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Immediate hypersensitivity to Parthenium hysterophorus.
I1. Clinical studies on the prevalence of parthenium rhinitis
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Summary

The airborne pollen of the South American weed, Parthenium hysterophorus (American
feverfew). accidentally introduced into India was found to be responsible for severe
allergic rhinitis. A random clinical survey conducted on 2035 residents of Bangalore city
with the aid of questionnaires and skin tests revealed that 7-1% of the study population
was suffering from allergic rhinitis due to exposure to Parthenium pollen. Skin-prick
tests performed on 1294 clinic patients suffering from nasobronchial allergy during the
past 4 years have also shown that 42-5% were sensitive to Parthenium pollen. IgE and
IgG antibodies specific for Parthenium pollen allergens were demonstrable in the sera of
Parthenium-sensitive rhinitis patients. The specificity of these antibodies to Parthenium
allergens was established by ELISA. A 7- to 11-fold higher stimulation was observed
when lymphocytes from two Parthenium-sensitive rhinitis patients were treated in vitro
with Parthenium pollen extract. To our knowledge, nowhere in the world has such a high
incidence of allergic rhinitis due to a single pollen ever been reported.
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Introduction

The Compositae weed, Parthenium hysterophorus (Amer-
ican feverfew) which is related to Ambrosia (ragweed) is a
native of Argentina, Mexico, West Indies and Southern
parts of the U.S.A. It is presumed to have been acciden-
tally introduced into India around 1956, along with the
imported wheat grains, and more recently to Australia[1].
After its initial appearance in Poona city, the weed soon
became adapted to the Indian soil and climate and within
two decades it had spread extensively to many parts of
India. There is no vacant land in and around the city of
Bangalore (South India) which is free from Parthenium
weed. Like ragweed of the American midwest, Parthe-
nium was found to cause allergic contact dermatitis
affecting the exposed skin surface of adult subjects [2-4].
A daily survey of the atmospheric pollen in Bangalore
conducted during January-December 1979 revealed that
Parthenium pollen was windborne in highly significant
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amounts either as individual pollen grains or in the form
of clumps (consisting of 2-80 grains) [5] and was respon-
sible for allergic rhinitis [6]. Although the clinical and
immunological studies established that Parthenium pol-
len is a potent atopic allergen, the percentage of the
population sensitized to this pollen is not known. The
present study was therefore undertaken to determine the
prevalence of Parthenium rhinitis in a random population
from Bangalore as well as in patients suffering from
nasobronchial allergy, by skin-prick test and quantifica-
tion of Parthenium pollen-specific IgE antibodies by
avidin-biotin/microELISA.

Materials and methods
Materials

Tween-20, heparin and bovine serum albumin (BSA)
(Sigma Chemical Co., St Louis, U.S.A.), e-phenylenedia-
mine (Aldrich Chemical Co., Milwaukee, U.S.A.), hydro-
gen peroxide (3%, v/v) (Glaxo Laboratories India Ltd,
Bombay), CNBr-activated Sepharose 4B, Ficoll-Paque
(Pharmacia Fine Chemicals, Uppsala, Sweden), biotin-
N-hydroxysuccinimide ester (Vega Biochemicals, Tus-
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con, U.S.A.), horseradish peroxidase-avidin conjugate
(Vector Laboratories, Burlingame, U.S.A.), RPMI-1640
medium with L-glutamine, fetal calf serum (Gibco Labor-
atories, Grand Island, U.S.A.), [*H]thymidine (Bhabha
Atomic Research Centre, Bombay, India) and poly-
styrene microtitre plates (96-well flat-bottom) with lids
(Costar, Cambridge, U.S.A), were obtained from the
manufacturers. Mite (Dermatophagoides farinae) extract
(1:10 w/v) was obtained from Walter Reed Army Medi-
cal Center, Allergy Extract Laboratory, Washington,
DC., while skin-prick test extracts of Amaranthus, Carica
papaya, Ricinus communis, Chenopodium, Aspergillus,
Alternaria, Cladosporium and grass pollen (1:10, w/v)
were purchased from Curewel, Faridabad, India. All
other chemicals were of analytical grade and available
commercially.

Collection of Parthenium pollen

The stalks of freshly cut and washed inflorescences of
Parthenium were immersed in water and kept in a dust-
free room until the anthers dehisced. The shed pollen was
collected after seiving through a 250 um mesh, defatted by
washing repeatedly with chilled peroxide-free ether and
dried under a vacuum. The dehydrated pollen, with 98%
purity (microscopic examination), was stored in a dessi-
cator at —20°C until further use.

Preparation of Parthenium allergen extract for skin test

Defatted Parthenium pollen was extracted with PBS,
pH 7-4 for 20 hr at 4°C (1: 10, w/v). The extract was then
filtered, centrifuged at 20000 x g for 20 min and diluted
with equal volumes of glycerol after passing through a
sterile millipore filter (0-45um). The resultant allergen
extract (1:20, w/v) was stored at 4'C and used for skin
tests.

Skin test procedure

Skin-prick tests were performed with allergen extracts on
the volar surface of the forearm of patients as well as
control subjects according to the procedure described by
Pepys et al. [7]. A 50% glycerine solution in PBS (pH 7-4)
and histamine hydrochloride (1 mg/ml) dissolved in PBS-
glycerol (1: 1 v/v) served as negative and positive controls,
respectively. The size of the weal after 15 min was
determined by measuring the diameter in two perpen-
dicular directions and then halving the sum. The reaction
was designated as positive if the net weal diameter was
greater than 3 mm over the negative control.

Study design

The purpose of the present study was to determine the
prevalence of sensitivity to Parthenium pollen in a large

and unselected population as well as in symptomatic
subjects reporting at the clinic with rhinitis and/or
asthma. The patients with rhinitis were selected based on
history of recurrent rhinorrhea, stuffy nose and sneezing.
occurring either perennially or seasonally. Asthma
patients were selected on recurrent wheeze and dypsnoea
occurring perennially or seasonally and responding to
bronchodialators. A survey was planned accordingly and
skin-prick tests were performed on normal controls,
subjects with rhinitis and/or bronchial asthma.

Patients

During the ‘open days’ at the Indian Institute of Science
in connection with the Platinum Jubilee year (3-5 March
1985) the general public visited various departments. This
opportunity was utilized to conduct a random survey of
the urban population to determine the incidence of
nasobronchial allergy as well as sensitivity to Parthenium
pollen and house dust mite, two dominant airborne
allergens in Bangalore. A booth was set up in the
department where 2035 out of over 10000 visitors of
either sex in the age group of 3-65 yr (1308 males and 727
females), randomly participated in the survey. Persons in
the survey included schoolchildren, college students,
housewives, persons employed in various jobs and retired
personnel. The study population was from different
residential areas of Bangalore and represented different
economic groups. After obtaining a brief clinical history
on a printed proforma, they were subjected to skin-prick
tests to determine their sensitivity to Parthenium pollen
and house dust mite. The skin reactions were recorded at
the exit point, which the subjects reached in about 20 min.
In addition to the subjects who participated in the
random survey, 1294 patients of either sex in the age
group of 15-65 yr suffering from allergic rhinitis or
bronchial asthma who visited the allergy clinic associated
with our Laboratory, were also included in the study.
Healthy individuals of the same age group with no history
of atopy (rhinitis, asthma or atopic dermatitis) served as
normal controls. Sera collected from allergic patients and
normal volunteers were stored at — 70 C until use.

Quantification of Parthenium pollen-specific IgE and I1gG
antibodies

Parthenium pollen-specific serum IgE and IgG antibodies
were measured by a previously described avidin-biotin/
microELISA (AB-microELISA) procedure [8] with a
minor modification. Heat-inactivated goat serum (2%)
was used instead of bovine serum albumin (1%) as a
blocking agent to prevent non-specific binding. The mean
binding of Parthenium-specific IgE and IgG is expressed
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as ELISA units/ml of undiluted serum where one ELISA
unit is defined as an absorbance value of 1-0 at 492 nm. In
the ELISA, serum from the patient was diluted appro-
priately and pre-incubated for 1 hr at 37°C with increas-
ing concentrations of Parthenium pollen extracts (0-0001-
10 pg/ml) before adding the mixture to antigen-coated
wells. Subsequent steps of the assay were the same as
those described for AB-microELISA procedure.

Lymphocyte transformation test

Heparinized blood was obtained from three normal
subjects and two rhinitis patients with positive skin-prick
reactions to Parthenium pollen and elevated levels of
Parthenium-specific serum IgE. Peripheral blood mono-
nuclear cells (PBMC) were separated from venous blood
(diluted with equal volume of PBS) by Ficoll-Paque
density gradient centrifugation. The cells were washed
three times with PBS and resuspended in RPMI-1640
tissue culture medium supplemented with HEPES
(25 mm), L-glutamine (1%), penicillin (100 U/ml) strepto-
mycin (100 ug/ml) and heat-inactivated foetal calf serum
(lO"n).

Cultures in duplicate containing 200 ul of 5x 10°
PBMC were added to sterile round-bottom microtitre
wells and incubated with Parthenium pollen extract
(0128 pg/ml) for 6 days in a humidified atmosphere of
5% CO, at 37°C. Cultures with PBMC from normal
patients served as controls. The cells were harvested onto
glass fibre discs using a semi-automated harvester (PHD
cell harvester, Cambridge, U.S.A.) 16 hr after the addi-
tion of 0-5 uCi [*H]thymidine (specific activity 6:6 Ci/
mmole). The radioactivity was measured with the aid of a
toluene-based scintillation fluid. The response of the
cultured cells expressed as stimulation index (SI) was
obtained by dividing the radioactivity of the stimulated
cell cultures with that of the non-stimulated cell cultures.

Statistical analysis

The significance of difference in distribution and linear
correlation coefficient was calculated as described pre-
viously [9].

Results
Random clinical survey

Table 1 shows the incidence of rhinitis or asthma in the
study group. Thirty-six per cent of the randomly selected
subjects were females. Among the survey group, 2:95%
gave clinical history suggestive of bronchial asthma while
19-2% complained of nasal problems, mostly rhinitis. The
percentage of subjects suffering from the latter symptoms

Table 1. Random survey on the incidence of rhinitis or asthma in
the Bangalore population

Sex n Rhinitis* (%) Asthmat (%)
Male 1308 19-8 29
Female 727 18-2 30
Both 2035 19-2 2:95

* Sneezing, watery eyes, running and/or blocked nose in the
absence of cold.
T Chest tightness and recurrent wheezing.

Table 2. Sensitivity of a random population from
Bangalore (n=2035) to Parthenium pollen and house
dust mite

Percentage of individuals with
positive skin reaction to:

Parthenium  House dust
Study group pollen mite Both
Total 9:6 4-3 1-6
Rhinitis 71 2-6 13
Asthma 0-4 0-8 0-1
Asymptomatic 18 0-8 02

Table 3. Sensitivity of patients with nasobronchial
allergy to Parthenium pollen and house dust mite

Percentage of patients suffering
from nasobronchial allergy
with positive skin to:

Study Parthenium  House dust

group n pollen mite Both
Rhinitis 391 26-1 9-5 49
Asthma 60 13-3 28-3 3:3




58  P. Sriramarao et al.

Table 4. Incidence of Parthenium sensitivity among patients
with nasobronchial allergy

Patients sensitive to Parthenium pollen (%)*

Year n Total Male Female
1985 315 357 352 370
1986 259 43-8 50-0 319
1987 362 457 49-7 40-3
1988 358 456 490 375
n= 1294 42-5+39 46-0+6-2 36:7+30

* The figures represent the percentage of patients sensitive to
Parthenium pollen alone or in association with other allergens as
determined by positive skin-prick reaction to Parthenium pollen
(1:20) and other allergen extracts (1:10 w/v).

Table 5. Results of skin-prick test reaction of rhinitis patients
(n=2810) to Parthenium and other common airborne allergens

Percentage of
patients showing

Allergen(s) positive reaction

Parthenium pollen 379
Parthenium pollen + house dust mite 1245
Parthenium pollen + allergens other

than house dust mite* e
House dust mite 11-9
Allergens other than Parthenium

and house dust mite 23

* Pollen of Amarantus, Carica papaya, Chenopodium and grass,
castor bean, Aspergillus, Alternaria and Cladosporium (1:10,
w/v). A weal greater than 3 mm in diameter above the negative
saline control was taken as a positive reaction.

(males 19-8% and females 18:2%) was far higher than the
percentage of individuals who complained of asthma
(males 2:9% and females 3-0%).

Skin-prick tests were performed on the study group to
determine their sensitivity to Parthenium pollen and
house dust mite, two dominant aero-allergens prevalent
in Bangalore. From Table 2 it is apparent that 9:6% of a
total population of 2035 who participated in the survey
were sensitive to Parthenium pollen alone while 4-3%
were sensitive to house dust mite and an additional 1-6%
to both Parthenium and house dust mite. Furthermore,
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Fig. 1. Seasonal variation in the concentration of airborne
Parthenium pollen (- -) and the incidence of Parthenium
rhinitis (O). The aerobiological data were taken from an earlier
study [5]. Sensitivity to Parthenium pollen was determined by
skin-prick test. For details see Materials and methods.

among the total study group. 7-1% and 2:6% of the
subjects suffering from rhinitis were sensitive to Parthe-
nium pollen and house dust mite respectively, and an
additional 1-:3% were sensitive to both allergens. While
only 0-4% of the study group suffering from bronchial
asthma were sensitive to Parthenium pollen, 0-8% and
0-1% of the patients suffering from asthma were sensitive
to house dust mite or both the allergens respectively. In
addition, 1:-8% and 0-8% of the asymptomatic subjects
also elicited positive skin reactions to Parthenium pollen
and house dust mite, respectively.

Among the rhinitis patients (n=391), 26:1% were
sensitive to Parthenium pollen alone, while 9-5% and
4:9% were sensitive to house dust mite or both the
allergens, respectively (Table 3). However, 13-3% of the
asthmatics (n=060) gave a positive skin reaction to
Parthenium pollen, while 28:3% were sensitive to house
dust mite and 3-:3% to both the allergens.

Clinical studies on patients with nasobronchial allergy

Skin tests were also performed on 1294 subjects reported
at our clinic with nasobronchial allergy (810 rhinitis
patients and 484 asthmatics) who visited the allergy clinic
associated with our Laboratory between 1985 and 1988 to
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Fig. 2. Levels of Parthenium pollen-specific IgE and IgG
antibodies in the sera of Parthenium-sensitive rhinitis patients
by AB-microELISA. P, patients. C, control subjects. For details
see Materials and methods.

z 120 .
3
3
TR . .
o
W .
© 80F . :
&
G C L
@ - .
a .
n .
! .
B ST . .
3 . ®
g 40r -
'g-_" L - . .
T .
.
i .
.
-
| | 1 1 | |
0 4 8 12

Parthenium— specific IgE (ELISA units)

Fig. 3. Correlation between Parthenium-specific IgE and IgG in
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Fig. 7. Parthenium pollen allergen-induced proliferation of
lymphocytes from Parthenium-sensitive rhinitis patients. ()
patient 1; (0) patient 2; () control subject.

assess their sensitivity to Parthenium pollen. The results
are summarized in Table 4. From the data, it is apparent
that 42:5% of the total patients with nasobronchial
allergy elicited positive skin reactions to Parthenium
pollen either exclusively or in addition to other allergens.

Skin-prick tests performed on 810 rhinitis patients
revealed that 37:9% of the total subjects were strikingly
sensitive exclusively to Parthenium pollen (Table 5). An
additional 12:5% were sensitive not only to Parthenium
pollen but also to house dust mite and 2:7% to other
airborne allergens. In comparison, however, only 11:9%
of the total rhinitis patients elicited positive skin reactions
to house dust mite alone and 2-:3% to allergens other than
Parthenium pollen and house dust mite present in signifi-
cant amounts in the Bangalore atmosphere (Amaranthus,
C. papaya, Chenopodium, grass pollen, R. communis,
Aspergillus, Alternaria and Cladosporium).

Seasonal variation in the concentration of airborne Parthe-
nium pollen and incidence of allergic rhinitis

A correlation between the concentration of Parthenium
pollen in the Bangalore atmosphere and incidence of
allergic rhinitis in patients reported at our clinic with skin-
test proven sensitivity to Parthenium pollen during 1987 is
shown in Fig. 1. The data obtained in our earlier
atmospheric survey for the incidence of Parthenium
pollen [5] were used for comparison. The incidence of
allergic rhinitis attributable to Parthenium pollen was also

high during the monsoon months (June-October) with a
maximum in July and August, and 71-6% of the total
rhinitis patients were sensitive to Parthenium pollen alone
or in association with other allergens. No significant
amounts of pollen from other members of the compositae
family were detected in the aerobiological survey carried
out earlier [5].

Allergen-specific antibodies

Parthenium pollen-specific IgE and IgG antibodies were
demonstrable in the sera of Parthenium-sensitive patients
by AB-microELISA (Fig. 2). While 61% of the patients
with positive skin reactions to Parthenium pollen extract
had varying amounts of allergen-specific IgE, 65-8% had
elevated levels of specific 1gG antibodies. The mean
binding of allergen-specific IgE and 1gG was 4-5 and 560
ELISA units/ml, respectively. Although there was signifi-
cant correlation between Parthenium-specific IgE and
IgG values (r=0-55, P<0-001) (Fig. 3), a poor correla-
tion was observed between the specific IgE and total IgE
values (r=0-24; P<0-1) (data not shown). The correla-
tion between skin-prick test (mm diameter) and allergen-
specific IgE (ELISA units/ml) is shown in Fig. 4. A
correlation coefficient of 0:667 (P<0-01) was obtained.
Specificity of the IgE antibodies present in the sera of
Parthenium-sensitive patients was confirmed by ELISA
using different concentrations of Parthenium pollen
extract as inhibitor (0-0001-1 ug/ml). Progressive inhibi-
tion in the binding of the specific IgE antibodies in the
sera of Parthenium-sensitive rhinitis patients was ob-
served with an increase in the inhibitor concentration.
Representative curves obtained with the sera of two
patients are shown in Fig. 5. An amount of 17 and 2:7 ng/
ml of Parthenium pollen extract was required for 50%
inhibition of the binding of specific IgE to the immobi-
lized homologous allergen. Similar results were also
obtained for the binding of specific IgG antibodies
(Fig. 6).

Lymphocyte proliferation

The sensitivity of rhinitis patients to Parthenium pollen
allergens was confirmed further by a lymphocyte trans-
formation test. PBMC of two patients (with positive skin
reactions and elevated levels of Parthenium-specific serum
IgE) and from three control subjects were incubated with
increasing concentrations of Parthenium pollen extract
(0-128 pg/ml) (Fig. 7). A dose-dependent lymphocyte
response was obtained with a maximum proliferation
between a concentration of 64128 ug/ml. The SI of cell
cultures of normal subjects incubated with increasing
concentrations of the allergen extract, however, remained
equal or less than 1 (average for three individuals).
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Discussion

Pollen of Parthenium is windborne either singly or in
clumps and in areas heavily infested with the weed (e.g.
Bangalore) 48% of the pollen in the atmosphere during
the months of June-September is derived from Parthe-
nium [5]. A steady increase in the incidence of allergic
rhinitis was noticed in Bangalore during the past decade
which corresponded with the increased spread of the
weed.

A clinical survey conducted on 2035 residents of
Bangalore city revealed that among the study subjects
suffering from rhinitis, 7-1% were sensitive to Parthenium
pollen alone and an additional 1-3% elicited positive skin
reactions to Parthenium and house dust mite, while 2-6%
were sensitive only to house dust mite (Table 3). Studies
also performed on 1294 subjects suffering from nasobron-
chial allergy who visited our clinic between 1985 and 1988
revealed that out of the 810 patients suffering from
rhinitis, 37-9% were sensitive exclusively to Parthenium
pollen, while an additional 12:5% with sensitivity to
house dust mite and 2-7% to other inhalant allergens also
elicited strong skin-prick reactions to Parthenium pollen
(Table 5).

Measurement of Parthenium-specific IgE by the AB
microELISA revealed that only 61% of the skin-test
positive Parthenium- sensitive patients had significant
levels of allergen-specific IgE in their sera. Although a
high correlation (greater than 80%) between RAST,
ELISA and skin tests has been reported [13-15], several
investigators recorded only 50-66% agreement for Parth-
enium. birch, ragweed, grass pollen and mould allergens
[6.16-18]. A positive skin test without detectable levels of
allergen-specific IgE was the discordant result most
frequently encountered in these studies. The discordance
of results obtained with Parthenium pollen allergens does
not seem to be due to the presence of irritant substances as
only 1-8% of the asymptomatics elicited positive skin
reactions to Parthenium pollen (Table 2). Furthermore,
the presence of blocking antibodies (IgG) at levels that
might interfere with the measurement of allergen-specific
IgE by ELISA is unlikely as none of the patients included
in the present study were undergoing hyposensitization
for Parthenium. As high titres of allergen-specific IgG
antibodies are known to compete with IgE for binding to
the solid-phase allergen, it is possible that elevated levels
of Parthenium-specific IgG found in the sera of 68% of the
patients could be one of the reasons for the inability to
detect Parthenium-specific IgE antibodies in the sera of
patients with positive skin reaction to extracts of Parthe-
nium pollen. This may not be true, however, because
elevated levels of both Parthenium-specific IgE and 1gG,
with a significant correlation between them (r=0-55;

P<0001), were demonstrable in the sera of a number of
patients (Fig. 3). The other possibility for the negative
ELISA results could be the presence of allergen-specific
anaphylactic antibodies of IgGs subclass which are
known to induce positive skin reactions [19,20]. Lympho-
cytes from Parthenium-sensitive patients were found to be
stimulated in vitro by Parthenium allergens (Fig. 7).
Similar lymphoproliferative responses to purified aller-
gens from other sources have been reported [21-23].

In a recent study on the allergenic reactivity of P.
hysterophorus pollen in the United States Gulf Coast area,
Wedner er al. [24] concluded that Parthenium represents a
unique allergen whose importance has largely been
overlooked. The present studies established that Parthe-
nium is one of the most potent allergens responsible for
the highest incidence of allergic rhinitis due to a single
pollen. However, it does not seem to be significantly
responsible for bronchial asthma. Based on clinical
history and skin tests performed on individuals living in
areas heavily infested with Parthenium weed for the past
5 years, the rhinitis patients could be categorized into four
groups, namely (1) those who were not sensitive to
common inhalent allergens (vasomotor rhinitis), (2) those
sensitive to house dust mite and other allergens but not to
Parthenium pollen, (3) those sensitive to Parthenium and
one or more other inhalent allergens, and (4) those who
were exclusively sensitive to Parthenium pollen. The latter
group constitutes the major group of individuals allergic
to Parthenium.

Thus Parthenium, which was hitherto an unrecognized
world-wide allergen, is now gaining importance as a
potent allergen in disturbed sites. Furthermore, there are
indications that with the widespread growth of Parthe-
nium in India, large sections of the population are getting
increasingly sensitized. So far, attempts to control the
weed have been dismally unsuccessful. Disturbing reports
of cases of Parthenium allergy from U.S.A. [24] and
Australia [J. A. Stewart, personal communication] are
now available. The Indian experience would indicate that
there should be a global interest in intense ecological
surveilance so that fortuitous entry of the weed to other
countries can be effectively prevented.
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