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Background: Pollen frgm grasses- (Poaceae) are predominant aeroallergens
throughout the world including tropical countries. Studiès from USA, Europe,lnd
Australia have shown extensive allergenic/antigenic cross reactivity among the
grass pollen allergens prevalent there. No such information is available ibout
airborne grass pollens of tropical countries.

Objective: The present study was undertaken to explore common antigenic/aller-
gery9 components, if any, of five important gmss pollens of India.

Methods: Intradermal tests (ID) were performed with pollen extracts of Cen-
chrus, Cynodon, Imperata, Pennisetum, and- Sorghum in patients with nasobronchial
allergy. ELISAs were performed for estimating the allergen-specific IgE in sera of
patients e[c_iti1s p-u$:9tv positive ID respónse (2+ 

-to 
4+). To detect cross

reactivity, ELISA.inhibition experiments were carried out usingiooled patient sera
and five grasses, individually, as inhibitors with different sohí pnurc antigens. To
evaluate common antigenic components in Cenchrus, Imperatà, and pennisetum
pollen extracts, rocket immunoelectrophoresis (RIE) and ELISA inhibition were
conducted using rabbit antisera.

Results: Among 133 patients, Cynodon extract elicited markedly positive skin
reactivity in most patients followed by Pennisetum, Imperata, Cenóhrus, and Sor-
gh-um. A large nu_mber of patients showed markedly positive skin reactions and
enhanced specific IgE levels to more than one grass po[én extract. ELISA inhibition
experiments showed different degrees of cross truòtiuity among the grass pollens
studied. Rocket immunoelectrophoresis and ELISA inhiúition uíing ràUUit antisera
with homologous and heterologous pollen revealed the presence of lhared antigenic
components in cenchrus, Imperata, and pennisetum extracts.

Conclusion: The varied dose-response curves obtained with ELISA inhibition
using different inhibitors suggest thè presence of both common and specific anti-
gens/allergens in the grass pollens studied. Based on the extensive immunologic
cross reactivity, among the tropical grass species, it may be possible to use mixed
allergen preparations for allergy diagnosis and immunoitrrrupy.
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pollen producers and wind pollinated,
they are found among the first five dom-
inant types of aeroallergens at several
places in the country.a's About 1180
grass species belonging to 239 genera
inhabit India.6

It is cumbersome to study the aller-
genic nature of each and every grass
and include each in the testing kit for
diagnosis of allergy. Studies with
grasses in Europe, Australia, and USA
have shown extensive cross-reaótivity
among grass pollen allergens.T-l2 There
has been no such study of the antigenic
and allergenic relationships of grasses
prevalent in tropical countries.

The present study was undertaken to
determine the allergenic relationships
among five dominant grasses: Cen-
chrus cilíaris (bunch grass), Cynodon
dactylon (Bermuda grass), Imperata
cylindrica (Cogon grass), pennisetum
typhoides (pearl millet), and Sorghum
vulgare (Sorghum, fodder grass) using
various in vivo and in vitro methods.
Attempts were also made to investigate
antigenic relationships of three differ-
ent grass pollen extracts using antisera
raised against them in rabbits.

MATERIALS AND METHODS

Pollen Extracts
Pollen samples were collected from
wild grasses (Cenchrus ciliaris, Gyn=-
ode*-dactyton, and Impe rata. cyltn".
drica) and cultivated type s (pennis-
etum typhoídes, and Soryhm*
wtlgarù The collected samples were
processed carefully to avoid any
cross contamination. The pollen sam-
ples containing >95Vo pure pollen
and 15Vo other plant parts from the
flowers of the same species were de-
fatted with diethyl ether. The extracts
were prepared in 0.05 M ammonium
bicarbonate buffer, pH 8.00 by con-
tinuous stirring for 18 hours on a
magnetic stirrer at 4 "C. The extracts
were centrifuged (10,000 rpm, 4'C)
and supernatant brought to 90Vo sat-
uration with ammonium sulphate.
The precipitate was dissolved in dis-
tilled water and dialyzed using
'Spectrapor' 

membrane, molecular
weight cut off 2,000. The dialyzed
extracts were passed through milli-
pore fi l ter membrane (0.45 pm), ly-
ophilized in different aliquots and
stored at  -20'C. The protein con-
tent of each extract was determined
by the modified Lowry's method.13

INTRODUCTION
Grasses are the most prolific of plant
families in respect to numbers and spe-
cies. Pollens from grasses (poaceae) are
the major aeroallergens causing sensitiv-
ity in 85Vo of pollen allergic individuals
in the Mediterranean area.l In India also,
a large number of patients have hyper-
sensitivity to grass pollen.2'3 Being good
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Intradermal Tests (ID) and
Collection of Sera
Intradermal tests were performed with
pollen extracts of five grasses in 133
patients (aged L7 to 42 years) attending
the Clinical Research Centre, V.P.
Chest Institute, Delhi (India), accord-
ing to the method of Shivpuri and
Agarwal.ta For skin tests, lyophilized
extracts were reconstituted (1:500 wt/
vol) in phosphate buffered saline
(PBS). About 0.01 mL of each extract
was injected intradermally in the fore-
arm, raising a bleb of.2 to 3 mm at the
injection site.

Simultaneously, PBS was injected
as a negative control. The skin tests
were graded after 20 minutes, based on
the wheal size produced in comparison
to the negative control. The ID reac-
tions more than 3 times of the negative
control were graded as 2*, 3 to 4
times the control with t to 2 pseudop-
odia as 3*, and multiple pseudopodia
as 4+. Histamine diphosphate, 100
pglmL, was also injected as a positive
control, which produced skin reactions
in the range of 1L to 15 mm (graded as
2+) .

Sera were collected from the pa-
tients showing markedly positive (2+
to 4+) skin reactions to any of the five
extracts tested. None of the patients
was receiving immunotherapy when
ID tests were performed or sera col-
lected. Normal human sera were ob-
tained from nonallergic subjects with
negative ID tests. The consent of every
patient was obtained prior to skin test-
ing and sera collection.

Enzyme Linked Immunosorbent Assay
(ELISA)

ELISAs were performed to measure
the specific IgE levels for each grass in
individual patient sera by the method
of Voller et al.ls Antigenic extracts of
all the five grass pollen types were
diluted in carbonate coating buffer, pH
9.6. To each well of the microtiter
plate, 100 pL of the diluted extract (L
pr.g protein/1O0 pL) was added fol-
lowed by overnight incubation at 4 "C.
After washing thrice with phosphate
buffered saline (PBS) Tween, the
plates were incubated with 100 p,L (Vro

diluted in 0.1 M PBS, pH 7.\ of indi-
vidual patient's serum. As a control,
normal human serum (NHS) from sub-
jects with negative ID tests to grass
pollen extracts was also tested. The
washing was carried out again with
PBS-Tween.

Alkaline phosphatase labeled anti-
human IgE (e-specific, Sigma Chemi-
cal Co, USA) was added to each well
of the plate and incubated overnight at
4 "C. The unbound anti.IgE was
washed off and 100 pL of enzyme
substrate (O.lVo p-nitrophenyl phos-
phate in glycine buffer, pH 9.6) was
added. The color development process
was stopped after 40 minutes by add-
ing 50 pL of 3 N NaOH to each well of
the microtiter plate. Absorbence was
measured at 410 nm with a NUNC
ELISA reader. Sera showing >5 times
the OD obtained with normal human
serum were considered as ELISA pos-
itive. Whereas, sera showing >10
times ELISA values (OD) of the NHS
were pooled separately and used for
inhibition assays.

Statistical Analysis
ELISA values (OD), ie, specific IgE
level, of one grass extract was com-
pared with another using Karl Pearsons
coefficient of correlation test taking
paired data (N : 66 X 2) in all possi-
ble combinations for five extracts.

Immunization for Rabbit Sera
Rabbits were immunized, each with L
mg of protein (extract) emulsified with
Freund's complete adjuvant (Difco).
Booster injections were given at inter-
vals of 4 weeks with the same protein
emulsified with Freund's incomplete
adjuvant. The rabbits were bled seven
days after the third booster to check the
presence of antibodies by immunodif-
fusion. The sera obtained from three
rabbits immunized with each antigen
were mixed in equal volumes to obtain
polyvalent sera for each grass extract.

Rocket Immuno e Ie c tropho re s is
Rocket immunoelectrophoresis was
performed on 1.8-mm thick glass plate
with.l7o agarose gel containing rabbit
antisera in Svendsen'sló buffer pH 8.6.
Fifty micrograms of each grass pollen

extract (protein) was applied into the
wells punched into the gel and electro-
phoresed for 10 to 20 hours (1.5 v/cm,
4'C). The gels were washed, pressed
dry, and stained using Coomassie bril-
liant blue, R-250 (Sigma Chemical Co,
usA).
IgE and IgG Specific ELISA
Inhibition
Inhibition assays were performed by
pre-incubating 50 pL of either pooled
patients sera or rabbit antisera with 50
p,L of inhibitor in various concentra-
tions for 16 hours at 4 "C. The mixture
was then added to antigen-coated
wells. Normal human serum from sub-
jects with negative skins tests to grass
pollen extracts or normal rabbit serum
prior to the immunization with anti-
gens were used as negative controls.
After overnight incubation at 4 "C, an-
tibodies bound to the plates were de-
tected with enzyme labeled anti-human
IgE/anti-rabbit IgG (Sigma Chemical
Co, USA). Absorbence measurements
were made after adjusting the back-
ground with negative control. Percent
inhibition was calculated as:

Vo inhibition :

OD of the test sample -

OD of the inhibited sample x 100
OD of the test sample

RESULTS
In the test population of 133 patients,
Cynodon dactylon exhibited markedly
positive skin reactivity (2+ to 4*) in a
large number of the patients (52Vo) fol-
lowed by Pennisetum typhoides (32Vo),
Imperata cylindrica (26Vo), Cenchrus
ciliaris (22Vo), and Sorghum vulgare
(1,6Vo). About 50Vo to 60Vo of patients
positive to Cenchrus showed markedly
positive skin reactions to Pennisetum
and Cynodon extracts. In Pennisetum
positive patients, frequency of marked
positive skin response was more to
Cenchrus, Imperata than to Cynodon
and Sorghum extracts. Among Sor-
ghum positive patients, 24% to 42Vo
elicited markedly positive skin reac-
tions to the other four grass pollen
extracts (Fig 1).

Of 133 patients skin tested with
five grass pollen extracts, 66 subjects
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pared with another in different com-
binations (Fig 2). It is evident from
the findings that sera from >60% of
the patients possess significant levels
of specific IgE to the five grass pol-
len extracts tested.

Statistical analysis of ELISA values
was also carried out using 'correlation

matrix' to find out the extent of aller-
genic relationship in different grasses
(Table 1). The specific IgE data of one
grass pollen extract was compared
with another taking paired samples,
where N : 66 X 2 in all the cases. At
SVo probability, the critical value of
0.242 (+) was recorded significant for
z-tailed analysis. Critical values ob-
tained in case of each grass in compar-
ison with the other four grass pollen
extracts showed a strong allergenic
correlation (0.656 to 0.906).

IgE Specific ELISA Inhíbition
Competitive ELISA inhibition was
performed using a serum pool of each
extract to evaluate allergenic cross re-
activity among five grass pollen aller-
gens. A dose-dependent inhibition of
binding was observed, when serum
pools were pre-incubated with serial
dilutions of homologous grass extracts.

Interestingly some heterologous
grass extracts also produced significant
dose-related inhibirion (Fig 3). The
amount of each allergen required for
50% inhibition was calculated and pre-
sented in Table 2. The binding of spe-
cific IgE to Cenchrus was substantially
inhibited by Cynodon and pennisetum,
while Imperata and Sorghum showed
the least inhibition. The bindine to
Cynodon was significantly inhiÙ'ited
by Imperata, Cenchrus, and Sorghum,
while even 5 pg of Pennisetum failed
to produce 50% inhibition. Cenchrus
was almost as potent as Imperata to
inhibit the binding of specific IgE ro
solid phase Imperata. The other three
grass pollen extracts were quite similar
in their inhibitory capacity to Imperata
yielding 50Vo inhibition within a factor
of 2 of each other. Cenchrus, Imperata,
Pennisetum, and Sorghum were simi-
lar in their inhibitory capacity of spe-
cific IgE binding to Pennisetum, while
Cynodon was approximately 1/10th as

@ cerrcHRus [FFl cvNoDoN ffi rr,reeRATA l-] peTqNFETUM
I SORGHUM

Figure 1' comparative analysis of ID test results with five grass pollen extracts in 133 allergy patients.
Percent positivity (y-axis) to other four grass pollen extracts in Cenchrus positive patients (group A,
n : 29); cynodon positive patients (group B, D : 69); Imperata positive patients (group c, n : 35);
Pennisetum positive patients (group D, tr = 43) and sorghum positive patients (groJp E, n : 21).
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Figure 2' comparative account of ELISA results obtained with 66 patients sera positive to grass pollen
extracts' Sera showing >5 times the oD of NHS were considered positive and compared in all possible
combinations' Percent positivity (y-axis) to other four grass extracts in cenchrus positive patients (group
A, tr : 43), Cynodon positive patients (group B, fl = 27),Imperata positive patients (group C, n : 32),
Pennisetum positive patients (group D, tr : 26), and Sorghum positive patiànts lgroup E, n : 33).

agreed to donate blood for further tracts, individually. ELISA values
experiments. serum of each patient (oD) >5 times of the NHS were
was scr-eened by 

lqSA for the pres- considered positive and their fre-
ence of specific IgE to all f ive ex- quency (vo)inone extra"t *u, com_

@
I
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active. All the grass extracts were ac-
tive inhibitors of specific IgE binding
to solid phase Sorghum, requiring less
than 10 ng for 50Vo inhlbition.

RIE Using Rabbit Antibodies
All the experimental rabbits gave good
antibody response to three grass pollen
extracts namely Cenchrus, Imperata,
and Pennisetum. In RIE all the three

LqALLeRGÉH COÍì.c I ngt

Figure 3. ELISA inhibitions demonstrating

the extent of allergenic cross-reactivity among

five grass pollen extracts. Solid phase used: Cc
: Cenchrus ciliaris,; Cd : Cynodon dacrylon;

lc = Imperata cylindrica; Pt = Pennisetum ty-

phoides, and Sv : Sorghum vulgare. The bind-

ing of IgE antibodies in sera from allergy pa-

tients to these allergosorbents was inhibited with

Cenchrus C'{, Cynodon A-A, Imperata

H, Pennisetum H, or Sorghum (H.

" Amount (ng) required for 50% inhibition.

grass extracts produced maximum
numbers of precipitin bands with ho-
mologous antibodies. In addition, at
least two to four precipitin bands were
obtained with the other two grass ex-
tracts. An antigenic component in Pen-
nisetum reacted to the maximum ex-
tent, as measured by rocket height with
all the three antibodies (Fig a).

I gG-Specffic ELISA Inhibitíon
Antigenic relationship among the three
grasses namely cenchrus, Imperata,
and Pennisetum was also evaluated by
competitive ELISA inhibition using
rabbit antibodies. Each of the three
grass extracts was used individually to
compete for binding to rabbit antibod-
ies raised against homologous pollen
antigen coated on ELISA plate (Table
3 and Fig 5). Cenchrus and Imperata
gave an identical inhibition pattern,
when Cenchrus was used as a solid
phase antigen and antibodies to Cen-
chrus were employed. WKen Imperata
or Pennisetum antibodies were used
Pennisetum and Cenchrus showed
identical inhibition curves depicting
their close relationship.

DISCUSSION
Grass pollen allergens have been found
to be important triggers of allergic dis-
orders. Aerobiologic and clinical stud-
ies conducted in India have recognized
the allergenic importance of the sev-
eral grass species.2'6'17'18 As a result,
aqueous extracts prepared from pollen
of Cenchrus, Cynodon, Imperata, Pen-
nisetum, and Sorghum have been used
routinely by various allergologists for
allergy diagnosis and immunotherapy
for many years. The common aller-
genic proteins have been reported
among phylogenetically related grass
species, prevalent in Europe, USA,
Australia and other western coun-
tries.le'20 No such information is avail-
able about the grass species prevalent
in tropical countries.

In a random survey of 565 Patients
undergoing ID tests for allergy diagno-
sis at V.P. Chest Institute, Delhi, 249

$aVQ patients were found to be posi-
tíve (2+ to 4+) to one or more grass
pollen extracts tested. Of 249 cases,
133 patients were recruited for repeat
ID tests with five grass pollen extracts.

Table 1. Allergenic Relationships Among Five Types of Grass Pollen Allergens Based on

Specific lgE Levels.

Gorrelation Matrix of All Variables al5o/o Probability
Allergens

Cenchrus Cynodon lmperata Pennisetum Sorghum

Cenchrus
Cynodon
lmperata
Pennisetum
Sorghum

" Specific lgE was measured in 66 sera taking five extracts individually as solid phase antigen.

Critical value 1-Tail, 0.05: 'r0.204.

Critical value 2-Tail, 0.05: -r0.242.

N = 6 6 .

Table 2. Allergenic Cross Reactivity Among Grass Pollen Extracts as Measured by ELISA

lnhibition with Sera of Grass Pollen Sensitive Patients

Allergens Used
for Inhibition

Solid Phase Allergen*

Cenchrus Cynodon lmperata Pennisetum Sorghum

1.000 0.769
1.000

0.792
0.719
1.000

0.842
0.656
0.670
1.000

0.869
0.801
0.906
0.799
1.000

Cenchrus
Cynodon
lmperata
Pennisetum
Sorghum

380
1 000

>5000
1 600

>5000

1 0 1 0
265
700

>5000
2800

4 1 0
1 100
390

1 250
750

300
2200
320
280
1 9 5

< 1 0
< 1 0
< 1 0
< 1 0
< 1 0z

9
F

E
I

=

F

z
trj

(J

G

lrJ

o,

F

F

76 ANNAI-S OF ALLERGY. ASTHMA, & IMMUNOLOGY



1" the present sfudy, Cynodon was
found to be the most.eaciiue (ID pos_
itive) grass and Sorghum the least. It
has been reported that pollen of wild
growing taxa show higher allergenic
potential than the cultivated species.
The majority of the grass pollen aller_
gic individuals reacted to more than
one grass pollen extract (Fig 1). This
may be due to the presence of common
allergenic proteins in the grasses.

_ T!. presence of specific IgE to all
the five grass pollen extracts was eval-
uated by ELISA in 66 subjects. Anal_
ysis of the positive ELISA values for
each grass pollen extract in compari-
son to the other four showed elevated
IgE levels to more than one allergen in
many patients. The positive ELISA
values (OO = 5 times of rhe NHS) of
one extract was taken as 100% and
compared with the values of the other
four grass extracts (Fig 2). Statistical
analysis of specific IgE values ob_
tained for one grass extract when com_
pared with another (OD, N : 66 X 2)
using 'correlation 

matrix,' showed sig_
nificant correlations. The critical val_
ues obtained as a result of analysis for
every 2-tailed (paired) rest indicate
.l9T allergenic relationships among
all five grass species (Table 1).

In order to quantitate the extent of
cross reactivity, inhibition studies were
carried out using pooled sera and serial
dilutions of different grass pollen ex_
tracts (Table 2 and Fig 3). The inhibi_
tory capacity of the extracts studied
was found distinct, depending on the
serum pool and the solid phase antigen
employed. This may be due to the
pÍesence of both common anci unique
allergenic proteins in these grass ex_
tracts. Cynodon and pennisetum
showed maximum inhibition in ELISA
binding to Cenchrus whereas Imperata
and Cenchrus inhibited the bindine to
Cynodon. Likewise, all the other Iour
grasses inhibited the binding to Impe_
tata, Pennisetum, and Sorghum to
some extent. Previous studies7,8,11,21
have shown that Cynodon dacelon ex_
ftact cross reacts poorly with other
grasses. In the present study, Cenchrus
and Imperata produced significant in_
hibition of Cynodon; however, these

two grasses were not included in the
previous studies. It has been reported
that rabbit antibodies ro lot p í show
affinity to 29 to 3L kD compònents of
Cynodon pollen extract.

Monoclonal antibodies to Lol p I
also exhibited binding to Cynodon an_
tigens.zz'z: In a recent study,24 anti-Cyn
d I antibodies were found cross react-
ing with other Group I allergens, espe_
cially that of Dac g I and Foa p I.

The observations using pooled pa_
tients' sera do not rule ouf the possi-
bility that the reactivity observeà may
be due to varying degree of exposure
to the different grass pollen aeròaller_
gens. Hence, the antibodies were
raised in rabbits against Cenchrus,
Imperata, and Pennisetum. The anti_
sera obtained were used to studv the

Figure 4' RIE of three grass pollen extracts using rabbit sera. The gels contained c-Ab = AntiCenchrus antibodies, I-Ab : Anti Imperata antibodies, and p-Ab : Anti pennisetum antibodies. Theextracts electrophoresed are in lane 7,2 (c) cenchrus; lane 3, 4 (I) Imperata and lane 5, 6 (p) pennisetum.

shared antigenicity among the three
grasses. Maximum numbers of preci_
pitin rockets were observed witir ho-
mologous antisera. In addition, each
antiserum showed a few precipitin
rockets with other two extracts, iug-
gesting the presence of cross reacting
antigens in all the three grass pollen
extracts (Fig 4). ELISA inhibition
(specific IgE) experiments using anti-
Cenchrus antibodies showed thai serial
dilutions of Imperata and pennisetum
were able to inhibit its binding to solid
phase Cenchrus. The quantitybf Impe-
rata required for 50% inhibition was
very little compared with that required
by Pennisetum for the same degiee of
inhibition. Similar results *eie ob-
tained with anti-Imperata antibodies
and anti-Pennisetum antibodies indi-
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cating high degree of cross reactivity
among the three grass pollen extracts.

The high degree of immunologic
cross reactivity observed among the
grass pollen allergens studied suggests
the presence of common antigenic/al-
lergenic components. Based on these
findings, clinical trials are suggested

Figure 5. ELISA inhibitions showing the an-

tigenic relationship among the three grass pollen

allergens. Inhibition experiments were carried

out using antisera raised in rabbit. Solid phase

used: Cc : Cenchrus ciliaris, lc = Imperata

cylindrica, and Pt : Penníseîum typhoides. T\e

binding of respective antibodies to these aller-

gosorbants was inhibited with Cenchrus O'{,

Imperata (H or Pennisetum A-A.

Table 3. Antigenic Cross Reactivity Among Grass Pollen Extracts as Measured by ELISA

Inhibition Using Sera of Hyperimmunized Rabbits

Amount Required lor 50o/o Inhibition

Antigens Cenchrus,

,Lg

lmperata,

,.09

Pennisetum,
pg

Cenchrus
lmperata
Pennisetum

<0.250
0.700
1 . 1 0 0

0.250
<0.250

3.400

2.000
0.700
1.000

z
9
t
I
I

=

z
UJ
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c
ul
o-

taking two groups of mixed allergen
preparations comprising Cynodon with
Cenchrus, Imperata and or Pennistum,
Sorghum to evaluate their allergenic
potential in a large number of cases
sensitive to grass allergens. Further
studies with dominant cross reacting
proteins/isolated fractions of grass al-
lergens are also required before the
number of allergens are actually re-
duced for allergy diagnosis and immu-
notherapy.

ACKNOWLEDGMENTS
The authors thank the Department of
Science and Technology, Delhi, India
for Financial support. We also extend
our thanks to Mr. D D Sharma, Centre
for Biochemical Technology, Delhi for
statistical analysis and Prof. M K
Agarwal, V.P. Chest Institute, Delhi
for valuable suggestions in preparing
the manuscript.

REFERENCES
L. Bousquet J, Cour P, Guerin B, Michel

FB. Allergy in the Meditenanean area I.
Pollen counts and pollinosis of Montpel-
lier. Clin Allergy L984;I4:249-58.

2. Acharya PJ. Skin test response to some
inhalant allergens in patients of naso-
bronchial allergy from Andhra
Pradesh. Aspects Allergy Applied Im-
munol 1980;13:14-8.

3. Chanda S, Mandal S. Grass pollen as
dominant aeropollen in West Bengal.
Aspect Allergy Applied Immunol
1980:13:4-9.

4. Singh AB, Babu CR. Grass pollen con-
tents in the atmosphere of Delhi. Grana
1980;19:63-5.

5. Singh BP, Singh AB, Nair PKK, Gan-
gal SV. Survey of airbo-rne pollen and
fungal spores at Dehra Dun, India.
.Ann Allergy 1987 ;59:229 -34.

6. Babu CR. Herbaceous Flora of Dehra
Dun. Publications and lnformations

Directorate, CSIR, New Delhi, 7977.
7. Kristin M, Leiferman KM, Gleich GJ.

The cross reactivity of IgE antibodies
with pollen allergens. I. Analysis of
various species of grass pollens. J Al-
lergy Clin lmmunol 1976;58:129-39.

8. Martin BG, Mansfield LE, Nelson HS.
Cross allergenicity among the grasses.
Ann Allergy 1985;54:99 -104.

9. Mourad W, Pelletier G, Boulet A, et al.
Allergenicity and cross reactivity of
rye grass pollen extracts revealed by
monoclonal antibodies. J Immunol
Methods 1986;89:53-9.

10. Matthiesen F, Lowenstein H. Group V
allergens in grass pollen. II. lnvestiga-
tion of group V allergens in pollens
from 10 grasses. Clin Exp AllergY
199l:,21309-20.

11. Bernstein IL, Perera M, Gallagher J, et
al. In-vitro cross allergenicity of major
aeroallergenic pollens by the RAST
technique. J Allergy Clin Immunol
1976;57:141-52.

12. Singh MB, Knox RB. Grass pollen
allergen: antigenic relationship de-
tected using monoclonal antibodies
and dot blotting immunoassaY. Int
Arch Allergy Appl Immunol 1985;78:
300-4.

13. Singh BP, Susheela S, Arora N, Gan-
gal SV. Evaluation of protein assay
methods for pollen and fungal spore
extracts. Biochemistry Int 1992;27:
477-84.

14. Shivpuri DN, Agarwal MK. Studies on
the allergenic fungal spores of the
Delhi, India, metropolitan area-clinical
aspects. J Allergy 7969;44:204-13.

15. Voller A, Bidwell D, Barlett A. En-
zyme linked immunosorbent assay. In:
Rose NR, Friedman H, eds. Manual of
Clinical Immunology, American Soci-
ety for Microbiology, Washington DC,
1980:359.

1"6. Svendsen PJ. Fused rocket immuno-
electrophoresis. Scand Immunol 1973;
2:69-70.

17. Singh BP, Singh AB, Gangal SV. Pol-

2 3 t O
COl.lC lN p9

ANNALS OF ALLERGY. ASTHMA, & IMMUNOLOGY



len calendars of different states, India.
Publ. CSIR Centre for Biochemicals,
Delhi, India, 1992.

18. Rajeswari RI, Reddy pS, Manjula J, er
al. Allergens in nasobronchial allergy
as determined by skin testing. Lung
India 1985:3:1,67-70.

19. Marsh DG. Allergens and genetics of
allergy. In: Sela M, ed. The antigens,
vol. 3. New York: Academic press.
7975:271459.

20. Baldo BA, Sutton R, Wrigley CW.
Grass allergens with particular refer-
ence to cereals. Prog Allergy 1982;30:
1-66.

21. Schumacher MJ, Grabowski BS, Wag-
ner CM. Anti Bermuda grass RAST
binding is minimally inhibited by pol-
len extracts from 10 other grasses. Ann
Allergy 1985;35:584-7.

22. Standring R, Spackman V, porter SJ.
Distribution of a major allergen of rye
grass (/-olium perenne) pollen between
other grass species. Int Arch Allergy
Appl Immunol 1987;83:96-103.

23. Kahn CR, Marsh DG. Monoclonal an-
tibodies to the major Lolium perenne
(rye grass) pollen allergen.. Lol p I
(Rye I).  Mol Immunol t986;23:
1281-8.

24.  Mat th iesen F,  Schumacher  MJ,
Lowenstein H. Characterization of the
major allergen of Cynodon dactylon
(Bermuda grass) pollen, Cyn d I. J
A l l e rgy  C l i n  Immuno l  1991 ;8g :
763-74.

Requests for reprints should be addressed to:
Dr. Susheela Sridhara
Allergy and Immunology Laboratory
Centre for Biochemical Technology
Mall Road, Delhi University Campus
Delhi-110 007
India

WOMEN USE METERED DOSE INHALBRS LESS ADEQUATELY
THAN MBN

In order to determine how adequately patients with asthma or chronic obstruc-
tive pulmonary disease were using meieied dose inhalers the authors studied 26
women and 33 men 20 to 81 years of age. Adequacy of inhalation technique was
evaluated with a metered dose inhaler adapter tirat óontained a miniature iensing
system. The authors determined inspiratoiy flow at the moment of actuation of
the inhaler, the volume at actuation as a fraction of total inspiratory volume,
breath-holding time, and inspiratory volume as a fraction of pVC. The patients
were told to use the inhaler with their normal technique. Acceptable teòhnique
was defined as inspiratory flow between 25 and 90 L/min at actuation, actuation
9u$g early inspiration (at not more than 20% of inspiratory volumó), breath-
holding for more than 4 seconds, and a deep inhalation linspirítory volume more
than 50Vo of FVC).

Overall only 25Vo of inhalations met all four criteria for adequacy. Signifi-
cantly more men than women demonstrated acceptable techniqué @i% uérsus
4V1, P -< .001). There were no significant differences by ugr oi diàgnosis.
. Inadequate technique in use of metered dose inhaleré miy contrilbute to the
increased morbidity from asthma among women. use of ,pu.rr. or automatic
delivery devices may facilitate delivery of medications iro* metered dose
inhalers to both women and men.

-RMS
Goodman DE, Israel E, Rosenberg M, et al. The influence of age, diagnosis, and
9:1q"1 on proper use of metered-dose inhalers. Am J Resplr Crit-Care Med
L994;1,50:1,256-61.
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