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The fungus 

 

Alternaria

 

 is known to be allergenic and is one of the
most common fungi worldwide. We investigated the extent to
which exposure to 

 

Alternaria

 

 increases the severity of asthma. We
undertook a prospective cohort study in Australia of 399 school
children who had positive skin tests to one or more aeroallergens.
Airway responsiveness to histamine, wheeze, and bronchodilator
use in 1 mo was measured five times between 1997 and 1999. Air-
way hyperresponsiveness was defined as PD

 

20

 

FEV

 

1

 

 

 

�

 

 3.9 

 

�

 

mol his-
tamine. Airborne concentrations of 

 

Alternaria

 

 spores were mea-

 

sured throughout the study, and mean daily concentrations over
1 mo ranged from 2.2 to 307.7 spores/m

 

3

 

 of ambient air. Using
generalized estimating equations, we found that airway respon-
siveness, wheeze, and bronchodilator use increased significantly
in association with increased spore concentrations and that the in-
crease in airway responsiveness was greater in children sensitized
to 

 

Alternarxia

 

 than in other children (p 

 

�

 

 0.01). The odds ratio for
airway hyperresponsiveness in children sensitized to 

 

Alternaria

 

was 1.26 (95% CI, 1.14 to 1.39) after an increase in mean exposure
of 100 spore/m

 

3

 

/d over 1 mo. These results suggest that 

 

Alternaria

 

allergens contribute to severe asthma in regions where exposure
to the fungus is high.
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Fungi make up the largest proportion of airborne biologic par-
ticles (1, 2). Evidence of sensitivity to 

 

Alternaria

 

 and 

 

Clado-
sporium

 

 is commonly obtained by skin prick tests in clinical
practice, but the implications of these allergies for respiratory
illness have not been well characterized.

 

Alternaria

 

 is one of the most common fungal genera world-
wide (1–3). Species parasitize a wide range of plants, and they
are found in both urban and rural areas and are particularly
prevalent in warm climates and regions where there is sub-
stantial cropping (4–7). The reported prevalence of sensitiza-
tion to 

 

Alternaria

 

 in population samples of children ranges
from less than 1% in Austria (8) to 50% in Arizona, USA (9).
The major allergen (Alt a1) has been isolated from both the
spores and the mycelia of strains of 

 

Alternaria alternata

 

 (10,
11). The spores, which range between 2 and 8 

 

�

 

m in diameter
(12), are small enough to be inhaled and, under laboratory
conditions, provoke respiratory symptoms and airway respon-
siveness in asthmatics (13).

Persons sensitized to 

 

Alternaria

 

 allergens are at least three
times more likely to have asthma than the general population

(14, 15). Respiratory arrest in asthmatics sensitized to 

 

Alterna-
ria

 

 is more likely to occur during harvesting seasons when air-
borne concentrations of 

 

Alternaria

 

 spores are high (5).
The effect of natural exposure to 

 

Alternaria

 

 spores on air-
way responsiveness and respiratory symptoms in a general
population of allergic children has not been investigated. We
undertook a prospective cohort study of allergic school chil-
dren in two regions of New South Wales, Australia, where the
prevalence of sensitization to 

 

Alternaria

 

 was known to be high
(16). Our hypothesis was that symptoms and airway respon-
siveness would increase in association with an increase in air-
borne concentrations of 

 

Alternaria

 

 spores, and that this associ-
ation would only be found in children sensitized to 

 

Alternaria

 

.

 

METHODS

 

A prospective cohort study of 399 school children was conducted in
two inland rural towns, Wagga Wagga and Moree, in southeastern
Australia. The Human Ethics Committee at the University of Sydney
gave approval for the study. Population samples of children in the
towns had skin prick tests for allergy to eight allergens, including 

 

Al-
ternaria

 

, rye grass pollen, 

 

Cladosporium

 

, 

 

Dermatophagoides pteronys-
sinus

 

, and cat dander (17). All children in Moree and a random sam-
ple of children in Wagga Wagga with a positive skin prick test to

 

Alternaria

 

 were selected for study (n 

 

�

 

 179). In addition, a random
sample of children from both towns with one or more positive skin
prick tests to other allergens but not to 

 

Alternaria

 

 were selected (n 

 

�

 

220). The mean age was 9.1 yr (SD, 1.0) for children sensitized to 

 

Al-
ternaria

 

, and it was 9.1 yr (SD, 1.1) for the other children.
The children were assessed on five occasions in each town between

August 1997 and June 1999. At each assessment, parents completed a
questionnaire about respiratory symptoms in their child during the
previous month (18), and lung function and airway responsiveness
were measured in the children. Airway responsiveness was measured
by a histamine bronchial provocation test (19). Dose-response ratio
(DRR), which was the level of airway responsiveness, was calculated
as the percent fall in FEV

 

1

 

 at the last dose divided by the total dose of
histamine administered (FEV

 

1

 

/

 

�

 

mol) (20, 21). Subjects with a greater
than 20% fall in FEV

 

1

 

 at or before the maximum cumulative dose (3.9

 

�

 

mol) were classified as having airway hyperresponsiveness (AHR).
Burkard volumetric traps placed on the roofs of the local hospital

were used to measure concentrations of 

 

Alternaria

 

 spores and pollen
in the ambient air in the towns throughout the study period (22).
Spore and pollen concentrations were expressed as number per cubic
meter of air per 24 h.

The association between 

 

Alternaria

 

 exposure and presence and
severity of asthma was examined using four respiratory outcomes:
DRR, AHR, wheeze, and bronchodilator use. 

 

Alternaria

 

 and pollen
exposures were defined as the mean daily airborne concentrations
measured in each town for 30 d preceding the mid-date of each assess-
ment period. Generalized estimating equations (GEE) were used to
measure the association between outcomes and exposures (23, 24).
All analyses were performed using the statistical program STATA.

Separate models relating 

 

Alternaria

 

 exposure to the respiratory
outcomes were constructed for children sensitized to a specific aller-
gen and children who were sensitized to other aeroallergens. We
tested whether the relation between 

 

Alternaria

 

 exposure and the re-
spiratory outcomes differed significantly between the groups of chil-
dren. Possible confounders were placed in the models one at a time
and removed if they did not have an important effect or substantially
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increased the standard error. Grass pollen could not be tested as a
confounder because of the high correlation between 

 

Alternaria

 

 spore
concentrations and grass pollen concentrations. The effects from ex-
posure to 

 

Alternaria

 

 on the respiratory outcomes were calculated for
an increase in mean daily airborne concentration of 100 spores/m

 

3

 

over 1 mo.

 

RESULTS

 

Exposure to 

 

Alternaria

 

, Pollen, House Dust Mites, and 
Meteorologic Factors

 

Mean daily airborne concentrations of 

 

Alternaria

 

 spores in
Moree were higher than those in Wagga Wagga for most of
the year. Concentrations were lowest during winter in both
towns and were highest during summer. Mean daily airborne

 

Alternaria

 

 spore concentrations for the 30 d preceding the
mid-date of each of the five assessment periods ranged from
2.2 spores/m

 

3

 

 (range, 0 to 9) to 300.6 spores/m

 

3

 

 (range, 39 to
1,270.5) in Wagga Wagga, and from 14.3 spores/m

 

3

 

 (range, 0 to
55.5) to 307.7 spores/m

 

3

 

 (range, 3 to 916.5) in Moree. Mean
spore counts over 3 d were strongly correlated with spore
counts over 30 d (r 

 

�

 

 0.93, p 

 

�

 

 0.001). The spore concentra-
tions were also strongly correlated with grass pollen concen-
trations (r 

 

�

 

 0.94, p 

 

�

 

 0.001) and with mean daily temperature
for the previous month (r 

 

�

 

 0.78, p 

 

�

 

 0.001). There were mod-
erate positive correlations between mean 

 

Alternaria

 

 spore
concentrations and non-grass pollen (r 

 

�

 

 0.39, p 

 

�

 

 0.001) and
house dust mite allergen concentrations (r 

 

�

 

 0.42). Mean 

 

Al-
ternaria

 

 spore concentrations were negatively correlated with
mean relative humidity (r 

 

�

 

 

 

�

 

0.51, p 

 

�

 

 0.001) and weakly
positively correlated with mean rainfall (r 

 

�

 

 0.13, p 

 

�

 

 0.001).

 

Allergic Sensitization

 

Sensitization to 

 

Cladosporium

 

, mixed grains, and cat dander
were more common and sensitization to house dust mite was
less common among the children sensitized to 

 

Alternaria

 

 than
among non-

 

Alternaria

 

 sensitized children (Table 1). The asso-
ciation was strongest between being sensitized to 

 

Alternaria

 

and being sensitized to 

 

Cladosporium

 

 (kappa coefficient, 0.49;
p 

 

�

 

 0.0001). There was no difference between the two towns
in the distribution of specific sensitization between 

 

Alternaria

 

-
sensitized children and non-

 

Alternaria

 

-sensitized children. Greater
than 88% of the children who tested positive for allergic sensi-
tization to 

 

Alternaria

 

 at the beginning of the study also tested
positive at the final visit (kappa coefficient, 0.74; p 

 

�

 

 0.0001).

 

The Association between Airway Responsiveness and 

 

Alternaria

 

 Spore Concentrations

 

Children sensitized to 

 

Alternaria

 

 were more likely to have air-
way hyperresponsiveness than were other allergic children
(Figure 1). The difference between 

 

Alternaria

 

-sensitized chil-
dren and other allergic children in the proportion of children
with AHR increased with increasing spore concentrations.

There was a significant difference between 

 

Alternaria

 

-sen-
sitized children and other allergic children in the association
between 

 

Alternaria

 

 spore concentrations and presence of
AHR (Table 2). The presence of AHR was significantly asso-
ciated with spore concentrations in 

 

Alternaria

 

-sensitized chil-
dren, whereas it was not in other allergic children. The effect
from an increase of 100 spores/m

 

3

 

air/d over 1 mo is shown in
Table 2. None of the potential confounders had a strong effect
on the association between airway responsiveness and 

 

Alter-
naria

 

 spore concentrations, and unadjusted measures of the
associations are reported. The odds for AHR after an increase
in mean exposure of 300 spores/m

 

3

 

/d over 1 mo almost dou-
bled for children sensitized to 

 

Alternaria

 

 compared with other
allergic children (odds ratio, 1.99; 95% CI, 1.45 to 2.70).

The relation between severity of airway responsiveness mea-
sured by DRR and 

 

Alternaria

 

 spore concentrations also dif-
fered significantly between children sensitized to 

 

Alternaria

 

 com-
pared with children sensitized to other allergens (p 

 

�

 

 0.01).
After an increase in mean exposure of 100 spores/m

 

3

 

air/d over 1
mo, DRR increased by a factor of 1.14 (95% CI, 1.09 to 1.19)
in 

 

Alternaria

 

-sensitized children and 1.06 (95% CI, 1.02 to
1.10) in the other allergic children.

It was not possible to directly test the effect of confounding
by grass pollen exposure because of the strong correlation be-
tween grass pollen and 

 

Alternaria

 

 spore concentrations. How-
ever, there was no difference between rye-grass-sensitized and
other allergic children in the association between 

 

Alternaria

 

 spore
concentrations measured by DRR (p 

 

�

 

 0.76) or presence of
AHR (p 

 

�

 

 0.45). There was also no difference between rye-
grass-sensitized and other allergic children in the association
between grass pollen concentrations and DRR (p 

 

�

 

 0.84) or
presence of AHR (p 

 

�

 

 0.68). Finally, there was a significant
difference between 

 

Alternaria

 

-sensitized children and other
allergic children in the association between grass pollen con-

 

TABLE 1. CHARACTERISTICS OF STUDY SAMPLES AT
RECRUITMENT

 

Characteristic

Sensitized to

 

Alternaria

 

(

 

n

 

 

 

�

 

 

 

179

 

)

Sensitized to Other
Allergens
(

 

n

 

 

 

�

 

 

 

220

 

)

% (95% CI) % (95% CI)

Male 37.4 (30.3–45.0) 44.1 (37.4–50.9)
Wheeze in the preceding year 43.0 (35.7–50.6) 39.7 (33.1–46.5)
Percent predicted FEV

 

1

 

* 99.3 (97.5–99.9) 98.2 (96.6–99.8)
Specific allergic sensitization

House dust mite 53.1 (45.5–60.6) 75.0 (68.7–80.6)
Rye grass pollen 62.0 (54.5–69.1) 45.5 (38.7–52.3)

 

Cladosporium

 

49.2 (41.6–56.7) 2.3 (0.7–5.2)
Cat dander 25.1 (19.0–32.2) 12.3 (8.2–17.4)
Wheat whole grain 7.8 (4.3–12.8) 6.8 (3.9–11.0)
Grain mill dust 35.2 (28.2–42.7) 7.3 (4.2–11.5)
Cotton 1.7 (0.3–3.9) 1.4 (0.3–4.8)

* Reference values (42).

Figure 1. Difference between children sensitized to Alternaria and chil-
dren sensitized to other allergens in proportion to airway hyperrespon-
siveness, wheeze, or using bronchodilator against airborne concentra-
tions of Alternaria. Airway hyperresponsiveness (closed circles). Wheezed
some or more days each week during the previous month (open cir-
cles). Used bronchodilator four or more times a week during the previ-
ous month (shaded circles). WW � Wagga Wagga; MO � Moree.
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centrations and DRR (p 

 

�

 

 0.01), although not for the pres-
ence of AHR (p 

 

� 0.15).
An increase in mean exposure of 100 Alternaria spores/m3/d

over 1 mo was associated with a 1.15-fold increase in DRR
(95% CI, 1.09 to 1.22) in children sensitized to Cladosporium,
which was significantly higher than the effect measured in
other children (p � 0.02). There were negative interactions by
house dust mite sensitization with Alternaria spore concentra-
tions and AHR (p � 0.002) and DRR (p � 0.02). Children
sensitized to house dust mite were less likely to have increased
airway responsiveness as Alternaria spore concentrations in-
creased.

The Association between Wheeze and Alternaria
Spore Concentrations

The proportion of children with wheeze tended to increase
with increasing spore concentrations, but the effect was not
specific for children sensitized to Alternaria (Figure 1 and Ta-
ble 2). There also was no interaction by sensitization to any
other allergens in the association between wheeze and spore
concentrations, although the interaction with grass pollen sen-
sitization was nearly significant (p � 0.05). The odds ratio for
wheeze on some days or more associated with an increase in
mean exposure of 100 spores/m3air over 1 mo for children sen-
sitized to Alternaria combined with children sensitized to
other allergens was 1.10 (95% CI, 1.00 to 1.20). None of the
potential confounders had a strong effect on the association
between wheeze and Alternaria spore concentrations.

The Association between Bronchodilator Use and Alternaria 
Spore Concentrations

The proportion of children using bronchodilator tended to in-
crease with increasing spore concentrations, but the effect was
not specific for Alternaria-sensitized children (Figure 1 and Ta-
ble 2). There was no interaction by sensitization to Alternaria or
any other allergens in the association between bronchodilator
use and Alternaria spore concentrations for any frequency cate-
gories of bronchodilator use (Table 2). The odds ratio for using
bronchodilator four or more times a week associated with an in-
crease in mean exposure of 100 spores/m3air over 1 mo for chil-
dren sensitized to Alternaria combined with children sensitized
to other allergens was 1.06 (95% CI, 0.97 to 1.17).

DISCUSSION

This is the first study to examine the effects of natural expo-
sure to Alternaria in both symptomatic and nonsymptomatic
children using an objective measure of airway abnormality. By
conducting a long prospective study, we found that the sever-
ity of airway hyperresponsiveness, which is a fundamental com-
ponent of current symptomatic asthma, increased with airborne
Alternaria spore concentrations and that the effect was signifi-

cantly greater in Alternaria-sensitized children. We also found
that wheeze increased in periods of high spore concentrations,
although this effect was not specific for children sensitized to
Alternaria.

Standard methods were used to measure allergic sensitiza-
tion, symptoms, medication use, and airway responsiveness.
We found the strongest association between Alternaria spore
concentrations and airway responsiveness. Airway hyper-
responsiveness is a highly specific indicator for asthma and
asthma exacerbations, airway inflammation and long-term
asthma (25–28). There may have been errors in parental recall
of wheeze and bronchodilator use, which could have masked a
specific effect related to Alternaria sensitization.

We used a proxy measure for true personal exposure to Al-
ternaria in that we estimated that airborne concentrations
from one fixed point in the towns would be a valid measure of
inhaled dose. However, personal exposure to Alternaria is
likely to vary significantly from estimates of exposure at a
fixed point and between individual subjects (29). There would
have also been some error in the measurement of exposure
because the allergen rather than the spores per se induce an
allergic response. Airborne concentrations of Alternaria aller-
gens have been reported as closely related and as unrelated to
airborne Alternaria spore concentrations (30, 31). The most
likely effect of the measurement errors is that we have under-
estimated the strength of the relation between Alternaria
spore concentrations and the respiratory outcomes (32, 33).

It is possible that exposure to other allergens whose air-
borne concentrations were closely correlated with Alternaria
could explain some of the observed effects. Grass-pollen con-
centrations were closely correlated with spore concentrations
but we found no evidence of an increase in airway responsive-
ness or bronchodilator use that was specific to children who
were sensitized to rye grass. The association with wheeze fre-
quency may have been related to rye-grass sensitization status
as the test of interaction was borderline-significant. There was
evidence of a specific relation with airway responsiveness in
children sensitized to Cladosporium. We did not measure air-
borne concentrations of Cladosporium and are therefore un-
able to determine whether this relation exits because of a close
correlation between Alternaria and Cladosporium spore con-
centrations or because of the strong association between being
sensitized to Alternaria and also being sensitized to Cladospo-
rium. We conclude that the observed association between Al-
ternaria spore concentrations and airway responsiveness can
be attributed to fungal exposure. However, the apparent asso-
ciation with wheeze frequency may be attributable to other
confounding factors, possibly grass pollen exposure.

The association observed between airway responsiveness
and Alternaria spore concentrations was based on mean air-
borne concentrations over 1 mo for 10 mo in different seasons
over 2 yr. The effect of changes in allergen exposure on level

TABLE 2. EFFECT OF INCREASE IN EXPOSURE BY 100 ALTERNARIA SPORES/m3/d OVER ONE MONTH*

Outcomes

Sensitized to Alternaria
Sensitized to Other Allergens

(not sensitized Alternaria) p Value for 
Difference

in Odds RatioOdds Ratio (95% CI) Odds Ratio (95% CI)

Airway hyperresponsiveness 1.26† 1.14–1.39 1.03 0.97–1.19 0.04
Wheeze on some or more days each week during the previous month 1.17‡ 1.03–1.32 1.02 0.90–1.16 0.14
Bronchodilator used four or more days each week during the previous month 1.11‡ 1.03–1.27 1.02 0.90–1.15 0.39

* The numbers of observations used in analyses for airway responsiveness were 750 for Alternaria-sensitized children and 877 for children sensitized to other allergens. The num-
bers of observations used in the analyses for wheeze and bronchodilator use were 661 for Alternaria-sensitized children and 706 for children sensitized to other allergens.

† p � 0.01 relative to reference group (no wheeze or no bronchodilator use).
‡ p � 0.05 relative to reference group (no wheeze or no bronchodilator use).
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of airway hyperresponsiveness is known to extend for several
weeks, and therefore the averaging period of 4 wk may be ap-
propriate for measuring the effect of Alternaria exposure on
this feature of asthma (34, 35). As we expected increased air-
way responsiveness to be associated with more frequent symp-
toms and need for bronchodilator, we believed that it was
appropriate to measure these outcomes in the same context.
However, because of the limited number of measurements of
exposure, we are unable to describe the nature of the dose-
response relation in detail, and the period of exposure neces-
sary to cause an adverse respiratory outcome may be less than 1
mo. A significant association has been measured between
daily airborne Alternaria spore concentrations and daily asthma
symptoms using time series analysis in a cohort study of 19
asthmatics living in Southern California (36).

In regions where exposure to Alternaria is high, sensitiza-
tion to the fungus is more strongly associated with asthma
than sensitization to other allergens (9, 15). The airborne con-
centrations of Alternaria that we measured in Moree and in
Wagga Wagga, and have been measured in other hot dry in-
land regions, are orders of magnitude higher than concentra-
tions measured in cold temperate climates (37–39). In Ari-
zona, children are more likely to have persistent asthma if
they are sensitized to Alternaria than if they are sensitized to
house dust mite (9). In coastal New South Wales, where air-
borne concentrations of Alternaria are lower than they are in
Moree and Wagga Wagga, children with asthma are more
likely to be sensitized to house dust mite than they are to Al-
ternaria (15, 16, 22, 40).

We also found that the proportion of children sensitized to
Alternaria who had airway hyperresponsiveness was approxi-
mately twice that of other allergic children, even during peri-
ods of “low” airborne concentrations of Alternaria. A study
in France has found that sensitization to Alternaria is more
strongly associated with reports of severe asthma than with re-
ports of mild asthma (41).

In conclusion, we found that increases in respiratory symp-
toms and airway responsiveness were associated with in-
creases in airborne concentrations of Alternaria. In addition,
the association between spore concentrations and airway re-
sponsiveness was significantly stronger in children who were
sensitized to Alternaria. This suggests that exposure to Alter-
naria is an important cause of more severe asthma in regions
when exposure to the fungus is high. Further research is needed
to more closely define the dose-response relation between Al-
ternaria exposure and asthma and to develop effective envi-
ronmental and therapeutic interventions.
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