
regions has been observed to be from 1.9 – 15.7% of those 

inhabiting these areas [4,5]. The important factors that 

might be responsible for the increased incidence are expo-

sure to environmental pollutants and Westernized lifestyle 

associated with increased urbanization [6,7]. 

 Indoor exposure to allergens is important in the devel-

opment of allergy and asthma as most people spend more 

than 90% of their time indoors, more than half of which 

is spent at home. Fungal spores are one of the most com-

mon sources of indoor allergens, in addition to house dust 

mite, cockroaches, and pets [8]. Allergic reactions that 

are linked with fungi include asthma, allergic rhinitis, 

hypersensitivity pneumonitis, allergic bronchopulmonary 

aspergillosis, and atopic eczema [9]. Most of the inhaled 

fungal spores ( �  10  μ m in diameter) are deposited in 

nasopharynx, but spores of  �  5  μ m in size penetrate the 

 Received   23   March   2011  ; Received in fi nal revised form 12 May 2011; 

Accepted   16   July   2011   

  Correspondence: A. B. Singh, Aerobiology Allergy Laboratory, Insti-

tute of Genomics and Integrative Biology, Mall Road, Delhi University 

Campus, Delhi  –  110007, India. Tel:  �  91 11 27666156; Fax:  �  91 11 

27667471; E-mail: singha49@hotmail.com; absingh@igib.in  

                             Association between indoor fungi in Delhi homes 

and sensitization in children with respiratory allergy      

    RASHMI SHARMA * ,     SHAILENDRA         N.     GAUR   †   ,        VED P.     SINGH   ‡     &        ANAND B.     SINGH *     

  *  Institute of Genomics and Integrative Biology ,  Delhi ,   †   V. P. Chest Institute, Delhi and    ‡   Department of Botany ,  

University of Delhi ,  Delhi ,  India                              

 Indoor fungi are potential sensitizing agents in children and their detection and quanti-
fi cation in indoor air are important in the diagnosis and environmental management of 
fungal allergies. The objective of this investigation was to assess the prevalence of fungal 
allergies in children in Delhi and to study the association between mold counts in the 
homes of children and their sensitization to respective fungal extracts. Fungal concen-
trations and seasonality were studied at two-week intervals for one year using Andersen 
Volumetric and Burkard Slide samplers. Sensitization to fungi frequently encountered in 
patients ’  homes was assessed by Skin Prick Tests (SPTs). Total fungal specifi c IgE was 
measured by ELISA in the sera of patients positive to fungal extracts. Skin Prick Tests 
revealed that 39.3% (33/84) of patients were markedly positive (2  �  and above) to one or 
the other fungal allergens. Raised serum IgE to predominant indoor fungal species was 
observed in patients with marked SPT results. Highest marked skin reactivity (2  �  and 
above) was obtained with  Alternaria alternata  allergens in 17.9% of the children, which 
was followed by the response to fungal antigens of  Aspergillus fumigatus  and  Penicillium 
citrinum  (15.5%). Exposure to high fungal counts of some dominant fungi ( Penicillium , 
 A.   nidulans  and  A. fumigatus ) was found associated with increased fungal sensitization 
in the patients. Total serum IgE level was revealed to be signifi cantly linked with the 
intensity of skin reactions, as well as with skin index (r 2   �  0.052;  P   �  0.05). We con-
cluded that children in Delhi are exposed to high concentrations of fungi in the indoor 
environment and that respiratory allergies were connected with higher prevalence of skin 
sensitization.  

  Keywords   allergy  ,   asthma  ,   indoor fungi  ,   allergens  ,   Delhi  ,   India  ,   sensitization  ,  
 Immunoglobulin E   

  Introduction 

 The incidence of allergic diseases has been on the rise in 

recent decades all over the world. Over a 20-year period, 

the global prevalence of allergies has grown from 10% to 

more than 30% due to rapid urbanization and industrializa-

tion [1,2]. Approximately 300 million people worldwide 

suffer from asthma with estimates suggesting that the prev-

alence will increase globally by 50% every decade [3]. In 

India, the occurrence of respiratory allergies across urban 

© 2011 ISHAM DOI: 10.3109/13693786.2011.606850
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lower airways where allergic reactions tend to manifest 

as allergic asthma [10]. 

 The prevalence of respiratory allergy to fungi is esti-

mated to be 20 – 30% among atopic individuals and up to 

6% in the general population [11]. Children spend most of 

their time indoors and those living in damp mud houses 

are prone to suffer more from respiratory allergy symp-

toms. Since fungi are one of the important components of 

the environment in dwellings, a study of fungal sensitiza-

tion of local atopic children in Delhi was considered to be 

needed. A number of investigations regarding sensitization 

to fungi in allergic children have been reported [12,13], but 

investigations of the association of high concentrations of 

fungi in Delhi homes and sensitization of children to fungi 

has been lacking. Therefore, we have assessed the spec-

trum and concentration of airborne fungal fl ora inside and 

in the immediate vicinity of the homes of allergic children 

in Delhi [14]. Sensitization of children to these indoor 

fungi was assessed by clinico-immunologic studies using 

the Skin Prick Test (SPT) and the demonstration of fungal-

specifi c IgE in patients ’  sera. The association of fungal 

concentration in the homes of children and skin sensitiza-

tion to the respective fungi has been critically analyzed as 

potential risk factors.   

 Material and methods  

 Subjects 

 Children having respiratory symptoms ( n   �  84) in the age 

group of 3 – 16 years reporting at Vallabhbhai Patel Chest 

Institute, Delhi, were recruited for the present study. 

A standard questionnaire validated previously by Singh  

et al . [15] was used to record the medical histories of the 

patients and their housing conditions. The questionnaires 

were administered to those patients who had been clini-

cally diagnosed as having bronchial asthma (BA), allergic 

rhinitis (AR) or BA with AR. Clinical history regarding 

respiratory dysfunction (breathlessness, cough, wheezing, 

etc.), family history, personal history, time and duration of 

the symptoms, length of stay in the house were all carefully 

recorded under the supervision of clinicians.   

 Characteristics of atopic children 

 A total of 84 children were skin tested with the panel of 

fungal antigens along with common inhalant pollen and 

house dust mite (HDM) allergens (Table 1). The average 

age of the patients was 11.3 years, with the patient popula-

tion composed of 47/84 (55.95%) males and 37/84 

(45.05%) females. The majority of patients suffered from 

bronchial asthma with allergic rhinitis (54/84), followed by 

bronchial asthma alone (22/84) and allergic rhinitis alone 

(8/84). In 32.1% (26/84) of the homes parental smoking 

was observed. Family history of asthma/allergy was pres-

ent in as high as 58.3% of the children. Most individuals 

were found to have seasonal symptoms of cough (52.4%) 

and 38.9% (30/84) of patients showed seasonal and peren-

nial symptoms of breathlessness. Nighttime symptoms 

(45.2%) of breathlessness were more common as com-

pared to daytime or daytime/nighttime. The highest pulmo-

nary complaints were received in the autumn (63.8%), 

followed by winter (56.3%) seasons, i.e., from September 

to February.   

 Indoor fungal survey 

 The fungal surveys in homes of symptomatic/control chil-

dren were carried out with the help of the Andersen Volu-

metric Sampler for colony counts, while the Burkard Slide 

Sampler was used for spore counts at two-week intervals 

as per details previously published [14].   

Table 1 Characteristics of the study subjects.

Total number of subjects 84

Age, mean � SD {range} yrs 11.3 � 3.29 (3–16)

Age groups, no. (%), mean � SD yrs
 3–7 14 (16.7%), 6.0 � 0.78
 8–12 36 (42.9%), 10.4 � 1.42
 13–17 34 (40.5%), 14.5 � 1.33
Gender, no. (%)
 M 47 (55.95%)
 F 37 (44.05%)
Diagnosis, no. (%)
 BA 22 (26.2%)

 BA � AR 54 (64.3%)

 AR 08 (9.5%)
 Parental smoking, no. (%) 26 (32.1%)
 Family history of asthma, no. (%) 41 (51.6%)
 Family history of allergy, no. (%) 08 (9.9%)
Cough, no. (%)
 Seasonal (S) 43 (52.4%)
 Perennial (P) 32 (39.0%)
 Intermittent (I) 07 (8.5%)
Breathlessness, no. (%)
 Seasonal (S) 30 (38.9%)
 Perennial (P) 30 (38.9%)
 Intermittent (I) 17 (22.1%)
Rhinitis, no. (%)
 Seasonal (S) 26 (37.7%)
 Perennial (P) 20 (28.9%)
 Intermittent (I) 23 (33.3%)
Asthma symptoms, no. (%)
 Daytime 27 (32.1%)
 Nighttime 38 (45.2%)
 Daytime or nighttime 19 (22.6%)
Increased respiratory symptoms, no. (%)
 Summer 24 (30.0%)
 Rain 11 (13.8%)
 Autumn 51 (63.8%)
 Winter 45 (56.3%)

M
ed

 M
yc

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
14

.1
39

.6
3.

2 
on

 1
1/

22
/1

1
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



© 2011 ISHAM, Medical Mycology, Early Online, 1–10

  Sensitization to indoor fungi in Delhi   3

 Estimation of fungal-specifi c IgE antibodies 

 Specifi c IgE antibodies against fungal antigens were esti-

mated in the sera of children showing SPT positive (2  �  and 

above) reactions. In short, polystyrene, 96-well microtiter 

plates (Nunc AS Roskilde, Denmark) were coated with fun-

gal extracts (20  μ g/well), incubated overnight [O/N] at 4 ° C 

then blocked with 1% BSA, after which, 100  μ l of sera 

samples (diluted 1:10) were added and the plates again 

incubated O/N at 4 ° C. After washing, secondary antibody 

(HRP-labeled antihuman IgE antibody diluted to 1:1000) 

was added and then developed with enzyme substrate 

 o -phenylenediamine dihydrochloride (OPD). The reaction 

was terminated with 5N H 2 SO 4,  and optical densities (OD) 

measured at 490 nm with Immuno-Reader (Molecular 

Devices, USA). In addition to patient sera, the sera from 

normal healthy volunteers were also assayed for different 

fungal extracts. The results were expressed in percentage 

binding according to the criteria of Kauffmann  et al . [19]. 

Intensity of reaction was classifi ed into four different 

classes, based on percentage binding (Class I  �  0 – 15%; 

Class II  �  15 – 30%; Class III  �  30 – 60%; Class IV  �   �  60%). 

The formula used to calculate percentage binding is out-

lined below: 

 A 0   –  A y     �    100   

 A x   –  A y  

 where A x   �  Mean of maximum titre obtained with 10 

highly positive sera; A y   �  Titre obtained with normal sera; 

A 0   �  Titres of individual sera.   

 Statistical analysis 

 The study subjects were classifi ed into three categories, 

i.e., patients exposed to  �  25th percentile (low count), 

25th – 75th percentile (intermediate count) and  �  75th per-

centile (high count) of fungal concentrations in their homes. 

Percentage of children with positive (1  �  to 3  � , as well as 

2  �  and above) skin reactivity with respective fungi in 

these categories of patients was compared. Linear regres-

sion analysis was carried out to study the association of 

total serum IgE with skin index, as well as intensity of skin 

reactions. All the statistical analyses were performed with 

MS EXCEL Prism II software (Graph Pad Prism, San 

Diego, CA, USA). The signifi cance level was considered 

to be  P   �  0.05.    

 Results 

 A total of 3,146 air samples were collected from bedrooms 

and outdoor air of homes of symptomatic children, whereas, 

1,277 samples were collected from living/other rooms (in 

cases in which the occupant was living in single room, only 

 Fungal extract 

 Dominant fungal strains encountered indoors that affected 

children were selected and cultured. Fungal antigens were 

extracted as per standard protocol in 1:20 (w/v) ammonium 

bicarbonate buffer (50 mM, pH 8.1) with 5 mM EDTA 

(ethylene diamine tetra acetate) and 1 mM PMSF (phenyl 

methyl sulfonyl fl uoride). Besides fungi, pollen and house 

dust mites ( Dermatophagoides farinae ), extracts were pro-

cured from Drug Controller approved antigen manufactur-

ing unit of Institute of Genomics Integrative Biology, 

Delhi, India.   

 Skin Prick Tests 

 Skin Prick Tests (SPTs) with antigenic extracts from fun-

gal, common pollen and dust mites ( D. farinae ) allergens 

(Table 2) were carried out on the 84 children with respira-

tory symptoms. The patients were advised not to take anti-

histamines (for 48 h) and other sympathomimetic drugs 

(for 8 – 12 h) before the skin tests. A positive control of 

histamine hydrochloride (1 mg/ml; Sigma, USA) and a 

negative control of 50% glycerinated buffer saline were 

used. The wheal and fl are reactions were measured 15 – 20 

min after performing the tests and graded according to the 

criteria outlined by Singh  et al . [17]. A wheal diameter  	  3 

mm was considered 1  � , while  	  5 mm (or a positive con-

trol equivalent) were considered strongly positive 

( 	  2  � ).   

 Estimation of total serum IgE antibody 

 Total serum IgE which is considered as a mark of atopy 

was estimated in the sera of children by using the kit pro-

cured from Bethyl Laboratories (USA). The total IgE val-

ues were expressed in IU/ml (1 IU/ml  �  2.4 ng/ml) [18].   

Table 2 The list of dominant fungal, common inhalant pollen and mite 

allergens selected for Skin Prick Test on the patients.

S. no. Fungal antigens S. no. Pollen antigens

1 Aspergillus niger 1 Artemesia scoparia
2 Aspergillus fl avus 2 Amaranthus spinosus
3 Aspergillus fumigatus 3 Cannabis sativa
4 Aspergillus nidulans 4 Chenopodium album
5 Alternaria alternata 5 Cynodon dactylon
6 Penicillium citrinum 6 Holoptelia integrefolia
7 Cladosporium 

cladosporoides
7 Imperata cylindrica

8 Trichoderma lignorum 8 Morus alba
9 Mucor mucedo 9 Prosopis julifl ora

10 Xanthium strumarium
Mite

1 Dermatophagoides 
farinae
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one indoor sample was collected and was considered as a 

bedroom).  

 Seasonal variations in fungal concentrations in homes of 

atopic children 

 Species of  Aspergillus ,  Cladosporium ,  Alternaria and  

 Penicillium  were the most commonly encountered fungi 

and represented, 88.6% and 86.3% of total CFUs in indoor 

and outdoor environments, respectively (Table 3). The 

highest average annual concentrations inside the homes 

were recorded for the genus  Aspergillus  (43.1%), followed 

by  Cladosporium  spp.,  Alternaria  spp. and  Peniciilium  

spp. (Table 3). The highest concentrations were recorded 

in the month of January (12,484 CFU/m 3 ), followed by 

April (12,323 CFU/m 3 ) and February (12,070 CFU/m 3 ), 

while the lowest concentrations were noted in the month 

of June (4,262 CFU/m 3 ) when temperatures in Delhi are 

high. 

 Almost 58% of the cases had severe asthmatic com-

plaints in winter months (December to January) when high 

mold concentrations were observed. The trend of worsen-

ing respiratory symptoms was observed to be in parallel 

with the seasonal distribution of total fungi.   

 Skin Prick Test 

 Of the 84 patients tested, 39.3% (33/84) showed marked 

positive (2  �  and above) reactions to one or the other 

Table 4 Skin positivity pattern to fungal allergens tested on patients 

(n � 84). 

S. No. Name of antigen

Skin reactivity

1 � to 3 � 2 �and 3 �

n % n %

1 Aspergillus niger 15 17.9 3 3.6
2 A. fl avus 18 21.4 8 9.5
3 A. fumigatus 35 41.7 13 15.5
4 A. nidulans 23 33.3 7 10.1
5 Alternaria alternata 26 31.0 15 17.9
6 Cladosporium 

cladosporioides
28 33.3 11 13.1

7 Penicillium citrinum 40 47.6 13 15.5
8 Mucor mucedo 23 27.4 7 8.3
9 Trichoderma viride 18 21.4 7 8.3

Table 5 Average monthly concentration (CFU/m3) of various fungal 

allergens (tested on the children) in the homes of patients with high, 

intermediate and low colony count.

High count 

(CFU/m3)

Intermediate 

count 

(CFU/m3)

Low count 

(CFU/m3) P value

Aspergillus 
niger (n)

20 38 19

 Mean � SD 21120 � 332 13110 � 1811 6641 � 2083
 95% CI 22680–19570 13710–12520 7645–5637  � 0.001

A. fl avus (n) 20 38 19

 Mean � SD 11490 � 3174 6703 � 1117 3714 � 1012
 95% CI 12980–10010 7071–6336 4242–3266  � 0.001

A. fumigatus (n) 20 38 19

 Mean � SD 3232 � 3232 576 � 208 162 � 89
 95% CI 4848–1615 645–506 205–119  � 0.001

A. nidulans (n) 20 39 18

 Mean � SD 3372 � 855 1675 � 401 681 � 331
 95% CI 3772–2971 1805–1544 846–516  � 0.001

Alternaria (n) 20 38 19

 Mean � SD 26800 � 5350 12600 � 3698 5044 � 1553
 95% CI 29300–24300 13820–11380 5793–4296  � 0.001

Cladosporium 

(n)

20 38 19

 Mean � SD 51170 � 19940 25280 � 6424 10290 � 3540
 95% CI 60500–41840 27400–23170 12000–8586  � 0.001

Penicillium (n) 20 38 19

 Mean � SD 13890 � 3526 6428 � 1476 2969 � 737
 95% CI 15540–12240 6913–5942 3324–2614  � 0.001

Mucor (n) 20 38 19

 Mean � SD 11440 � 2739 2770 � 1731 204 � 83
 95% CI 12730–10060 3339–2201 182–0  � 0.001

High count � Fungal concentration above 75th percentile; Intermediate 

count � Fungal concentration between 25th and 75th percentile; Low 

count � Fungal concentration below 25th percentile; n � number of 

patients.

Table 3 Indoor and immediate outdoor annual concentration and per-

cent contribution of dominant fungal colonies (in CFU/m3) in patients’ 

homes.

S. no. Genera/species

Annual % 

contribution 

Indoor

Annual % 

contribution 

Outdoor

1 Alternaria spp. 13.1 15.0
2 Aspergillus fl avus 6.6 7.0

A. fumigatus 1.1 0.9
A. nidulans 1.7 1.7
A. niger 12.4 13.8
A. versicolor 10.3 8.8
Aspergillus spp. 11.0 8.2

3 Cladosporium spp. 25.7 24.1
4 Curvularia spp. 1.9 2.1
5 Drechslera sp. 0.5 1.3
6 Fusarium spp. 1.6 2.6
7 Mucor sp. 0.3 0.3
8 Penicillium spp. 6.8 6.8
9 Rhizopus sp. 1.6 1.5

10 Others 5.4 5.9
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fungal allergen tested, but 75% (63/84) had mild to strong 

positive skin reactions.  Penicillium citrinum  elicited 

1  �  to 3  �  skin test responses in 47.6% of the patients, 

followed by  Aspergillus fumigatus ,  A. nidulans  and  Cla-
dosporium cladosporiodes . However, marked skin reac-

tivity (2  �  and above) was obtained in 17.9% of the 

children with  Alternaria alternata , followed by fungal 

antigens of  A. fumigatus  and  P. citrinum  (15.5%) .  The 

least marked skin reactivity was recorded with  A. niger  

extracts and was found in only 3.6% of the children 

(Table 4). 

 Among pollen allergens selected for skin testing (includ-

ing two grasses, fi ve weeds and three trees predominant in 

Delhi region), the highest marked skin positivity (2  �  and 

above) was observed with the grass pollen,  Cynodon dac-
tylon  in 33.3% patients, followed by  Holoptelia integrifolia  

(28.6%),  Chenopodium album  (23.8%),  Imperata cylidrica  

(20.2%),  Amaranthus spinosus  (17.9%),  Prosopis julifl ora  

(16.7%),  Artemesia scoparia  (15.5%),  Cannabis sativa  

(10.7%) and  Morus alba  (10.7%). Markedly positive skin 

responses to  D. farinae  (a common HDM in Indian homes) 

was recorded in 17.9% of the patients.   

 Association between indoor fungal count allergic sensitization 

to fungi 

 As discussed in the  Methods , patients were categorized 

according to high, intermediate or low fungal count in their 

homes (Table 5). The differences in the mean fungal counts 

of all three groups were statistically signifi cant ( P   �  0.001). 

Homes with high colony counts of  Aspergillus fl avus ,  A. 
nidulans ,  Alternaria  spp. and  Penicillium  spp. had a higher 
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   Fig. 1  Seasonal variation in total fungal concentrations (CFU/m 3 ) in indoor and outdoor environments of patients homes (based on two sampling in a 

month) and comparison with the percentage of patients reported with increased respiratory complaints in each month.  
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Fig. 2 Total serum IgE levels (IU/ml) in asthmatic/allergic children 

displaying negative positive skin reactivity against fungal allergens 

(n � 74) compared to healthy controls (HV).

percentage of children with positive skin test (1  �  to 3  � ) 

as compared to children in homes with intermediate and 

low colony counts (Fig. 1a). However, the homes with a 

high colony count of  A. fumigatus ,  A. nidulans ,  Penicillium  

spp. and  Mucor  spp. and intermediate fungal concentra-

tions of  Alternaria  spp. and  Cladosporium  spp. had higher 

percentages of children with marked (2  �  and above) skin 

positive reactions (Fig. 1b). High concentrations of  Asper-
gillus niger  and  A. fl avus  in homes did not seem to be 

associated with the skin reactivity of children in these 

dwellings. On the other hand,  Penicillium  spp. were 

observed to have the best trend of positive associations 

between indoor concentrations and skin positive reactions. 

However, these associations were not statistically signifi -

cant, but a tendency towards positive skin tests was noted 

in patients ’  homes with high mold counts.   

 Total serum IgE 

 Total serum IgE in the sera of patients ( n   �  81) ranged from 

30 IU/ml to as high as 2,083 IU/ml, with mean serum IgE 

level of 638 IU/ml. Males ( n   �  43) had higher mean IgE 

levels (686.4 IU/ml) as compared to females ( n   �  38; 583.9 

IU/ml). However, this difference was not found to be sta-

tistically signifi cant ( P   �  0.05). Mean IgE level (638.3 IU/

ml) in patients is signifi cantly higher ( P   �  0.001 than that 

in control subjects (158.8 IU/ml; Fig. 2).   

 Total serum IgE skin reactivity 

 Patients with 2  �  and above skin reactivity had higher 

mean IgE (727.7 IU/ml) levels as compared to the other 

two groups. While patients with strong skin reactions (2  �  

and above) to fungi had higher level of total serum IgE 

(761.9 IU/ml), this association was not statistically sig-

nifi cant ( P   �  0.05; Fig. 3). Similar results were obtained 

with the mean IgE levels in pollen sensitive cases. Interest-

ingly, signifi cantly high mean IgE levels were observed in 

the patients with 2  �  and above skin positivity (965.9 IU/

ml) to mites as compared to those with negative skin reac-

tivity (522.9 IU/ml;  P   �  0.05).   

 Total serum IgE skin index (number of allergens to which 

patients have positive responses) 

 Linear regression showed signifi cantly positive association 

between total serum IgE skin index to fungi (r 2   �  0.052; 

 P   �  0.05) (Fig. 4a). The association was more intense with 

1  �  to 3  �  skin test responses against fungal allergens 

(r 2   �  0.143) with  P  value less than 0.001(Fig. 4b).   

 Fungal-specifi c IgE in the sera of skin test positive patients 

 The highest number of children with raised (greater than 

30% binding of sera) specifi c IgE were to  Aspergillus 
nidulans  (66.7%), followed by  A. fumigatus  (55.0%), 

 Alternaria alternata  (44.0%),  C. cladosporioides  (20.8%) 

and  P. citrinum  (18.5%). One hundred percent of children 

with 2  �  and above positive reactions to  Trichoderma vir-
ide  and  Mucor mucedo  were found to have elevated (greater 

than 15% binding only) specifi c IgE against these two 

molds. Signifi cantly high mean OD values were obtained 

in 2  �  and reactions against all the fungal allergens 

( P   �  0.001), as compared to healthy volunteers. Linear 

regression analyses carried out between the OD values 

obtained in the sera of patients with intense skin reactions 

showed a statistically signifi cant increase in specifi c IgE 

OD values against the above fungal antigens with the 

increase in the intensity of skin reactions (Table 6). Skin 

reactivity against  P. citrinum  and  C. cladosporioides  did 

not correlate with OD values for specifi c IgE against these 

fungi.   
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   Fig. 3  Correlation between total serum IgE and intensity of skin 

reactivity( 1  �  to 3  � ) to fungal antigens in patients.  
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as to whether asthma is associated with fungal sensitization 

(Fig. 5).    

 Discussion 

 The development of allergic sensitization and atopic diseases 

in children/adults is a function of the extent of the patients ’  

exposure to allergens, as well as their genetic predisposition 

to react to antigens. Allergens in both the indoor and outdoor 

environments are responsible for this exposure. Studies in 

different countries indicate that indoor dampness and mold 

growth are associated with respiratory health issues [20]. In 

atopic patients, a relationship has been shown to exist between 

severity of asthma and/or rhinitis and the extent of exposure 

to fungi. Such contact can occur as much outdoors as inside 

the homes or places of work of the patients [21,22]. The 

contribution of allergens to respiratory diseases in children 

and adults varies in different parts of the world because 

patients with allergy asthma tend to become sensitized to 

local allergens prominent in their living environments. 

 When the relative prevalence of the fungi recovered from 

indoor sources in the present study is considered, it seems 

comparable to that reported by other investigators [23,24]. 

Prevalence of the dominant fungi varied between 6.8% for 

 Penicillium  spp. to 43.1% for  Aspergillus  spp. in the indoor 

environments of Delhi. Khan and co-workers reported a wide 

variety of fungi as the main constituents in the air of Kuwait, 

including  Cladosporium  spp. (22.8%),  Aspergillus  spp. 

(20.9%),  Penicillium  spp. (14.6%) and  Bipolaris  (10.6%) 

[25]. Thus, the prevalence rate of fungal aerospora differs in 

various countries depending on indoor environmental condi-

tions, as well as the application of different sampling strate-

gies. In India,  Cladosporium ,  Ustilago  (smuts),  Aspergillus  

 fl avus ,  Alternaria, Aspergillus niger  have been found to be 

the more prevalent fungi in Delhi ’ s outdoor atmosphere [26]. 

Thus, the presence of different species of  Aspergillus ,  
Penicillium ,  Alternaria  and  Cladosporium  as the major 
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   Fig. 4  Comparison of mild to marked skin test positivity (1  �  to 3  � ) 

to various fungi in the patients (represented as %) with the respective 

concentrations of fungi in their homes (which are categorized into high, 

intermediate or low colony counts)  .

Table 6 Association between skin test positivity in the patients and their respective specifi c IgE OD values.

S. no. Name of antigen

Mean specifi c IgE OD value in the 

sera of 2 � & above cases

Mean specifi c IgE OD value 

in the sera of 1 � cases

Mean specifi c IgE OD 

value in the sera of healthy 

volunteers (HV) (n)

r2 value and 

P value

1 Aspergillus 
fumigatus

0.376 0.204 0.145 (10) 0.2388; 

P � 0.001
2 A. nidulans 0.279 0.286 0.084 (10) 0.2362; 

P � 0.001
3 A. fl avus 0.418 0.295 0.145 (11) 0.2090; 

P � 0.05
4 Alternaria alternata 0.395 0.131 0.076 (14) 0.3433; 

P � 0.001
5 Cladosporium

cladosporioides
0.268 0.206 0.095 (14) 0.0004; ns

6 Penicillium citrinum 0.109 0.102 0.072 (11) 0.0288; ns

ns � not signifi cant; P � 0.05 � signifi cant; P � 0.01 � highly signifi cant; P � 0.001 � very highly signifi cant.

 Is asthma associated with fungal allergy? 

 Patients suffering from BA displayed high skin positivity 

(50%) to fungi as compared to with BA  �  AR (37.8%) and 

AR (28.6%) and a completely reverse pattern was obtained 

with negative skin reactivity to fungi .  Thus, it was speculated 
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component of the indoor fungal aerospora worldwide is con-

sistent with the results of a previous study [14]. 

 There is an increase in respiratory symptoms of patients 

in winter and summer which coincides with the peak levels 

of fungi. Bacterial infections are not ruled out, but the role 

of fungi in the development or aggravation of allergy/

asthma should not be underestimated. Various other work-

ers have also analyzed the levels of indoor fungi-associated 

respiratory symptoms and found that high levels of  Penicil-
lium  [27],  Cladosporium  and  Aspergillus  [20,22] were sus-

pected sources of atopic symptoms, as well as asthma. 

 Skin testing is an important tool for the clinical diagno-

sis of allergy and the immediate wheal and fl are reaction to 

an allergen tested is a measure of the preponderance of mast 

cell/basophil fi xed IgE antibodies [28]. We recorded 39.3% 

of the patients tested had marked positive skin reactions 

(2  �  and above) to one or more of the fungal allergens 

found indoors. Sensitization to molds is a risk factor for 

allergic diseases as demonstrated by Shivpuri and his col-

leagues in studies of skin test responses to various fungal 

antigens in Delhi, fi nding 2 – 34% fungal sensitivity in the 

Indian population [29].  Alternaria ,  Aspergillus ,  Cladospo-
rium  and  Fusarium solani  have been reported as important 

fungal allergens in India [30 – 32]. Black  et al . [33] have 

observed that asthmatic patients admitted to the ICU were 

more likely to have positive skin tests for fungal allergens 

(54%), as compared to those in the community and hospi-

tals (30%). In an investigation conducted in the UK it was 

found that 76% of patients with multiple admissions for 

severe respiratory symptoms had positive skin test results 

to at least one mold [34]. In contrast, in Kuwait, overall 

positivity to at least one mold was observed to be 20.9% in 

children [35]. Sensitivity to multiple fungi is more common 

in children as compared to mono sensitization to fungi, in 

that it was observed in 30% of the fungal sensitized chil-

dren. This might be the consequence of cross-reactive 

protein(s) which have been observed among different fungi 

[9]. Variations in sensitization to fungal allergens could pos-

sibly be due to differences in environmental conditions, the 

number of allergens tested, the age of patients, batch-to-

batch variations in the properties of allergen extracts 

employed, e.g., low protein and high carbohydrate contents 

and the presence of potent proteolytic enzymes. 

 Beside sensitization to fungi, Delhi children also showed 

positivity against dust mites ( D. farinae ), which is another 

important indoor allergen. However, we have found that the 

sensitivity to mites in patients (17.9%) was lower than to 

one or the other fungal allergen (39.3%). Various indepen-

dent workers have reported high sensitivity (52 – 80%) 

against mites ( D. farinae  and  D.   pteronysinus ) in the patients 

suffering from respiratory allergies [36 – 38]. This suggests 

that the homes in Delhi contain lower concentrations of 

HDM and thus low sensitization is observed to these aller-

gens as compared to the results reported in other studies. 

This could be due to high temperatures in Delhi in the sum-

mer and autumn seasons, and low humidity in winters. 

 The likelihood of developing sensitivity to aeroallergens 

depends on the degree of atopic susceptibility, the concen-

tration and potency of allergens to which one is exposed, 

and adjuvant factors [39]. In the present study, exposures to 

high concentrations of fungi such as  Penicillium ,  Aspergil-
lus nidulans ,  A. fumigatus ,  Alternaria  and  Cladosporium  

might act as potential sensitizers in children and adults. The 

most common species  Penicillium  ( P. citrinum ),  Cladospo-
rium  ( C. cladosporioides )  Alternaria  ( A. alternata ) in 

indoor environments of homes were used in skin tests of 

patients, who showed signifi cant sensitization to these aller-

gens. Other workers [40] have also reported signifi cant 

associations of allergic sensitization or atopy with high 

counts of mold spores such as those of  Cladosporium  and 

 Aspergillus . In the present study, such associations were 

more consistently observed for species of  Penicillium  and 

 A.   nidulans , where exposure above 75th percentile (13,890 

CFU/m 3 , 3,372 CFU/m 3 , respectively) increased the aller-

gic sensitization to approximately 2- to 4-fold. In contrast, 

high levels of  A. fumigatus  elevated the allergic sensitiza-

tion only slightly (approximately 1.6-fold). However, 

although intermediate counts (between 25th and 75th per-

centile) of  Alternaria  spp and  Cladosporium  spp. were 

observed with higher allergic sensitizations in susceptible 

individuals, the lower allergenic potential of  A. niger  and 

 A. fl avus  was indicated even at high concentrations ( �  75th 

percentile). This is probably due to the absence of allergenic 

epitopes in the extracts of these fungi and is in agreement 

with the study of Katz and co-workers [41]. In a similar 

study conducted by Osborne  et al . [42] positive associations 

were obtained between concentrations of basidiospores and 

rhinitis ( P   �  0.01) and  Penicillium/Aspergillus  SPT( � ), as 

well as  Alternaria  SPT( � ) to any allergen ( P   �  0.01). 

Fig. 5 Trend of positive (2 � and above) negative skin reactivity to 

fungi, pollen mite (represented as %) in the children suffering from BA, 

BA � AR and AR.
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 Total serum IgE is observed to be signifi cantly high in 

the age group of 8 – 12 years. Reports have shown that 

serum IgE levels are age related, with peak levels occurring 

during childhood, usually between the ages of 8 and 12 

years, and start decreasing thereafter [18,43]. It is evident 

from various studies that levels of total serum IgE are asso-

ciated with allergic sensitization and are found to increase 

several fold in atopic individuals, as compared to healthy 

controls [44]. A signifi cantly positive correlation between 

skin index (number of allergens to which patients show 

skin positivity) and total serum IgE levels was observed in 

the present study. Patients having skin positivity to a num-

ber of fungal allergens also showed increased IgE in their 

sera. Similar observations have also been reported by other 

workers [18,44] and thus it seems a good marker for the 

diagnosis of allergies. 

 A correlation between skin positivity to fungal extracts 

and specifi c IgE to the respective fungi in the sera of 

patients ranged from 33 – 100%. We also observed a sig-

nifi cant correlation between specifi c IgE OD values and 

intensity of skin reactions against most of the fungal aller-

gens tested. Although elevated specifi c IgE was observed 

to  C. cladosporoides  and  P.   citrinum , the correlation was 

comparatively weak as compared to other extracts. Pres-

ence of elevated levels of specifi c IgE confi rms the presence 

of reaginic antibodies in the sera of allergic patients to 

respective fungal antigens. A good correlation between the 

Skin Prick Test and specifi c IgEs suggests a reliable clinical 

tool that provides immunologic evidence for allergens as a 

causative factor in respiratory allergic disorders. 

 In conclusion, the study has provided important infor-

mation on the association between the level of indoor fungi 

in Delhi homes and sensitization in allergic children. 

Enhanced total fungal specifi c IgE antibody titres were 

also observed to have signifi cant correlation with intensity 

of the skin positivity skin index.   
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