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Associations Between Atmospheric
Concentrations of Spores and

Emergency Department Visits for
Asthma Among Children Living in

Montreal
Marie Raphoz, MSc; Mark S. Goldberg, PhD; Michelle Garneau, PhD;

Léa Héguy, MSc; Marie-France Valois, MSc; Frédéric Guay, MSc

ABSTRACT. The authors carried out a time-series study to determine whether short-term increases in
the concentrations of spores were associated with emergency department visits from asthma among
children 0 to 9 years of age in Montreal, 1994–2004. Concentrations of spores were obtained from
one sampling monitor. The authors used parametric Poisson models to model the association between
daily admissions to emergency rooms for asthma and ambient exposures to a variety of spores,
adjusting for secular trends, changes in weather, and chemical pollutants. For first admissions and
exposures to Basidiomycetes, the authors found positive associations at all lags but the concurrent day.
For Deuteromycetes and Cladosporium, risks were positive starting at lag 3 days and diminished at
lag 6 days. There was little evidence of associations for readmissions, except for Basidiomycetes. The
results indicate that Basidiomycetes and Cladosporium spores may be implicated in the exacerbation
of asthma among children, most notably in the case of first-time visits to emergency departments,
and that the effects appear to be delayed by several days.

KEYWORDS: epidemiology, outdoor air pollutants, pediatric asthma, spores, time-series study

A sthma and various other allergic diseases are con-
sidered to be the most prevalent health condi-
tions worldwide.1 In 2005, the global prevalence of

asthma was about 300 million and there were about 255,000
deaths attributed to asthma. It has been predicted that in the
next decade deaths from asthma will increase by 20%.2,3 In
Canada, the prevalence of asthma (1996–1997) was approx-
imately 7.4%, and 10% of those afflicted were children.4

Marie Raphoz and Michelle Garneau are with the Department of Geography at Université du Québec à Montréal in Montreal, Quebec,
Canada, Mark S. Goldberg, Léa Héguy and Marie-France Valois are with the Marie-France Valois Department of Medicine at McGill
University in Montreal, Quebec, Canada; and with the Division of Clinical Epidemiology at McGill University Health Centre in Mon-
treal,Canada. Frédéric Guay is with the Consortium Ouranos sur la climatologie régionale et l’adaptation aux changements climatiques in
Montréal, Québec, Canada.

The etiology of asthma is multifactorial with a genetic pre-
disposition and an environmental component.1,5,6 Environ-
mental triggers include seasonal aeroallergens (eg, pollen),
colds and influenza, indoor mildew, animal hair and dander,
and household dust.1,7,8

Airborne spores are the reproductive cells of mushrooms
and there are about 100,000 different species.9,10 Airborne
spores can trigger respiratory diseases because the structure
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of the proteins makes them allergenic and their small size
permits them to become lodged in the airways and alveoli
of the lungs.11,12 As a result of such exposures, asthma may
develop or be exacerbated in sensitive individuals.13

Concentrations of airborne spores are influenced by
weather conditions and can attain levels 100 to 1,000 times
higher than those of pollen.14 Increasing temperatures may
extend the sporulation period, thereby providing longer time
intervals for exacerbating allergic symptoms. Concentrations
of spores in North America generally peak between the spring
and autumn and they are correlated with increasing tempera-
ture, so that in a “warm” year production of spores can begin
earlier and extend longer than usual.15–20 Moreover, because
cities are generally hotter than the surrounding countryside,
sporulation can begin earlier in urban areas as compared to
rural areas.

There have been only a handful of studies used to in-
vestigate associations between spores and asthma.11,21–26 We
conducted the present study to determine whether concentra-
tions of Basidiomycetes, Ganoderma, Deuteromycetes, and
Cladosporium spores were associated with visits to emer-
gency departments for asthma among children 0 to 9 years of
age living in Montreal, Quebec, Canada, between 1994 and
2004. We have previously published results from this study
regarding associations with grass and weed pollen.7

METHODS

Description of the data

The study included children, 0 to 9 years of age, living on
the Island of Montreal who were admitted for asthma (code
493 of the 9th revision of the International Classification of
Diseases) to emergency departments of hospitals in the city.3

(Montreal has slightly less than 2 million inhabitants living in
an area of about 500 km2 [2001]).27 Emergency department
visits were identified from records of the universal Quebec
health insurance plan. There are only 2 pediatric hospitals
and 1 adult acute care hospital in Montreal that serves pe-
diatric asthmatics and almost all of the visits were to these
institutions. Asthma was defined according to the initial as-
sessment of the attending emergency physician. These data
have 100% coverage, as all children in Quebec are registered
with the Quebec health insurance plan.

Each admission record was identified by a unique, de-
nominalized identifying number, so we were able to distin-
guish initial and subsequent visits to emergency departments.
In the analysis, we distinguished between first visits and
readmissions.

Concentrations of spores were determined using a
GRIPST-2000 rotary impact sampler of the Aerobiology Re-
search Laboratory, an Ontario-based private company that
manages the Canadian national network of aeroallergen col-
lectors. The sampler is located approximately 1 km north of
the Saint Lawrence River on the western part of the island,
and it was installed 2.45 m above the ground.

The spore collection period is generally from April 1st to
October 31st of each year. Some observations were below the
limit of detection in the beginning of spring and at the end of
autumn, probably due to early or late freezing periods, which
are known to suppress the production of spores.21 During the
collection period, spores were collected every morning at
08:00 and species were identified. Concentrations were thus
based on an average of the previous 24 hours, beginning
at 08:00. The 4 types of spores Basidiomycetes spp., Gan-
oderma spp., Deuteromycetes spp., and Cladosporium spp.
predominate in terms of quantity and allergenicity and these
were selected for analyses.21–23

The weather data were provided by the Meteorological
Service of Canada from their monitoring station located
at the Pierre Elliott Trudeau International Airport (Lati-
tude: 45◦28′05′′N; Longitude: 73◦44′29′′W) situated approx-
imately 30 km west of downtown Montreal. In the analyses,
we made use of maximum and minimum daily temperature,
maximum air pressure, and change in maximum air pressure
over the previous 24 hours. Twelve air pollution monitors
distributed over the Island provided hourly concentrations
of ozone (O3) and nitrogen dioxide (NO2). Ozone was mea-
sured using ultraviolet absorption and NO2 was measured
using chemical luminescence. There was considerable miss-
ing data for particles (PM2.5) and thus we did not consider
this pollutant in the analyses.

Statistical methods

The goal of the analyses was to estimate the association
between daily numbers of emergency department visits for
asthma and daily concentrations of spores. We thus used a
time-series design to meet this objective.21,28–33 As emer-
gency department visits for asthma are rare, we assumed that
the natural logarithm of the daily number of visits was dis-
tributed as a Poisson variable. Because the data were overdis-
persed (greater variation in the distribution than expected
by the Poisson model), we used quasi-likelihood estimation
in the Generalized Linear Models (in S-PLUS; MathSoft,
2002) to model the natural logarithm of daily counts of vis-
its as functions of the predictor variables (secular trends,
concentrations of spores, air pollution, weather).31,34 Emer-
gency department visits varied considerably, with important
seasonal and subseasonal trends, and we thus accounted for
this nuisance variable (referred hereafter as the “temporal
filter”) by modeling day during the observation period using
parametric natural cubic spline functions.

Our analyses were based on the period when spores were
present (April 1 to October 31) across the 11 years of obser-
vation. Because subjects were identified by unique and en-
crypted identifiers, we analyzed these outcomes separately.
Moreover, we selected a different temporal filter for initial
and subsequent visits because the temporal patterns were dif-
ferent. For each analysis, we selected the temporal filter by
varying the number of degrees of freedom (df ) of the natural
cubic spline function for day of study, so that the optimum
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filter was chosen that maximized (highest p value) the Bartlett
test for white noise.28,30,34 We evaluated these functions from
50 to 180 df . This selection also led to the least amount of
serial autocorrelation, as evaluated from the partial autocor-
relation function. In addition to this temporal filter, we also
accounted for other temporal trends in the emergency visit
data by including factors for year, month, and day of the
week (referred to as the “base model”).

To account for potential confounding from daily weather
conditions and concentrations of air pollution, we evaluated
a series of models that added to the base model variables
for daily maximum temperature, maximum barometric
pressure, maximum concentration of ozone, and maximum
concentration of NO2.28 These potential confounding
variables were evaluated from midnight to midnight, which
differed from the measurement of the spores (08:00–08:00),
and were included in the statistical model at the same lag that
the spores were evaluated at. The covariates were included
in the models as simple linear functions or as natural cubic
spline functions (from 2 to 5 degrees of freedom). We
found that the linear functions produced the best fit for all
potentially confounding variables (using a minimum Akaike
Information Criterion [AIC]).35 We also inspected visually
the exposure-response functions from the natural spline
functions to confirm these findings.35

The findings of linearity were consistent with previous ob-
servations for air pollution but were not consistent with what
is usually observed for maximum temperature, which for
many health outcomes often appears as a complex function
having an approximate threshold at lower temperatures and a
strong increasing exponential component at higher tempera-
tures. The linear effect in maximum temperature is, however,
quite plausible because of the restricted range of observa-
tions during the year (April to October). We also evaluated
whether the response functions for concentrations of the 4
types of spores were non-linear (using natural splines) and
again found that a linear function best described these data.

Starting with the base model, we determined, using a min-
imum AIC criterion, whether daily maximum temperature,
daily maximum air pressure, daily minimum temperature,
and change in maximum air pressure from the previous
24 hours improved the fit. As all 4 variables reduced the
AIC and because of strong correlations between the temper-
ature and pressure variables, we developed 2 sets of adjusted
models: model 1 incorporated maximum temperature and

maximum barometric pressure and model 2 included the dif-
ference in barometric pressure from the previous day and
minimum temperature. We then added to each of these mod-
els the two air pollutants (NO2, O3).

In estimating the short-term effect of concentrations of
spores on visits to the emergency department, we investigated
the same day of exposure (referred to as lag 0 days) as well
as lags 1 to 6 days. The potential confounding variables were
evaluated on the same day as the exposure for spores. Because
the concentration of spores referred to the time period ending
at 08:00 on the concurrent day, lag 0 day refers to the period
of exposure that included 16 hours from the previous day and
8 hours from the concurrent one.

The estimate of the association between concentrations of
each type of spore and emergency department visits from
asthma is presented as a mean percent change (MPC) for
a change of 100 spore grains per cubic meter and associ-
ated 95% confidence interval (CI). In computing the confi-
dence intervals, we assumed that the regression coefficient
was normally distributed, with the standard error corrected
for non-Poisson dispersion.29–31,36

RESULTS

Over the 11-year study period, 43,780 emergency depart-
ment visits were recorded, with 22,756 of these being single
visits (mean of 9.67 per day) and 21,024 representing read-
missions (mean of 8.93 per day) (Table 1). A decrease in
the number of annual visits was observed over the study pe-
riod, falling from a total of 5,156 in 1994 to 2,427 in 2004
(Figure 1).

The average distribution in concentrations of spores
during the sporulation season (April to October, 1994 to
2004) is shown in Figure 2. Figure 3 shows that there
was a secular increase in the number of Basidiomycetes
and Ganoderma during the study period but Cladospo-
rium and Deuteromycetes were fairly constant. Table 2
shows the distributions for spores, weather variables, and
atmospheric pollutants. Amongst the 4 types of spores
considered here, Deuteromycetes had the highest mean daily
concentrations (1,533 grains/m3) and Ganoderma the lowest
(395 grains/m3). Although Montreal has a rather temperate
climate, during the study period (April to October) the daily
average maximum temperature was fairly high (20.1◦C).

Table 1.—-Distribution of Daily Visits to the Emergency Department for Asthma Among Children Aged 0 to 9 Years
in Montreal, April to October, 1994–2004

Centiles
Total number over the study

period Mean number per day Variance 25 50 75 Maximum

First visits 22756 9.67 38.57 5 8 13 39
Readmissions 21024 8.93 34.93 5 8 12 41
Total visits 43780 18.60 115.27 11 17 25 71
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Fig. 1. Time series of all emergency department
visits due to asthma, for children aged 0 to 9 in
Montréal, 1994–2004. The continuous line is a LOESS
smooth that represents the long-term trend of the
data (span = 50%). (Figure is provided in color
online.)

Table 3 shows the estimated associations between all visits
for asthma (first and subsequent visits combined) to the emer-
gency department and concentrations for species of spores
across lags 0 to 6 days. The results are expressed as the
percentage increase in admissions per increase of 100 spore
grains/m3. We show results adjusted only for temporal trends
as well as for 2 models adjusted for different sets of weather
variables and for the 2 air pollution variables. (Recall that
model 1 was adjusted for maximum temperature, maximum
barometric pressure, maximum O3, maximum NO2; model 2
was adjusted for minimum temperature, difference in baro-
metric pressure from the previous day, maximum O3, maxi-
mum NO2.) There were little differences between models 1
and 2, but in some analyses there was some evidence of con-
founding (differences between the base and adjusted mod-
els).

For Basidiomycetes spores, we found positive associations
but with wide confidence intervals, except for lags 2 and 3
days in which the associations were mostly negative. Only
at lag 4 days did we find a positive association for which the
95% confidence interval did not include the null (ie, model 1:

Fig. 2. Average distribution of spores, April to October, Montreal, 1994 to 2004. (Figure is provided in color online.)
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Fig. 3. Time series of all spores, from January 1, 1994, until December 31, 2004. (Figure is provided in color online.)

Table 2.—-Distributions of Concentrations of Spores, Selected Weather Variables, and Pollutants, Montreal, April to
October, 1994–2004

Centiles

Units
Number of days of

observations Mean Minimum 25 50 75 Maximum

Basidiomycetes grains/m3 2077 800.41 0 36.1 453.4 1153.64 8128.8
Ganoderma grains/m3 2075 395.22 0 0 153.26 595.13 4429.68
Deuteromycetes grains/m3 2076 1533.03 0 299.79 1025.10 2061.75 27017.02
Cladosporium grains/m3 2075 897.72 0 131.3 467.16 1178.06 23129.02
Maximum temperature ◦C 2335 20.12 −5.10 15.20 21.40 25.70 36.20
Minimum temperature ◦C 2345 9.82 −14.50 4.90 10.70 15.10 24.60
Maximum barometric

pressure
mbar 2354 1013.30 992.40 1009.30 1013.10 1017.40 1036.70

Barometric pressure from
previous day

mbar 2354 0.02 −18.90 −3.30 0.25 3 21.10

Maximum ozone
concentration

µg/m3 2354 91.35 16 69 88 108 299

Maximum nitrogen dioxide
concentration

µg/m3 2354 86.95 22 67 84 102 248
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Fig. 4. Mean percent change in first visits and readmissions to emergency departments for asthma among Montreal
children between April and October, 1994–2004 (adjusted as per model 1). The estimated MPC in daily emergency
department visits due to asthma for an increase of 100 grains of spores/m3 is shown by the circles and the vertical
bars represent the 95% confidence intervals (95% CIs).
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Table 3.—-Mean Percent Change in All Visits to the Emergency Department for Asthma Among Children Aged 0–9
Years, Evaluated for an Increase of 100 Spore Grains/m3, Montreal, April to October, 1994–2004

Adjusted for temporal trends only Model 1 Model 2

Lag MPC (%) 95% CI (%) MPC (%) 95% CI (%) MPC (%) 95% CI (%)

Basidiomycetes 0 0.14 −0.02 0.32 0.12 −0.05 0.30 0.08 −0.09 0.26
1 0.07 −0.1 0.24 0.02 −0.15 0.21 −0.003 −0.18 0.17
2 −0.04 −0.22 0.13 −0.08 −0.26 0.09 −0.11 −0.29 0.07
3 0.03 −0.14 0.21 0.01 −0.16 0.19 0.009 −0.17 0.19
4 0.2 0.03 0.37 0.19 0.01 0.36 0.22 0.04 0.40
5 0.1 −0.06 0.27 0.14 −0.02 0.32 0.16 −0.01 0.34
6 0.1 −0.06 0.27 0.17 −0.001 0.34 0.18 0.004 0.35

Ganoderma 0 0.06 −0.28 0.42 −0.01 −0.38 0.34 −0.05 −0.42 0.30
1 0.11 −0.23 0.47 0.02 −0.33 0.38 −0.005 −0.36 0.35
2 −0.3 −0.66 0.05 −0.40 −0.77 −0.04 −0.42 −0.79 −0.05
3 −0.27 −0.62 0.08 −0.32 −0.68 0.03 −0.33 −0.69 0.03
4 0.06 −0.28 0.41 0.03 −0.32 0.40 0.08 −0.28 0.44
5 −0.16 −0.51 0.19 −0.05 −0.41 0.30 −0.06 −0.42 0.30
6 0.06 −0.27 0.41 0.25 −0.10 0.60 0.22 −0.13 0.57

Deuteromycetes 0 0.02 −0.06 0.11 0.01 −0.08 0.10 −0.01 −0.11 0.07
1 −0.01 −0.10 0.07 −0.04 −0.13 0.05 −0.06 −0.16 0.02
2 −0.13 −0.23 −0.04 −0.17 −0.27 −0.07 −0.19 −0.29 −0.09
3 0.02 −0.06 0.11 0.01 −0.07 0.10 0.01 −0.08 0.10
4 0.08 −0.004 0.16 0.08 −0.009 0.17 0.09 0.003 0.18
5 0.01 −0.07 0.09 0.03 −0.05 0.12 0.04 −0.04 0.13
6 −0.07 −0.16 0.01 −0.03 −0.12 0.05 −0.03 −0.12 0.05

Cladosporium 0 0.03 −0.08 0.15 0.009 −0.11 0.13 −0.01 −0.13 0.11
1 −0.08 −0.20 0.04 −0.12 −0.25 0.007 −0.14 −0.27 −0.01
2 −0.15 −0.28 −0.02 −0.20 −0.33 −0.06 −0.20 −0.34 −0.07
3 0.03 −0.08 0.15 0.02 −0.10 0.14 0.02 −0.10 0.14
4 0.13 0.01 0.25 0.13 0.01 0.25 0.14 0.023 0.26
5 0.04 −0.07 0.16 0.07 −0.04 0.19 0.08 −0.03 0.20
6 −0.06 −0.18 0.05 −0.01 −0.13 0.10 −0.02 −0.14 0.10

Note. Model 1: Also adjusted for maximum temperature, maximum barometric pressure, maximum O3, maximum NO2. Model 2: Also adjusted for
minimum temperature, difference in barometric pressure from the previous day, maximum O3, maximum NO2.

MPClag4 = 0.19%, 95% CI: 0.01–0.36%; model 2: MPClag4 =
0.22%, 95% CI: 0.04–0.40%).

The pattern of associations for Ganoderma was mostly
negative (eg, model 2, negative associations at lags 0 to 3
days and lag 5 days), with a significant negative association
observed at lag 2 days (model 1: MPClag2 = −0.40%, 95%
CI: −0.77%, −0.04%; model 2: MPClag2 = −0.42%, 95%
CI: −0.79%, −0.05%).

The pattern for Deuteromycetes was similar to Ganoderma
(negative associations in model 2 at lags 0 to 2 days and at lag
6 days), with a significant negative association at lag 2 days
(model 1: MPClag2 = −0.17%, 95% CI: −0.27%, −0.07%;
model 2: MPClag2 = −0.19%, 95% CI: −0.29%, −0.09%).

The pattern for Cladosporium was similar again to the 2
previous types of spores, with a significant negative associa-
tion found at lag 2 days (model 1: MPClag2 = −0.20%, 95%
CI: −0.33%, −0.06%; model 2: MPClag2 = −0.20%, 95%
CI: −0.34%, −0.07%) and at lag 1 day (model 2: MPClag1 =
−0.14%, 95% CI: −0.27%, −0.01%).

We also conducted a series of analyses separating first vis-
its from readmissions (Figure 4). Because there were little
differences between the results from model 1 and model 2,

we present only the findings from model 1. The pattern of
associations for all types of spores but Ganoderma differed
considerably from that found in Table 1, especially for first
admissions. Specifically, for first admissions and exposures
to Basidiomycetes, we found positive associations at all lags
but the concurrent day. For Deuteromycetes and Cladospo-
rium, risks were positive starting at lag 3 days and diminished
at lag 6 days. Some of the associations reached statistical sig-
nificance.

COMMENT

It has been recognized for nearly a century that spores
play a role in exacerbating asthma.37,38 In most Canadian
cities, exacerbations in asthma were associated with elevated
levels of aeroallergens, especially with fungal spores.21–24

Fungal spores also provoke hypersensitivity in asthmatics
via production of immunoglobulin E (IgE).24,39

In the present study, we investigated the association be-
tween selected types of spores and visits to the emergency
department for asthma among children under 10 years of
age. After accounting for the potential confounding effects of
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ambient air pollution and changes in weather, we found that
first visits to the emergency department for asthma increased
when concentrations of Basidiomycetes, Deuteromycetes,
and Cladosporium spores were increased 3 or more days
beforehand. For Basidiomycetes, there was also a lagged ef-
fect for readmissions.

Lewis et al40 presented positive findings concerning the
effect of Cladosporium spores on hospital admissions due
to asthma. Other investigators also reported significant pos-
itive associations between Cladosporium spores and asthma
(eg, emergency department visits, peak expiratory flow
rates).11,22,25,26

Positive associations between Basidiomycetes spores and
asthma (eg, hospital admissions, peak expiratory flow rate)
have been found41,42 and in 2 studies conducted in Canada by
Dales and coworkers21–23 Basidiomycetes spores were found
to be associated with emergency department visits as well as
hospitalizations. In contrast, other studies showed no asso-
ciations between Cladosporium spores and the exacerbation
of asthma43–45 nor for Basidiomycetes spores.32,46,47

Negative associations were also found in our study be-
tween emergency department visits and Deuteromycetes
spores and Ganoderma spores. Significant negative associa-
tions between concentrations of Deuteromycetes spores and
emergency department visits have been also been found by
Stieb et al.32 Rosas et al48 observed a weak positive associ-
ation between Deuteromycetes and hospital admissions for
asthma. A study conducted by Lierl and Hornung49 found no
association between concentrations of total spores and emer-
gency department visits and hospitalizations for asthma. It is
difficult to interpret these negative findings.

Atmospheric pollution may have a confounding effect on
the associations between fungal spores and asthma.11,17 Dales
and coworkers,21–23 Delfino et al41 and Rosas et al48 adjusted
for a number of atmospheric pollutants (eg, O3, NO2, SO2)
and found that they did not greatly influence the associa-
tions found between the health indicator data used and con-
centrations of spores. We also did not find any important
confounding effects from concentrations of O3 and NO2.

Methodological considerations

Validity of the Health Care Data

Data on visits to the emergency department for asthma
were obtained from Quebec’s universal health insurance plan
where asthma was defined according to the initial assessment
of the attending emergency physician. With respect to asthma
(ICD9–493) Gadomski et al50 showed in a US Medicaid study
that code-recoding errors are minimal, although it is unclear
whether this is generalizable to data from emergency de-
partments in Montreal. There are no available estimates of
the validity or reliability of emergency department visits in
Montreal. However, asthma in children can be misdiagnosed
and/or confused with other diseases such as bronchitis, and it
is likely that in our study there were errors in diagnoses. For
example, some admissions coded as asthma may have been

for viral respiratory infections, although viral infections can
cause exacerbations of asthma (about 80% to 85% of exacer-
bations of asthma among children ages 9 to 11 years are from
viral).43,51,52 Moreover, To et al53 observed that health pro-
fessionals have a tendency to overdiagnose asthma.54 Delfino
et al55 analyzed Quebec’s hospitalization discharge database
and showed that the reliability of respiratory diagnoses was
higher among young people and that the reliability of di-
agnoses for asthma was 94.9%. Moreover, infectious agents
such as respiratory syncytial virus, which causes bronchioli-
tis, can lead to the development of asthma among children.1

In any event, the effects of misclassification, if independent
of concentrations of spores, should have led to attenuated
estimates of effect.

In recent years in Montreal there has been an effort to con-
trol asthma attacks using preventive pharmacological mea-
sures (notably combinations of bronchodilators and corticos-
teroids, taken either preventatively or at time of attack).8,56

Indeed, as shown in Table 2 and Figure 4, there has been
a decrease over the 11-year study period in emergency de-
partment visits for asthma among children, even though the
overall incidence has been increasing.

The associations found in this study could be due to
chance, to deleterious effects of spores (positive associ-
ations), or to a bias introduced by the improved control
of asthma following a first visit to the emergency depart-
ment (negative associations). The significant negative as-
sociations observed in the present study, notably those for
Deuteromycetes spores, with readmissions and total emer-
gency department visits may be due to improved control of
asthma following a first visit to the emergency department.
After a first visit to the emergency department, patients could
receive information from health professionals about their
condition, the principles of eliminating irritants from their
environment, and the effective use of medication to better
control their disease.

In the absence of personal information on exacerbations
(eg, daily diaries), emergency department visits represent
a sensitive health indicator (in contrast to hospitalizations,
for example). The clinical spectrum of respiratory diseases
recorded in emergency department visits is likewise more
representative than that found in other contexts because
severity of respiratory diseases is larger.57

Data on Spores

There was only one single, fixed-site to measure concentra-
tions of spores in the study area. It has been shown previously
by Ross et al58 and by Lewis et al40 that a single collector
can represent the temporal variation of the distribution of
concentrations of spores of a given species over a large area.
We used the period April 1 to October 31 to capture all spore
production activity during the growing season. We found that
concentrations of spores were below the level of detection at
the beginning of the spring and at the end of fall, and this was
probably due to late or early frosts which are known to limit
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the production of spore grains.21 The truncation of the spore
production season may have affected the statistical power to
detect associations, especially for Deuteromycetes spores, as
the strongest spore productions periods normally occur at the
end of summer and in early fall.

Confounding

We adjusted for maximum daily temperature, maximum
barometric pressure, and maximal concentrations of tropo-
spheric ozone and nitrogen dioxide. Because of the correla-
tions between pollutants (including SO2 and CO), adjustment
for ozone and nitrogen dioxide were probably sufficient to
adjust for the potential confounding effects of air pollution. In
any event, there were considerable missing data for fine par-
ticles (PM2.5) because the nominal sampling frequency was
every sixth day and, thus, we did not include this pollutant
in the models. However, NO2 was reasonably well corre-
lated during the study period with PM2.5 (r = .38). Although
wind and precipitation are known to affect concentrations of
aeroallergens,22,47,59–61 we did not adjust for these weather
factors because of missing data. Lastly, we could not adjust
for influenza or other viral epidemics because there are no
available data sources. Again, however, it is unlikely that
these variables would have confounded the observed associ-
ations because viral epidemics are not likely to be correlated
with spores, as these epidemics usually occur in the colder
months that were not included in the study period.

Prevention

It is probably premature to make causal statements regard-
ing specific association between exacerbations of asthma and
exposure to certain types of spores, although it seems plausi-
ble that such a connection may exist. In our view, the extent
of the data and the consistency of the findings of the acute ef-
fects of spores on health are, however, not sufficient to make
causal statements. With regards to reducing the production
of spores, we are not aware of any means for mitigating con-
centrations. This is unlike the situation with ragweed, for
example, where many municipalities have implemented pro-
grams to eliminate it from their geographical limits. As well,
for air pollution, in many jurisdictions there are ambient air
quality standards and guidelines that are supposed to be used
to limit concentrations for a few of the “criteria” pollutants.

In the case of some exposures, indices, such as for air
quality or ultraviolet light, are available publicly to provide
the population with some information to make personal
decisions regarding limiting their own personal exposures.
The development of such publicly used indices is a nontrivial
exercise and requires strong scientific data and extensive
field-testing to determine the effectiveness of the maneuver.
We do not believe that we are in a position to develop such
indices for spores.

Most physicians and other clinicians are not trained to
identify risks from most environmental exposures, except

perhaps ultraviolet light, although there is a slowly growing
group of occupational physicians who are being trained to
identify occupationally related diseases and to manage risks
and the course of these diseases. Notable is the training pro-
gram of Katja Radon and her collaborators at the Ludwig
Maximillian University, Munich. Thus, given the state of our
knowledge for spores, it would seem that informing physi-
cians of this risk, in the face of ones that have much less
uncertainty (eg, air pollution, radon, environmental tobacco
smoke, ultaviolet), seems premature.

Conclusion

In conclusion, we found lagged positive effects between
Cladosporium and Basidiospores and initial emergency de-
partment visits. Given that the climate is warming, thereby
affecting the growing season and increasing the production
of spores,62 it is possible that stronger associations may be
found in the future.
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4. Public Health Agency. Prévention et prise en charge de l’asthme au
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