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ABSTRACT
The allergy and asthma related to the exposure of mold is reported worldwide and the studies
are mostly confined with mesophilic fungi. However, there was no attempt made so far
regarding the role of thermophilus fungi in inducing allergy or the exposure to thermophilic
fungi by the asthmatic patients. In this study an attempt was made to survey the atmosphere
of the homes of Asthmatics in Chennai city. A survey was made using an Andersen 2- stage
viable sampler exposed with petridishes containing Yeast Phosphate Soluble Starch agar and
are incubated at 50 ± 2°C for isolation of thermophilus fungi. A total of 1968 colonies classified
into 16 species belonging to 13 genera were recorded. The total average cfu/ m3 of air recorded
were 70.57 cfu/ m3. Among the total average, the fungus, Aspergillus fumigatus dominated
the asthmatic homes with average cfu of 30.95 cfu/ m3 this was followed by Thermomyces
lanuginosus and Mucor pusillus with 12.63 and 10.95 average cfu/ m3 of air respectively.

Key words: Airborne fungi, Andersen 2- stage sampler, Asthmatic residences, Thermophilus
fungi, Indoor environment.

Introduction

The air we inhale is heavily infested with
biological particles called bioaerosols in addition to
inorganic substances such as gases, dust and smoke.
Fungal spores constitute a major component of
bioaerosols in the atmosphere. Inhalation of
bioaerosols can cause range of respiratory disorders
such as allergic rhinitis, asthma and allergic
alveolitis in sensitive individuals. In addition to
allergic manifestation, airborne fungal spores cause
diseases to human. Indoor air quality is becoming an
important public issue. Inhalation of certain types of
airborne spores and their metabolites within the
buildings is now widely accepted as one of the
important causes of respiratory disorders. There are
many reports available on the level of mesophilic
fungi present in the indoor environments. However,
there was no attempt made so far regarding the role
of thermophilus fungi in inducing allergy or the
exposure to thermophilic fungi by the asthmatic
patients. Hence the present study was conducted to
find out the presence of airborne thermophilic fungi
with in the homes of asthmatics in Chennai city.

Cooney and Emerson (1964) defined
thermophilic fungi as that, which has a maximum

temperature for growth at or above 50°C and
minimum temperature at or above 20°C and
thermotolerant fungi as the one which has a
maximum near 50°C and a minum temperature at or
above 20°C and thermotolerant fungi as the one
which has a maximum near 50°C but minimum well
below 20°C. Many other authors (Apinis and Pugh,
1967; Evans, 1972; Hudson, 1973; Kuthubutheen and
Pugh, 1977 and Sandhu et al., 1985) used the term
thermophilous fungi, which include both thermophilic
and thermotolerant fungi. However, Hedger (1974)
stressed that any discussion on thermophilic fungi
must first underline the adapted definition of
thermophilism (Mouchacca, 1995). Udaya Prakash
and Vittal (2003) termed thermophilous fungi as the
one which have an ability to produce colony at 50°C
and this definition is adapted in this present study.

Materials and Methods

The Sampler 

The 2 stage Andersen Microbial air sampler is
a portable sampler operated using a 12 V battery
(Andersen Samplers, Inc. Atlanta, Georgia, USA). The
air inflow rate of the sampler is 0.028 m3 / minute.
The sampler is made up of aluminum with 200 holes
arrange in a radial pattern on each stage. The 50%
effective cut off diameter is 8 µm. Thus, the microbial
particles on stage 1 are large particle fractions and
those on stage 2, the small particle fraction, includes
a vast majority of respirable particles i.e. those less
than 5µm in aerodynamic diameter which are
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deposited in human tracheobronchial and alveolar
regions (Jones and Cookson, 1983).

Sampling site

The sampling sites, i.e. Homes of the asthmatic
patients selected for the study are distributed in
different parts of Chennai city. The addresses of the
houses of asthmatic patients were received from the
Asthma and Allergy Research Institute of Raju
Hospitals, T. Nagar, Chennai. The Living rooms of
100 asthmatic residences were selected in this study.

Sampling procedure

The portable sampler was disinfected by wiping
with alcohol swabs and then loaded with petridish
containing Yeast Phosphate Soluble Starch (YPSS)
medium (Yeast extract-4.0g, K2PO4-1.0g, MgSO4-0.5g,
Soluble starch – 15 g and Agar - 20.g). The media
was amended with Streptomycin to arrest the
bacterial growth. The sampler was placed at a height
of 1 meter and was operated for 10 minutes duration
at each sampling. The samples were taken between
10 and 11 O’ clock during morning hours. After
sampling, the plates were brought to the laboratory
and incubated at 50°C ± 2°C in the incubator. A
trough of water was placed within the incubator to
avoid dehydration of the media. The developing
colonies were counted, isolated and identified after 5
days of incubation.

Data Analysis

The data received were analysed and presented
as average CFU/m3 of air, relative contribution,
isolation frequency and respirable fractions as
follows: The colonies isolated were converted to
Colony Forming Units (CFU)/ m3 of air as follows. 

X = 
Y1 + Y2

(3.53)
 

Whereby, X = number of CFU/ m3 

Y1 = number of colonies on plate 1

Y2 = number of colonies on plate 2

3.53 = amount of sampled air (m3) 

Average CFU/m3 of air 

         = 
Total cfu/m3 of a species

Total number of samplings (100)

Percent Contribution 

    = 
Total cfu/m3 of an individual species

Total number of cfu/m3 of all the species
 × 100

Isolation Frequency 

= 
No of samplings in which the species was recorded

Total number of samplings (100)
 × 100

Respirable Fraction 

= 
Total number of colonies recorded on plate 2 of the sampler

Total no. of colonies recorded on both the plates

The statistical analysis on Range, Mean, Mean,
Standard Deviation, Standard Error and 95%
Confidence interval were calculated using MiniTab 13
Software package (Minitab Inc, 2000, USA).

Results

Altogether 1968 colonies of thermophilous fungi
classified in 16 species belonging to 13 genera were
isolated from atmosphere of homes of asthmatics. A
total of 70.57 cfu/ m3 of air on an average were
recovered. Among the fungi isolated, Aspergillus
fumigatus, Thermomyces lanuginosus and Mucor
pusillus occupied the first, second and third position
in the order of dominance with 30.95, 12.63 and 10.95
cfu/ m3 of air respectively. The fungi, Aspergillus
fumigatus dominated the environment and
contributed maximum (42.78%) to the total followed
by Thermomyces lanuginonsus (18.24%), Mucor
pusillus (16.15%) and Emericella nidulans (7.11%). 

Among all the fungi, Aspergillus fumigatus was
the only fungus which was most commonly isolated
with highest isolation frequency (95 %). Thermomyces
lanuginosus was common (79 %) and Mucor pusillus
(60 %). Nine species among the total species recorded
were isolated less than 10 % of the samplings. The
list of species recorded, average CFU/m3 of air,
Percent contribution and the isolation frequency of
individual species are presented in Table 1. The
statistical results on Minimum, Maximum, Mean, and
95% confidence interval recorded for a few of the
dominant fungi recorded is presented in Table 2. 

The respirable fraction of Mucor pusillus,
Aspergillus fumigatus, Emericella nidulans, Humicola
grisea var. thermoidea, Malbranchea pulchella var.
sulfurea, Sporotrichum thermophile and Thermomyces
lanuginosus were recorded for more than 60 %. The
respirable fraction recorded for the total colonies were
nearly 70 % and is represented in Fig. 1.

Discussion

Fungal spores are universal atmospheric
components indoors and outdoors and are now
generally recognized as important causes of
respiratory allergies. These concentrations are
frequently high enough to present a substantial
antigen load to exposed individuals. The composite
airborne spore load (i.e., the airspora) and the
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associated allergens remain incompletely
characterized, especially in indoor air. In this study,
composition of fungi in the indoor air of asthmatic
residence is characterised.

Studies have correlated outdoor spore counts
with clinical symptoms (Malling, 1986), but much less
are known about the effect of indoor spore
concentrations (Beaumant et al., 1985; Roby and
Sneller, 1979). Generally, Indoor fungi are a mixture

Table 1. The list of species recorded, their average CFU/m3 of air, Percent contribution and
the isolation frequency. 

Sl.
No.

Species Average
CFU/m3 of air

% Contribution Isolation 
Frequency 

(in %)

1 Absidia corymbifera 1.5 2.28 22

2 Aspergillus fumigatus 30.95 42.78 95

3 Aspergillus terreus 0.35 0.50 4

4 Chaetomium thermophile var. coprophile 0.14 0.20 4

5 Chaetomium thermophile var. dissitum 0.21 0.30 5

6 Chaetomium thermophile var. thermophile 0.60 0.86 14

7 Emericella nidulans 5.27 7.11 12

8 Humicola grisea var. thermoidea 0.52 0.76 1

9 Malbranchea pulchella var. sulfurea 0.52 0.76 8

10 Mucor pusillus 10.95 16.15 60

11 Paecilomyces variotii 0.49 0.71 8

12 Penicillium dupontii 0.07 0.10 2

13 Rhizopus stolonifer 0.60 0.86 9

14 Sporotrichum thermophile 1.33 1.93 13

15 Thermoascus aurantiacus 0.03 0.05 1

16 Thermomyces lanuginosus 12.63 18.24 79

Non-sporulating colonies 4.41 6.35 37

Table 2. Statistical analysis on Minimum, Maximum, Mean, Standard Deviation, Standard Error
and 95 % Confidence interval of some dominant thermophilous fungi recorded from the Indoor
environment of houses of Asthmatics in Chennai.

Sl.
No.

Species Min Max Mean STD ST
Error

95 % Confidence Interval

1 Absidia corymbifera 0.0 14.1 1.5 3.31 ± 0.33 0.84 to 2.16

2 Aspergillus fumigatus 0.0 506.0 30.95 71.36 ± 7.13 17.82 to 44.09

3 Emericella nidulans 0.0 95.3 5.27 12.65 ± 1.26 2.76 to 7.78

4 Mucor pusillus 0.0 360.0 10.94 36.30 ± 3.63 3.75 to 18.15

5 Sporotrichum thermophile 0.0 24.7 1.33 4.08 ± 0.40 0.52 to 2.14

6 Thermomyces lanuginosus 0.0 98.8 12.63 14.82 ± 1.48 9.69 to 15.57

Total cfu/m3 of air 7.0 674.2 70.6 91.33 9.13 52.47 to 88.72
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of those that have entered from outdoors (Lacey,
1985; Licorish, 1985) and those from indoor sources.
The dust particles present within the homes of
asthmatics along with the required humidity favours
the presence of thermophilous fungi and may act as
a source within the homes of asthmatics. However,
their proliferation in such environment is of doubt
due to the isolation of small number of average
cfu/m3 of air recorded. The presence of these
thermophilous fungi within the homes of asthmatics
may also be due to the entry of fungi from outdoor.

The dissemination theory of Maheswari (1997)
explains how the spores of thermophilous fungi get
on to the agriculture produce through air. Isolation
of 16 species in the atmosphere of living rooms of

homes of asthmatics confirms the dissemination of
spores of thermophilous fungi through air. Aerial
distribution of thermophilous fungi was previously
reported by many authors (Abdel-Fattah and Swelim,
1982; Jones and Cookson, 1983; Rippon et al., 1980).

The recovery of Aspergillus fumigatus in large
number of cfu/m3 of air is due to the ability of this
fungus to tolerate wide range of temperatures
(Hudson, 1973). ABPA (Allergic Broncho Pulmonary
Aspergillosis) is an inflammatory disease in which
fungi (Aspergillus fumigatus) grow in mucous
secretions in the lung. ABPA is thought to involve
type I and type III hypersensitivities associated with
IgE- and IgG-mediated immune response to
Aspergillus species (Greenberger, 1988). 

Fig. 1. Respirable fraction recorded by different species of Thermophilus fungi isolated from
the Indoor of Homes of Asthmatics in Chennai city

Abs – Absidia corymbifera; A fum – Aspergillus fumigatus; A ter – Aspergillus terreus;
 Ct c – Chaetomium thermophile var. coprophile;  Ct d – Chaetomium thermophile var. dissitum; 

Ct t – Chaetomium thermophile var. thermophile; Eni – Emericella nidulans; Hgr – Humicola grisea
var. thermoidea; Ma p – Malbranchea pulchella var. sulfurea; Mu p – Mucor pusillus;

 Pae – Paecilomyces variotii; Pen – Penicillium dupontii; Spo – Sporotrichum thermophile;
 T au – Thermoascus aurantiacus; T la – Thermomyces lanuginosus; Tot. CFU – Total average

CFU/m3 of air
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Most inhaled particles of <10 µm (some larger
spores) are deposited in the nasopharynx and are
associated with nasal and/or ocular symptoms
generally referred to as hay fever (Lou, 1991).
Conversely, particles of <10 µm, especially those of
<10 µm, can penetrate the lower airways, where
allergic reactions tend to manifest as asthma (Pepys,
1965). Allergic reactions associated with fungi involve
the lower respiratory tract more frequently (Lehrer
et al., 1983). The respirable fraction recorded for the
thermophilous fungi in this study up to 70 % is of
real concern as they have high ability to penetrate
lower respiratory tract of the asthmatics residing in
such homes. 

There are reports available on these
thermophilous fungi acting as a source of antigens
for respiratory hypersensitive syndrome such as,
Farmer’s lung disease and allergic Broncho
Pulmonary Aspergillosis (Hughes and Crosier, 1973;
Tansey and Brock, 1978; Lacey and Lacey, 1964).
Clinical evidence on these thermophilous fungi
inducing atopicity was studied by Udayaprakash et
al., (2001). Further evidence on these fungi
functioning a major role in inducing asthma need to
be explored.
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