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ABSTRACT

Allergy to fungi has been linked to a wide range of illnesses, including rhinitis and asthma. Therefore, exposure to fungi
in home environment is an important factor for fungal allergy. The present study was aimed to investigate types of
airborne fungi inside and outside the homes of asthmatic children and control subjects (nonasthmatic children). The
dominant fungi were evaluated for their quantitative distribution and seasonal variation. The air samples were collected
from indoors and immediate outdoors of 77 selected homes of children suffering from bronchial asthma/allergic rhinitis
using Andersen volumetric air sampler. The isolated fungal genera/species were identified using reference literature, and
statistical analysis of the dominant fungi was performed to study the difference in fungal concentration between indoor
and immediate outdoor sites as well as in between different seasons. A total of 4423 air samples were collected from two
indoor and immediate outdoor sites in a 1-year survey of 77 homes. This resulted in the isolation of an average of 110,091
and 107,070 fungal colonies per metric cube of air from indoor and outdoor sites, respectively. A total of 68 different molds
were identified. Different species of Aspergillus, Alternaria, Cladosporium, and Penicillium were found to be the most
prevalent fungi in Delhi homes, which constituted 88.6% of the total colonies indoors. Highest concentration was
registered in autumn and winter months. Total as well as dominant fungi displayed statistically significant differences
among the four seasons (p � 0.001). The largest number of isolations were the species of Aspergillus (�40% to total
colony-forming units in indoors as well as outdoors) followed by Cladosporium spp. Annual concentration of
Aspergillus spp. was significantly higher (p � 0.05) inside the homes when compared with outdoors. Most of the fungi
also occurred at a significantly higher (p � 0.001) rate inside the homes when compared with immediate outdoors.
Asthmatic children in Delhi are exposed to a substantial concentration of mold inside their homes as well as immediate
outdoor air. The considerable seasonal distributions of fungi provide valuable data for investigation of the role of fungal
exposure as a risk for respiratory disorders among patients suffering from allergy or asthma in Delhi.

(Allergy Rhinol 2:21–32, 2011; doi: 10.2500/ar.2011.2.0005)

A global rise in the prevalence of asthma and
other allergic ailments is being observed all

over the world. Approximately 300 million people
worldwide currently have asthma, with estimates
suggesting that figure increases globally by 50% ev-
ery decade.1 Prevalence is high (�10%) in developed
countries and rates are increasing in developing re-
gions as they become more westernized. The most
striking increases are seen among children, with
prevalence rates of �30% in some areas.1 In India,
the magnitude of childhood asthma varies from 5 to
20%.2,3 Environmental factors such as indoor and
outdoor air pollution, tobacco smoke, and early ex-
posure to inhalant allergens play significant roles in

the development of respiratory disorders.4 Recently,
there has been increased attention toward the influ-
ence of the prevalence of fungi present indoors on
the risk factors associated with asthma. Allergic sen-
sitization to fungi has also been suspected to result
in symptoms of allergy and asthma, including fatal
asthma episodes.5,6 The knowledge of season and
concentration of various fungi is one of the essential
factors for effective diagnosis and management of
allergic diseases7 as the associations between sea-
sonal variations in fungal levels and exacerbating
asthma have been reported earlier.8 Few studies on
exposure to fungi in home environment have been
reported.6,9,10 In India little is known about the dis-
tribution of fungi inside the homes where people
spend 12–16 hours daily, although quantitative prev-
alence of fungi in occupational sites have been stud-
ied.11–13 The present study was aimed to examine the
spectrum and concentration of airborne fungal flora
inside and in the immediate vicinity of the homes of
asthmatic children in the Delhi metropolis and to
investigate the seasonal distributions of dominant
fungi using standardized volumetric methods.
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METHODS

Subjects
One hundred patients diagnosed with bronchial

asthma (BA)/allergic rhinitis (AR) visiting the Clinical
Research Center of V.P. Chest Institute, Delhi, were
recruited for this study. The age group was restricted
from 3 to 16 years. Parental informed consent was
obtained for voluntary participation as per the guide-
lines of the Institutional Ethical Committee. All of the
homes were located in Delhi city and its metropolitan
area. The compliance rate was not 100% because of
either shifting of the houses/other reasons. Therefore,
a total of 77 patients’ homes were investigated for
indoor fungal concentration. Most patients belonged to
the north zone (53/77) of Delhi because the health
center was situated in this zone itself. Sixteen (16/77)
homes were located in east Delhi. Five of 77 and 2 of 77
homes were situated in the west and south zones of
Delhi, respectively, and only 1 home was located in
central Delhi. Besides patients, 18 controls (nonasth-

matic/healthy volunteers) were also included for fun-
gal survey (Fig. 1). The control homes were randomly
selected from the general population in the age group
of 5–16 years.

A standard questionnaire validated previously by
Singh et al.14 was used to record medical history and
housing conditions. The questionnaires were adminis-
tered to those clinically diagnosed as having BA, AR,
or both BA with AR as per the guidelines of the Amer-
ican Thoracic Society and Allergic Rhinitis and Its Im-
pact on Asthma guidelines.15,16 Clinical history regard-
ing respiratory dysfunction (breathlessness, cough,
wheezing, etc.), family history, personal history, time
and duration of the symptom, and duration of stay in
the house were carefully recorded under the supervi-
sion of clinicians.

Collection of Air Samples
The aim of the study was to investigate qualitative

and quantitative prevalence of fungi in the homes of

Figure 1. Map of Delhi showing locations of the homes selected for aerobiological sampling. Black cross, Delhi University Campus and
Institute of Genomics and Integrative Biology (IGIB); blue star, homes of the patients in Delhi selected for sampling; pink circle, homes of
nonasthmatic/healthy volunteers.
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asthma patients and compare them with that in healthy
controls. Because the sample collection was not initi-
ated at the same time of year in all of the homes,
samplings were continued for 2 years to cover all of the
patients.

Air samples were collected from the home of each
patient for 1 year at 15-day intervals using a six-stage
volumetric air sampler (Anderson Sampler Inc., At-
lanta, GA).17 The sampler contained Petri plates filled
with Sabourauds Agar Media (with Rose Bengal Dye)
and was placed at human height during the collection.
In each home one sample was collected from the pa-
tient’s bedroom, one from the living room/other room,
and one from the immediate outdoor environment
(balcony, terrace, etc.). The sampling period was 5 min-
utes between 10:00 A.M. and 12:00 P.M. After sam-
pling, the exposed Petri plates were incubated at 28 �
2°C for �3–4 days until the colonies were visible to
examine.

Isolation and Identification
The exposed Petri plates were observed after 3–4

days and the isolated colonies were identified and
counted. The various fungal colonies were identified
through visual, low and high power microscopy (Ziess
Axioskop, Göttingen, Germany), and culture tech-
niques to the lowest taxonomic rank possible. The color
of the colonies, shape and size of the spores, and the
pattern of the sporulation provided clues for identifica-
tion. The identification was facilitated by using standard
books and monographs18–20 and standard reference
preparations. The number of colonies per plate of each
fungal genus/species was counted. Skin-prick test and
fungal-specific IgE antibodies were performed with dom-
inant indoor fungi in patients to establish clinical rele-
vance to fungal concentration indoors and outdoors (to
be published separately).

Data Analysis
The results were expressed as number of colony-

forming units (CFU) per cubic meter by using the
formula,

number of CFU/m3�
total number of fungal colonies

time sampled

�
1 min.

sampling rate (28.3L) �
1000
1 m3

.

Although all of the CFUs were isolated and identified
to the nearest taxonomic rank possible, only dominant
and frequently occurring types were analyzed for their
seasonal and annual variations. Colony counts con-
verted to monthly rates by multiplying number of
CFUs by a factor of 15 as sampling was performed at

the 15-days interval, thus obtaining the fungal load of
each month.

Statistical Analysis
The aerobiological results were subjected to statisti-

cal analysis using Prism II software (Graph Pad Prism,
San Diego, CA). The value of p � 0.05 was considered
significant. The total colony concentration of predom-
inant fungal genera/species of each home was calcu-
lated. The average concentration of the two indoor sites
of each home was taken while comparing the fungal
concentration inside the homes and immediately out-
side the homes. Average fungal concentration of all the
patients’ homes was taken to determine total fungal
concentration in 1 year. Percent contribution of each
mold was also computed by taking the average of all 77
patients. Seasonal distribution of dominant fungi was
also investigated. Paired t-test (Wilcoxon matched-
pairs test) was used to compare any significant differ-
ence between indoor and outdoor mold concentration
in different months and seasons. The relative concen-
tration of total as well as dominant fungi in different
seasons was analyzed by ANOVA. If the data were
not found normally distributed, nonparametric test
(Kruskal-Wallis test) was applied to calculate the sig-
nificance of concentration between the seasons.

RESULTS
A total of 3146 air samples were collected from the

bedroom (1573) and outdoor environment (1573) of
homes, and 1277 samples were collected from living/
other rooms (in cases where the occupant was living in
a single room, only one indoor sample was collected
and was considered as bedroom).

Altogether, 68 different fungi including sterile myce-
lia were identified from all the homes. The various
fungi observed are listed in Table 1. Overall, 35 genera
were isolated. Twenty species of Aspergillus and five
species of Penicillium were identified (the species that
could not be identified were grouped into Aspergillus
spp or Penicillium spp). For the present study, the 10
dominant fungal genera and 5 species of Aspergillus
that were most relevant to allergy were evaluated.

Fungal Concentrations

Overall Concentration. One-year average concentra-
tion inside and outside the homes of patients for dom-
inant fungi is presented graphically in Fig. 2 A. Con-
centration of fungi other than dominant genera is
represented as “others.”

In patients’ homes, the average annual concentration
of total fungi was 110,091 and 107,070 CFU/m3 in
indoor and outdoor environments, respectively. The
concentration range of culturable fungi was 2107–7608
CFU/m3 inside the home and 1994–6535 CFU/m3 im-
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mediately outside the home in a year. Highest average
annual concentration inside the homes was recorded
for the genus Aspergilllus with 47,254 and 43,138
CFU/m3 immediately outside the homes followed
by Cladosporium (indoors, 28,309 CFU/m3; outdoors,
24,749 CFU/m3) and Alternaria (indoors, 14,424 CFU/
m3; outdoors, 16,056 CFU/m3). Annual concentrations
of Cladosporium, Aspergillus species, Aspergillus versi-
color, Aspergillus nidulans, Aspergillus fumigatus, Penicil-
lium, and Rhizopus exceeded in indoor environment
when compared with outside air. However, a statisti-
cally significant difference was observed only in Asper-
gillus spp (p � 0.05). On the contrary, an opposite pattern
was observed for Fusarium, Alternaria, Drechslera, Asper-
gillus flavus, and Aspergillus niger and statistical signifi-
cance was exhibited only by Fusarium and Drechslera (p �
0.05).

In control homes (nonasthmatic/healthy volunteers),
a similar spectrum of fungi was observed as in the
homes of asthma patients. The annual concentration of
total fungi was 107,850 and 103,532 CFU/m3 in indoor
and outdoor environments, respectively, and that of
dominant fungi is represented graphically in Fig. 2 B.

Indoor concentration of Mucor (p � 0.01), Rhizopus (p �
0.01), and Curvularia (p � 0.01) was significantly higher in
the patients’ homes when compared with the concentra-
tion in the homes of control subjects. In immediate out-
door environment all the species of Aspergillus displayed
higher concentration in patients’ homes when compared
with control homes. In addition to these, Penicillium and
Rhizopus also reflected higher concentration, but statisti-
cal significance was not observed.

Seasonal Concentration. Significant differences (p �
0.001) in fungal concentration among different seasons
existed. Mean concentration of fungi in indoors was
higher in winter (December–February, 33.2%) and au-
tumn (September–November, 27.8%) and lower during
the rain (June–August, 16.0%; Fig. 3). The concentra-
tion of all dominant fungi except A. fumigatus also
displayed statistically significant variation among the
four seasons.

The indoor and outdoor contribution of Alternaria
spp. was higher in the summer (7524 and 9331 CFU/
m3, respectively) whereas it was significantly lower in
the winter (1403 CFU/m3 indoors and 1900 CFU/m3

Table 1 List of the various fungal taxa isolated and identified from the homes of patients and control homes
during 2002–2005

Ascomycetes A. oryzae Neurospora sp.
Ascospores A. ochraceus Nigrospora sp.
Chaetomium spp. A. repens Paecilomyces varioti

Zygomycetes A. restrictus P. fusisporus
Cercinella musco A. tamarii Penicillium spp.
Mucor spp. A. terreus P. chrysogenum
Rhizopus spp. A. variecolor P. citrinum
Syncephalastrum racemosum A. versicolor P. funiculosum

Basidiomycetes A. wentii P. nigricans
Basidiospores Aspergillus spp. P. oxalicum

Deuteromycetes Aureobasidium Periconia sp.
Acremonium spp. Cephaliophora irregularis Phoma sp.
Alternaria alternata Cladosporium spp. Scopulariopsis sp.
A. chlamydospora Curvularia lunata Sporotrichum sp.
Alternaria spp. C. tuberculata Stachybotrys atra
Aspergillus candidus Curvularia spp. Stemphyllum sp.
A. clavatus Drechlera spp. Trichoderma viride
A. flavipes Epicoccum sp. T. herzianum
A. flavus Fusarium moniliforme Torula sp.
A. fumigatus Fusarium spp. Trchothecium roseum

Zygomycetes Gliomastix sp. Ulocladium sp.
A. gigantius Gliocladium sp. Verticillum sp.
A. granulosus Helminthosporium sp. Mycelia sterilia
A. janus Memnoniella levispora P. fusisporus
A. japonicus A. oryzae Penicillium spp.
A. nidulans A. ochraceus P. chrysogenum
A. niger A. repens
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outdoors). Cladosporium was more predominant in
winters (12,264 CFU/m3 indoors and 12,001 CFU/m3

outdoors) but least common in rain (2523 and 2823
CFU/m3 indoors and outdoors, respectively). Penicil-
lium displayed high concentration in autumn and
winter (2311–3246 CFU/m3 indoors and 2831–3403
CFU/m3 outdoors) and a low concentration in sum-
mer. The four species of Aspergillus genera displayed

much variation in their seasonal concentrations. A. fla-
vus and A. niger were predominant during autumn
(3488 and 5843 CFU/m3, respectively, indoors). A. fu-
migatus and A. nidulans displayed high concentration
in late summer and early rain (239–530 CFU/m3 and
530–738 CFU/m3, respectively, inside the homes) and
were comparatively lower in winters. More than 50%
of annual concentration of A. versicolor was isolated in

Figure 2. (A) Indoor and immediate outdoor annual concentration of dominant fungal colonies (in CFU/m3) in patients’ homes (n � 77).
(B) Indoor and immediate outdoor annual concentration of dominant fungal colonies (in CFU/m3) in control homes (nonasthmatic/healthy
volunteers; n � 18).

Figure 3. Total fungal concentration
(CFU/m3) showing significant seasonal
variations (p � 0.001) analyzed in four
different seasons of the year recorded
from indoor air of patients’ homes.
Summer (March–May); rain (June–
August); autumn (September–Novem-
ber); winter (December–February).
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winters. Rhizopus was more commonly isolated in win-
ters and Mucor and Fusarium was more isolated in the
autumn season (Figs. 4 and 5).

Percent Occurrence and Percent Contribution
The frequency of occurrence (number of times a par-

ticular fungus has been isolated from the total number
of samples analyzed expressed in percent) of the dom-
inant types varied from 7.8 (Mucor) to 86.6% (A. niger)
throughout the year inside the homes. Most of the
fungi occurred at significantly higher frequency rates
(p � 0.001) indoors compared with outdoors except
Cladosporium, Drechslera, and Mucor (p � 0.05). This is
in contrast to the concentration of fungi, which did not
show a significant difference between indoor and out-
door concentration. Indoor environment of patients
homes displayed a significantly higher percent occur-
rence of the dominant fungi when compared with con-
trol homes (nonallergic/healthy volunteers) except for
A. versicolor and Drechslera in which statistical signifi-
cance was not observed despite the fact that percent
occurrence was higher in the patients’ indoor environ-
ments (Table 2).

Percent contribution of the dominant fungi is sum-
marized in Table 3. The culturable fungi most com-
monly encountered were species of Aspergillus, Cladospo-

rium, Alternaria, and Penicillium, which represented as
high as 88.6 and 86.3% of total CFU in indoor and out-
door air, respectively. Aspergillus had the maximum fun-
gal concentration percentage and accounted for 43.1% in
the indoor environment and 40.4% in the immediate out-
door environment. Cladosporium spp was the next major
contributor both inside and outside the homes followed
by Alternaria spp. and Peniciilium spp. Among the differ-
ent species of the genus Aspergillus, A. niger (12.4%) was
the most predominant species inside the homes followed
by A. versicolor (10.3%), A. flavus (6.6%), A. nidulans (1.7%),
and A. fumigatus (1.1%). Other dominant fungal genera
contributed no more than 1.9% in the indoor environ-
ment and 2.1% in the outdoor environment (Table 3).

Concentration of fungi in two different sampling loca-
tions selected inside the homes revealed that most of the
species of Aspergillus and Penicillium represented a higher
concentration in the bedroom when compared with the
living room, whereas the reverse pattern was observed
for Cladosporium, Curvularia, Drechslera, Fusarium, and
Mucor. However, statistical significance was not observed
in any of them (p � 0.05) (data not presented).

House-to-House Variation
The dominant fungi reflected extreme variations in

the concentration in different homes with a minimum

Figure 4. Fungal colony concentration (CFU/m3) of dominant fungi showing significant seasonal variations in four different seasons of the
year recorded from indoor air of patients’ homes. (a) Alternaria spp. (p � 0.001); (b) Aspergillus flavus (p � 0.001); (c) Aspergillus
fumigatus (p � 0.05); (d) Aspergillus nidulans (p � 0.001); (e) Aspergillus niger (p � 0.001); (f) Aspergillus versicolor (p � 0.001).
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of 41.9 to �100% coefficient of variation (CoV) inside
the homes. Indoor-to-outdoor ratio (I/O) of the annual
concentration of the total as well as dominant fungi are
presented in Table 4. This analysis was important be-
cause not all of the homes displayed similar indoor/
outdoor distribution of fungi as evident from afore-
mentioned results of CoV between the different homes.
Only 5.2% of the homes showed the I/O ratio of total
fungi �1.5 but none of them had �2.0. However, when
the dominant fungi were analyzed, I/O ratio of A.
fumigatus, A. nidulans, A. versicolor, and Aspergillus spe-
cies was �2 in 20.8% (16/77), 18.2% (14/77), 25.9%
(20/77), and 19.5% (15/77) of the homes, respectively,
and the I/O ratio of Penicillium was in 13% (10/77) of
the homes. Alternaria represented I/O greater than two
in only one home (1.3%).

DISCUSSION
Recently, a rise in the percent of children suffering

from various respiratory disorders has been observed.1

It has been observed that respiratory allergic patients
suffer from acute asthmatic attacks more frequently
during the changing season and weather conditions.21

Fungi are potent aeroallergens and atmospheric sur-
veys have reported that seasonal variations in fungal

concentrations could be the prime cause of clinical
allergy and asthma.8 Previous studies at various places
in India including Delhi have focused only on occupa-
tional environments; therefore, the present aerobiologi-
cal study is the first to be performed in Delhi (India),
emphasizing on qualitative and quantitative preva-
lence of the clinically significant aerospora inside and
outside the homes.

The studies performed in different countries pro-
vide variable results of total fungal concentration
and distribution of fungi because it basically de-
pends on media and sampling method used, season
of the year, geographical location, and living condi-
tions as well as fungal growth substrates in different
countries.22 We have collected 1-year quantitative
data on tropical fungi from each home and fungal
concentrations were high when compared with other
studies.8,23–25 Shelton et al.26 recorded the medium
concentration of 500 CFU/m3 in the United States.
Takahashi27 observed a concentration range of 13–
2750 CFU/m3 from the city of Yokohama, Japan. de
Ana et al.28 isolated a total of 11,843 fungal colonies
per cubic meter ranging from 0 to 1666 CFU/m3 in
different homes of allergic patients from Barcelona,
Spain. The higher concentration could be caused by

Figure 5. Fungal colony concentration (CFU/m3) of dominant fungi showing significant seasonal variations in four different seasons of the year
recorded from indoor air of patients’ homes. (a) Cladosporium spp. (p � 0.001); (b) Curvularia spp. (p � 0.001); (c) Fusarium spp. (p � 0.001);
(d) Mucor spp. (p � 0.001); (e) Penicillium spp. (p � 0.001); (f) Rhizopus spp. (p � 0.001).
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tropical vegetation in and around Delhi and condu-
cive temperature and humidity.

Among the 35 fungal genera isolated, the prevalent
fungal groups from all of the homes were different
species of Aspergillus, Penicillium, Alternaria, and Cla-
dosporium. Nonsporing isolates and yeast were also
frequently isolated but they were grouped into “oth-
ers.” Some of these fungi have been reported as the
most common airborne fungi in different environ-
ments in other studies also12,23,26–30 and have been
considered to be the potent allergens in aerospora of
many indoor and outdoor environments contributing
to the increase in respiratory diseases in children as
well as adults.31–33 Aspergillus was the most diverse
genera in terms of number of species identified in the
present study. A. niger, A. flavus, A. fumigatus, A. ver-

sicolor, A. nidulans, and Aspergillus variecolor were more
common than other species. Aspergillus was also the
most dominant fungal group in the present study. A
similar result was also found by Singh et al.29 and
Pandit et al.12 in Delhi, India. Khan et al.,30 from Kuwait
have also found Aspergillus species to be the predom-
inant component of the aerospora. Fungal genera other
than four fungi were Fusarium, Curvularia, Drechslera,
Mucor, and Rhizopus. In Penicillium genera, Penicil-
lium citrinum, Penicillium chrysogenum, Penicillium
oxalicum, and Penicillium nigricans were the most fre-
quent species.

We scored significant seasonal variations in indoor
as well as outdoor culturable airborne fungi. Aspergil-
lus and Penicillium are more prevalent in autumn and
winter, whereas Cladosporium was more prevalent in

Table 2 Comparison of percent occurrence of dominant fungi between patients and control
(nonallergic/healthy volunteers) indoors (I) and immediate outdoors (O)

Genera/Species Occurrence (%) p Value

Patients Control

Alternaria spp. I 75.0 67.2 �0.05
O 65.1 65.6 NS

Aspergillus flavus I 70.1 51.3 �0.001
O 55.1 47.7 �0.05

Aspergillus fumigatus I 23.6 14.4 �0.05
O 15.3 12.3 NS

Aspergillus nidulans I 36.0 19.0 �0.001
O 24.2 20.5 NS

Aspergillus niger I 86.6 70.8 �0.05
O 76.8 66.2 NS

Aspergillus versicolor I 51.5 44.6 NS
O 37.2 41.5 NS

Aspergillus spp. I 55.4 41.0 �0.001
O 42.5 32.3 �0.01

Cladosporium spp. I 77.0 61.5 �0.001
O 67.8 61.0 NS

Curvularia spp. I 32.7 14.4 �0.001
O 23.6 17.4 �0.05

Drechslera sp. I 14.2 9.2 NS
O 12.0 6.2 �0.05

Fusarium spp. I 34.3 22.1 �0.01
O 24.7 20.5 NS

Mucor sp. I 7.8 5.1 �0.05
O 5.3 3.6 NS

Penicillium spp. I 64.7 49.2 �0.01
O 47.6 43.6 NS

Rhizopus sp. I 31.2 15.4 �0.001
O 19.4 13.8 �0.05

Others I 70.4 56.4 �0.001
O 54.5 49.7 NS

NS � not significant (p � 0.05); p � 0.05 � significant; p � 0.01 � highly significant; Ip � 0.001 � very highly significant.
I � indoors; O � outdoors.
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winter and summer. Such seasonal distributions have
also been reported in the homes of United States10,25

and Spain.28 In the United States,25 an unexpectedly

high fungal spore concentration has been observed
during winter. Alternaria is most predominant in dry
weather (summer), as observed by other workers in

Table 3 Percent contribution of dominant fungi to total colony-forming units in patients and control
(nonallergic/healthy volunteers) homes

S. No. Genera/Species Contribution (%)

Patients Control (nonallergic)

Indoor
(%)

Outdoor
(%)

Indoor
(%)

Outdoor
(%)

1 Alternaria 13.1 15.0 12.5 15.4
2 Aspergillus flavus 6.6 7.0 8.3 6.8

Aspergillus fumigatus 1.1 0.9 0.9 0.7
Aspergillus nidulans 1.7 1.7 2.2 2.1
Aspergillus niger 12.4 13.8 12.8 10.8
Aspergillus versicolor 10.3 8.8 9.5 7.9
Aspergillus spp. 11.0* 8.2 10.5 5.7

3 Cladopsporium 25.7 24.1 28.0 31.3
4 Curvularia 1.9 2.1 1.3 1.9
5 Drechslera 0.5 1.3# 0.4 2.5
6 Fusarium 1.6 2.6# 1.4 2.7
7 Mucor 0.3 0.3 0.2 1.5
8 Penicillium 6.8 6.8 7.1 5.0
9 Rhizopus 1.6 1.5 0.6 0.7

10 Others 5.4 5.9 4.4 4.9
Total 100 100 100 100

*Significantly higher indoor concentration was exhibited by Aspergillus spp in patients’ homes (p � 0.05).
#Significantly higher outdoor concentration was exhibited by Fusarium and Drechslera of patients’ homes (p � 0.05).

Table 4 Indoor to outdoor (I/O) ratio of the concentration of fungi (CFU/m3) identified in patients’ homes

Genus/Species I/O
Ratio*

No. of Homes with I/O Ratio

<1 1–1.5 1.6–1.9 >2 Absent in Outdoor

Alternaria spp. 0.9 40 35 1 1 (1.3%) 0
Aspergillus flavus 1.0 35 30 4 8 (10.4%) 0
Aspergillus fumigatus 1.3 33 19 5 16 (20.8%) 4
Aspergillus nidulans 1.0 34 20 6 14 (18.2%) 3
Aspergillus niger 0.9 30 39 6 2 (2.6%) 0
Aspergillus versicolor 1.2 29 21 7 20 (25.9%) 0
Aspergillus spp. 1.4* 26 27 9 15 (19.5%) 0
Cladosporium spp. 1.1 27 41 3 6 (7.8%) 0
Penicillium spp. 0.9 30 30 7 10 (13.0%) 0
Curvularia spp. 0.4* 41 15 4 14 (18.2%) 4
Drechslera sp. 0.6* 52 11 1 4 (5.2%) 9
Fusarium spp. 1.0 53 15 2 4 (5.2%) 3
Mucor sp. 1.0 30 7 1 7 (9.1%) 32
Rhizopus sp. 1.1 33 16 11 11 (14.3%) 3
Others 0.9 35 30 7 7 (9.1%) 0
Total fungi 1.0 29 44 4 0 (0.0%) 0

*I/O ratio of the annual concentration of dominant molds identified in the patients homes.
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other parts of the world.28,34 In occupational environ-
ments such as the bakery and sugar industry, definite
sources of fungal growth are present, even then sea-
sonal patterns in fungal concentration have been re-
ported,13,35 which indicates that patients are definitely
exposed to fungi according to their seasonality. There-
fore, it becomes important to include seasonal varia-
tions in fungi in any study model because the concen-
tration of any fungi taken at one time can not be
representative of the level throughout the year.9 Dif-
ferent species of Aspergillus had marked seasonality,
but variations are observed in particular seasonal pre-
dominance. For example, A. fumigatus and A. nidulans,
being xerophilic fungi, are prevalent in summer,
whereas, A. flavus and A. niger are predominant in
autumn. These variations are in conformity with stud-
ies performed elsewhere.27,36–38

The highest concentration of Alternaria is 137 CFU/m3

inside the homes and 169 CFU/m3 immediately outside
the homes in the month of April (summer; the values are
calculated for CFU/m3 per sampling). Both of these val-
ues exceed 100 CFU/m3, which have been related to
hyperresponsiveness of airways in children sensitive to
Alternaria, the allergens of which contribute to severe
asthma in regions where exposure to the fungus is high.39

According to the Wilcoxon signed-rank test, the in-
door and outdoor CFU levels integrated over the entire
test period are not significantly different, although in-
door presence of fungi is slightly higher, but overall, no
statistical difference was observed between indoor and
outdoor fungal levels, except for Aspergillus spp.,
which is considered primarily to be an indoor aller-
gen.40 It has been proposed that indoor air spora is
representative of that present in the outdoor environ-
ment as in present study airborne fungi observed in-
doors paralleled with those outdoors, although quan-
titative variations may exist that may be caused by the
presence of indoor fungal source, dampness in home,
or use of air conditioners and humidifiers, etc. In India,
and especially in middle class families, use of air con-
ditioners and humidifiers is not very common. Similar
results have also been seen in the homes of mold-
sensitive children with asthma in a U.S. city6 and in
Taiwanese school children,41 where the concentration
of airborne fungi encountered indoors generally paral-
leled with those found outdoors as observed in the
present study.

We observed higher levels of fungal concentration in
the homes of patients when compared with that in
control (nonallergic) homes in indoor air. However,
except in a few cases (Mucor spp., Rhizopus spp., and
Curvularia spp), statistical difference in their concentra-
tion is found lacking. The lack of quantitative differ-
ence in airborne fungi between patients and control
homes could be because of the fact that genetically

predisposed children are more likely to suffer from
respiratory trouble.

All of the fungi occurred (percent occurrence) at
significantly higher rates inside the homes when com-
pared with immediately outside the homes. It was also
observed that significantly higher rates of percent oc-
currence of the dominant fungi was present in the
homes of patients when compared with that in nonas-
thmatic/healthy volunteer homes, which is in contrast
to mold concentration where statistical significance
was not observed. It is a common observation that once
the air infiltrates inside the home, the spores do not
find an escape route to the outside air. These spores get
settled in the dust and become airborne whenever
there is any human disturbance. Regular removal of
dust by vacuuming or wiping also removes the infil-
trated spores, but lack of such activities might be re-
sponsible for longer persistence of spores inside the
patients’ homes. The level of fungal spores inside the
homes has been analyzed in New York, and it is found
that characteristic of housing (habitat) might predict
higher or lower concentrations of spores in the dust.42

The I/O ratio is another indicator for evaluating the
difference between indoor and outdoor fungal levels as
well as house-to-house variation of dominant fungi
because indoor and outdoor distribution of fungi was
not similar in all of the homes as evident from the CoVs
observed. Most of the dominant genera have few
homes with I/O ratio �2 excluding Aspergillus (18–
26%), Penicillium (13%), Curvularia (18.2%), and Rhizo-
pus (14.3%). Some of the dominant genera are also
observed to be absent in immediate outdoors. For ex-
ample Mucor is not recovered from immediate out-
doors from 32 homes, indicating its immediate source
inside the homes.

Li et al. have examined the homes of 46 asthmatic
children and observed that Aspergillus and Penicillium
are more prevalent indoors when compared with out-
doors with I/O ratios �2.41–43 Asthmatic children liv-
ing in such houses have been studied in detail in the
United States for their respiratory dysfunction and sen-
sitivity to these fungi (unpublished data). Earlier work
from our laboratory has established the role of Asper-
gillus and other fungi in patients of different occupa-
tional settings.44,45 Important pollen and fungal aeroal-
lergens from India have recently been reviewed by
Singh and Shipra.46

There is similarity in the fungal composition in dif-
ferent environmental studies, but there are great vari-
ations of the concentration as well as percent contribu-
tions of fungi. This indicates that the concentration
percentages of fungal groups are influenced by the
sampling methodology and environmental conditions.47

There can be plausible correlation between the seasonal
changes in the symptoms of asthma and fungal spore
counts because marked seasonal fluctuations are ob-

30 January–March 2011, Vol. 2, No. 1



served in various fungi as shown by the studies in other
countries.7,48,49 Prevalence of sensitization is also essential
to evaluate the effect of exposure, which will be included
in additional publications. It is important to be aware of
the fungal flora in places where asthmatic people reside
for proper diagnosis and management of the disease and,
therefore, proper investigations and valid approaches are
of immense clinical importance to evaluate the relation-
ships between the health symptoms and microfungal
concentration.
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