines in more detail the association between atopy, BHR
and both respiratory and 'allergic" symptoms. The possible effects of pollen allergens in
one town and house dust mite allergens in the other town are explored, and the
importance of positive skin reactions to more than one allergen is investigated.

Patients and methods
The children studied were the subjects ofthe population study conducted in Wagga
Wagga and Belmont between 1982 and 1984. The sample studied, the methods of data
collection and the methods of measuring BHR. lung function and atopic status are
described in detail in the previous Iwo papers [10.11].

Populations
The towns were chosen because of their different climates and different aeroailergen
loads. The predominant allergens in the Wagga Wagga region (in common with much
of inland New South Wales) are the pollens of grasses and weeds [12] and the
predominant allergens in Belmont are house dust mites [9.13]. Initial visits were made
to both Wagga Wagga and Belmont in autumn 1982. The second visits were made to
Wagga Wagga in spring 1983, at the time of the seasonal increase in the prevalence of
pollens, and to Belmont in autumn 1984, A different sample of the population was
studied at each visit.

Data collection
Details ofthe questions concerning respiratory symptoms, hay fever and eczema and
of the allergens used for skin testing are outlined in the first two of these three papers
[10.11]. In this paper, hay fever and eczema are regarded as "allergic' symptoms.
Allergens used to determine atopic status were divided into four major groups on the
basis of similarity: house dust miles, grass and weed pollens, animal danders and
moulds. Children were classified as having a reaction to an allergen group if one or
more tests within that group were positive.

Data analysis
Data was analysed on a Cyber 825. The statistical package program SPSS version 9 0
was used to calculate median skin weal sizes and chi-square values to assess the
statistieal signifieance of contingency tables. The Mantel-Haenzei procedure [14] was
used to calculate odds ratios (OR) and their 95% confidence intervals (c.i.). Binomial
regression using the package GLIM [15] was used to test for linear trends and toassess
the significance of differences between odds ratios. Spearman's rank correlation
coefficient was used to determine the association betweenseverity of BHRand severity
of atopy.
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Table I. Number of children siudicd and the prevalence ('^.) of atopy, bruiichia!
hyperresponsiveness, respiralory symptoms, diufinoscd aslhtna. hiiy fever and cc/ema al
eacli study

Atopy
Aiop\ to HDMt
Atop\ to pollens

BHR
BHR plus symptoms^:
Wheeze ever
Wheeze in last month
Re.spiriitory symptoms*
Diagnosed aslhma
Hav fever
Eczema

Wagga

Autumn
(« = 769)

37-6
18-8
29-1
18-9
12-7
23-9
6-0

33-7
13-0
307
23-6

Wagga

Spring
(« = 602)

41'2
224
29-1
206
13'3
29-K*

70
42,9***

16-3
33-9
25-9

Populations studied

Belmont

Autumn
(H-718)

38-2
274
178
I4'9
8-5

197
3-6

274
'J-l

21-1
21'2

Autumn
(" = -

43-6
31 -3
20 7
[6 7
11-3
2 6 4 '
S4**
32'0
154*
224
22-1

274)
Total

(« = 2363)

39-4
23'K
24-7
17-9
114
244
5-K

33-9
12-9
27-6

*P<()-05, **/'<0-0! for the diflerence between visits and. in parcnlheses. the difference
between towns,
t House dust miles.
X Wheeze, exercise wheeze or night cough.

Results
Complete data for 2363 schoolchildren were collected in two visits to Wagga Wagga
and two visits to Belmont. The prevalence rates of atopy, BHR, respiralory symptoms,
hay tever and eczema at each visit are given in Table I. There were significantly more
children with BHR. respiratory symptoms, diagnosed asthma and hay fever in the
inland town of Wagga Wagga [9]. In the total sample. 397,, of children were atopic to
one or more allergens and more boys were atopic (42'Vii vs 357.,, /'<O-OI). In both
towns, children were more likely to be atopic if their parents reported diagnosed
asthma (OR-1-7. c.i.-I-4, 2-1) or'allergic' illness (OR =1-5. c i , - 1-3, I-S).

The predominant allergens were pollens in inland Wagga Wagga and house dust
mites in coastal Belmont [12.13]. There was a trend for the prevalence rates of atopy.
including atopy to the predominant allergens, and for the prevalence rates of BH R and
all reported symptoms to be higher at the second visit to each town (Table 1). In Wagga
Wagga. the prevalence of wheeze was significantly higher at the spring visit (30"-;. r.v
24'̂ ''ii) with, consequently, a higher prevalence of any respiratory symptom reported.
However, the prevalence of children reported to have had wheeze in the month prior to
study was not significantly dilTerent (6"., r.v 87i). In Belmont. where both visits were
undertaken in autumn, there was a higher prevalence of wheeze, recent wheeze and
asthma diagnosed by a doctor at the second visit. However, the prevalence of exercise
whce/e and night cough decreased so that the prevalence of children reported to have
had any respiratory symptom was similar. The prevalence and severity of BHR did not
change significantly between visits to each town.

Figure 1 shows that the prevalence of atopy was similar in the two areas but in
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Fig, I. Percentage of children in Wagga Wagtia and BL-lmonl who were atopic loal l allergL-iis. and loeach of
the niajnr allergen groups.

Wagga Wagga more children were reaclive to pollens or moulds (/'<O'nOI) and in
Belmonl more children were reactive to mites or animals (/'<O'OOI). Most children
who reacted to moulds also reacted to pollens {M%) and most children who reacted to
animal danders also reacted to mites (74"/(,). Only 1-7% of children reacted solely to
animal danders and \-3"A^ solely to moulds. In both areas \?i% of children had a
positive reaction to both the pollen and mite groups. In Wagga Wagga an additional
9% of children were reactive to pollens but not to mites, and in Belmont an additional
9% of children were reactive to mites but not to pollens.

The towns had different mobility of population. In Wagga Wagga, 41"/., of children
had lived away from the area for more than 6 months, increasing the likelihood of
exposure to difierent allergens, compared with 28'Vi, in Belmont. in Wagga Wagga.
17% ofthe continually resident children were reactive to mites and 29'''., to pollens.
compared with 25'>i, of the mobile children reactive to mites and 18% to pollens
(P<n 001), In Belmont. there was no association between mobility and reactivity to an
allergen group.In hoth towns, the prevalence of BHR in mobile children was 3".. higher
than in continually resident children; this dilTerence was not significant.

The increased risk ofBHR and ofrespiratory symptoms in atopic children is shown
in Table 2, The risk was greatest in children who were atopic to both pollens and mites.
In the group atopic to mites but not pollens, the odds ratios for respiratory symptoms.
with or without BHR. were higher in Belmont where mites are the predominant
allergen. In the groups atopic to pollen, regardless of additional mite allergen, the risk
of having respiratory symptoms was significantly higher in Wagga Wagga. In the three
atopy groups, there was a small difference between towns in the median mite weal size
and a larger difference in the median pollen weal si/e. with the larger pollen weal sizes
found in Wagga Wagga (Table 2).

In order to rank children according to both the number and the size oftheir skin-
test reactions, each child was assigned an atopy index. This integer index was the
summation ofthe number of allergen groups to which each child was reactive (0-4)
plusthesizeofthelargest reaction, which was given a valueof I for small ( <4mm)and
2 for large. The odds ratios for all respiratory symptom groups are shown in Table 3
and increased with the atopy index. For some symptoms the odds ratio was more than
ten-fold greater in the high atopy index group. There was a significant linear increase in
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Table 2. Risk (odds ratio) of bronehial h\pLTresponbi\i.-ness(BHR). re:ipirator> and "allL-rgic'symptoms, and
median skin weal size, m children alopie lo house dusl mile and or pollen allergens

Mites, not

Wagga Wagga
(H = 9 I )

Odds ratios for BliR and or symptom.-^

BUR

BHR plus symptoms-f

Wheeze

Respiralory symptoms+

Diagnosed aslhma

May lever

Eczema

2-5
(1-4,4-1)

24
(1-1.4-9)

IS
(11,2-9)

1-2
10-7.1-8)

2-2
tl-I.4-0)

2-6
(1-6,4-0)

1-7
( i K 2 ' 8 )

pollens

Belmont
(»=159)

5 3
(3-4.8-2)

13-6*
(7-4.24 1)

4-1
(2-7.5-9)

(26.5-3)
3-8

(3 6,8-9)
4-5*

(30 .65)
1-3

(0'9.2'l)

Allergen group

Pollens, not

Wagga Wagga
(/I-210)

3-3
(2-5.4-3)

4.y
(3-0.7-5)

2-2
(1-5.2-9}

1-9
(1 4,2-5)

3-2
(2-1.4-K)

3-3
(2-2.4-2)

1-5
(1 •0,2-1)

mites

Bolmont
0/ = 6[)

3-0
(3-0,6-0)

3-4*
(1-5,9-6)

1-6*
10-8.2-9)

II***
(0-6,2'I)

2-3*
(1-0,5-3)

11***
(O'5.2'3)

1-9
(M..V5)

Miles and

Wagga Wagga

(n^\m

7-5
(52.10-6)

15-2
(9-6,23'5)

5-S
(4-1,8-0)

3-7
(2-6,5-0)

8-7
(5,8.12-6)

7-6
(5-4.iO-7)

2-5
(1-7.3-4)

pollens

Belmont
(H=I24)

3.4.**
(3-3,8-5)

12-0***
(6-3.22-0)

3-3***
(2-1.5-0)

3-0***
(2-0.4-0)

4,9***
(2-8.8'I)

5-4***
(3,4.8-0)

2'I
(1 4,3-4)

Median skin weal size (mm)

Mites
Median weal size 2-5 ^-^ — — 3-2 3-2
Range 2 8 2 12 2-13 2-10

Median weal size — — 4-1 2-6 5-2 3-2
Range 2 16 2 8 2 15 2 13

*/'<0-()5, ***/'< 0-001 for the signitieancc of the difference in odds ralios between the Uvo lowns.
+ Whee/e. e.xercise whee/e or night cough.

odds ratio with increase in the atopy index for all symptom groups except ec/ema. The
average increase in the odds ratio betweenconsecutiveatopy indices was TO"-̂ ! for BHR
and aslhma, 50"'<, for wheeze and 40"'!. for any respiratory symptom.

The quantitative relationship between the index of atopy and severity of BHR is
shown in Fig. 2. In the high atopy index categories, most children had severe or
moderately severe levels of BHR: in the low atopy index categories, the BHR was mild
or slight. Also, in children with BHR. there was a significant correlation between the
number of positive skin tests and the severity of BHR as measured by the PD:,! FEV|
(/• = 0-32, /'<0-001). Conversely, despite this close relationship between BHR and
atopy, approximately 50"'<. ofchildren in high atopy index categories had no BHR and
lO'Vl. of non-atopic children (with an atopy Index of zero) had BHR.

Discussion
Atopic children had an increased risk of having BHR. wheeze, diagnosed asthma, hay
fever and eczema. The risk of BHR orofrespiratory symptoms was further increased in
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Table 3. Risk (odds ratio) of bronchial hvperrcsponsiveness (BHR). respiratory symptoms and "allergic"
symptoms in aiopic children divided into groups according lo ihe degree of alopy

BUR
BHR plus .symploms*
Wheeze
Respiralory symptoms*
Diagnosed aslhma
Hay Tever
Fc7cma

Wagga
{n=\i5]

1-4
1-0
1-6
1-5
2-1
1-8
1-5

2

Belmont
1 (n= 111)

1-7
2-7
1-4
!-S

3-4
1-3
0'8

Wagga
(/f=I6I]

36
4-S
2-2
1-7
2'3
3-6
1-6

Index of atopy

3

Belmonl
1 (n=I46)

5-0
8-0
3-4
2'7
4-9
3'S
1-4

Wagga
(/?=ii6:

5'2
7-7
3'3
2-3
5-4
6-3
1-6

4

Belmonl
1 (H = 77 )

60
10'9
4-4
3-5
3-9
5-8
2-9

5 ane

Wagga 1
(rt=I26)

!2-X
!K-2
7-9
5-8

[2'7
111
18

16

Selmont
(« = 60)

6'5
113
3-7
36
9-1
6-6

1-7

* Wheeze, exercise whee/e or nighl cough.

Degree of BHR

Slight
Mild
Moderate
Severe

60

50

30

20

10

0 2 3 4 -j
Index ol atopy

Fig. 2. Relationship between degree of BHR and degree of alopy expressed as an indexed derived from ihe
number of allergen groups lo which children were reactive and the size of Ihe reaction.

children living in ihc inland region and in children who were atopiclo both pollens and
mites. The relationship between atopy and BHR was quantitative in that the risk of
BHR showed a linear increase with an increase in index of atopy. In addition, the
severity of BHR was related to theinde.x of alopy. that is the number and the size ofthe
skin-test reactions.

Our study sample was unlikely to be biased and was of adequate size [10] and it
seems likely that the data reflecl the prevalence o\' BHR and respiratory symptoms in
the community at the time ofthe study. The degree of accuracy with which the skin-
prick tests reflect atopic status is less certain. Although these tests are probably as
reliable a guide to utopic slatus as measurements of circulating specific !gE [16], we
recogni/e that they are not an absolute measure of degree of atopy and, therefore, we
have used only two grades of reaction (small or large) in calculating the index of atopy.
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In the study populations the prevalence of BHR and ot alopy varied only slightly in
each community, whereas the prevalence of diagnosed asthma and wheeze, as reported
by questionnaires, changed significantly between visits to each town. In Wagga
Wagga. where the second visit was made in spring, there was an increase in prevalence
ofrespiratory symptoms, which was not associated with an increase in the prevalence
of recent wheeze, BHRoratopy to pollens. The increase in the prevalence of diagnosed
asthma was not significant and there was no change in the severity of BHR, This is in
contrast to studies of adults in other countries, which have shown that hay fever and
asthma sufferers develop increased BHR in the grass pollen season in France [17] and
that seasonal pollen exposure increases asthma symptoms and levels of bronchial
responsiveness in allergic patients in Canada [18]. In Belmont. the prevalence of
diagnosed asthma was higher at the seeond visit. There was an associated increase in
the prevalence of wheeze and recent wheeze, but not of BHR or other respiratory
symptoms, which is unexplained. The questions used to collect details ofrespiratory
symptoms were shown to be reliable and were not changed during the course of the
study. In Belmont, the use of the term 'asthma' by the media increased prior to the
second study because of local concern about environmental pollutants and, thus, the
questionnaire information may have been inlluenced by a changing attitude to the use
ofthe word 'asthma" by medical practitioners and/or parents.

We considered the effects of four different allergen groups on the prevalence of
BHR. The independent effects of the animal and mould groups were less important
than those of pollens or mites. Also, few children were atopic to moulds and not to
pollens, or to animal danders and not to mites. It is not known whether animal or
mould allergens were more prevalent in either town. It was established that mites were
more prevalent in Belmont [13] and the high prevalence of pollens in inland rural areas
has been reported [12]. In this paper, therefore, we have considered the effects ofskin
reactivity to pollens and miles in more detail.

The prevalence of atopy was almost indentical in the two areas but the higher
prevalence of BHR found in Wagga Wagga suggests that the environment in the inland
town provides one or more additional risk factors for BHR, Ina previous paper [9], we
have stiggested that the tolal aeroallergen burden in Wagga Wagga may be a major
causative factor for the higher prevalence of BHR. Although we found more parental
asthma in Wagga Wagga, suggesting that the children in each town may have had a
different genetic base, we concluded that the effect was more likely to have been a result
of common environmental exposure. In this further analysis, the higher risk of BHR,
respiratory symptoms and diagnosed asthma in children reactive to the predominant
allergens in each town suggests that the quantity of aeroailergen present is an
important risk factor. In addition, the finding of larger pollen skin weals and higher
odds ratios for BHR in Wagga Wagga may result from larger quantities of
aeroallergens in this town.

Over and above the effect of living in an inland area, children reactive to both pollen
and mite allergens have an increased risk of BHR. We found that mobile children, who
in Wagga Wagga had a different pattern of atopy, have a slightly higher prevalence of
BHR, which could be related to their having been exposed to and, therefore, developed
atopy to. a wider range of allergens.

Furthermore, the risk of BHR increases with the total number of allergen groups to
which children are reactive. Skin reactions to each additional allergen group, or a large
reaction within a group, acted to increase the risk of a child having BHR by an average
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of 70'",,. Thus, it appears that increasing severity of atopy, especially to the
predominant allergen groups, further increases the risk of BHR.

It is not known whether an atopic status predisposes children to develop BHR or
whether both conditions develop simultaneously in response lo environmental stimuli.
However, the finding that increasing severity of atopy was associated with increasing
severity of BHR provides evidence that there is a common mechanism in their
development. The correlation coefficient belween atopy and PD:,, FEVi was similar to
that reported by Cockcroft [4] who concluded that atopic status is one causative factor
for BHR and the low correlation between the two characteristics supports the concept
that other factors are involved. A quantitative relationship between atopy and asthma
has been reported by McNicol and Williams [19] who showed that children with more
severe asthma reacted more strongly, and to a wider range of allergens, than children
with mild episodic asthma. However, it it clear that there is not a direct causal
relationship between atopy and BH R. In our study, atopy did not account for all BHR
and most atopy was not associated with respiratory symptoms. We found that
approximately 10"/,, of non-atopic children had demonstrable BHR and. conversely,
nearly two thirds of atopic children had neither symptoms nor BH R and 50% of highly
atopic children were asymptomatic. Godfrey and Griffiths [20] have also reported that
many atopic children are asymptomatic. Welty ei al. [21] have suggested that airway
responsiveness and atopy in adults are independent traits, which are associated with
environmental exposure.

It is not known whether children inherit theability to become atopic and to develop
BHR or acquire it after birth. We found that both paternal and maternal asthma were
risk factors for atopy in childhood, however, as with the finding of an excess of parental
asthma in the inland area, this could result either from a genetic factor or from
common environmental exposure. There is evidence that skin-test reactivity occurs
more frequently in subjects with a family history of allergy [22.23] and Van Asperen et
al. [24] reported that in a group of infants with a family history of atopy one-half of the
group had rhinitis and one-quarter had wheeze by the age of 20 months. Sibbald and
Turner-Warwick [25] suggest that asthma and atopy are inherited independently and
that, aithough atopy itself does not predispose to asthma, it may enhance genetic
susceptibility to asthma, thus, increasing the likelihood that the latter will be expressed.

We conclude that, from birth, many environmental factors affect the likelihood of
atopic children having BHR and. lo a lesser extent, respiratory symptoms and
diagnosed asthma. Although it is clear that atopy is nol directly causal to BHR. the
finding ofa quantitative relationship between the two characteristics indicates that a
common mechanism may be involved in their development. We found a higher risk of
BHR in children living in the inland "pollen" region, who had larger pollen skin weal
sizes: in children atopic to both pollens and mites; and in children with a high inde.x of
atopy. These findings provide evidence that the relationship between atopy and BHR is
complex. It appears that, within the atopic population, the type of allergen to which the
individual is sensitized, the quantity of aeroallergen present in the environrnent and the
degree of atopy, as measured by the number and si/e of the skin reactions, are all
factors that may interact to increase the risk of BHR.
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