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The role of molds in the relation between indoor 
environment and atopy in asthma patients
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Background: The effect of mold fungi to allergic sensitization is not well-known. We aimed to evaluate the role of molds in the 
relation between indoor environment and atopy in asthmatics. Materials and Methods:The air samples obtained from 66 stable 
asthmatics and 35 control subject’s houses were sprayed into Sabouraud dextrose agar. Allergy skin testing were performed in both 
groups. The temperature and humidity of each house were measured. Results:The incidence of atopy was similar in cases (59.1%) 
and controls (51.4%). The average amount of mold was 35.9 CFU/m3 and 34.3 CFU/m3, respectively. The number of household 
residents was positively correlated with the amount of molds. There was no difference in the amount of mold with respect to dosage 
of inhaler corticosteroids as well as symptom levels in asthmatics. The most frequently encountered allergens were Dermatophagoides 
farinae/Dermatophagoides pteronyssinus, grass/weeds and molds. Spending childhood in a village was more common among atopics. 
Conclusion: Living environment during the childhood might affect atopy and asthma. Based on the identification of molds as the 
second most frequent allergen after mites in our study population, assessment of mold sensitization as well as in forming patients 
about ways to avoid them seem likely to contribute to the effective management of uncontrolled asthma.
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antigens in susceptible individuals.[7] Though, sensitivity 
to mold antigens has been indicated to be a risk factor 
for developing allergic diseases and asthma, currently 
it is not yet clear whether the allergic sensitization is a 
risk factor for the development of asthma.[8] Albeit the 
exact mechanisms by which household molds produce 
asthma are not known, IgE-mediated hypersensitivity 
reactions to mold fungi antigens as well as the effects 
of released mycotoxins have been suggested among the 
responsible factors.[9]

In asthmatics, allergic reactions to house dust mites 
and mold fungi, occurring more frequently in a humid 
environment, are quite common. A humid, dark,and 
poorly aerated indoor environment encourages the 
growth of mold fungi. Although the correlation between 
indoor humidity and fungal growth has been definitely 
established[10] it is not clear whether there is a direct 
relation between the household conditions and the level 
of indoor fungi. Fungal growth might be influenced 
by many factors such as ambient temperature, 
humidity, modes of indoor warming, availability of air-
conditioning facilities, the presence of pets or leaks in 
the plumbing system. The presence of these factors was 

INTRODUCTION

Early life exposure to the environmental factors and 
aeroallergens has a strong impact on the development 
of allergic airway diseases. Consisting of house dust 
mites, pet danders, and mold fungi, indoor allergens 
play a crucial role in the exacerbation of pre-existing 
allergic diseases like asthma as well as allergic 
sensitization.[1-3] Ulrik et al. determined an increase in 
the prevalence of asthma with sensitivity to house dusts 
while asymptomatic bronchial hypersensitivity was 
suggested to be a major risk factor for the development 
of asthma.[4]

The individual or familial atopy has been considered 
as the most significant risk factor in the development 
of bronchial asthma.[5] The presence of atopy does not 
necessarily signal the clinically apparent disease, and 
neither an isolated exposure to allergens alone lead to 
bronchial inflammation. Various environmental factors, 
viral infections, smoking, environmental air pollution 
have been indicated to facilitate the penetration of 
allergens into the airways.[6] Mites, cat danders, and 
cockroach antigens are the most important indoor 
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consistently reported to have adverse effects on asthmatic 
symptoms in various studies.[1-13]

Based on spending most of the daily time at home or work 
place by several people, exposure to indoor pollutants, 
particularly house dust is quite common. In our country, 
atopy against mold fungi and its influential factors have not 
been comprehensively evaluated. Therefore, this study is 
aimed at evaluating household conditions for asthmatics in 
relation to the effects of household molds on the incidence 
of atopic manifestations.

MATERIALS AND METHODS

Study population
Being selected from our previous study concerning the 
growth of mold fungi in the indoor air,[13] a total of 66 asthma 
patients (mean age = 52.8 years, male/female = 11/55) were 
included in the present study to compose the case group. 
Physician-diagnosed asthma was based upon symptoms and 
the results of the reversibility test in each patient, according 
to Global Initiative for Asthma consensus report.[6] Control 
group was composed of 35 adults (mean age = 45.9 years, 
male/female: 9/26) who gave consent for allergy skin testing 
and selected from close neighborhood of the cases with 
similar socio-economic status and gender distribution. To 
be <18 years of age, presence of pregnancy and concomitant 
diseases including Chronic Obstructive Pulmonary Disease, 
heart failure or acute asthma attack and to be under treatment 
with tricyclic antidepressants or systemic corticosteroids 
were the exclusion criteria of the study.

Written informed consent was obtained from each subject 
following a detailed explanation of the objectives and 
protocol of the study, which was conducted in accordance 
with the ethical principles stated in the “Declaration 
of Helsinki”and approved by the Institutional ethics 
committee.

Questionnaire and pulmonary function tests
An interviewer-administered questionnaire survey 
including items on the demographic characteristics of 
participants, the house hold conditions (the age of the 
building, optimum daylight conditions, healthy indoor 
climate, dampness in the home, heating system, any 
plumbing repair), the number of people living in the same 
residence, drying clothes indoor, house hold pets, potted 
plants in the house, and the type of flooring was applied 
through the face-to-face interview method.

Severity and duration of asthma, respiratory symptoms 
within the past 12 months, allergic symptoms, family 
history, home and workplace environment, use of 
health-care services and medications were also recorded. 

Respiratory function was evaluated using a rolling seal 
spirometer (SensorMedics, YorbaLinda, CA) according to 
American Thoracic Society criteria.[14]

Collection and mycological analysis of indoor air samples
During home visits performed at the second half of the 
winter season, 150 ml of air samples were aspirated (Air 
Ideal®, BioMereux/France) from the center of living rooms 
between the hours of 09:00 am and 13:00 pm before opening 
the windows and prior to house ventilation. Air samples 
taken 1.5 m above the ground were sprayed directly on 
sabouraud dextrose agar and then incubated at 25°C for 
7-10 days. Number of colonies demonstrating the growth 
of the mold fungi was calculated and expressed as CFU/m3. 
Relative humidity (%) with TFA hygrometer (Dostmann 
GmbH, Germany), which hanged on the wall 2 m above 
the floor for 10 min and ambient temperature of the same 
room were measured.

Allergy skin testing
The presence of allergy was determined using skin tests 
against aeroallergens most frequently reported in our 
country. Allergy test set included 14 different allergens 
(Dermatophagoides pteronyssinus, Dermatophagoides farinae, 
Aspergillus fumigatus, Penicillium notatum, Alternaria 
alternata, Cladosporium, Mold mixII [Mucor, Neurosp., 
Pullularia, Rhizopus], cat and dog danders, a mixture of 
herbs [dactylis, festuca, lolium, phleum, poa], weeds [artemis, 
chenapo, pariet, plantago], and plants [betula, fraxinus, olea, 
quercusilex, robinia], cockroach antigens [Blatella germanica] 
and rabbit fur [ALK-Abello; Albio]). As a positive control, 
histamine solution in distilled water (10 mg/mL), and as a 
negative control glycerol buffered serum saline were used. 
Skin test was performed on the volar surface of the forearm 
using prick lancets. Skin reaction of each allergen were 
evaluated and compared with the reactions of positive and 
negative controls after 15 min of the testing. The induration 
of ≥3mm in diameter was considered as a positive reaction.

Statistical analysis
Statistical analysis was performed using the commercially 
available computer software (SPSS version 10.0, SPSS 
Inc. Chicago, IL, USA). While, Chi-Square test was used 
to compare the categorical variables, Student’s t test was 
used for comparisons of numerical values. The correlation 
of indoor characteristics to the amount of mold growth, 
the clinical features and medications was performed 
via Spearman’s correlation analysis. Mann Whitney U 
test was performed for comparisons of the groups with 
abnormal distribution. One-way ANOVA test was used 
for comparisons of means for more than two independent 
groups. Results are reported as the mean ± standard 
deviation and percent (%) where appropriate. p < 0.05 was 
considered statistically significant.
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use of inhaler steroid therapy (r = 0.227, p = 0.024). There 
was no significant difference in mold amount with respect 
to different doses of inhaler steroids used(low/moderate/
high), and past history of acute asthma attack within the 
last year (p = 0.160 and p = 0.967 respectively). There was 
no significant difference in mold amount with respect to 
frequency of asthma symptoms (p = 0.457) [Table 4]. No 
correlation was determined between the frequency of 
asthmatic symptoms, use of short acting beta-2-agonists, 
daily dosage of inhaler corticosteroids, asthma attacks 
within the previous year,and the presence of atopy.

A total of 57 cases had positive allergy test of the allergens 
applied. The most frequently encountered allergens were D. 
farinae (54.4%), D. pteronyssinus (45.6%), grasses and weeds 
(45.1%), and mold fungi (26.3%) [Figure 2]. Alternaria (n = 6), 
Cladosporium (n = 4), and Penicillium (n = 2) were the mostly 
detected mold fungi.

There was no influence of asthma severity on the incidence 
of atopy [Figure 3].

The specific features of the indoor environment in patients 
with or without atopy are given in Table 5. Spending 
childhood in a village (51.3%) was more common while 
living in an apartment was less common (68.4%) among 
atopic compared to the cases without atopy (29.6%; p = 0.001 
and 90.9%; p = 0.007, respectively).

RESULTS

Demographic characteristics in the groups are summarized 
in Table 1. Control subjects were determined to be 
significantly younger than patients (p < 0.001). The number 
of females was greater in each group, but the ratio of female 
to male was not different in each group. Mean duration 
of follow-up by a pulmonary specialist was 12.2 years in 
asthma patients.

Various characteristics of study groups and their home 
environment are shown in Tables 2 and 3. Allergy testing 
demonstrated similar ratios for sensitivity to at least 
one antigen in the case (59.1%) and the control (51.4%) 
groups. The mean amount of mold in indoor air samples 
was detected as 35.9 CFU/m3among asthma cases and 
34.3 CFU/m3 in controls.

Albeit not significant likely due to scarcity of participants, 
past history of a non-asthmatic allergic disease was positive 
in 43.8% of asthmatics and 25.7% of controls. Case and 
control groups were similar in terms of the presence of 
allergic disease and symptoms in the first-degree relatives 
[Table 2].

There was no difference between asthma and control 
groups with respect to exposure of second hand smoke at 
home. However, the prior history of pet ownership was 
significantly higher in the cases compared to controls (p = 
0.046) [Table 2].

A positive correlation was determined between the number 
of house hold residents and the amount of indoor mold [r = 
0,288, p < 0.004; Figure 1]. A positive but weak correlation 
was observed between the frequency of symptoms and the 

Table 1: General characteristics of study groups
Asthma group 

(n = 66)
Control group 

(n = 35)
P value

Age/year
(Mean±SD) 52.8±10.3 45.9±12.3 P<0.001

aGender
Male (%) 11 (16.7) 9 (25.7) P>0,277
Female (%) 55 (83.3) 26 (74.3)

aData were shown as number (percent)

Table 2: Various characteristics of asthma group and controls according to their home environment
Asthma group (n = 66) Control group (n = 35) P value

Room temperature (°C) 20.9±3.6 20.5±2.8 0.530
Humidity (%) 45.0±12.4 49.6±8.7 0.055
The amount of mold colony (CFU/m3) 35.9 34.3 0.370
The age of the residential building (year) 18.1±9.3 16.2±9.1 0.029
The number of people living at home (year) 3.3±1.2 3.3±1.1 0.930
The presence of visible mold at home (n [%]) 32 (48.5) 13 (37.2) 0.378

Figure 1: The relationship between the number of people living at home and 
the amount of mold at home
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Allergy to mold fungi was identified only in nine cases. 
There was higher amount of indoor mold in patients with 
mold allergy compared to patients not allergic to molds 
(p = 0.047). There was need for high doses of inhaled 
corticosteroids in patients with mold allergy (555.4 and 
911.1 µg as equivalent to beclomethasone dipropionate, 
respectively; p = 0.025) compared to the rest of asthmatic 
patients.

DISCUSSION

In this study, the presence of atopy in asthmatics and 
household conditions were investigated and no difference 
was found in the frequency and severity of the symptoms, 
the frequency of admission to hospital because of asthma 
attacks within the previous year, the dosage of the inhaler 
corticosteroid, and the amount of the spores of indoor 
molds. Asthmatics with a higher concentration of mold 
spores in indoor air were found more allergic to mold 
fungi and required relatively higher dosages of inhaler 
corticosteroids. Atopy was found more frequently in 
patients who lived in rural areas in their childhood.

Table 3: Various characteristics of study groups
Asthma 
group  

(n = 66)

Control 
group  

(n = 35)

P value

n (%) n (%)
Smoking at home 23 (34.8) 17 (50.0) 0.143
Atopy 39 (59.1) 18 (51.4) 0.460
Allergic rhinitis 35 (53.0) 16 (45.7) 0.480
Allergic dermatitis 32 (49.2) 16 (45.7) 0.730
Family history of allergy 39 (60.0) 19 (54.3) 0.580
History of having pet  
(previous/now)

44 (67.7) 16 (47.1) 0.046

Living in rural areas in childhood 42 (63.6) 24 (68.6) 0.620

Table 4: The relationship between the amount of mold in the resident air and the frequency of symptoms of the 
asthma patients
The frequency of asthma symptoms* The amount of molds (CFU/m3)a

Asymptomatic cases or cases with symptoms less than 1 time/week (n=33) 34.5±9.5

Cases with asthma symptoms 2-3 times/week (n=17) 37.3±8.8

Cases with asthma symptoms 4-5 times/week or frequently symptomatic cases (n=15) 37.8±8.9
aData were shown as mean±standard deviation. One-way ANOVA test showed no difference between the groups (P = 0.433)

Table 5: Various characteristics of cases according to skin test
The characteristics of the cases Skin test P value

Positive (n = 57) Negative (n = 44)
Age/year (mean±SD) 50.1±11.5 50.9±11.5 0.710
The amount of mold colony/CFU/m3 (mean±SD) 34.8±8.9 36.1±9.9 0.502
The age of the residential building/year (mean±SD) 18.1±9.5 16.6±8.9 0.430
A family history of allergy 36 (63.2) 22 (51.2) 0.229
History of having pet (previous/now)a 38 (67.9) 22 (51.2) 0.092
Living in rural areas in childhooda 31 (54.4) 10 (22.7) 0.001
Apartment life 39 (68.4) 40 (90.9) 0.007
aData were shown as number (percent)

Figure 2: The allergens mostly detected in the cases with positive skin tests

Figure 3: The frequency of atopy according to asthma severity

Mold fungi together with house dust mites are important 
indoor allergens leading to sensitization. In various 
countries, different mold fungi have been mainly identified 
in the indoor environment. The most frequently identified 
fungi in countries such as Germany, Sweden, Denmark, 
Holland, and UK were reported as Penicillium spp. 
and Cladosporium spp.[4,8,15,16] In general, Aspergillus and 
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Penicillium are considered to be the most important indoor 
molds, whereas Alternaria has been reported as the most 
important outdoor mold. In our previously published 
study, in which the study group of the present study was 
also included, we reported Aspergillus and Penicillium to be 
the most frequently encountered household molds.[17] The 
presence of mold fungi in the indoor environment depends 
on the degree of humidity and temperature, which are the 
vital factors for house dust mites as well. Therefore,the 
presence of visible mold at the surface of the house suggests 
that indoor conditions might be also appropriate for the 
growth of house dust mites. In addition, concomitant 
presence of higher concentrations of mites and mold 
fungi in the indoor environment indicate the preference of 
similar environmental conditions for the growth. As noted 
in the literature, the greater the number of persons usually 
resident in a household, the larger amount of mites. Hence, 
our finding of positive correlation between the number 
of household residents and the amount of indoor mold is 
compatible with the above-mentioned findings.

Yazicioglu et al. reported higher amount of fungi in the 
indoor environment of asthmatic children than non-
atopic controls.[15] In asthmatic patients sensitive to fungal 
allergens, more severe clinical course of the disease was 
reported while even these allergens perse were reported to 
be responsible for higher mortality rates in asthmatics.[16] 

Since, the most important source of indoor fungi is the 
outdoor air, the features of the outdoor should also be 
considered in assessment of the internal environment. 
Although, similar amount of mold was detected in our 
asthmatic cases with respect to past history of acute 
asthma attack within the past year or the presence of severe 
symptoms, relatively higher amount of mold growth in 
nine individuals with detected allergy to mold suggests an 
important role of indoor conditions in the development of 
atopy against molds. In addition, requirement for higher 
doses of inhaled corticosteroids in patients sensitive to 
mold suggests that control of mold is important in the 
management of asthma.

Sensitization to molds is a risk factor for allergic diseases.[17,18] 
In patients with respiratory tract allergies, prevalence of 
allergic sensitization to mold has been reported to a range 
from 2% to 30% in various studies.[17] This wide range of 
prevalence may be related to geographic characteristics, 
the climate of the regions studied and the diversities in the 
living conditions of the patients as well as the differences 
in the diagnostic tests used for the evaluation of atopy. 
Pediatric exposure to spores of mold was demonstratively 
associated with allergic sensitization and atopy.[17,19] In a 
past study by Jaakkola et al. sensitization to house dusts 
was reported to be the most frequent risk factor for the 
development of adult onset asthma.[20]

Sensitization to mold was reported to a range from 5% to 
18.5% in asthmatics with frequent development against to 
Aspergillus, Alternaria, Penicillium, and Cladosporium.[3,21,22] 

Evaluation of patients with symptoms related to respiratory 
and allergic diseases in a past study revealed the sensitization 
of mold to be 9%.[23] Our finding indicating incidence of 
sensitization to molds in 17% of asthmatic cases and 8.9% 
of controls suggest that asymptomatic sensitization to mold 
might occur even in cases without asthma.

Assessing the exposure to house dust allergens is 
crucial for the evaluation of the risk factors effective 
for sensitization. This may play a role in controlling 
the environmental factors, which affect the severity 
of asthma.[24] In a study by Ulrik et al., house dust 
sensitization was reported to be associated with an 
increase in asthma prevalence within the 12 months and 
asymptomatic bronchial hyperreactivity was suggested 
to be a major risk factor for the development of asthma.[4] 

In addition, increase in both the ratio of the skin test 
positivity (from 26% at baseline to 44% at the end of the 
1st year) and sensitivity to house dust antigens (from 14% 
at baseline to 26% at the end of the1st year) was reported 
in the same study.[4] In a study, from Aegean region of 
Turkey, D. pteronyssinus type 1 or D. farinae type 1 was 
identified in 53.8% of dust with the pre-dominance of 
D. pteronyssinus type 1 (71.4%). Sensitization to D. farinae 
or D. pteronyssinus was determined in 84.0% of the allergic 
cases and it was emphasized that the indoor humidity 
and residing at the seaside may be a predictor of more 
frequent sensitization to house dust.[25] Accordingly, 
sensitivity to D. farinae was the most frequently identified 
finding in allergy skin testing in our study population 
composed of the case and control subjects from similar 
climatic and environmental conditions.

The symptoms related to atopy were detected in 57.6% of 
asthmatic children in a study from Istanbul, Turkey. Skin 
prick test revealed atopy in 60.3% of cases. Sensitization 
was detected mostly against house dust, grasses and 
weeds.[5] Similar ratios for atopy were evident in our 
asthmatic patients composed of mainly mild asthmatics. 
In Erzurum, grasses and weeds and tree pollens were 
reported as the most frequent allergens (70.3%) in asthma 
patients. The sensitivity to house dust mites (32.1%) and 
mold (5%) were also reported. In Tokat, asthmatics were 
determined to be mostly allergic to D. pteronyssinus and 
D. farinea (58.1%) and pollens (49.5%).[22] In Antalya, house 
dusts were reported as the most common allergen with the 
ratio of 20.9%.[26] It seems reasonable to expect the increase 
in sensitivity to house dust mites parallel to increase in 
weather temperature and humidity toward Western and 
Southern regions also for sensitivity to mold.
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The rates of atopy in different levels of asthma severity 
were reported as 85% in mild intermittent asthma, 57% in 
mild persistent and moderate asthma, and 10% in severe 
asthma in a past study from Turkey.[27] However, similar 
ratios for atopy were evident with respect to asthma severity 
in our asthmatic patients composed mainly of patients 
with mild asthma. Regional difference in the prevalences 
of asthma, allergic rhinitis, and atopy were reported in 
Turkey, including respective prevalence’s of 9.4, 27.7, and 
31.1% in Southern regions while 7.46%, 8.1%, and 15.7% in 
central regions.[26,28] The positivity for at least one allergen 
was determined in 20.3% of asthma patients.[28]

In a past study by Celik et al. prevalence of asthma, allergic 
rhinitis and atopy was reported as 6%, 16% and 25% in 
a large population representative of our country.[2] Our 
finding related to similarly high frequency of atopy in both 
control and case groups may be secondary to differences 
in criteria used in the interpretation of the skin test results 
and certain regional differences. In addition, given the fact 
that high incidence of familial history of allergic diseases 
and high rates of atopy in our control subjects might be 
explained by the likelihood of higher tendency among 
subjects with personal and familial history of symptoms 
suggesting allergic diseases to be voluntary for skin allergy 
testing.

Assessment of particular familial and environmental 
factors in subjects with allergic airway disease in relation 
to the presence of atopy in a cross-sectional study by Celik 
et al. revealed that place of birth, sibship size,and atopic 
status of the mother were significantly associated with the 
development of allergic airway disease after adjustment 
for confounding factors. According to their data, birth rate 
in villages and sibship size were lower in the atopic group 
compared to non-atopic group. Based on higher rate of 
birth in urban regions among atopic patients particularly 
in patients with isolated allergic rhinitis and higher rate of 
living in an apartment during the childhood among atopics 
than non-atopic controls in that study, rural life-style was 
indicated to be protective against development of atopy 
in Turkey. Hence, certain factors with a direct or indirect 
relation to urban life-style during the early childhood were 
suggested to have an impact on the frequency allergic 
respiratory diseases.[2] Albeit contradictory to report by 
Celik et al., our finding concerning higher rates for spending 
childhood in a rural area among atopic than non-atopic 
patients seems to suggest the possible impact of the life-style 
as well as the location of residence on the development of 
atopy and allergy.

The relationship between the indoor conditions, atopy, and 
symptoms of asthma is noteworthy in adults. Identification 
of indoor allergens and training of patients about protection 

against these allergens is crucial, especially in patients with 
perennial symptoms. Avoiding the allergen with known 
sensitivity seems to enable more successful asthma control. 
Hence, allergy to mites and molds should be evaluated 
especially in the “difficult to control” asthma.

One of the major limitations of the present study was 
that the assessments were limited to indoor air and only 
for molds. Further studies are needed to evaluate other 
allergens in the indoor environment and to investigate the 
factors affecting the sensitization and the development of 
asthma. Another limitation of the study is related to the 
selection of the control group and the controls were selected 
by previous study of the authors based on their consent 
to allergy testing. This may lead to incidence of allergic 
diseases other than asthma and percentage of sensitization 
in the control group to be as high as in the study group, 
since people suffering from allergy may be more willing 
to be examined.

In conclusion, our findings revealed no impact of life-
style, habits, and indoor airborne fungal growth on the 
development of asthma, but the likelihood of living 
environment during childhood to affect existing allergic 
disease and asthma. Detecting higher concentration of 
molds in the houses of patients who have the skin test 
positivity to molds might suggest the importance of these 
allergens in asthma control.
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