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Forty-five grass pollen-allergic
patients were randomly assigned to three groups according to
their skin test and RAST sensitivities and the severity of seasonal rhinitis. Eleven patients were
treated with placebo (group I), 19 patients (group 2) were treated with a six-mixed grass-pollen
allergoid prepared by mild formalinization
with a two-step procedure, and 15 other patients
were treated with a standardized orchard grass-pollen extract (group 3). Because of a different
immunotherapy schedule, only patients placed in groups I and 2 received the extracts in a
double-blind fashion, Rush immunotherapy was performed in 3 to 6 days, and the maintenance
dose was subsequently administered weekly for 4 weeks and every 2 weeks until the end of
the grass-pollen season, During the season, a coseasonal treatment was administered. Systemic
reactions occurred during the rush protocol in 36.8% of patients treated with allergoid and
20% of patients who received the standardized extract. Only patients treated with allergoid had
systemic reactions during maintenance dose. The reactions observed with the standardized
extract were more severe. Total doses of allergoid ranged from 2350 to 13,500 protein nitrogen
units. Symptom and medication scores during the peak of the season were analyzed. Patients
treated with the standardized allergen had a significant reduction of the number of days of
symptoms during the month of June (9.5 +- 6.7 days; p < 0.005) and of medication scores
(1.3 f 1.4; p < 0.01) compared to patients receiving placebo (19.4 + 8.1 days; medication
score, 2.8 2 2.1). Patients treated with allergoid also had a significant reduction of
symptomatic days (11.3 + 7.6; p < 0.01) and medication score (I .7 ? 1 S; p < 0.05)
compared to patients receiving placebo. There was no significant difference between the
two treated groups. The mean skin prick test end point was significantly reduced in both treated
groups after immunotherapy and unchanged in the placebo-treated group. Serum grass-pollen
IgG measured by solid-phase radioimmunoassay with Staphylococcus
aureusprotein A was
signtJ?cantly increased after immunotherapy in both treated groups and remained unchanged in
the placebo-treated group. This study demonstrates that both a standardized allergen extract
and a formalinized allergoid are effective in the treatment of grass-pollen rhinitis. (J ALLERGY
CLIN hlh4lJNOL 1987;80:591-8.)
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Abbreviations

BU:
IR:
RI:
PNU:

used

Biologicalunit
Index of reactivity
Rushimmunotherapy
Proteinnitrogenunit

strated to be effective in children or adults.2-s Within
the past 15 years, attempts have been made to reduce
the allergenicity and to retain the antigenicity of pollen
extracts. Mild formalinization was used with grass-9
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TABLE I. Protocol of rush immunotherapy
with the standardized
orchard
grass-pollen
extract*
wtlvol

TABLE IL Rush immunotherapy
mixed grass-poken
allergoid

CLIN. IMMUNOL.
OCTOBER 1967

with the
PW

It?t

Day 1
9 A.M.
9: 30

Day 1
0.1 ml 10.’
0.5 ml lo-’
0.1 ml lo-”
0.2 ml 1O-4
0.4 ml 10e4

0.01
0.05
0.1

A.M.

0.6 ml 10 4

P.M.

0.8 ml W4

0.6
0.8

9 A.M.
9:30

A.M.

10 A.M.

10: 30
2 P.M.

A.M.

0.2
0.4

A.M.

120

2

200

9

P.M.
A.M.

300

11 A.M.

400

2 P.M.
Day 3
9 A.M.
Day 7

0.1 ml lo-’

Day 7
0.2 ml lo-’

80

11 A.M.

Day 2

Day 3
9

40

10 A.M.

Day 2
9
2

20
A.M.

600
800

1080

2

*AlyostalST(&a&q&es Laboratories)
i‘A strength
of 100Ik corresponds
to the strength
of anallergen
extractthatinduces
a wheatsizeidenticalto thatinduced
by a
9%codeine
phosp&esolutionusedasa positivecontrol.

and ragweed-p&en extracts.‘o The “alkrgoids” prepared were demonstrated to have such properties, ”
and double-blind studies in humans have demonstrated that they are effective in ragweed-pollen allergy. ‘*. I3 In grass-pollen aliergy, allergoids were
demonstrated to be more effective than a semidepot
extract based on pyridine extraction and alum precipitation,14 but no placebo-controlle-d study has been
carried out with grass pollens, and the reference extract used in the Iatte~ study may not compare favorabIy with staudardized extracts3
A double-blind, placebo-controlled study was undertaken in the form of a rush protocol in order to
compare the safety and efficacy of a mixed grasspollen allergoid and a standardized grass-pollen extract that was found to be effective in a previous study.3

Ibty-live patients ranging in age from 12 to 43 years
(Mean 2 SD: 24.1; 2 10.1 years) were included in the
study after informed consent. They were sekcted on the
basisof the following criteria: (1) All pat&its hadrbinitis
duringthe grass-poIIen
season,andmorethenI&f aIs0had
symptomsof asthmaand/orconjunctivitis.TIte durationof
symptomsduring the pollen seasonrang& from 3 to 19
years. (2) All patientshad a positiveprick testto a l/100
wtlvol standardizedorchardgrass-poIknextract (StallergisnesLaboratories,Fresnes,France)and the presenceof
orchardgrassp&en-specific
to
4
Fbar7naciaPkmaci
a,
S
scoring *t%-tem. -(3f
a

multipk pollenalIergy,assessed
by p&k tee to the poihns

found in the Montp&ier MOB’ and E&ST to the mosl common p&n species:Parietaru, olive, cypress, and Ez@&
pIa&&n

pollens, (4) None of the patie&

I@ redvti

.my

form of specificimmunotherapyto gmsspoI&s. (5) None.
of the patientswas under systemiccorticoskroiidsat ti
time of immWotherapy.

Stanaizrdized orchard grass-p&m
extract. Standardized
and lyophylized orchard gfaa-pdien extractswereobtained
from StaIIerghnes Laboratories. Th;ese exttraetsw&e prepared according to the proposals of the al&q& ~ubcommittee on Staadardizatjoa of the hWmatk& Un@s of the

ImmunologicalSocieties.The detailsof pok extracti&
andcontrolhasbeenpreviouslydeacrikd in d&Li5 B&&y,
pollensof the samespeciescoIkcted duri.% a-period of
3 yearswefe microscopicallyan&y& andfQWdt0 befree
from contaminationwith eitherotIH p&en speciesor plant
matter. Pollenswere extracted in zsrnmda bic+s&mate
@I 8.4) overnight at +4” C. The eWsts

were ccmprexl

with an internalreference.-II
‘by me#nsof EAST
inhibitionandisoekctrlc focusing.The strm df the extracts was expressedin IR equivalentto BU de&@ accordingto Aas and
wssa m codeine
tamhe hydrochIori
far immtierapy andin vivo tests.
Six-mixed grass-p&en al’lergoid. The six graq-pollen
allergoidwaspreparedby the new two-stepproced~ detihed by Marsh et al.‘” Bricffy, qmd we&&s of p&ens

from six different grassspecies(Ekt$k
ekttior, Holcus hatus,

L&&&n pereww.

&WGf3,

Festuco

Ph@m p*,

VOCUME
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III. Scoring system for medications

No medication
Nasalspraysof clisodiumcromoglycate
Nasalspraysof beclomethasone
Terfenadine
Prednisolone
(oral)

with

10,000

-.

5,000

-

1,000

-.

IV. Diary charts provided for
:
B

the patients
Rhinitis

No.

No symptom
Episodes
of sneezing(>5)
Nasalblockade
Rhinorrhea
Pruritusof the nose

0
1
1 or 1
1 or 2
1

500

-

100

-.

50

-

10

-

E
8
k-5
Ii
a

Dailysymptom
scores
wererecorded.
The lyophilizedextract wassubsequently
dissolvedin a
0.1 mol/L of phosphatebuffer, and 0.2 mol/L of formaldehydewas addedto the allergensolutionto elicit a 10
mg/ml pollenextract. This solutionwasincubatedfor 14
daysat a controlledpH of 7.5. For the secondincubation
step,the solutionwasdilutedfourfold with a 0.1 mollL of
phosphatebuffer (pH 7.5) andwasincubatedat 32” C for
21 days. The resultingallergoidsolutionwas dialyzed at
+4” C to removeformaldehydeand buffer saltsandsubsequentlylyophilized. For immunotherapy,the allergoid
wasdissolvedin 0.9% salinecontaining0.4% phenoland
wasstandardized
in PNUs.
PZucebo. A placebopreparationcontaining0.9% NaCl,
0.4% phenolasa preservative,and0.5 to 0.005 mglmlof
histaminehydrochloridewasused.

Rush immunotherapy

protocol

PATIENT

NUMBER

FIG. 1. Doses of mixed grass-pollen
allergoid
injected
into
the patients.
Maximal
dose reached
without
systemic
re1; maximal
dose reached
with a systemic
reaction
(m);
cumulative
dose reached
without
systemic
reactions
(0);
and cumulative
dose reached
with a systemic reaction
(a).

or February.A coseasonal
immunotherapy
wasadministered
every 2 weeksafter April 1 with the dosereducedby one
half.

Evaluation

of the patients

Symptom scores. Patientsattendingthe clinic in April
weretaughtthe possiblesymptomsthat could appearand
thetypeof medicationneeded(TableIII). A chartpresenting
all the treatmentsthat might be requiredwasavailableto
the patientsand their doctors. Patientscompleteddaily
formsduringthe monthsof May andJune,sincethe predictedonsetof the season
rangesfrom May 1 to May 15;
however,becauseof a rainy andcold monthof May, the
pollenseasonstartedin June,andonly the monthof June
wasstudied.The formsreportnasalsymptoms
for 12hours
Immunotherapy with the six-mixed grass-pollen allergoid. The RI consisted
of a rapidincrease
of allergoiddoses alongwith all the possiblemedicationthat couldbe used.
during 3 days, andthe doseswere subsequently
increased The symptomsand medicationswere scored,and the avweekly to reach a maintenancedoseof 1000PNU (Taeragemedicationscoreandthe numberof daysof hayfever
ble II). Whena systemicreactionor a largelocal reaction for eachpatientwerecalculated(TableIV).
of a diameter> 10 cm occurred,the dosageincrementwas
Pollen counts. The pollen countswere performedacstopped,and the maintenance
dosewasthe dosereached cordingto the techniqueof Cour.”
before this reaction. The maintenancedose was subseSkin test titration. Prick testswere performedby the
Stallerpointe(StallergknesLaboratories)according to a
quently administeredevery week for 4 weeksand every
2 weeksthereafteruntil April 1. The RI startedin January techniquepreviouslydescribedin detail-‘.‘* with a 9% coImmunotherapy

with standardized

orchard-pollen

ex-

tract. The RI consistedin a rapidincreaseof allergendose
that madeit possibleto reach the maintenance
dose in
4 days(TableI). After havingreachedthemaintenance
dose
of 2 IR, it wasadministered
every week for 4 weeksand
subsequently
every 2 weeksuntil April 1. The RI startedin
Decemberor January.A coseasonal
immunotherapywas
administered
every 2 weeksuntil October 1 with the dose
reducedby one half.
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TABLE

V. Comparison

of the three

groups

of patients

-

Placebo
(group II

AllergOlCl
(grow 2)

Allergen
tgroup 31

11

19
26.2 k 14.8
18.2 +- 14.2

15
20.1 i 7.7
17.2 2 13.5

6.4 2 1.3
7.3 k 2.6

6.9 -v 1.5
7.3 t 3.2

3.0 5 1.1
9.2 +. 6.9
74
53

3.3 i 0.6
7.9 i 8.1
73
73

No. of subjects

Age (yr)

25.3 +- 9.6

RAST (percent binding)
Skin tests
End point

18.0 -c 11.6
6.1 rt 1.8

6.6 1- 1.9

Mean sizeof greatestwheal(mm)
Rhinitis
Severity (grade)*
Duration (yr)
Asthma (Percent)

3.1 * 1.2

8.5 k 5.7
64

45

Conjunctivitis(percent)

1987

There was no significant difference between groups by Mann-Whitney U test.
*Rhinitis was graded from 0 to 4 according to the severity of symptoms and the medications required by the patients the year before
immunotherapy.

TaBLE
during

VI. Systemic reactions
immunotherapy

Rush protocol (Percent)
Patients

Injections
Reactionstreated
Adrenaline(SC)
Terbutaline(SC)
Maintenanceimmunotherapy
(percent)
Patients
Injections
Reactionstreated
Adrenaline(SC)
Terbutaline(SC)

addedcountsand (2) in percentof IgG valuesfrom initial
values(baseline).Thevalueof theIgG de&m&a&n tlefore
immunm
is takenas lOil%.

observed

36.8
6.0
30.0

20.0
2.7
100.0

11.1
11.1

75.0
75.0

21.0
<2
50.0
0
0

0

SC = Subcutaneous. All treated patients received antihistamines
and cortieosteroids.

deinephosphatepositivecontrol solutionandthreefolddilutions of orchard grass-pollenextract from 50,ooOto
8 BU/ml. The endpoint titer wasrecorded.
Serum orchard grass-pollen IgE. Serum grass-p&en
IgE wasmeasured
with the classicPhadebas
RAST (Phar-

macia DiagnosticsAB). RAST discs were preparedaccording to the techniqueof Ceskaet al.,19andresultsare
presented as percent bin&g of total addedcounts.
Serum orchard grars-potln
IgG. Six grasspollenspecific IgG was meas& acco&ing to the me&od describedby Pnttonenand
accordingto Ceskaet al.I9 IgCi
revealedby Stcrpkviacocc~ls
plrote
The result6are pN?aeeted
(i)

Randomization of patients. Patientswere m&c&y assignedto~~ofthe~,~~.Tk~-paEieat
wereenrolledin a do&&blind gtudr and receivedeither
a placebo (group 1) or a mix& gass-poll&~a&r&d
(group2). Fi
patientsweretzkwi& with a sta&ar&&d
orchardgrass-pollenextract (group3).
Parameters studied. Before RI andbetweenApril 1 and
April 15(i.e., beforethepollenseason),pa&&s #&&‘askin
testtitration andthe titration of serumgrass+olfgnQE and
IgG.
During the pollen season,all pa&&s had follow-up by
a symptomscorediary that they filled in every-dayfrdm
June1 to June30.

Data we= analyzedby useof nonparametricst&ist.ical
analysisfor groupcomparison.The Wileoxon W test-for
paireddataandthe Mann-WhitneyU test wereused.
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OF PATIENTS

GROUPS

FIG. 2. Medication
scores in patients
treated
with placebo
(l), the mixed-pollen
allergoid
(2), or the standardized
orchard
grass-pollen
extract
(3). Statistical
analysis
by
Mann-Whitney
U test.

ble VI). Among the nine injections that elicited a
systemic reaction, six reactions were characterized by
mild urticaria and were not treated. One reaction was
slightly more severe and cleared with antihistamines
and oral corticosteroids. One injection had induced
asthma that required subcutaneous terbutaline sulfate,
and the seventh reaction appeared to be more severe
and was treated with subcutaneous adrenalin. Twentyone percent of these patients had a mild systemic
reaction during maintenance immunotherapy that was
eventually treated by antihistamines and oral corticosteroids. Three of the patients having reactions during maintenance treatment did not present any systemic reaction during the RI (Fig. 1). None of these
patients presented more than one systemic reaction
(Table VII).
Twenty percent of patients treated with the standardized orchard grass-pollen extract had a systemic
reaction that was usually more severe than that induced
by the allergoids. None of the latter patients presented
any untoward systemic reaction during the maintenance treatment.
All patients treated with the standardized orchard
grass-pollen extract could reach the maintenance dose
in 3 to 6 days. Most patients placed in the allergoid
group could not reach the theoretical maintenance
dose because of either systemic and/or large local
reactions (Fig. 1). The cumulative allergoid doses
ranged from 2900 to 13,500 PNU.

2
OF

3
PATIENTS

FIG. 3. Symptom
scores expressed
in number
of days of
rhinitis
in patients
treated
with placebo
(7), the mixed
grass-pollen
allergoid
(21. or the standardized
orchard
grass-pollen
extract
(3). Statistical
analysis
by MannWhitney
U test.

Clinical

efficacy

Arithmetic means of daily medication scores and
the number of days of rhinitis are presented in Figs.
2 and 3. It can be observed that there is a significant
reduction in symptoms and medications in the two
treated groups (p < 0.05 to p < 0.005). Patients
treated with the standardized orchard grass-pollen extract had lesser symptoms and lower medication
scores, but the differences did not reach significance.
Five patients in group 3 (orchard grass-pollen extract)
and only one patient in group 2 (mixed grass-pollen
allergoid) did not present any symptom during the
month of June.
Pollen

counts

By comparison to previous years, grass-pollen
counts were relatively low during the month of survey,
but they were present in the atmosphere throughout
the month of June.
Skin test titration
The evolution of skin tests after treatment demonstrates that patients treated with placebo did not present any significant change in their end point titer,
whereas patients treated either with allergoid or the
standardized orchard grass-pollen extract had a sig-
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200
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PATIENTS

FIG. 4. Evolution of skin prick test end point before (8)
and after (A) immunotherapy
with placebo (I), the mixed
grass-pollen allergoid (2), or the standardized
orchard
grass-pollen
extract (3). Statistical analysis by Wilcoxon
W test.

ii

150

2

V
100

50
1

nificant @ < 0.01 and p < 0.02) decrease in their
skin test end point (Fig. 4).
W
was very similar before and after
immunotherapy in the placebo-treated group and was
nonsignificantIy increased in the other two treated
groups (Table VIII).

the placebo had similar
mean IgG levels before and after immunotherapy
(Table VIII). By contrast, patients who were treated
with either the six-mixed grass-poIIen &ergoid or
with the standm&zed
allergen extract had a sign&ant
increase in IgG When the incmase of IgG after immunotherapy was considered, it can be observed in
Fig. 5 that in the placebo-treated group, the percentage
was significantly @ < 0.01 and p -fc 0.005) lower
than in the other two treated groups.

RI with a standardized grass-pollen extract or
a mixed-pollen allergoid is effective in lessening
symptoms of grass-pollen rhinitis in patients only allergic to grass pollens. IIowever, both tmatmeats elicit
a rather high number of systemic reactions. In
the treated groups, skin prick tests were significantly decmased, and serum-spe&& IgG achy
increased.

GROUPS

OF

PATIENTS

FJG. 5. Evolution of serum grass pollen IgG after immunoth5rapy urim &o&o
(rt, mixed gtass:polfsn &3q&d
6th or s-m&ar?ditad orchard gtesa-p&en
e&&t (3). &atistical aniit~sis by Mann-Whitney U test.

The frequency of systemic reactions with the stanextmet was SimMto t&t
immunotherapy. The reactions
mixed grass-pollen allergoid am also similar to those
report& in the literature for grass-pollen’4 orragweodpolfen”2 i~o~~~y.
Mwever, it appears thatthe
doses eliciting systemic reactions are much lower in
in&f!
StaoeS
, skw
&Y@=
some patients react wtt
se as iow as. 129) F+H%J.
may be explained by the &et &at
ts of t&e East Coast of the-united
States are at least 10 times lower than counts found
in Germany or in southern France* wheii: the three
studies with gxass-pollen a@ergoids havebeen performed. In the present study, an alternative aide
wmcy of systemic reset
not be adsninistemd
e immune respon
6 study does not favor the ~~
w:
*cQur P. uilpubiished data.
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by the patients

Reaction
Patient
No.

Extract

Allergoid

Schedule

1
3
4
5
7

RI
Maintenance
RI
RI
RI
Maintenance
RI
RI
Maintenance
Maintenance
RI

1
1
2
2
1
1
1
1
1
1
1

3
7

RI
RI

1
1

9

RI

1

10
12
17
18
19
Allergen

No.

Treatment

Tvpe

Urticaria
Urticaria
Urticaria
Urticaria
Urticaria
Urticaria
Urticaria
Asthma
Urticaria
Urticaria
U&aria,
edema
Urticaria,
Urticaria,
edema
Urticaria,

angio-

None
None
None
None
None
Anti-H, histamine
Anti-H, histamine, prednisone
Terbutaline (IM)
None
Anti-H, histamine, prednisone
Adrenaline

asthma
angio-

Adrenaline,
Adrenaline

terbutaline (IM)

asthma

Terbutaline

(IM), anti-H, histamine

lM = intramuscular.

TABLE

VIII. Evolution

of serum

grass pollen-specific
Placebo
(group
1)

IgE (percent binding)
Before immunotherapy

18.0 k 11.6

After immunotherapy

17.2 k 11.9

IgG (percent binding)
Before immunotherapy

6.9 k 2.1

After immunotherapy

6.3 2 2.5

IgE and IgG during
Allergoid
(group

immunotherapy
Allergen
kIroUP
3)

21

17.2 r 13.5

18.2 k 14.2
NS

20.3 f

15.6

NS

8.8 k 2.0
NS

15.6 k 4.3

19.7 + 12.6
7.9 f

p < 0.01

NS

1.9

16.9 + 5.1

p < 0.01

NS = not significant. Statistical analysis by Wilcoxon W test.

cept that allergoids will retain immunogenicity and
loose allergenic@, since systemic reactions occurred.
However, as demonstrated in Tables VI and VII, the
reactions were milder than reactions induced by a
standardized extract, and the RI may not be adequate.
We used a single grass-pollen species in the standardized extract and a mixed grass-pollen allergoid.
This difference was due to the fact that in Europe
grass-pollen allergoids are only available as a mixture.
Moreover, it is much easier and safer to standardize
a single grass-pollen species than a mixture; therefore,
we preferred to use an orchard grass-pollen extract.
This grass-pollen species is prevalent in the south of
France and shares many common allergens with other
grass pollens. In a previous study we have demonstrated (unpublished data) that an orchard grass-

pollen extract elicited comparable results to a fivemixed grass-pollen extract when extracts were injected into patients.
The patients investigated in this study presented a
homogeneous sensitization characterized by their
symptoms, skin tests, and orchard grass-pollen IgE.
These homogeneous patterns are not uncommon in
this area in patients only allergic to grass pollens.
Clinically, both the standardized orchard grasspollen extract and the mixed grass-pollen allergoid
were demonstrated to be effective in alleviating symptoms and reducing medication. It was not possible to
establish daily symptom-medication scores because
the pollen season was not totally identical in all parts
of the area. However, there were no main differences
in the mean results, and the patients placed in the
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three groups were evenly distributed. The total pollen
counts were lower than in most other years, but the
peaks were high. The results observed with the standardized orchard grass-pollen extract were very similar to results observed in previous years with the same
extract and protocol.3 The results obtained with this
extract are also comparable with results of other
groups with standardized grass-pollen extracts.‘-” The
symptom and medication scores of the patients treated
with the mixed grass-pollen allergoid were significantly better than scores of the placebo-treated group
but slightly and nonsignificantly worse than scores of
patients treated with the standardized extract. However, standardized extracts are more difficult to use in
practice than allergoids, and since classic immunotherapy with the allergoids may be better tolerated
than RIs, treatments with allergoids can be used as
an alternative to standardized extracts.
Skin tests were significantly reduced in patients
treated either with allergen or allergoid. This finding
has already been noticed in grass-pollerP ’ or mite”
immunotherapy with nonmodified extracts, but it appears to be the first demonstration with allergoids.
Serum IgG was increased in both the treated groups
as is usually reported.*-‘, I’* 2’ These two objective
parameters confirm that standardized extracts and allergoids are immunologically
effective in the treatment of patients allergic to grass pollens.
We thank Mrs. M. Deltour and D. Lel2vre for their help.
REFERENGES
1. Bousquet J, COW P, G&in B, Michel FB. Allergy in the
Mediterranean area. I. Pollen counts and pollinosis of Montpellier. Clin Allergy 1984;14:249.
2. Berg T, Nordvall SI, Larmer A. Clinical studies of a purified
timothy pollen extract: desensitization therapy with a purified
timothy pollen preparation compared to a crude timothy pollen
extract. I. Results of tests in viva. Int Arch Allergy Appl
immunol 1980;63:266.
3. Bousquet J, G&in B, Dotte A, Dhivert H, Djoukhadar F,
Hewitt B, Michel FB: Comparison of rush immunotherapy with
a standardized grass pollen extract and classical immunotherapy with a pyridiie
extracted
alum adjuved
extract. Clin Allergy 198.5;15:179.
4. Frostad AB, Grimmer 0, Sandvik L, Ass K. Hyposensitization: comparing a p&led (relined) allergen preparation and a
crude aqueous extract from timothy pollen. Allergy 1980;
35:81.
5. Kjellman NIM, Lamer A. Hyposensitization in ch&&ood hay
fever: a comparison of refined and whole timothy extracts.
Allergy 1980;35:323.

J. ALLERGY

CLIN. IMMUNOL.
OCTOBER 1987

6. Nordvall SL, Berg T, Johansson SGO, tanner A. Clinical
studies of a purified timothy pollen extract: desensitization
therapy with a purified timothy pollen preparation compared
to a crude timothy pollen extract. II. Results of the test>
in vitro and their relation to symptoms and teyts in viva. Int
Arch Allergy Appl Immunol 197867: 132.
7. Ortolani C, Pastorello E, Moss RB, et al. Grass-pollen immunotherapy: a single year, double-blind placebo-controlled
study in patients with grass pollen-induced asthma and rhinitis.
J ALLERGY CLIN IMMUNOL

1984;73:283.

8. Osterballe 0. Immunotherapy in hay fever with two major
allergens 19, 25 and partially purified extract of timothy grass
pollen. A controlled double blind study. In vivo variables,
season I. Allergy 1980;35:473.
9. Marsh DG, Lichtenstein LM, Campbell DH. Studies on “ailergoids” prepared from naturally occurring allergens. 1. Assay
of allergenicity and antigenicity of formalinized rye group 1
component. Immunology 1970; 18:705.
10. Marsh DG, Norman PS, Roebber M. Lichtenstein LIM. Studies
on allergoids from naturally occurring allergens. III. Preparation of ragweed pollen allergoids by aldehyde modification
in two steps. J ALLERGY CLIN IMMLJNOL 1981;68:449.
11. Puttonen E, Maasch HJ, Pilstrom L. Studies on allergen and
allergoid preparations from purified timothy (P&urn pratense)
pollen extracts. Int Arch Allergy Appl Immunol 1982;68:1.
12. Norman PS, Lichtenstein LM, Kagey-Sobtoka A. Marsh DC.
Controlled evaluation of allergoid in the immunotherapy of
ragweed hay fever. J ALLEKGY CLIN IMMUNOI. 1982;70:248.
13. Meriney DK, Kothari H, Chinoy P, Grieco MN. The clinical
and immunologic efficacy of immunotherapy with modified
ragweed extract (allergoid) for ragweed hay fever.Ann Allergy
1986;56:34.
14. Baumgarten C, Kunkel G, Rudolph R. Grass pollen alergoid,
a 4-year follow-up study. Respiration 1984;46:9?.
15. Bousquet J, Djoukhadar F, Hewitt B, Guerin B, Michel FB.
Shelf life of a pollen and a mite standardized extract. Ciin
Allergy 1985;15:29.
16. Aas K, Belin L. Standardization of diagnostic work in allergy.
Int Arch Allergy Appl Immunol 1973;45:57.
17. Cour P. Nouvelles techniques de detection des llux er retomb&s
polliniques; etude de la sedimentation des pollens et des spores
a la surface du sol. Pollens Spores 1973;16:103.
18. Bousquet J, Guerin B, Hewitt B, Hejjaoui A, Dhivert H,
Michel FB. Immunotherapy with a standardized Dermatopfzugoides pthonyssinus
extract. I. In vivo and in vitro parameters
after a short course of treatment. J ALLERGY CLIX IMMUNOL
1985;76:734.

19. Ceska M, Eriksson R, Varga JM. Radioimmunosorbent assay
for allergens. J ALLERGY 1972;49: 1.
20. Puttonen F, Maasch W. Measurement-of “blocking antibodies”
to pollen antigens by radiolabelled protein A from srapiiy!ococcus aureus. Int Arch Allergy Appl Immunol l981;64:157.
21. Van Metre TE, Adkinson NF Jr, Amodio LM, et al. A comparison of immunotherapy schedules for injection treatment of
ragweed pollen hay fever. J ALLERGY CLIN IMMUNOL 1982;
69:181.

