
Aerobiologia 15: 109–114, 1999.
© 1999Kluwer Academic Publishers. Printed in the Netherlands.

109

Occurrence of mites and fungi in the homes of patients with allergic
manifestations

Francesca Palmas∗, Sofia Cosentino, Valeria Meloni and Maria Elisabetta Fadda
Department of Experimental Biology, Section of Hygiene, University of Cagliari, Cittadella Universitaria, SS 554
KM 4.500, I-09133 Monserrato (CA), Italy
(∗author for correspondence, e-mail: fpalmas@vaxca1.unica.it; fax: +39 070 6754197)

Received 9 July 1998; accepted in final form 5 February 1999

Key words:allergic manifestations, fungal spores, house dust mites

Abstract

This survey was carried out to evaluate mites and moulds concentrations in the homes of patients with allergic
manifestations and positive skin-test for mites and/or fungi. The home environments of 277 patients were eval-
uated by questionnaire, by sampling of airborne fungal spores and by determining the occurrence of mites and
moulds in dust samples. Among the 277 patients examined, 83% reacted positively to house dust mites. The
fungal allergen most frequently responsible for skin positivity wasAlternaria tenuis. The prevalent airborne fungi
wereCladosporium, Penicillium andAlternaria, followed byAspergillusandAureobasidium. The other genera
were found in less than 50% of the homes. The presence of domestic mites in dust was documented in more
than 85% of the homes sampled. The occurrence of fungi in dust was generally higher than in the air. The most
common genera recovered werePenicillium, Candida, Aspergillus, Aureobasidium, AlternariaandCladosporium.
The homes investigated were divided into two groups, damp and dry, on the basis of the reported presence of wet
or damp spots on inside surfaces and moulds growing inside the home. Our results showed that the concentration
of mites and moulds in dust was significantly higher (p< 0.01) in damp homes as compared to dry ones.

In general, a good agreement between skin positivity and presence of the same allergens in patients’ home
environment was observed for mites and, among fungi, forAlternaria, CladosporiumandAspergillus. Our results
seem to confirm that the study of mycoaeroflora and the quantification of mites and moulds in dust samples of
allergic patients’ homes could lead to more precise diagnoses and therefore to better prophylactic and therapeutic
programs for each individual patient.

1. Introduction

As living standards have improved in recent years,
more energy-efficient, comfortable homes have been
built that are much more airtight and insulated than
older ones. As a result, indoor environmental factors
such as mites, moulds and house dust have become
an increasing problem, as has the number of people
suffering from allergic diseases.

Mites and moulds have been know for many years
to be the principal source of house dust allergens and
consequently potential agents of allergic respiratory
disease (Voorhost et al., 1967; Tarlo et al., 1988,
Mishra et al., 1992).

Since Voorhost et al. first identified mites as
an important component of house dust (Voorhost et
al., 1964), numerous investigations have revealed
that domestic mites are an important source of dust
allergens in many different countries (Maunsell et
al., 1968; Murray and Zuk, 1979; Arlian et al.,
1982; Yi-Chung Chang and Kue-Hsiung Hsieh, 1989).
Fungal spores have long been recognized as important
environmental allergens as well (Gravesen, 1979;
Wilken-Jensen and Gravesen, 1984; Malling, 1986;
Summerbell et al., 1992), and they may also play a
role in interaction with house dust mites (Sinha et al.,
1970; Andersen, 1985).
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The major ecological factor reported to affect mite
numbers is indoor humidity of the home (Bronswijk,
1973; Platt-Mills et al., 1987). Murray and Zuk (1979)
demonstrated that there are no viable mites in samples
collected when relative humidity was less than 50%.
The relative humidity has also an indirect influence on
fungal growth, which is dependent on available water
on surfaces (e.g. condensation or water leakage).

Since avoidance of exposure to allergens is
extremely important in the treatment of allergic
diseases, providing more precise information on levels
of indoor allergens could be helpful in determining
the exposure of occupants and therefore in formulating
control measures in the home.

On these basis the present survey was undertaken
to evaluate mites and moulds concentrations in the
homes of patients with allergic manifestations and
positive skin-test for mites and/or fungi.

2. Materials and methods

2.1 Patients

Among the subjects with suspected allergic disease
examined in the Allergology and Immunology Centers
of Cagliari, 277, which exhibited a positive skin test
response to mites and/or fungi, agreed to take part in
this study and to have their homes sampled for mites
and fungi.

The inhalant allergens tested (Lofarma and Bayro-
pharm), were: pollens (Graminaceaemix, Urticaceae
mix, Compositaemix, Olea europea), animal dander,
house dust mites (Dermatophagoides pteronyssinus
andD. farinae) and fungal extracts ofPenicilliummix,
Aspergillus mix, Alternaria tenuis, Cladosporium
herbarumandCandida albicans. In addition, extracts
of Aureobasidium pullulans, Cryptococcus mix,
Mucor mucedoand Fusarium moniliformis were
assayed since in a previous study we have demon-
strated the importance of these fungi in allergic sensi-
tization (Palmas et al., 1997a).

Before skin testing a complete medical history was
compiled and a physical examination was performed
by physicians on each subject. Skin-prick tests were
made as previously reported (Cosentino and Palmas,
1996).

Of the 277 patients selected, aging 4 to 63 years,
153 were males and 124 females; 72 had bronchial
asthma, 98 rhinitis and 107 asthma and rhinitis. The
symptomatology was mostly perennial with seasonal
exacerbation in Spring and/or Autumn.

2.2 Environmental survey

The environmental survey was carried out in Spring–
Autumn season. The home environments of all
subjects selected were evaluated by questionnaire, by
sampling of airborne fungal spores and by determining
the occurrence of mites and moulds in dust samples.

Records were made of the following characteristics
of each home: age, heating system, floor coverings,
presence of air-conditioning system, presence of pets,
plants, garden, wall-paper, wet or damp spots on
inside surfaces, visible mould growth.

The airborne fungal spores were collected by the
sedimentation method. This method is commonly
employed by various investigators (Lumpkins and
Corbit, 1976; Infante-Garcia-Pantaleon and Domin-
guez-Vilches, 1988) although volumetric air sampling
is considered more reliable and accurate (Kozak et al.,
1980).

Patients or patients’ parents were instructed to
expose a set of six petri plates containing three
different culture media (potato dextrose agar,
Sabouraud dextrose agar and corn meal agar) in the
bedroom and living room of their homes. Three plates
were exposed simultaneously in each room for 30
minutes, under calm conditions and during identical
hours, as far as possible. After exposure the plates
were sealed and returned to our laboratory on the next
day; PDA and CMA were incubated at 25◦C for 3 to
7 days and observed daily; SDA plates were incubated
at 37 ◦C for 48 hours. The total amount of airborne
fungal spores in the rooms is given as colony-forming
unit (cfu)/plate/30 min.

In order to evaluate mould concentration in dust
samples, 0.1 gram of dust was placed into 9.9 ml of
physiological saline and incubated at 25◦ C for 24 h to
allow the reactivation of the spores; then an aliquot of
0.1 ml was inoculated on PDA, SDA and CMA plates.
The plates were incubated as above mentioned.

The presence of mites in dust was evaluated by
sampling the bedroom and living room floor using
a vacuum cleaner. About 1 m2 of surface area of
each site was vacuumed for one minute, following
which each dust sample in the container of the vacuum
cleaner was brushed completely into a plastic bag and
analyzed within two days.

Isolation of mites was done according to the floata-
tion technique of Hart and Fain (1987). Mites were
counted under an inverted phase contrast microscope
and the mite concentration was expressed as the
number of mites (Acarine family) per gram of dust.
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Figure 1. Distribution of sensitization to mites and moulds among
the 277 patients studied.

No attempt was made to differentiate live from dead
mites or to identify the mites to genus level; they can
be referred to as belonging to the group of domestic
mites (Colloff and Spieksma, 1992).

2.3 Identification of fungi

The yeasts were identified with the API 20C system
and classified according to Barnett et al. (1990).

The moulds were identified by standard mycolog-
ical techniques based upon gross cultural and micro-
scopic morphology. The fungi that could not be
identified in this manner were subcultured on potato
dextrose agar and/or slide cultures for further study
(Raper and Thom, 1949; Gilman, 1957; Raper and
Fennel, 1965; Ainsworth et al., 1973; Emmons et al.,
1977).

Statistical analyses were performed using theχ2

test.

3. Results

The distribution of allergic sensitization to house dust
mites and fungi in the 277 patients studied is reported
in Figure 1. A detailed analysis of the data shows
that 170 patients (61.4%) exhibited a positive skin test
response to the moulds-mites association, 66 (23.8%)
were sensitized to mites or moulds in association with
other inhalant allergens and 41 (14.8%) showed single
or multiple sensitivities to mites or moulds alone.

Table 1 reports the frequencies of positive skin
responses to mites and moulds genera and their occur-
rence in the homes of the patients. The results are
expressed as the percentage of homes in which fungi
and domestic mites were isolated but similar results
were observed when considering their concentrations.

Table 1. Frequencies of positive skin reactions and occurrence of
mites and moulds in the patients’ homes.

Positive skin Frequency of isolation (%)

Allergens∗ reaction (%) Air Dust

Mites 83 N.D. 85.6

Alternaria 60 82 59

Cladosporium 43 91 52

Aspergillus 39 68 65

Candida 25 43 67

Penicillium 19 83 87

Aureobasidium 12 51 65

Fusarium 7 18 19

Cryptococcus 6 17 23

Rhizopus 4 14 16

Mucor 4 12 13

∗ Ranked in order of frequency with respect to allergens
N.D. = not determined

As can be seen, 83% of the patients studied reacted
positively to house dust mites. The fungal allergen
most frequently responsible for skin positivity was
Alternaria tenuis(60%), followed byCladosporium
herbarum, Aspergillusmix, Candida albicans, Peni-
cillium mix.

The prevalent airborne fungi wereCladosporium,
Penicillium and Alternaria, followed by Aspergillus
andAureobasidium. The other genera were found in
less than 50% of the homes.

As for dust, the presence of domestic mites
was documented in more than 85% of the homes
sampled. The occurrence of fungi in dust was gener-
ally higher than in the air. The most common genera
recovered werePenicillium, Candida, Aspergillus,
Aureobasidium, AlternariaandCladosporium.

The remaining genera did not play a significant
role either in sensitization or in airborne and dust
prevalence.

Table 2 shows domestic mites and moulds concen-
trations in the dust of the homes sampled. The homes
were divided into two groups, damp and dry, on the
basis of the reported presence of wet or damp spots on
inside surfaces and moulds growing inside the home.
Damp and dry homes were then classified according
to the concentration of mites and fungi in the dust
samples.

Since the density of mites and moulds in dusts
varied quantitatively among the rooms of a single
house, the results from both sampling areas (bedroom
and living room) were summed to provide a total for
the whole house.
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Table 2. Mites and moulds presence in the house dust of allergic patients. Mites and/or moulds dust concentration per gram of
dust.

Mites presencea Moulds presenceb

Damp homes Dry homes Damp homes Dry homes

(n = 105) (n = 172) (n = 105) (n = 172)

% % P % % P

High concentration 42.9 29.1 <0.05 40 27.3 <0.05

Medium concentration 30.5 18.6 <0.05 48.6 43.6 N.S.

Low concentration 17.1 34.9 <0.01 11.4 29.1 <0.01

Absence 9.5 17.4 N.S. 0 0

a High>100; Medium = 51–100; Low≤50
b High>50; Medium = 11–50; Low≤10

From the data it can be seen that the concentration
of mites and moulds in dust was significantly higher
(p < 0.01) in damp homes as compared to dry ones.
It can be also noted that moulds were isolated in all
homes sampled while mites were not recovered from
9.5% and 17.4% of damp and dry homes, respectively.

4. Discussion

The sensitization to mites and moulds varies consid-
erably in different parts of the world presumably in
consequence of the great variability of two important
factors: their concentration in domestic indoor and the
text extracts used (Berrens, 1970; Tarlo et al., 1988;
Cosentino and Palmas, 1996).

Epidemiological studies have shown that living in
an environment with high levels of mites greatly favors
specific sensitizations (Murray, 1985). In subjects
living at sea level, Charpin et al. (1988) have observed
positive skin test to mites significantly more often
than in those subjects who have always lived at higher
elevations, where mite levels are low.

In addition, some authors have noted a connec-
tion between allergic symptoms and presence of high
fungal concentrations in the home environments of
allergic patients (Gravensen, 1981; Cosentino et al.,
1993). On the other hand, as reported by various
authors, a precise relationship between clinical symp-
tomatology and mite or fungal allergy is still difficult
to prove without more precise information on the type
and quantity of these allergens in the patients’ living
environment (Tarlo et al., 1988; Mishra et al., 1992).

In our study, which is in agreement with previous
data on skin-test incidence in our region (Ballero et
al., 1984), the overall sensitization to mites was very
high with respect to fungi (67% and 8.3% of positivity

for house dust mites and fungi respectively, on 3,594
cases examined) (data not shown).

Among the 277 patients which agreed to parti-
cipate in the environmental survey, the sensitiza-
tion to mites and moulds association was particularly
high.

Among fungi,Alternaria andCladosporiumhave
been more frequently found to give positive reac-
tions. In accordance with other studies (Chapman and
Williams, 1984; Lowenstein et al., 1986; Cosentino
and Palmas, 1996; Palmas et al. 1997a),Alternaria
seems to play the major role.

As for the environmental survey, the majority of
the homes sampled were characterized by high levels
of domestic mites and moulds contamination. The
occurrence of fungi in the homes of non allergic
subjects living in the same area has been studied
in previous investigations by our group, showing a
different spore incidence in the homes of allergic and
non allergic patients (Cosentino et al., 1993; Palmas et
al., 1997b).

In this study, mites occurred in 85.6% of all dusts
analyzed and an abundant mycoflora was also found in
the air and in the dust samples of the homes.

Usually, mites and moulds concentration depends
on interacting variables such as temperature and
relative humidity. In our study, the reported home
dampness seemed to influence the concentration of
these two environmental allergens. In fact the number
of mites and moulds per gram of dust was signifi-
cantly higher in damp homes. According to certain
authors (Korsgaard, 1989; Charpin and Vervloet,
1990; Summerbell et al., 1992) few mites or fungi are
found in buildings where prevailing relative humidity
is held at 45% for a temperature of 20 to 22◦C. This
consideration is particularly important for Cagliari,
where the warm and humid climate makes indoor dust
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mites and moulds an important source of allergens
(Ballero et al., 1984; Palmas et al., 1997b).

In general, a good agreement between skin posi-
tivity and presence of the same allergens in patients’
home environment was observed for mites and, among
fungi, for Alternaria, CladosporiumandAspergillus.
On the contrary,Penicillium, which has been found
in high percentages in both air and dust, appears to
be less important in sensitization. This may be due
to several factors, such as inappropriate species used
for the preparation of extracts and inadequate skin-test
material (Mishra et al., 1992).

5. Conclusions

Our results seem to confirm that the study of mycoaer-
oflora and the quantification of mites and moulds in
dust samples of allergic patients’ homes could lead to
more precise diagnoses and therefore to better prophy-
lactic and therapeutic programs for each individual
patient.
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