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Sensitization to Different Species of 
Aspergillus in Bakery Workers and 
General Atopic Population 

Alka Singh 1, Dharam Prakash2 and A.B. Singh 1 

Airborne fungal spores are 
an important component of bioaer
osol and their role in respiratory 
allergy and occupational asthma is 
well established. 1·3 Several work 
environments such as bakery, brew
ery, poultry, food processing faci
lities, etc. support the growth of 
certain preferentially selected or
ganisms, which might sensitize in
dividuals, leading to the develop
ment of hypersensitivity lung disor
ders. These disorders are caused by 
repeated exposure to such organisms 
in the occupational environments. 4 

The main objective of occupational 
hygiene is the prevention and/or 
adequate control of exposure of in
dividuals to such fungi arising from 
the workplaces, as they are hazard
ous to health. 5 Reliable exposure 
and effect studies are the major 
steps towards diagnosis and man
agement of such ailments. In our 
earlier communication on airborne 
fungi in a bakery environment we 
recorded that aspergiIti contributed 
45% to the total spore load, be
sides smut and Cladosporium Spp. 6 

SUMMARY Six species of Aspergillus predominant in the bakery environ
ment- Aspergillus flavus, A. fumigatus, A. nidulans, A. ochraceous, A. 
sydowi and A. versicolor- were studied for their role in causing Type 1 
hypersensitivity among bakery workers and atopic patients from the 
general population (PGP). Antigenic extracts from the above species were 
prepared for in vivo and in vitro studies. The IEF, SOSPAGE, skin test, 
ELISA and immunoblot techniques were performed to detect the bio
chemical- and clinico-immunological characteristics of these species. 
Among those tested, the important fungal sensitizers among the bak
ery workers and patients from the general population were A. sydowi, A. 
fumigatus, A. nidulans and A. ochraceous. The protein fractions 
of different species were in the acidic region (pi 3.0-6.5) and in the 
molecular weight range of 13.0-91.0 kDa. The protein fraction of 44.0 kDa 
of A. flavus and 20.0 and 70.0 kDa for A. fumigatus showed IgE binding in 
the sera of bakery workers only. Significantly. raised IgG antibodies to 
dif-ferent species were recorded among the bakery workers as compared 
to the PGP group. The study showed that different species of Aspergil
lus are of potential allergenic significance in bakery workers and the 
general atopic population. 

A medical questionnaire survey re such as allergic asthma, allergic 
vealed the prevalence of respiratory broncho pulmonary aspergillosis 
dysfunctions such as allergic rhini (ABPA) , invasive aspergillosis, 
tis, asthma and cough, among 40% and aspergilloma. Although several 
of the bakery workers.6 Liberation workers have stressed that different 
of spores in large quantities round species of aspergilli are of patho-. 
the year and their small size make From the lCentre for ' Biochemical Technol
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genic and allergenic significance,8 

the role of only A. jumigatus has 
been elucidated in detail. In view of 
the importance of aspergilli in the 
diagnosis and therapy of res
piratory allergic patients, the pres
ent study was aimed at detennining 
the allergenicity of dominant air
borne Aspergillus species among 
bakery workers and patients from 
the general population (PGP), and 
partially characterizing these ex
tracts using biochemical, clinical 
and immunological techniques. 

MATERlALS AND METHODS 

Antigens 

Six species of Aspergillus 
(A jlavus, A. jumigatus, A. nidu
lans, A. ochraceous, A. sydowi and 
A . verSicolor) isolated from culture 
plates exposed to the atmosphere 
were selected for antigen prepara
tion. Pure isolates of these species 
were mass cultured in Sabouraud's 
liquid medium. The defatted fungal 
powders were then completely dried 

and stored at 4°C. The defatted fun
gal powder was extracted in 1:20 
w/v in 0.05 M ammonium bicar
bonate buffer (pH 8.1) by conti
nuous stirring for 20 hours at 4°C, 
followed by centrifugation and dia
lysis against distilled water with 
visking tubing (cut off 3,500) for 24 
hours . Subsequently, centrifugation 
was repeated and the supernatant 
passed through millipore filter 
(0.45 flm), lyophilized in small ali
quots and stored at -20°C for fur
ther use. The same batch of antigens 
was used for all the experiments . 
The protein content of different 
fungal extracts was estimated using 
the method of Lowry et at. ~ 

Isoelectric focusing (IEF) 

IEF was conducted on nar

row range (pI4.0-6 .5) precasted 
Ampholine PAG plates (Phanna
cia, Sweden) using Phannacia Mul
tiphor-II system . The resolved pro
tein components were detected by 
staining with Coomassie Brilliant 
Blue R-250 . 

Sodium dodecyl sulphate poly
acrylamide gel electrophoresis 
(SDS-PAGE) 

The antigenic extracts were 
also fractionated using a 10% 
acrylamide separating gel and 4% 
stacking gel, prepared using the 

buffer system of Laemmli 
10 

The 
samples were electrophoresed using 
Protean II-mini gel electrophoretic 
apparatus (Bio-Rad, U.S.A). 

Skin test 

Nineteen bakery workers 
were selected for intradennal tests, 
from the group of workers identi
fied by questionnaire as having 
respiratory disorders . Of the 40% 
of workers having respiratory prob
lems (unpublished) only 19 volun
teered for clinical tests. Skin 
tests with fungal extracts were also 
carried out on 53 atopic patients 
from the general population (not 
bakery workers) attending the Al
lergy Clinic of the v.P. Chest Insti
tute, Delhi and 15 healthy volun
teers as controls. Along with the 
extracts, buffered saline and hista
mine hydrochloride (100 flglml) 
were also injected to act as negative 
and positive controls, respectively . 
The wheal diameter and erythema 
were measured and graded after 15
20 minutes of the test. All the anti
gens were skin tested simultaneous
lyon each individual. If 2 or more 
Aspergillus antigens gave the same 
degree of positive reactions in an 
individual tested, it was called an 

identical positive reaction, while if a 
different grade of positive reactions 
was recorded, it was considered a 
non-identical positive reaction. 

Serum samples 

Venous blood was col
lected from all of the individuals, 
including the 15 healthy volunteers 
who were skin tested with Asper
gillus antigens The blood samples 
were allowed to clot and the sera 
separated aseptically and stored at 
20°C for future use. 

Enzyme-linked immunosorbent 
assay (ELISA) 

Specific IgE and IgG anti
bodies against different extracts 
were measured by indirect ELISA 
according to the method outlined by 
Sepulveda et al. 11 Human sera 
diluted to 1:5 was used for esti
mation of IgE, while 1: 10 was used 
for IgG to obtain optimum results . 
For detecting bound IgE and IgG 
antibodies, alkaline phosphotase 
labelled antihuman IgE and IgG 
antibodies in suitable dilutions were 
used with p-nitrophenyl phosphate 
as substrate. 

Grading of specific IgE and IgG 
antibodies 

To assess the degree of 
binding, percent binding of the sera 
with the highest optical density was 
calculated based on Kauffman et 
al,12 with slight modifications as 
outlined below: 

x 100 

where, Ax = mean 0.0 of 10 high
ly positive sera 
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Ay = mean O . D obtained SDS-PAGE 16 distinct bands with the majori
with 10 nonnals sera ty of them below 30.0 kDa. The 

Ao = O. D of individual The protein profile of the antigenic extract of A. jumigatus 
serum being analysed cxtracts of aspergilli in S DS-PAGE showed 18 fractions of which 13.8, 

(Fig. 2) revealed that A. jlavus had 20.0, 33 .0 and 70 .0 kDa were pro-

Statistical analysis 

a b c d e f M piThe results were analysed 
for significant differences by ana
lysis of variance (ANOYA), where
ever required. 

Immunoblotting 

The method of Towbin et 
al. 13 was followed to electrophore

tically transfer the SDS-PAGE 
fractionated proteins onto nitrocel
lulose membrane (NCM) using Bio
Rad Mini-Transblot apparatus . The 
NCM strips were incubated with the 
pooled sera ( I :5) of bakery workers, Fig. 1 IEF protein profile of antigenic extracts of different species of 
the P G P g r 0 u pand h e a I thy Aspergillus as electrofocussed on Ampholine-PAG plates (pi 

4.0-6.5). Lane a - A flavus, b - A fumigatus, c - A niduvolunteers . For detecting bound an
lans, d - A ochraceous, e - A sydow;' f - A versicolor, M tibodies. both IgE and IgG. strips 
pi markers. 

were incubated in peroxidase
labelled antihuman JgE/JgG antibo
dies in suitable dilutions . The blot 

-

&.9 
6.6 
5.9 

5.2 

4 .6 
3.6 

3. 1 

was developed using DAB as sub
stratc . 

RESULTS 

IEF 

The protein components of 
different species of aspergilli as 
fractionated on Ampholine-PAG 
plates (pI range 3.0-6.5) can be seen 
in Fig . I . Aspergillus jlavus and A. 
fumigatus had 12 protein bands 
each, while A. nidulans separated 
into 13 fractions in the range of pI 
3.0 to 4.4. Aspergillus ochraceous 
fractionated into 24 fractions, of 
which 11 were sharp and thick. 
A. sydowi showed 17 distinct pro
tein components, while A. versi
color had only 9 fractions with 
sharp bands at pi 3.1 and 3.6. 

~ a b c d f M kD 
95.0 

66.0 
45.0 

36. 0 
29.0 
2£..0 
2O. 1 

l~ . 3 

Fig. 2 SDS-PAGE (10%) protein profile of extracts of different aspergilli. 
Lane a - A flavus, b - A fumigatus, c - A nidulans, d - A 
ochraceous, e - A sydowi, f - A versicolor, M - M.W markers. 
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minent. A. nidulans showed 10 pro
tcin fractions, while A. ochraceous 
had 15 fractions with sharp bands at 
135, 29.0 and 32.5 kOa. The 
extract of A. sydowi fractionated 

into 13 conspicuous protein com
ponents, whereas A. versicolor 

separated into only four protein 
fractions with 20.0 kOa being 
prominent. 

Skin test 

The results of intradermal 
testing with different species of 
Aspergillus on 19 bakery workers 
and 53 PGP (Table 1) revealed 
workers (15.9%) with marked posi
tivity (2+ to 4+) to Aspergillus 
fumigatus and A. sydowi. None of 
the normals had a marked positivity 
(2+ or more) to any of the extracts 
tested, although I + reaction was 
obtained in some individuals, which 
is not considered to be clinicallv 
important. The intradermal test 
results conducted on the 53 mem
bers of the atopic PGP group 
showed that Aspergillus fomigatus 
elicited marked positivity in 26.4% 

of cases, followed by A. versi
color with 22.6%. 

An analvsis of identical and 
non-identical skin reactions to the 
cxtracts of different species of 
Aspergillus (performed on the same 
patients) showed that A. sydowi 
had the maximum identical positive 
reactions (8117) (Table2). However, 
non-identical reactions were ob
served in more than 60% of cases 
\vith different extracts showing lim
ited cross reactivity. 

ELISA 

According to the formula 
adopted by us, 0.0. values of 
0.24 and 0.49 had 15% and 30% 

binding for IgE, respectively. Simi
larly. 0.9 and 1.19 0.0 values had 
15% and 30% binding, respectively 
for IgG. Based on the above values, 
grading of the 0.0 values of each 
serum sample was carried out. 

Greater than 15% binding 
in a serum was considered as indi
cating raised specific IgE/IgG anti

bodies, while serum with greater 
than 30% binding had statistically 
significant (p < 0.05) raised antibo
dies as compared to normals (con
firmed by ANOYA). 

The percentage of bakery 
workers and PGP having >15% 
and 30% binding only in their sera 
to different Aspergillus extracts 
are shown in Table 3. The maxi
mum number of workers (36.8%) 
had raised IgE to A. sydowi, with 
21.0% having significantly raised 
IgE antibodies (> 30% binding), 
while in the PGP group, only I 1.3% 
of cases had significant binding. 
Interestingly, none of the workers 
had > 30% binding to any other 
species of Aspergillus. 

The specifiC IgG levels 
among the bakery workers were 
compared with those of the symp
tomatic patients from the general 
population (20/53) to see the effect 
of bakery environment. Fig.3 shows 
that almost all the workers had con
siderably raised IgG antibodies as 
compared to atopics from PGP. 
When the mean 0.0 values of 

Table 1. Results of Intradermal skin tests conducted with antigenic extracts of six different species 
of Aspergl1/us on 19 symptomatic bakery workers and 53 patients from general population 

Antigen 

Bakery 
1+ to 4+ 

Skin Reaction 

PGP Bakery 
2+ to 4+ 

PGP 

No. % No. % No. % No. % 

A fumigatus 6 31.6 16 30.2 3 15.8 14 26.4 
A sydowi 5 26.3 15 28.3 3 15.8 9 17.0 
A nidulans 6 31.6 12 22.6 2 10.5 6 11.3 
A ochraceous 5 26.3 8 15.1 2 10.5 7 13.8 
A versicolor 5 26.3 15 28.3 2 10.5 12 22.6 
A flavus 4 21.0 12 22.6 1 5.3 9 17.0 

None of the healthy volunteers gave a 2+ or more reactions 
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ELISA from workers and patients 
from the general population were 
compared, the workers had signi
ficantly (p< 0.01) higher O.D val
ues, indicating a higher level of 
specific IgG in workers, which is 
important. 

Immunoblotting 

The specific IgE binding 
pattern to different aspergilli from 
the sera of bakery workers is given 
in Fig. 4A. Four SDS-PAGE frac
tions (13 .8, 25.0, 44 .0, 47.0) of A. 

flavus showed 19E binding, with 
greater intensity at 13.8 kDa. A. 
jUmigatus had 7 fractions (20.0, 
33.0, 40.0, 43 .0, 47.0, 66.0 and 
70.0 kDa with binding to IgE anti
odies of the bakery workers. The 
fractions of 20.0 and 70.0 kDa had 

Table 2. Patients showing identical and non-identical skin reactions to different species of Aspergillus 
conducted on same 53 patients 

A. navus A. fumigatus A. ochraceous A. versicolor A. sydowl A. nldulans 

Skin 
reactions + 2+ 3+ - + 2+ 3+ - + 2+ 3+ + 2+ 3+ + 2+ 3+ 

47 4 3 0 49 3 2 0 45 6 3 0 50 4 0 0 46 5 2 0 

+ 3 2 3 2 0 2 3 0 3 4 2 0 3 2 

2+ 0 3 2 2 2 0 2 2 2 0 2 

3+ 0 0 3 2 2 0 2 0 0 4 0 0 4 0 0 3 2 

Total positive 
identical 
reactions 

6/17 5/17 6/17 8/17 5/17 

Total positive 
non-identical 
reactions 

11/17 12117 11/17 9117 12117 

Total positive 
reactions 

13/17 11/17 13/17 12117 15/17 

Table 3. Incidence (%) of workers from bakery and general patients population having raised IgE 
antibodies to different antigenic fractions from different species of Aspergillus 

Antigen Total positivity Marked positivity 
(> 15% binding) (> 30% binding) 

GP BW GP BW 

A. sydowi 20.8 36.8 11 .3 21.0 
A. flavus 11.3 5.3 5.7 0.0 
A. ochraceous 7.5 5.3 7.5 0.0 
A. fumigatus 5.7 5.3 5.7 0 .0 
A. nidulans 13.2 0.0 13.2 0.0 
A. versicolor 5.7 0.0 3.8 0,0 

GP - Atopic patients from general population 
BW - Bakery workers 
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Fig. 3 Optical density (0.0) values of specific IgG antibodies to different 
extracts of aspergilli in the sera of bakery workers (W) and 
patients from general population (C), in indirect ELISA assay. 
a - A. flavus, b - A. fumigatus, c - A. nidulans, d -A. sydow;' e - A. 
ochraceous, f - A. versicolor. 

strong binding as compared to the 
others. Only one fraction of A. 
nidulans (35.0 kD) showed IgE 
binding out of the 10 protein com
ponents fractionated on SDS
PAGE. In the extract of A. 
ochraceous, the 32 .5 kDa fraction 
had intense binding, while others 
were faint but distinct. In the anti
genic extract of A. sydowi, frac
tions of 37.0, 45.0 and 70.0 kDa 
are prominent, as compared to 42.5 
and 74.85 kDa fractions which 
show weak binding. No IgE binding 
was observed for A. versicolor in 
the pooled sera of the bakery work

ers. The binding pattern of 19E 
antibodies of the PGP group to 
different extracts of aspergilli is 
documented in Fig. 4B. The 13.8, 
25.0. 35.0 and 47.0 kDa fractions 
of A. flavus showed binding to sera 
of PGP, although the binding was 
weak as compared to that of bakery 
workers. The pooled sera showed 
strong binding-to 70.0 kDa fraction 
of A. jumigatus, while moderate to 
weak binding was observed at 20.0. 
43 .0, 47.0 and 60.5 kDa. The same 
fraction (35.0 kDa) of A. nidulans 
showed binding to the pooled sera 
of both groups studied. The extract 

of A. ochraceous showed additional 
IgE binding at 25.5, 50.0 and 67.0 
kDa, besides the fractions which 
had binding to IgE in the sera of 
bakery workers . The 29.0 and 32.5 
kDa had a very strong binding. In 
the extract of A. sydowi, strong 
binding was recorded at 38.0, 42.5 
and 74.5 kDa, while those of 20.5, 
37.0, 45.0 and 70.0 had a weak 
binding. As in the case of the bak
ery workers, none of the fractions of 
A. versicolor showed IgE binding in 
the PGP also. 

The IgE binding patterns of 
Aspergillus ochraceous and A. 
sydowi with individual sera of hy
persensitive patients were assessed 
to identify the major allergenic 
fractions, as these have been tested 
for the first time in Indian popu
lation (Figs. 5,6). The specific IgE 
binding pattern to A. ochraceous in 
19 sera showed that fractions of 
29.0 and 32.5 kDa had binding in 
100% of sera, while 23.5, 50.0 and 
62.0 kDa showed binding in 68.4%. 
Only 10S% had binding to 25.0 
kDa fraction (Fig. 5). The anti
genic extract of A. sydowi exhibited 
IgE binding at 38.0 and 42.5 kDa in 
87.5% of cases, while 43.8% of 
sera bound to 7 0 and 74 . 5 
kDa fractions, and 31 % showed 
binding to 37.0 kDa protein com
ponent. The 20.5 and 45.0 kDa pro
tein fractions recorded IgE binding 
in only 17.5% and 6.2% of cases, 
respectively (Fig. 6). 

DISCUSSION 

The characterization of 
fungal extracts from various fungi 
have revealed that protein compo

. th 'di . 1415nents are ill e aCI c regIOn. . 
In our study, the extracts of differ
ent Aspergillus species showed 
considerable variability in their pIs 
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a b c d e C MW a b c d e C MWkD kD 
95.0 
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36.0 
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20. 1 
14.3 

95.0 
66.0 
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29 .0 

24 .0 

20.1 
14.3 

Fig. 4 Immunoblotting of different extracts of Aspergillus with the pooled 
sera of bakery workers (A) and atopics from general population 
(B). a - A navus, b - A fumigalus, c - A nidulans, d - A 
ochraceous, e - A sydowi, C - pooled control sera showing 
absence of any allergenic fractions against the extract of A 

fumigalus . Similar control strips were also obtained for other 
extracts. 

a b c d e 9 h k m n o p q r s C MW 
kD 
95.0 
66.0 
45.0 

36.0 
29.0 
24.0 
20.1 
1ft. 3 

Fig. 5 Immunoblotting showing heterogeneity in the binding of IgE of patients from general 
population to the protein components of Aspergillus ochraceous as separated by 
SDS-PAGE. Lanes a - s represent individual serum and C - pooled sera of healthy 
volunteers. 
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a b c d e f 9 h k C 
MW 

m n 0 p kD 

66.0 
45.0 

36.0 

29.0 
24.0 
20.1 
14.3 

Fig. 6 Heterogeneity in allergen recognition by the serum IgE of patients (PGP group) sensitive 
to Aspergillus sydowi. Lanes a - p represent individual serum and C - pooled sera 
healthy volunteers. 

and molecular weights. The anti
genic extracts when fractionated on 
a broad pI range Ampholine-PAG 
plate (PI 3.5-9.5) were clustered 
together in the acidic region only, 
and therefore the antigens were also 
fractionated on narrow range Am
pholine-PAG plates. All the 6 ex
tracts had protein fractions in 
the acidic region (PI 3.0-6.5) and 
the number of fractions varied from 
9 to 24 for different species. A. 
ochraceous had a few common 
fractions of pI 5.8, 6.0, 6.2 and 6.3 
with A. flavus, while, pI 4.4 was 
shared with A. sydowi. 

The protein profile by SDS
P AGE of the aspergilli under study 
varied from species-to-species, 
except for A. Jumigatus and A. 
flavus which had three common 
fractions of 13.8, 47.0 and 70.0 
kDa. A. sydowi also had a common 
protein fraction of 70 kDa, but was 
not conspicuous. Cross reactivity 
between A. Jumigatus and A. flavus 
has also been shown by Bardana et 

al. 16 by inhibition studies. Anti
genic extracts of different Aspergil
lus species had most of the protein 
components below 50.0 kDa, ex
cept A. Jumigatus which had 9 out 
of 18 bands above 50.0 kDa, The 
prominent fractions of 70.0 kDa in 
the extract of Aspergillus Jumiga
tus have also been reported by 

al. 17Leung et A. nidulans, A. 
ochraceous and A. versicolor had 4 
to 15 fractions ranging from 13.5 to 
89 kDa. However, the results can
not be compared with that of other 
workers since literature is scanty on 
the characterization of different 
species ofAspergillus. 

Several techniques have 
been used for in vivo and in vitro 
valuation of the allergenicity of 
fungal antigens. Assay using bio
logical and immunological systems 
was limited in the case of fungal 
extract until the recent past, and 
such studies are important for the 
identification and characterization 
of allergenic fungal extracts. The 

reason for less extensive studies was 
in the high variability of antigeruc 
content, 18 and the presence of shared 
allergenic components among 
related and even unrelated fungal 
taxa. 19 

Variability in the degree of 
sensitization to different species of 
aspergilli was recorded among the 
patients. A. Jutnigatus is the most 
important sensitizer for Type I 
hypersensitivity among both groups 
as investigated by skin test, fol
lowed by A. sydowi, A. ochrac
eous and A. nidulans, which are 
tested for the first time in Indian 
population. Studies based on 
ELISA showed statistically signifi
cant raised IgE antibodies to A. sy
dowi among the bakery workers on
ly, while in the PGP group, signifi
cantly raised IgE antibodies were 
recorded against A. nidulans, A. 
sydowi and A. ochraceous. A var
iable degree of sensitization has 
also been observed with different 
species of Aspergillus by Novey 
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and Wells 20 They recorded raised 
specific IgE to A. jUmigalus, A. ni
ger, A. jlavus, A. lerreus and A. 
fishceri in 15% of sera studied, 
while only 0.8% to A. ochraceous. 

The reason for the dispari
ty between skin test and ELISA 
could be that the wheal and flare 
reaction involves several biologi
cal variables which vary from indi
vidual-to-individual. It could also 
be because they were not well 
proven cases. Such observation has 
also been made by other workers 21 

Thus, the need for skin test in con
junction with in vilro tests for 
specific IgE is required for the di
agnosis of allergy, as also empha
sised by Nelson el af. 22 

Type I hypersensitivity to 6 
species of aspergilli, except A. sy
dowi, as assessed by skin test and 
ELISA was found to be higher in 
the atopic PGP group as compared 
to bakery workers . The low skin 
reactivity and specific IgE level to 
different aspergilli among the bak
ery workers, could be due to the 
lower number of workers investi
gated: Or it could also be inter
preted that atopy was due to some 
other environmental materials, such 
as flour, storage mites, enzymes, 
etc. which are known causative 
agents for it in the bakery . A. 

jlavus, although it was recorded in 
high concentration in the outdoor 
and indoor environments,6 was not 
observed to elicit markedly positive 
skin reactions or raised IgE antibo
dies in most of the bakery workers 
and PGP. This indicates a low level 
of sensitization to Aspergillus jla
vus, so rendering it of low impor
tance for Type I hypersensitivity. 

The antigenic extracts of 
different species of Aspergillus 

tested on the patients indicate that 
none of the extracts showed high 
identical positive skin reactions, as 
more than 60.0% of patients eli
cited non-identical reactions. This 
points towards a low degree of 
shared antigenicity among different 
species of aspergilli . Kim and Cha
paras23 made a similar observation 
while studying A. jUmigalus, A. jla
vus and A. niger with rocket inunu
noelectrophoresis using the sera of 
skin test positive cases. 

In our previous report we 
recorded a high concentration of 
aspergilli in the bakery environ
ment, and thus bakery workers are 
regularly exposed to them 6 A pro
longed and heavy exposure to 
spores of aspergilli is known to 
cause several IgG mediated respira
tory disorders, thus it was impera
tive to estimate the specific IgG an
tibodies against different aspergilli 
among the bakery workers. The fact 
that all the bakery workers had 
significantly raised (p < 0.01) spe
cific IgG to different aspergilli as 
compared to even the symptomatic 
PGP, shows that they experience a 
continuous exposure to high con
centrations of these species. In the 
closed environment of the bakery, 
the concentration is maintained for a 
prolonged time due to the lack of an 
escape route, while in the outside air 
the concentration is diluted. Kau
konen el af. 24 have observed that, A. 

umbrosus specific IgG antibodies 
were significantly higher (p < 
0.001) among farmers with or with
out Farmer 's Lung disorder, as 
compared to healthy controls . 
Thus, it is necessary to have fixed 
standard upper limits for biological 
particles in closed environments for 
the proper management of suscep
tible individuals/workers, it is 
necessary to monitor the trend over 

time of respiratory diseases In 

occupational environments. 

We observed that the pro
tein fraction of 44.0 kDa of A . jla
vus was unique to the sera of bak
ery workers , while 35 .0 kDa had 
binding to IgE in the sera of the 
PGP group. The 20.0 and 70.0 kDa 
fractions of A. jUmigams antigen 
are important, as they showed bind
ing in sera of both the groups 
studied, while 33.0 and 40.0 kDa 
fractions are unique for bakery 
workers only. The 70.0 kDa pro
tein fraction of A. jUmigalus has 
also been found to be allergenically 
important by Leung el af.17 Top
ping el ae made an interesting ob
servation that the commercial ex
tract of A. niger did not produce a 
wheal and flare reaction among 
workers of citric acid manufactur
ing unit, but the one isolated from 
the unit gave a positive reaction. 
Thus, identification of allergenic 
fractions of different aspergilli, in
ducing raised IgE in bakery work
ers, will be useful in the diagno
sis of occupational allergies. 

Although, A. nidufans sep
arated into 10 fractions, only one 
allergenic fraction of 35 .0 kDa was 
observed in the antigenic extract by 
bakery workers and PGP sera, thus 
making it allergenically important. 
A. ochraceous has been studied 
mostly for toxicity, which is due to 
ochratoxin, but not for alJergenici
ty. Most of the important allergenic 

fractions were of low molecular 
weight (18-32.5 kDa) . A. sydowi 
gave strong IgE binding at 37.0, 
45 .0 and 70 .0 kDa fractions with 
the sera of bakery workers. Ex
cept for the 70.0 kDa, the rest of 
the important allergenic fractions 
for all the other species of Asper
gillus studied were less than 45.0 
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kDa, which conflicts with the ob
servation of Kauffman et al.,15 that 
the IgE binding is poor with low 
molecular weight fractions , but 
conforms with the observation of 
Leung et al . 17 that the most com
mon IgE reacting band were above 
30 .0 kDa in Aspergillus jitmigatus . 

A. jitmigatus had one com
mon allergenic fraction (70.0 kDa) 
with A. sydowi and another of 47.0 
kDa with A. jlavus, Thus showing 
that shared aJlergenicity does exist 
but is poor among the Aspergillus 
species . The 70 kDa fraction of 
both species has sho\Vl1 binding to 
IgG antibodies in the pooled sera of 
bakery workers and the PGP group 
(Unpublished) . We observed that in 
the same individual, A. sydowi 
elicited a Type III reaction, while A. 
jitmigatus did not, as confirmed by 
raised IgG levels in the serum 
(ELISA) (Unpublished) . Thus, fur
ther work is necessary to determine 
whether the 70 kDa fraction of A 
sydowi corresponds to that of A. 
jitmigatus. Since the patients 
showing ABP A symptoms but with 
low IgG to A. jitmigatus, may be 
sensitized by A. sydowi. Shen et 
af. 26 recorded only one corrunon 
fraction of 67.0 kDa between A. 
jitmigatus, A. niger, A. terre us and 
A. jlavus. We recorded a 67 .0 kDa 
fraction only in the extract of A. 
jitmigatus when fractionated on 
SDS-PAGE, but it had no IgE 
binding. 

All the sera showed bind
ing of specific IgE antibodies to 

29.0 and 32.5 kDa fraction of A. 
ochraceous, and thus are the major 
allergenic fractions. The 38 .0 and 
42.5 kDa fraction of A. sydowi 
had binding in almost 88% of cases 
and can therefore be considered as 
major components of this fungus. 

Thus, homogeneity was observed in 
the IgE binding pattern of A. 
ochraceous and A. sydowi anti
genic extracts with individual sera 
from the PGP group as most of the 
bands were recognized by the ma
jority of the sera. These major aller
gens require further purification and 
characterization. 

The sera from both the 
groups did not show binding to any 
of the fractions of A. versicolor, 
although it showed a positive skin 
test and ELISA. This can be attri
buted to cross-reactive substances. 
Another reason could be that the 
important epitopes responsible for 
IgE binding would have become 
denatured due to heat or the SDS
PAGE system. Brouwer27 made a 
similar observation with the A. 
fumigatus extract, where 48% 
ELISA positive sera gave negative 
or normal blots for IgG antibodies. 

The work presentoo here, 
10 conjunction with the aerobiolo
gical investigations reported else
where,6 demonstrated that differ
ent species of aspergilli are impor
tant sensitizers in the bakery envi
rorunent, and a potential cause of 
IgG mediated allergic diseases, 
besides the PGP group . Recently, 
Zock et a/28 observed significantly 
raised IgG antibodies against air
borne dust due to occupational ex
posure, among workers in the pota
to processing industry . Thus, care 
should be taken in limiting environ

mental exposure, besides diagnosis 
and therapy of susceptible indivi
duals . The result of this study will 
provide the basis for long-term fol
low-up studies on Aspergillus and 
other important fungaJ species, such 
as Neurospora sitophila, Pen
icillium, Paecilomyces, for their 
role as occupational sensitizers. 

Finally we conclude that, i) 
the extracts of different species of 
Aspergillus should be used for ef
fective diagnosis and treatment of 
respiratory diseases as they are spe
cies specific in nature, ii) A. jitmi
gatus, A. sydowi and A. ochraceous 
are important sensitizers in Type I 
respiratory disorders in bakery 
workers and the general atopic pop
ulation alike, iii) bakery workers 
revealed a higher level of IgG to 
different aspergilli as compared to 
the general atopic population, and 
thus are likely to develop Type III 
hypersensitivity, iv) most of the al
lergenic fractions of aspergilli were 
below 45.0 kDa, except for 70.0 
kDa fraction of A. fumigatus and 
A. sydowi, v) shared allergenicity 
was limited and recorded with one 
fraction each of A. fumigatus with 
A. jlavus and A. sydow/ , and vi) the 
important allergenic fractions for A. 
ochraceous were 29.0 and 32 .5 
kDa, while, 38 .0 and 42 .5 kDa for 
A. sydowi. 

ACKNOWLEDGEMENTS 

The financial su pport of the 
Ministry of Environment and 
Forests. Government of India is 
gratefully acknowledged. We also 
thank all the bakery workers and 
patients who participated in this 
study. 

REFERENCES 

Klaustermeyer WB, Bardana EJ, JrI. 
Hale FC. Pulmonary hyper sensitivity 
to Alternaria and Aspergillus in 
bakers' asthma. Clin Allergy 1977; 7: 
227-33. 

2. 	 Gravesen S. Fungi as a cause of aller
gic diseases. Allergy 1979; 34: 135-54. 
Topping MD, Scarisbrick DA, Luc

3. 
zynska CM, Clarke EC, Seaton A. 
Clinical and immunological reactions 
to Aspergillus niger among workers at 



15 ASPERGILLUS SENSITIZATION IN BAKERY WORKERS 

a bioteclmology plant. Br J Ind Med 
1985; 42:312-8. 

4. 	 Pepys 1. Hypersensitivity diseases of 
the lungs due to fungi and organic 
dusts. Monogr Allergy 1969; 4: I-III. 

5. 	 Hewitt PJ, Sanderson IT. The role of 
occupational hygiene in exposure as
sessment by biological indices. A posi
tion paper from the Occupational Hy
giene Committee of the International 
Congress of Occupational Health. Ann 
Occup Hyg 1993; 37:579-81 . 

6. 	 Singh A, Bhatnagar, AK, Singh AB. 
Airborne fungi in bakery and preva
lence of respiratory dysfunction among 
workers. Grana 1994; 33 : 349-58. 

7. 	 Kurup VP, Kwnar A. Immunodiag
nosis of aspergillosis. Clin Microbiol 
Rev 1991 ; 4: 439-56. 

8. 	 Chaparas SD, Kauffman L, Kim SJ, 
McLaughlin DW Characterization of 
antigens from Aspergillus fumigalus . 
V. Reactivity in immunodiffusion tests 
with sera from patients with aspergil
losis caused by A. j1avus and A. fumi
gatus. Amer Rev Resp Dis 1980; 122: 
647-50. 

9. 	 Lowry 0 , Rosenborough N, Farr A, 
Randall 	R. Protein-measurement with 
Folin phenol reagent. J Bioi Chern 
195 LI93 263-75. 

10. Laenunli UK. Cleavage of structural 
proteins during the assembly of head of 
bacteriophage T4 . Nature 1970; 227: 
680-5. 

II . Sepulveda 	R, Longbottom J, Pepys J. 
Enzyme-linked immunosorbent assay 
(ELISA) for IgG and IgE antibodies to 
protein and polysaccharide antigens of 
Aspergillus fumigatus. Clin Allergy 
1979; 9: 359-72 . 

12. Kauffman HF, Beawnont F. Meurs H, 
van der Heide S, de Vries K. Compari
son of antibody measurements against 
A. fumigatus by means of double dif
fusion and enzyme-linked inununo
sorbent assay (ELISA). J Allergy Clin 
Immuno11983; 72 255-61. 

13. Towbin H, Staehelin T, Gordon, 1. 

Electrophoretic transfer of proteins 
from polyacrylamide gels to nitrocel
lulose sheets: procedure and some ap
plications. Proc Nat! Acad Sci USA 
1979; 76 4350-4 . 

14. Vijay HM, Burton M, Hughes DW, 
Copeland DF, Young NM. Compari
son of allergenic potency of five 
batches of Alternaria alternata for 
preparation of reference standard. 
Aerobiologia 1990; 6 159-64. 

15 . Vijay HM, Burton M, Young NM, 
Copeland DF, Corlett M . Allergenic 
components of isolates of Clado
spon·um herbarum . Grana 1991: 30: 
161-5 . 

16 . Bardana EJ, McClatchy JK, FaIT RS, 
Minden P. The primary interaction of 
antibody to components of aspergilli. J 
Allergy Clin Immunol 1972; 50: 208
21. 

17. 	Leung PSC, Gershwin WE, Coppel R, 
Halpern G, Novey H, Castles JJ 
Localization, molecular weight and 
immunoglobulin class response to 

Aspergillus fumigalus allergens III 

acute broncho-pulrnonary aspergillo-
SIS . Int Arch Allergy Appl Immunol 
1988; 85 : 416-21. 

18. 	Kurup VP, Fink IN, Scribner GH, 
Falk M1. Antigenic variability of As
pergillus fumigatus. strains. Microbios 
1977; 19: 191-7. 

19. Savolainen J, Broberg A. Cross reac
ting 19E antibodies to Pityrosporum 
ovale and Candida albicans in atopic 
ch.ildren . Clin Exp Allergy 1992; 22: 
469-74 . 

20. Novey HS, 	 Wells ID. Allergic bron
chopulmonary aspergillosis caused by 
Aspergillus ochraceous. Am J Clin 
Pathol 1978; 70: 840-3 . 

21. Brown WG, Halonen 	 MJ, Kaltenborn 
WT, Barbee, RA. The relationship of 
respiratory allergy, skin test reactivity 
and serwn IgE in a community popu
lation sample. J Allergy Clin Immunol 
1979; 63 328-35 . 

22 . Nelson HS, Areson J, Reisman, R. A 

prospective assessment of the remote 
practice of allergy: comparison of the 
diagnosis of allergic disease and the 
recommendations for allergen immu
notherapy by board-certified allergists 
and a laboratory performing in vitro 
assays. J Allergy Clin Immunol 1993; 
92: 380-6. 

23. 	Kim SJ, Chaparas SD. Characteriza
tion of antigens from Aspergillus fu
migalus. ID. Comparison of antigenic 
relationships of clinically important as
pergilli. Am Rev Res Dis 1979; 120 
1297-1303. 

24. Kaukonen 	 K, Savolainen J, Viander 
M, Kotimaa M, Terho EO. IgG and 
19A subclass antibodies against Asper
gillus umbrosus in farmer's lung dis
ease. Clin Exp Allergy 1993; 23 851
6. 

25 . Kauffman HF, van der Heide S, Beau
mont F, Blok H, deVries K. Class 
specific antibody determination against 
A. fumigatus by means of the enzyme 
linked-inununosorbent assay. ill. Com
parative study: IgG, 19A, IgM, ELISA 
titers, precipitating antibodies and 19E 

binding after fractionation of the 
antigen . Int Arch Allergy Appl 
Immunol 1986; 80: 300-6. 

26. Shen HD, 	Choo KB, Wang SR, Lin 
WL, Chang ZN, Han SH. Immunoblot 
analysis of components of Penicillium 
notatum recognized by human 19E an
tibodies. J Allergy Clin Immunol 1991; 
88: 802-7. 

27. Brouwer 	 1. Detection of antibodies 
against Aspergillus fUr.1igatus: com
parison between double inununodiffu
sion, ELISA and immunoblot analysis. 
Int Arch Allergy Appl Immunol.1988; 
85: 244-9. 

28. Zock 	JP, Doekes G, Heederik D, Van 
Zuylen M, Wielaard P . Airborne dust 
antigen exposure and specific 19E res
ponse in the potato processing indus
try . Clin Exp Allergy 1996; 26: 542-8. 



Im 
M 
G 

IMGT NEWS - January 1998 

"Protein display - 3D representation - Sequences analysis" 

IMGT, the international ImMunoGeneTics database, announces: 

• 	 protein displays of human immunoglobulin and T cell receptor variable 
region, IMGT description of mutations and allele alignments (IMGT 
NEWS - AoGt 1997), 

• 	 the first 3D representations of antibody and T cell receptor variable 
regions, based on the IMGT unique numbering defined by Marie-Paule 
Lefranc (IMGT NEWS - Mars 1997), 

• 	 IMGTIDNAPLOT for the analysis of human immunoglobulin and T cell 
receptor rearranged sequences and for the subgroup identification of 
the mouse IGHV sequences. 

IMGT is freely accessible at http://imgt.cnusc.fr:8104 

Flash on IMGT: 

> 24 000 Ig and TcR sequences of 81 species 

> 17 000 sites connected since 1st of january 96 

> 2 500 requests a week 


Initiateur et coordinateur de IMGT : 


Prof. Marie-Paule Lefranc 

Laboratoire d'ImmunoGenetique Moleculaire, LIGM 

UMR 5535 (CNRS - Universite Montpellier II) 

1919 route de MeI)de 

34293 Montpellier Cedex 5 - France 

Tel. : +33 (0)46761 3634 - Fax: +33 (0)467040231 

lefranc@ ligm.crbm.cnrs-mop.fr 


IMGT references: 

Lefranc M.-P., Immunology Today, 18,509 (1997) 

Lefranc M.-P. et ai., Nucleic Acids Research, 26, 297-303 (1998) 


http:ligm.crbm.cnrs-mop.fr
http://imgt.cnusc.fr:8104

