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Clinical and immunologic evaluation of Cedrus deodara pollen:

a new allergen from India

Background: Allergy to pollen from gymnosperms is well documented in the
West. However, many allergenic species are native to the Himalayan region of
India, and Cedrus deodara (Pinaceae) was selected for allergologic investigation.
The objective was to de®ne the allergologic and immunochemical aspects of
C. deodara pollen.
Methods: Pollen antigen from C. deodara (CD) was prepared and characterized
by biochemical and biologic assays. Speci®c IgE binding was determined by
means of ELISA and immunoblotting.
Results: CD pollen antigen caused marked skin sensitivity in 7.5% of an atopic
population. A signi®cantly elevated level of CD-speci®c IgE antibodies was
observed in 65.8% of the skin-positive patients. Immunoblotting showed protein
fractions of 37, 44, 58, and 78 kDa with 100% binding with the patients' sera
suspected to be due to carbohydrate moieties.
Conclusions: Patients from the Himalayan region, where CD occurs naturally,
were sensitized more than patients from distant places. The immunochemical
characterization revealed multiple protein fractions from low to very high
molecular mass (14±126 kDa) mostly in the acidic pI range. CD pollen has been
recognized as a new allergen from India for the ®rst time.
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The role of pollen as a causative agent of respiratory
allergic disorders is very well established, as is evident
from the recent increase of reports from across the
world (1±4). India is blessed with the richest ¯ora on the
earth, from alpine tundra to Rajasthan desert. Conse-
quently, it provides considerable variation in the quality
and quantity of airborne pollen in different ecogeo-
graphic regions of the country (5±8). Although studies
on the allergenic properties of airborne pollen from
various species have been carried out by several workers
in India (9±12), information on allergy to aerial pollen
from Himalayan tree species has been completely

lacking, although a sizable population is exposed to
various Himalayan airborne pollens, and many are
likely to be sensitized.

Pine pollen, one of the important components of
Himalayan air spora, is not considered to be highly
allergenic although some reports suggest sensitization to
its pollen as well (13±15). Beside natural pine forests in
the Himalayan region, pine trees are also planted in
parks and gardens in various parts of the country, and
people are exposed to variable concentrations of its
pollen. Cedrus deodara (CD), also belonging to the
family Pinaceae, is a large evergreen tree and occurs as
natural forest cover in the outer Himalayas from
Kashmir to Garhwal at an altitude of 1300±3500 m
above msl. It has been reported to be one of the
important components of airborne pollen in the
Himalayan region. Its pollen is present in the air from

Abbreviations. CD: Cedrus deodara; ELISA: enzyme-linked immuno-

sorbent assay; IEF: isoelectric focusing; NC: nitrocellulose; OD: optical

density; SDS±PAGE: sodium dodecyl sulfate polyacrylamide gel

electrophoresis.
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August to December, with maximum concentration
during October (16±19). The pollen of CD is even
transmitted to the plains of India about 500 km from the
source (20).

In view of the extensive distribution of CD in the
Himalayas and the prevalence of its pollen in the
atmosphere of the Himalayas and the distant plains, we
decided to study the allergenic properties of its pollen
with particular reference to respiratory allergic disorders
in the population of different geographic regions of
India, and partially to characterize its pollen antigen.

Material and methods

Source material

The pollen was collected from the Shivalik range of the
Himalayan region during the pollination period in
October±November. These pollen grains were then
processed for >95% purity by sieving through different
grades of sieves (100, 200, and 300 mesh/cm2). To
remove lipids and irritants of low molecular mass, the
pollen sample was defatted with diethyl ether by
repeated changes, until the ether became colorless.
The defatted pollen powder was then completely
vacuum-dried and stored at 4uC in airtight containers
until further use.

Antigen preparation

The defatted dried pollen powder was extracted at 1:20
(w/v) in 0.05 M phosphate-buffered saline (pH 7.8) by
continuous stirring for 20 h at 4uC. The supernatant was
cleared by centrifugation at 10 000 rpm for 30 min and
then dialyzed against distilled water with a Visking tube
(cutoff 7 kDa) for 24 h, with repeated changes of water.
Subsequently, centrifugation was repeated, and the
supernatant was passed through a Millipore ®lter
membrane (0.45 mm), lyophilized in small aliquots,
and stored at x20uC until further use.

Protein content

The protein content of CD-pollen extract was estimated
by the method of Lowry et al. (21) with a slight
modi®cation, as the protein was precipitated with
phosphotungestic acid and then dissolved in 2%
sodium hydroxide. The experiment was repeated ®ve
times within 10% variability, and the mean value was
taken for protein concentration.

Skin tests

Selection of patients. To assess the allergenicity of the
antigenic extract, the skin prick test was performed
uniformly on 531 patients with nasobronchial allergy
attending four hospitals (Delhi, Calcutta, Chandigarh,
and Trivandrum) in India. The diagnosis and sympto-
matology of these patients are given in Table 1.

Prick test. The lyophilized antigen was reconstituted
for skin prick test at 1:10 w/v ratio in 50% glycer-
inated phosphate-buffered saline (pH 7.8). Along with
the pollen extract, glycerinated buffered saline and
histamine hydrochloride (1 mg/ml) were used to act as
negative and positive controls, respectively. The wheal
diameter and erythema were measured after
15±20 min of the test and graded according to the
criteria laid down by Singh et al. (22). Beside CD
extract, other common inhalant allergens were also
tested on these patients to detect their offending
allergens (Table 2) for diagnosis and immunotherapy,
but this does not form a part of this study.

Serum samples. Venous blood was drawn from
patients showing marked skin positivity. Blood was
also drawn from patients showing negative skin
reaction to act as control. Expressed sera were cleared
of cell debris by centrifugation and stored at x70uC
for subsequent immunologic studies.

Enzyme-linked immunosorbent assay (ELISA)

Speci®c IgE antibodies against CD antigen were meas-
ured by indirect ELISA by the method of Sepulveda et al.
(23). Polystyrene 96-well, microtiter plates (Nunc, A/S
Roskilde, Denmark) were coated with CD extract and
incubated overnight at 4uC. The plates were then
thoroughly washed with 0.05 M phosphate-buffered
saline (PBS), pH 7.4. After thorough washing, free sites
were blocked with 1% BSA in PBS at 37uC for 2 h.

Table 1. Diagnosis and symptomatology of 531 patients (322 male, 209 female) selected

for skin prick test with CD-pollen extract

Diagnosis* Symptomatology**

Place Total no. of patients tested BA AR BA+AR S P I

Chandigarh 86 40 15 31 40 17 29

Calcutta 182 28 45 109 73 24 85

Delhi 200 9 40 81 83 33 84

Trivandrum 63 11 14 38 25 19 19

* Diagnosis: BA ± bronchial asthma; AR ± allergic rhinitis.
** Symptomatology: S ± seasonal; P ± perennial; I ± irregular.

Table 2. List of allergens tested at four medical centers in India

Pollen

Ailanthus excelsa Alnus nitida

Amaranthus spinosus Cedrus deodara

Cassia ®stula Cynodon dactylon

Delonix regia Dodonaea viscosa

Holoptelea integrifolia Mallotus phillipensis

Prosopis juli¯ora Ricinus communis

Sarcococca saligna Syzyigium cumuni

Fungus

Alternaria alternata Aspergillus fumigatus

A. versicolor Cladosporium cladosporoides

House dust
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Again, after washings, sera diluted to 1:10 (0.05% BSA
in PBS) were added to each well and incubated at 4uC.
Alkaline phosphatase-labeled antihuman IgE antibo-
dies diluted 1:1000 with 0.05% BSA in PBS were used as
secondary antibody, and were incubated for 4 h at 37uC.
For color development, p-nitrophenyl phosphate (pnpp)
was used as substrate. After terminating the reaction
with 5 N NaOH, optical density (OD) was measured at
410 nm with the Immuno-Reader (Dynatech Medical
Products Ltd, Guernsey, UK).

Statistical analysis

OD values for different serum samples were analyzed
according to the criteria of Kauffman et al. (24). Percent
binding of CD-speci®c IgE was calculated for each
sample in relation to control sera and pool of highly
positive sera detected by ELISA. OD values depending
on percent binding were categorized into four groups:
0±15%, 15±30%, 30±50%, and >50%. Sera showing
more than 30% binding were considered to have
signi®cantly raised (P<0.01) speci®c IgE against CD-
pollen extract. The standard deviation of OD values at
each center was also calculated.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis

(SDS±PAGE)

SDS±PAGE was carried out by the vertical discontin-
uous method with the buffer system of Laemmli (25)
with Mini-Protean II slab gel apparatus (Bio-Rad,
Hercules, CA, USA). The proteins were electro-
phoresed on 12% separating gel at constant current.
Protein bands were detected by staining with Coomassie

brilliant blue R-250. The molecular mass of the fractions
was calculated by calibrating with standard marker
protein (Pharmacia, Uppsala, Sweden).

Isoelectric focusing (IEF)

IEF was performed, as described by Gra®n (26), with
precasted, broad-range (3.5±9.5) Ampholine PAG
plates (Pharmacia, Uppsala, Sweden). Pollen extract
was electrofocused on gel along with pI marker
(Pharmacia, Uppsala, Sweden) to calibrate the pI of
proteins in CD extract. IEF was run for 15 min at 100 V,
followed by another 15 min at 200 V, and ®nally at
450 V for 2 h. The gel was stained with Coomassie
brilliant blue R-250, as in SDS±PAGE.

Immunoblot

The proteins separated on SDS±PAGE were electro-
phoretically transferred to nitrocellulose (NC) mem-
brane by the method of Towbin et al. (27) with Bio-Rad
Mini-Transblot apparatus at 4uC. To block the free-
binding sites, protein-loaded NC membrane was treated
with 3% BSA in PBS (pH, 7.4) containing 0.05% Tween
20 (PBST) for 3 h at 37uC. After thorough washings
with PBST, membranes were cut to the size of individual
lanes of the gel and incubated with pooled sera as well as
sera of individual patients (diluted 1:5 in 1% BSA in
PBS). The strips were washed and incubated with
peroxidase-labeled antihuman IgE (1:1000 with 1% BSA
in PBS). The bound antibodies were detected by
immunostaining with substrate solution (3k-3k diamino

Table 3. Results of skin prick test with CD extract (1:10 w/v) at different centers

Positivity

Skin reactivity* 1+ to 3+ 2+ and 3+

Sites Allergic subjects skin tested 1+ 2+ 3+ n % n %

Chandigarh 86 3 7 1 11 12.8 8 9.3

Delhi 182 4 11 2 17 9.3 12 7.1

Calcutta 200 38 16 ± 54 27.0 16 8.0

Trivandrum 63 5 3 ± 8 12.7 3 4.8

Total 531 50 37 3 90 16.9 40** 7.5

* No 4+ skin reactivity was observed.
** Only two patients out of 40 were monosensitized to C. deodara.

Table 4. Percent binding of CD-speci®c IgE antibodies in sera of clinically sensitive patients as compared to control performed by ELISA

% Binding OD values at 410 nm

Places No. of sera tested <15 0±0.072 15±30 0.073±0.155 30±50 0.156±0.265 >50% >0.265 % Correlation

Chandigarh 6 1 ± 3 2 83%

Delhi 13 ± 4 5 4 69.2%

Calcutta 16 8 ± 2 6 50%

Trivandrum 3 ± ± 1 2 100%

Total/average 38 9 4 11 14 65.8%
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benzidine in PBS, 0.15% H2O2). Developed strips were
treated with distilled water containing 0.2 N HCl in
traces for 2±3 min and stored.

Results

Protein concentration

The mean soluble protein content of the pollen extract of
CD was observed to be only 1.76 mg/ml of the 1:10 (w/v)
concentration.

Skin test

The results of skin prick tests conducted on 531 patients
with nasobronchial allergy at four different centers are
presented in Table 3. The highest skin reactivity with
CD antigen (1+ to 3+ grade) was observed in patients
at Calcutta (27%), followed by Chandigarh (12.8%),
Trivandrum (12.7%), and Delhi (9.3%). Subjects show-

ing marked positivity, i.e., 2+ and above degree of
reaction, were considered clinically important, as they
have been reported to correlate better with patient
history and other diagnostic tests such as provocation
test and ELISA (28, 29). The maximum 2+ and above
positivity was observed in patients at Chandigarh
(9.3%), followed by Calcutta (8%), Delhi (7.1%), and
Trivandrum (4.8%). Monosensitivity to CD extract was
found only in two patients from Chandigarh. An
average of 7.5% of the patient tests showed 2+ and
above skin positivity from all the centers, constituting
the sensitization pattern of the Indian population. Most
of the patients tested against common inhalant allergens
showed multiple sensitivity in the range of 2.1±11%
among the different centers.

Speci®c IgE (ELISA)

The speci®c IgE-binding (percent) pattern in the sera of
38 skin-positive patients (2+ and above) from different
places in India, as compared to control sera showing
negative skin test to CD extract, is analyzed in Table 4.
Of the 38 sera tested, nine showed binding of 0±15%
and were considered negative. CD-speci®c binding of
15±30% was observed in four serum samples, which were
considered positive. Serum samples from 11 patients
showed more than 30% binding, but less than 50%, while
the remaining 14 sera showed even more than 50%
binding with the antigen, and these results were

Table 5. Mean OD values at 410 nm for speci®c IgE antibodies in sera of skin-prick-test-

positive patients from different centers in India

Center No. of sera tested Mean OD value SD

Chandigarh 6 0.214 t0.1195

Delhi 13 0.251 t0.1636

Calcutta 16 0.232 t0.3086

Trivendrum 3 0.267 t0.0774

Figure 1. a) SDS±PAGE protein pro®le of antigenic extract of C.
deodara (C) pollen in 12% discontinuous gel. M: molecular
weight markers. b) IEF pattern of proteins of C. deodara pollen
extract (C) pI range (3.5±9.5) PAG plates. M: pI markers.

Table 6. Speci®c IgE-binding fractions of CD extract with pooled * and 12 individual sera of clinically sensitive patients

Molecular mass (kDa)

Sera no. 126 124 116 87 86 78 67 66 62 58 53 44 42 39 37 32 28 25 22 17 14 Total

1.* + + + x + + + + + + + + + x + + x + + x x 16

2. + + + x x + + + x + + + x x + + x + + x x 13

3. + + + x x + + + + + + + + x + + x + + x x 15

4. + + + x x + + + + + + + + x + + x + + x x 15

5. + + + x + + x x + + + + + x + + x + + x x 14

6. + + x x x + + x + + + + + x + + x + + x x 13

7. + + + x x + + + x + + + + x + + x + + x x 14

8. + + + x x + + + x + + + + x + + x + + x x 14

9. + + x x x + + + x + + + + x + + x + + x x 13

10. + + x x x + x + + + + + + x + + x + + x x 13

11. + + x x x + x + + + + + + x + + x + + x x 13

12. + + x x x + x + + + + + + x + + x + + x x 13

13. + + + x + + x + + + + + + x + + x + + x x 15

Protein fractions of 22, 25, 32, 37, 44, 53, 58, 78, 124, and 126 kDa showed 100% with IgE antibodies. Fractions of 14, 17, 28, 39, and 87 did not show binding with any serum sample.
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considered to be statistically signi®cant for CD-speci®c
IgE in comparison to control sera.

About 66% of the patients eliciting (2+ and above)
marked positivity had shown elevated speci®c IgE titer
in their sera. When OD values were analyzed by
calculating standard deviation (Table 5), the least SD
(+0.0774) was recorded in the binding pattern of sera
from Trivendrum, while the maximum was recorded
(+0.0386) in samples from Calcutta.

SDS±PAGE

The antigenic extract of CD pollen resolved into 17
distinct bands in the range 14±116 kDa (Fig. 1a). Pro0-
4tein fractions of 37, 53, 87, and 116 kDa were most
prominent and were stained strongly by Coomassie
brilliant blue. However, protein fractions of 22, 25, and
67 kDa were less distinct and sharp. Bands at 14, 17, 28,
32, 39, 42, 44, 62, 66, 78, and 86 kDa were weak and
poorly stained, but were clearly visible and distinguish-
able on gel.

IEF

Altogether, 20 bands were detected by IEF, of which 18
were in the acidic region (4.5±6.5), and only two bands
at pI 7.1 and 9.3 were observed in the basic region
(Fig. 1b). Protein bands at pI 4.3, 4.9, 5.0, 6.0, 6.1, and
9.4 were prominent and intensely stained, while bands
at pI 4.5 and 4.8 were distinct but ®ne. However, other
fractions were weak and poorly stained.

Immunoblot

The speci®c IgE-binding fractions of CD extract
detected in the sera of nasobronchial allergic patients
are analyzed in Table 6. Of the 17 protein fractions of
CD antigen that resolved on SDS±PAGE, 13 were
identi®ed as speci®c IgE-binding fractions in the pooled

sera from 12 patients (Fig. 2). Apart from these, two
high-molecular-mass protein fractions of 124 and
126 kDa and two of low mass (62 and 58 kDa) were
also detected by immunoblot, but were not visible in
SDS±PAGE fractionation. Protein fractions when
probed with sera of individual patients showed more
than 14 fractions binding with the sera of six patients.
Sera from another six patients showed binding with 13
protein fractions of CD extract varying from 22 to
126 kDa. Interestingly, 10 IgE-binding fractions with
molecular masses of 22, 25, 32, 37, 44, 43, 58, 78, 124,
and 126 kDa were detected in the sera of all the 12
patients, thus showing 100% binding. Of these, frac-
tions at 37, 44, 58, and 78 kDa were more prominent. It
was observed that protein fractions of 14, 17, 28, 39,
and 87 kDa did not show binding with either pooled or
individual sera tested.

Discussion

The pollen of CD constitutes an important component
of the Himalayan air spora in India and has also been
reported to be present in the air of distant regions of the
country due to sporadic plantations and the fact that the
pollen is anemophilous (8, 16±19). Although the size of
the pollen grains is large (65±70 mm), either whole grains
or small fragments may penetrate the upper airways and
induce type I hypersensitivity (30). Human sensitization
to CD pollen in the Indian population has been assessed
in the present study by skin prick test and CD-speci®c
IgE antibodies in the sera of nasobronchial allergy
patients.

The skin prick tests were conducted with 1:10 (w/v)
concentration of CD extract, as other inhalant aller-gens
being tested routinely by allergologists and sup-plied by
manufacturers in India are in the same (w/v) concentra-
tion. The results with 1:10 concentration were found not
to produce nonspeci®c positivity in healthy volunteers.

Figure 2. Speci®c IgE-binding protein fractions of pollen extract of C. deodara when transferred to NC membrane and probed with 12
individual and pooled serum samples from ELISA-positive patients. Lane 1) pooled sera; 2±13) individual patient serum; M) molecular
weight markers.
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Furthermore, no correlation was found between total
soluble protein content and skin reactivity (31). To
assess the biologic potency of the pollen antigens tested,
only 2+ and higher skin reactions were taken into
consideration, since they are likely to be clinically and
immunologically signi®cant, unlike 1+ skin reactions,
which are also reported in a certain percentage of
normal nonallergic individuals. Similar observations
have also been made in our practice (28, 29).

The results of skin prick tests conducted at four
different allergy centers in India with the extract of CD
pollen revealed a variable degree of sensitization. No
other pollen antigens from the Pinaceae family were
tested along with CD. CD was tested on 531 patients and
produced average skin positivity in 7.5% of the
nasobronchial allergy patients. Only two patients were
found to be monosensitized to CD. The skin positivity
(2+ and above) in atopic patients at Chandigarh was
highest, with 9.3% as compared to 8% at Calcutta and
only 7.1% at Delhi. Patients showed the highest skin
positivity at Chandigarh probably because of frequent
exposure to CD pollen there. This city is located at the
foothills of the Himalayas, and the patients reporting to
this clinic are mostly from the northern Himalayan
region. Although the CD tree does not grow naturally in
the Calcutta and Delhi regions, CD pollen has been
reported to drift in from the Himalayan region (20).
Long-distance transport of allergenic pollen has also
been reported for birch (Betula sp.) and Juniperus ashi
(32, 33). Patients from Trivandrum, which is located in
the extreme south of the country, far from the
Himalayas, have shown the least sensitization (4.3%).

CD positivity among patients at places distant from
the Himalayas, such as Trivandrum, could be due to
cross-reactivity with pollen of other members of the
same family (Pinaceae), as trees of Pinus spp. are planted
in parks and gardens outside the natural habitat of the
species, and release pollen into the local atmosphere
with low frequency and concentration. Cross-reactivity
among members of the same family has already been
reported by several workers (34, 35). This could also be
due to cross-reactivity of pollen antigens from even
unrelated species, as reported by some workers (36).
Skin sensitivity among patients who are exposed to low
levels of allergens or even among unexposed patients
may also occur, as reported by Lacovacci et al. (37),
partly con®rming our observation of low-level sensitiza-
tion to CD pollen from Trivendrum due to cross-
reactivity.

Signi®cantly (P<0.01) elevated levels of CD-speci®c
IgE antibodies in the sera of patients showing 2+ or
above positivity has been found. Of all 38 sera tested for
CD-speci®c IgE, 65.8% showed greater than 30%

binding, as compared to control sera. The relatively
weak sensitization pattern in the patients from Calcutta
and Trivandrum was re¯ected by a low speci®c IgE titer
in the sera of patients from these places. This could again
be due to low pollen exposure to other members of the
Pinaceae family.

The low concentration of protein in the CD extract is
in conformity with the general observation of low
protein content in the pollen of gymnosperms (37±39).
Protein fractions of CD crude extract are present in the
wide range of 14±116 kDa. High-molecular-mass pro-
tein has also been reported in the pollen antigen of Pinus
radiata by Fountain & Cornford (15). Multiple protein
fractions of 10±100 kDa in other gymnosperm species
have been reported from Europe (37±39). By IEF, we
were able to detect 20 protein bands mostly in the acidic
range (4.5±6.5), except for two fractions observed in the
basic region (pI 7.05 and 9.4).

Immunoblotting has been found to be an important
laboratory tool to con®rm the acceptability of source
material for clinical studies. By immunoblot, we were
able to detect 16 IgE-binding fractions from the sera of
allergic patients, of which four fractions of 58, 62, 124,
and 126 kDa were identi®ed only by immunostaining, as
these fractions were not observed in SDS±PAGE. A
distinct heterogeneity was not observed in the binding
pattern of 12 sera probed individually. The large number
of bands (22, 25, 32, 37, 44, 53, 58, 78, 124, and 126 kDa)
recognized by most of the 12 sera tested could be due to
carbohydrate cross-reacting moieties in the CD-pollen
extract. Cross-reactivity of carbohydrate moieties with
speci®c IgE has also been reported by Afferni et al. (40).

In conclusion, more than 7% of nasobronchial allergy
patients from India showed sensitization to CD-pollen
extract. A signi®cantly high level of CD-speci®c IgE
antibodies was observed in the sera of patients. The
crude pollen antigen of CD has been characterized,
yielding 20 protein fractions in the range of 14±126 kDa.
Both low- and high-molecular-mass protein fractions
have been observed to bind to CD-speci®c IgE
antibodies. A considerable degree of allergen cross-
reactivity with carbohydrate moieties is suspected in the
CD-pollen allergen. Allergen cross-reactivity is increas-
ingly important for molecular characterization of
allergens, and must be taken into account in the
diagnosis of allergic patients.
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