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Abstract

Moulds are common aeroallergens and Cladosporium is
considered to be the most prevalent of them. The objective of the
studies was to determine the seasonal variation in concentrations
of Cladosporium spores due to meteorological parameters. The
meteorological parameters analysed were maximum air tempera-
ture, relative humidity, amount of precipitation and wind speed.

The greatest threat from Cladosporium allergens was po-
sed from the middle of May (2004, 2006) and June (2005) till the
middle of October (2005) and in the end of October (2004) till the
middle of November (2006).

Statistically significant correlations were found among
the Cladosporium spore count in the air and maximum air tem-
perature in all the analysed seasons, and amount of precipitation
only in one season. The spore count of Cladosporium was deter-
mined by weather conditions, especially by air temperature.
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INTRODUCTION

Cladosporium spores are reported to form a majo-
rity of airborne spores in the temperate zones (Davies
1969, Solomon 1978). Cladosporium species live as
saprophytes or as parasites on many kinds of plants. Dry
spores produced in excessive quantities can be trans-
ported over wide areas, even oceans. Recordings from
all parts of the world show that with a few exceptions
Cladosporium is the most frequently encountered mo-
uld in the air. Its temperature optimum ranges 18-28° C,
but growth down to -6° is also possible (Gravesen,
1979).

There is a great seasonal variation in the concen-
tration of Cladosporium conidia in the air; the highest
concentrations occur during the summer from June
to September (Ainsworth, 1952; Hyde and Wi-
liams 1953; Ballero et al. 1984, Ebner et al.
1989; Halwagy, 1989).

Generally, conidial production and dispersal in
Cladosporium depend on precipitation, temperature,
and the amount of available growth medium. High at-
mospheric spore concentrations can develop only when
dead plant material, e.g decidous trees, freshly cut
branches or twigs, are present as a medium (Kurke-
la, 1974) or dense vegetation continuously provides
suitable media for conidial production (Halawagy,
1989).

Even though mould spores are present in the air
in concentrations considerably greater than those of pol-
len grains, the frequency of allergic respiratory diseases
due to moulds is usually much lower than due to pollen
grains of vascular plants (D’ Amato and Spiek-
sma, 1995).

The aim of the study was to analyse the Cladospo-
rium season in Szczecin (western Poland) in 2004-2006
and to establish a relationship between meteorological
conditions and the Cladosporium spore amounts.

MATERIALS AND METHODS

The results of investigation are based on aero-
biological monitoring performed in Szczecin in 2004-
-2006. The Lanzoni 7 Day Recording Trap was installed
on the roof top in Szczecin city district Srédmiescie, at
the height of 21 m above ground level (52 m above sea
level).

Meteorological data covering three years of study
were provided by the Automatic Weather Station (Vaisa-
la, Finland). The meteorological parameters taken into
regard in the assessment of the effect of meteorological
conditions on airborne fungal spores were as follows:
daily level of precipitation, wind speed, relative humidi-
ty and air temperature.

The degree of correlation between particular me-
teorological parameters and the concentration of Clado-
sporium spores was described by the Pearson’s corre-
lation coefficient r (statistical error risk was estimated
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at the significance level of 95%, a =0.05) (Oktaba,
1980).

The spore data were analysed to determine the
start, end and duration of the season using the 90%
method.

RESULTS

Spores of Cladosporium were found in the air in
Szczecin practically throughout the whole year, with the
exception of periods when temperature drops below 0°C
(usually January-February and sometimes December).

Spores of Cladosporium were recorded every
day during the years 2004, 2005 and 2006. The concen-
tration during the spore season ranged from 177 spores
xm on 23 May to the annual peak of 31098 spores x m™
on 8 July in 2004, from 24 spores x m* on 6 July to the
annual peak of 22 737 spores x m™ on 28 July in 2005,
and from 63 spores x m> on 17 June to the annual peak
of 19 560 spores x m™ on 6 August in 2006 (Fig. 1).

The lowest total number of sporomorphs (39
6063) was noted in 2006, while in the other seasons its
values were markedly higher (Tab. 1). The highest ma-
ximum spore count was noted in 2005 and it was equal
to 675286 spores x m™ per 24 h (Tab. 1, Figs 1, 2).

During the three years analysed, the maximum
Cladosporium spore count was noted more or less in the
middle of the spore season. The differences (a few days
in every year) were caused by weather conditions. The
vegetation season in 2004 and 2006, in comparison with
2005, started later because of frosty winter and cold

spring. In 2005 the spring was dry and warm, and the
spore season was the shortest and most intensive.

Based on the results of analysis of spore season
duration, a conclusion may be drawn that shorter spore
seasons are characterised by higher annual sums of spo-
romorphs.

Starting from the third decade of May and the
second decade of June in 2006 to the first decade of Oc-
tober, the spore count was high in the air over Szczecin.
In 2004 and 2005 the period in which the Cladosporium
spore count exceeded the threshold value of 2800 spores
xm? per 24 h in Szczecin lasted 78-79 days. In 2006 it
was shorter and lasted only 43 days (Tab. 1).

In 2004 and 2005 climatic conditions were favo-
urable for Cladosporium growth and dispersal. The an-
nual total count for both years was over 62 0000 spores
-m* which is ca. 40% higher than in 2006.

The growth, sporulation and dispersal of Clado-
sporium seem to be sensitive to changes in the climatic
situation. In some of the seasons studied, the Cladospo-
rium spore count was statistically significantly correla-
ted with the weather factors analysed (Tab. 2).

In all the seasons, the Cladosporium spore count
was positive and statistically significantly correlated
with maximum air temperature. Only in one out of the
three seasons studied, a positive and statistically signi-
ficant correlation was noted between the Cladosporium
spore count and rainfall (Tab. 2).

Cladosporium as dry airspora is favoured by high
temperature. If the temperature rises above 18° C, the
Cladosporium concentration increases.

Table 1
Results of aerobiological study of Cladosporium spores counts.

Taxon 2004 2005 2006
Cladosporium s 19 V-28 X 14 VI-11 X 23 V-16XI
(163) (120) (178)
tn 628095 675286 396063
max 31098 22737 19560
tsc 79 78 43

ss — spore season established by the 90% method (with number of days),

tn — total number of Cladosporium spores collected in the spore season established by the 90% method,

max — maximum number of spores per 24 h, tsc — the number of days with spores count above 2800 spores in 1 m?
threshold of spores count at which allergy symptoms develop (Rapiejko et al. 2004).
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Table 2
Correlation coefficients between Cladosporium spores counts and meteorological factors.
Meteorological factors
Taxon Years Wind speed : 1
) peed max. Relative humidity
Temperature max. (°C) Ranfall (mm
Cladosporium 2004 0.2015% 0.1399 -0.0918 -0.0419
2005
0.3711% -0.0392 0.0653 -0.0586
2006 0.3044% 0.1658* 0.0006 -0.0720
* Correlation statistically significant (p<0.05).
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DISCUSSION In Szczecin the daily Cladosporium spore con-

In Szczecin the highest number of Cladosporium
spores was usually encountered during summer (July
and August). Before and after that period (May and Sep-
tember), the spore concentration level was also high, but
clearly lower than in summer.

The highest concentration of Cladosporium du-
ring summer was observed by Hjelmroos (1993) in
Sweden and by Stepalska et al. (1999) in Poland.

The contrary occurrence was noted in Spain (In-
fante and Dominquez, 1988) and on Sardinia
(Cosentino et al. 1990), where a decrease in spore
concentration was observed during summer. This situa-
tion was associated with the lack of rain and very high
air temperature (Cosentino et al.1990). In Jordan
spores of Cladosporium are the most common in the air
due to the wet and warm season and maximum spore
counts is noted in October (Shaneen, 1992).

centration has a positive, significant correlation with
maximum temperature. The same correlation was noted
in southern Poland (Stepalska and Wotlek, 2005),
Finland (Kurkela, 1997), Sweden (Hjelmroos,
1993). Spain (Fernandez et al. 1998) and New
Zealand (Hasnain, 1993). Hasnain (1993) also
reported the strongest correlation between the Clado-
sporium spore count and maximum day temperature in
comparison with concentrations of other airborne fungal
spores. Greenburg et al. (1964, 1966) considered
that in some cases a mere change in ambient air tempe-
rature can provoke asthma symptoms in some patients.

The Cladosporium spore count was positive and
statistically significantly correlated with rainfall only in
one analysed season (2006).

A slight correlation between precipitation and
the number of Cladosporium spores was observed in
Finland by Kurkela (1997). Only in one season, rain
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had a significant correlation with the number of spores
counted 14 hours later.

Hjelmroos (1993) noted that the increase of
atmospheric concentrations after the rainfall is generally
long lasting, with the peak observed some hours after
therain. Mitakakis et al. (1997) reported a negati-
ve correlation with rain for Cladosporium.

During the analysed seasons, the correlation be-
tween the Cladosporium spore concentration and wind
speed did not show a statistically significant correlation.
The same results were noted by Levetin and Dor-
sey (2006), Hasnain (1993), Lopez and Sal-
vaggio (1983).

The wind speed was clearly associated with spo-
re dispersal in Finland (Kurkela, 1997). The long
distance dispersal of spores depends on wind conditions,
but the detachment of spores dispersed in dry conditions
is also strongly influenced by wind (Mallaiah and
Rao, 1982).

Similar results occurred regarding relative humi-
dity in Szczecin, 2004-2006. Kurkela (1997), Stg-
palska and Wotek (2005) found a negative corre-
lation between Cladosporium spore and relative humi-
dity. During a rainy period, the level of spore concentra-
tion was low. Fernandez et al. (1998) reported that
relative humidity, coupled with minimum temperature,
was a factor affecting spore release. Hasnain (1993)
did not observe any influence of relative humidity on
Cladosporium spore concentration, contrary to other
ascospores.

The high concentration and long lasting presence
of Cladosporium in the air may cause and intensify cli-
nical symptoms in people suffering from sensitivity and
extend the period of presence of allergens in the atmo-
sphere after the flowering season of vascular plants.

The presented results reflect the necessity of wi-
dening the spectrum of factors, e.g. weather variables,
which may determine the level of spore concentrations.

CONCLUSIONS

* The higher Cladosporium spore concentration
in Szczecin occurred in summer with peak periods in
July (2004, 2005) and August (2006), and from June
to October its concentration exceeded threshold values
provoking allergy symptoms.

* The analysis of duration and dynamics of the
Cladosporium spore seasons revealed that in the shorter
spore seasons the annual sums of sporomorphs were high,
while in the longer spore seasons these sums were lower.

* During all the seasons studied, the spore co-
unt of Cladosporium was positively statistically sig-
nificantly correlated with maximum air temperature.
A positive statistically significant correlation was also
observed regarding rainfall during one spore season
studied.

» The Cladosporium spores count in the air of
Szczecin did not show a tendency to increase or dec-
rease; however, this observation needs to be confirmed
by long-term studies.
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Zarodniki rodzaju Cladosporium
W powietrzu Szczecina

Streszczenie

Celem pracy jest analiza sezonu rodzaju Clado-
sporium w Szczecinie w latach 2004-2006 1 ustalenie
powiazania pomigdzy czynnikami meteorologicznymi
a koncentracja zarodnikéw. Podczas trzech sezonow
przeanalizowano korelacj¢ pomigdzy st¢zeniem zarod-
nikow Cladosporium a maksymalng temperatura po-
wietrza, wilgotnoscia wzgledna, opadem i predkoscia
wiatru za pomoca metody wolumetrycznej. Czas trwa-
nia sezonu wyznaczono metoda 90%. W ciagu trzech lat
obserwacji najnizsza dobowa koncentracjg¢ zarodnikow
Cladosporium zanotowano w 2006 roku z maksymal-
nym st¢zeniem wynoszacym 19560 zarodnikow na metr
sze$cienny. Najwyzsza koncentracja wystapita w 2004
a stezenie dobowe wyniosto wtedy 31098 zarodnikow
na metr szescienny.

Objawy uczulenia alergenami Cladosporium
u oso6b wrazliwych wystepuja przy stezeniu 2800 za-
rodnikéw na metr sze$cienny. Stezenia przekraczajace
warto$ci progowe notowane byly w trzecim tygodniu
maja (dla lat 2004 i 2005) i w czerwcu (2006) do po-
lowy pazdziernika (dla roku 2005), konca pazdziernika
(2004) 1 do potowy listopada (2006).

Statystycznie istotna korelacja wystapita pomig-
dzy stezeniem zarodnikow Cladosporium a temperatura
maksymalna i w roku 2006 z opadami.
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