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Grass pollen immunotherapy: IL-10 induction and
suppression of late responses precedes IgG4 inhibitory
antibody activity

James N. Francis, PhD,* Louisa K. James, PhD,* Giannis Paraskevopoulos, MD, Cheukyee Wong, BSc,

Moises A. Calderon, MD, PhD, Stephen R. Durham, MD, and Stephen J. Till, MD, PhD London, United Kingdom
Background: Grass pollen immunotherapy is an effective
treatment for seasonal allergic rhinitis that provides the
opportunity to study the induction and maintenance of allergen-
specific immune tolerance.
Objectives: We investigated the relationship between clinical
responsiveness, regulatory cytokine production, and antibody
responses to allergen during 1 year of immunotherapy.
Methods: Eighteen subjects with severe seasonal allergic rhinitis
were randomized double-blind to receive active or placebo
injections of an alum-adsorbed grass pollen vaccine (Alutard
SQ). Subjects underwent repeated testing of early- and late-
phase skin responses to intradermal allergen, and cellular
responses to grass pollen allergen were tested. Sera were tested
for allergen-specific IgG4, IgA, and inhibitory activity in
biologic assays of IgE responses.
Results: Grass pollen immunotherapy was effective in reducing
overall symptom scores (P < .05) and conjunctival reactivity
(P < .05). In the active group significant IL-10 production
occurred early at low allergen doses and at a similar time as
inhibition of late skin responses at 2 to 4 weeks. Serum
allergen-specific IgG4, IgA, and inhibitory antibody activity for
basophil histamine release and IgE-facilitated allergen binding
to B cells occurred later, at 6 to 12 weeks, at higher allergen
doses and preceded inhibition of early skin responses.
Conclusion: IL-10 responses occur early but at immunotherapy
doses that are not clinically effective. Later induction of
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inhibitory antibodies, including IgG4 and IgA, might be
required for efficacy through modulation of IgE-mediated
events. (J Allergy Clin Immunol nnnn;nnn:nnn-nnn.)
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Allergic rhinitis affects a quarter of the population in countries
with a Western lifestyle1 and represents a major cause of morbidity,
affecting social functioning, sleep quality, and performance at
school or work.2 Although pharmacotherapy can be effective,3

there remains a substantial proportion of subjects whose symptoms
are inadequately controlled4 and in whom allergen-specific immu-
notherapy (desensitization) is currently recommended.5-7 We pre-
viously demonstrated that 3 to 4 years of immunotherapy for
severe seasonal allergic rhinitis is highly effective in inducing re-
mission for at least 3 years after discontinuation.8 Immunotherapy
is therefore able to modify the course of allergic disease and is the
only antigen-specific immunomodulatory treatment in routine use.

Immunotherapy induces both cellular and humoral regulatory
mechanisms.9 Cellular mechanisms involve IL-10, a cytokine ex-
pressed after immunotherapy by nasal mucosal10 and peripheral
blood CD41CD251 cells, possibly regulatory T cells.11,12 IL-
10 has numerous important anti-inflammatory properties, includ-
ing inhibition of T-cell cytokine production and activation of mast
cells and eosinophils.13,14 Humoral mechanisms involve allergen-
specific antibodies, especially of the IgG4 isotype, that inhibit
IgE-mediated histamine release15 and antigen presentation16 by
means of direct allergen competition and through inhibitory
FcgRIIb IgG receptors.17

The evolution of the immunologic response to immunotherapy
in relation to clinical markers of allergen desensitization has
never been accurately defined. We hypothesized that IL-10
production is an early event inducing allergen-specific inhibitory
IgG4 responses that contribute to inhibition of early and late
responses and that are essential for clinical efficacy. To test these
hypotheses, subjects with severe seasonal allergic rhinitis were
randomized to receive 12 months of active treatment with grass
pollen immunotherapy or placebo injections.

Cutaneous early- and late-phase responses, cytokine responses
in PBMC cultures, immunoreactive antibodies, and biologic
inhibitory antibody function were assayed at regular intervals.
METHODS

Patient selection
Patients with seasonal allergic rhinitis were selected on the basis of a

history of moderate/severe seasonal allergic rhinitis and poor symptom control
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TABLE I. Subject characterization

Immunotherapy

(n 5 12)

Placebo

(n 5 6)

Age (y) 30.5 6 1.7 37.0 6 5.8

Sex (male/female) 7/5 2/4

Total IgE (IU/mL) 346 6 103 124 6 24

Specific IgE out of season (IU/mL) 48.3 6 9.1 43.7 6 12.7

Specific IgE in season (IU/mL) 60.9 6 10.1 63.6 6 13.1

Skin prick test (mm) 10.9 6 0.9 10.3 6 1.1

Data are expressed as means 6 SEs.

FIG 1. Grass pollen immunotherapy results in reduced symptoms and

decreased conjunctival reactivity to allergen. Eighteen patients were ran-

domized to receive active immunotherapy (IT; n 5 12) or placebo injections

(n 5 6) for 1 year. Overall assessment of symptoms was recorded on a nu-

meric scale (23 to 13) by each patient at the end of the study. Conjunctival

provocation testing was performed at the end of the study.
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in previous years despite pharmacotherapy (see the Methods section in the On-

line Repository at www.jacionline.org for further details). Participants had a

positive skin prick test response (wheal >5 mm) to timothy grass pollen extract

(Soluprick SQ; ALK-Abelló, Hørsholm, Denmark). Patients were excluded if

they were polysensitized with perennial symptoms or had a clinical history of

chronic asthma or other significant medical illness. Patients with mild seasonal

asthma were included, provided their symptoms were adequately controlled

with inhaled b2-adrenergic agonist bronchodilators. Studies were performed

with the approval of the Royal Brompton and Harefield Hospitals NHS Trust

Ethics Committee. All patients provided written informed consent.
Study design
Before the pollen season of 2003, 18 patients (Table I) underwent double-

blind randomization (2:1) to receive timothy grass pollen (whole extract) im-

munotherapy (Alutard SQ, ALK-Abelló; n 5 12) or placebo injections (n 5 6)

for 12 months (see the Methods section of the Online Repository for details of

immunotherapy). No significant differences in clinical characteristics were

observed between the active and placebo groups. All patients underwent re-

peated venesection and intradermal allergen challenge for testing of early

and late skin responses at biweekly intervals during updosing and at monthly

intervals during the maintenance phase. In all cases there was a minimum 1-

week interval between peripheral blood collection and the preceding immuno-

therapy injection. On each occasion, intradermal allergen injections were

timed such that late responses could be recorded shortly before an immuno-

therapy injection was administered. Intradermal testing was performed on

the extensor surface of the forearm with an injection of 33.3 SQ-U of allergen

(equivalent to 2 ng of the major grass allergen Phl p 5 or 10 BU) in 0.02 mL

of diluent with a negative control injection of diluent alone. Early responses

were recorded after 15 minutes as the mean diameter of the wheal, and

late responses were recorded as the mean diameter of swelling at 24 hours.

All measurements were performed by a single clinician under double-blind

conditions. On study completion, all patients underwent conjunctival provoca-

tion testing (see the Methods section in the Online Repository), and overall as-

sessment scores were obtained. Patients responded to the question ‘‘How has

your hay fever been this year compared with previous years?’’ on a numeric

scale from 23 (a lot worse) to 13 (a lot better).
Immunologic tests
PBMCs were isolated and cultured for 6 days, as previously described, and

cytokine concentrations were measured in culture supernatants by means of

ELISA.11 Serum allergen-specific IgE levels were measured by using RASTs

with Sepharose-coupled grass pollen allergen and detection by using radiola-

beled anti-IgE. Serum allergen-specific IgG4 and IgA levels were measured by

means of ELISA (coating allergen concentration, 5 mg/mL; 1:100 or 1:20

dilution of sera, respectively; detection with biotinylated anti-human IgG4

or IgA mAb; BD PharMingen, San Diego, Calif). For histamine release experi-

ments, whole blood from a grass pollen–sensitive donor was incubated with

1 pg/mL whole Phleum pratense extract (ALK-Abelló) in the presence or ab-

sence of sera from study patients (see the Methods section of the Online Re-

pository). Histamine concentrations in cell-free supernatants were measured

by means of ELISA (IBL, Hamburg, Germany). IgE-facilitated allergen bind-

ing to B cells was performed as previously described.18,19 Briefly, serum from
a grass pollen–sensitive donor (containing high concentrations of allergen-

specific IgE) was incubated with 3 mg/mL P pratense in the presence or ab-

sence of an equal volume of sera from study patients for 1 hour at 378C.

EBV-transformed B cells (1 3 105) were added for 1 hour at 48C and washed,

and allergen–IgE binding was detected by using a fluorescein isothiocyanate–

labeled polyclonal anti-IgE antibody. Allergen–IgE binding to B cells was

analyzed by means of flow cytometry.
Statistical analysis
Based on our previous studies,8 inclusion of 6 participants per group re-

sulted in a greater than 90% chance of detecting a 50% reduction in the late

response at 12 months after immunotherapy. An additional 6 subjects were in-

cluded to receive active immunotherapy (2:1 randomization; 12 participants

receiving active therapy and 6 receiving placebo therapy). Data were normally

distributed, as determined by using the Kolmogorov-Smirnov test for normal-

ity, and are reported as means 6 SE. Within-group comparisons with baseline

measurements were performed by using repeated-measures 1-way ANOVA,

followed by the Bonferroni multiple comparison test. For overall comparison

of data from patients receiving immunotherapy and those receiving placebo,

area under the curve values were calculated for the total period of treatment

after achieving the maintenance dose (ie, during the entire 10-month mainte-

nance phase) and were compared by using the Student t test (with the Welch

correction when variance of the 2 data groups was unequal, as determined by

using an F test). All tests were 2-tailed. P values of less than .05 were consid-

ered to indicate statistical significance.
RESULTS

Overall clinical and immunologic changes during

allergen immunotherapy
Subjects who received grass pollen immunotherapy during

2003 had a significant clinical response to treatment, with reduced
symptoms and responsiveness to grass pollen allergen compared
with those seen in the placebo group. After 1 year’s treatment,
patients receiving immunotherapy had significantly better mean
(6SE) overall assessment scores (2.42 6 0.22) compared with
patients receiving placebo (1.50 6 0.34, P < .05; Fig 1, A). Pa-
tients receiving immunotherapy also required significantly
greater concentrations of P pratense allergen to elicit conjunctival
symptoms on provocation testing (32,182 6 7432 SQ-U/mL)
than patients receiving placebo (2760 6 440 SQ-U/mL, P <
.05; Fig 1, B). Skin early and late responses to intradermal aller-
gen challenge, allergen-induced cytokine production by PBMCs,
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TABLE II. Overall analysis of active and placebo treatment

Active

(n 5 12)

Placebo

(n 5 6)

P

value*

Skin early response (m2/mo) 1.32 6 0.80 1.76 6 0.15 <.05

Skin late response (m2/mo) 2.26 6 0.53 14.20 6 3.39 <.001

IL-10 (mg/mL/mo) 1.33 6 0.27 0.51 6 0.10 <.05

IL-5 (mg/mL/mo) 3.22 6 0.56 1.74 6 0.66 .13

IFN-g (mg/mL/mo) 7.14 6 1.67 6.30 6 2.80 .78

Specific IgG4 (AU/mL/mo) 86.7 6 23.7 11.9 6 3.15 <.05

Specific IgE (AU/mL/mo) 324 6 921 242 6 470 .56

Inhibition of IgE-facilitated

allergen binding (%/mo)

329 6 24 162 6 39 <.01

Inhibition of histamine release

(%/mo)

380 6 34 202 6 51 <.01

Data are expressed as the mean area under the curve for the maintenance phase of

treatment (6 SEs).

*Between-group comparisons were performed by using the Student unpaired t test

with the Welch correction where appropriate.

FIG 2. Time-course analysis of clinical measurements during the first year

of grass pollen immunotherapy. The dose of grass pollen allergen admin-

istered at each immunotherapy visit is represented in the top panel. Early

and late skin responses were assessed at 15 minutes and 24 hours after in-

tradermal challenge with grass pollen allergen. Data are normalized to time

after initial injection for the first 8 weeks of treatment, and thereafter data

are plotted against collection date to assess potential effects of the grass

pollen season. Data are expressed as means 6 SEs and analyzed by using

ANOVA with the Bonferroni correction. *Primary significance from base-

line. EPR, Early-phase response; LPR, late-phase response.
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serum allergen-specific antibodies, inhibition of IgE-facilitated
allergen binding to B cells, and inhibition of basophil histamine
release during the 10-month maintenance phase of injections
are presented in Table II. All parameters were significantly differ-
ent between patients receiving immunotherapy and patients re-
ceiving placebo, with the exception of P pratense–specific IgE
and allergen-induced IL-5 and IFN-g production.

Time course of early- and late-phase skin responses
The temporal relationships between early- and late-phase

responses to intradermally administered P pratense were exam-
ined (Fig 2, A). Before starting treatment, the mean (6SE) late
skin response measured 24 hours after intradermal allergen chal-
lenge was 9519 6 1132 mm2 (Fig 2, C). In the active group, on re-
peated measurement after only 2 weeks, late responses were
significantly reduced (6383 6 918 mm2; P <.001, a 33% reduction
compared with baseline values). At this point in the study, patients
receiving immunotherapy had received only a total cumulative
dose of 3100 SQ-U (equivalent to approximately 0.6 mg of the ma-
jor grass allergen Phl p 5) administered as 4 separate injections (see
Table E1 in the Online Repository at www.jacionline.org), with the
last injection being 1 week before assessment of late responses.
Compared with the late response, reductions in early skin re-
sponses occurred much later in treatment and were proportionately
smaller (Fig 2, B). A significant reduction in mean (6SE) early re-
sponses was recorded at week 12/April (baseline, 545 6 65 mm2;
week 12, 398 6 49 mm2; P < .01, 27% reduction compared with
baseline value), with each subject having received a cumulative
dose of 398,100 SQ-U of grass pollen allergen. Overall, greater
than 90% suppression of the late-phase response was achieved at
12 weeks, whereas maximal suppression of the early-phase re-
sponse was only 44% and occurred later at 22 weeks. In the pla-
cebo group a 53% reduction of the late-phase response occurred
by 6 weeks (P < .05) compared with baseline measurements, al-
though no further changes were observed for the remainder of
the study period (Fig 2, C). No significant changes in early-phase
responses occurred in the placebo group (Fig 2, B).

Serum antibodies
In the active group serum P pratense–specific IgG4 levels were

significantly increased from baseline measurements by week 12
(baseline, 4.52 6 3.41 AU/mL; week 12, 16.81 6 4.36 AU/mL;
P < .01; Fig 3, A). Significant increases in IgG4 levels were also
observed in the placebo group (baseline, 1.13 6 0.54 AU/mL;
May, 2.37 6 0.68 AU/mL; P < .05) and remained significantly
different from baseline measurements until August. Maximal
IgG4 levels in the placebo group were approximately 10-fold
lower compared with those in the active group. A similar pattern
of serum allergen-specific IgA levels was observed in the active
group, with significant increases occurring at 12 weeks (baseline,
6.81 6 1.89 AU/mL; week 12, 42.82 6 15.86 AU/mL; P < .05),
although no changes in IgA levels were detected in the placebo
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FIG 3. Time-course analysis of serum antibody measurements during the

first year of grass pollen immunotherapy. Allergen-specific IgG4 and IgA

levels were measured in serum by means of ELISA, and IgE was measured

by using RAST. Data are normalized to time and analyzed as previously.

FIG 4. Time-course analysis of serum inhibitory activity and IL-10 produc-

tion during the first year of grass pollen immunotherapy. Serum was tested

for inhibition of FceRI-mediated allergen-induced basophil histamine re-

lease in whole blood, with histamine being measured by means of ELISA.

Serologic inhibitory activity against FceRII/CD23-dependent IgE-facilitated

allergen binding was measured by using the IgE-facilitated allergen binding

assay (FAB). IL-10 production by PBMCs stimulated with grass pollen aller-

gen was measured by means of ELISA. Data are normalized to time and

analyzed as previously described.
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group (Fig 3, B). Overall, no differences in IgE levels between the
active and placebo groups were observed (Fig 3, C). However, a
transient but significant increase in IgE levels occurred in the ac-
tive group from study weeks 6 to 10 (end of updosing) and during
the pollen season.
Serum inhibitory activity and IL-10 production
Biologic inhibitory activities of sera were measured in assays of

allergen- and FceRI-dependent IgE-mediated basophil histamine
release and FceRII-dependent allergen–IgE binding to B lym-
phocytes (facilitated allergen binding). Significant inhibition of
basophil histamine release was demonstrated at week 6 (baseline,
284.8% 6 60.54%; week 6, 41.3% 6 22.5%; P < .001) in the
active group (Fig 4, A). Binding of grass pollen allergen–IgE com-
plexes to B lymphocytes was also inhibited at week 6 (baseline,
16.0% 6 6.5%; week 6, 50.0% 6 10.0%; P < .001), with subjects
having received a cumulative dose of 78,100 SQ-U of grass pollen
allergen (Fig 4, B). In the placebo group no significant changes in
basophil histamine release were observed. However, a gradual
increase in serum inhibitory activity on allergen–IgE binding
occurred in the placebo group, which reached significance at 30
weeks (baseline, 211.17% 6 14.84%; 30 weeks, 38.73% 6

16.56%; P < .01). An increase in IL-10 production from



J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

FRANCIS ET AL 5

ARTICLE IN PRESS
P pratense–stimulated PBMCs was observed in the active group
at 4 weeks (246 6 77 pg/mL) compared with baseline values
(76 6 24 pg/mL, P < .01; Fig 4, C). This corresponded to a cumu-
lative dose of 18,100 SQ-U of grass pollen allergen. IL-10 produc-
tion in the placebo group did not change except for a transient but
significant increase at week 14.
DISCUSSION
In this study we have examined in detail the time course of

clinical desensitization in relation to cellular and humoral
immunologic changes during grass pollen immunotherapy. First,
immunotherapy resulted in a striking early induction of peripheral
IL-10 responses that accompanied suppression of cutaneous
allergen–induced late responses. These events were detected as
early as 2 to 4 weeks after the first allergen injection, correspond-
ing to a cumulative allergen dose of only 0.9% to 5.4% of the
entire dose administered during updosing. It is well established
that low-dose pollen immunotherapy is clinically ineffective.20,21

Therefore we conclude that IL-10 induction and late response
suppression per se during conventional immunotherapy are not
sufficient alone to account for clinical desensitization to grass
pollen allergen. Both anti-T-lymphocyte–based (cat peptide im-
munotherapy and cyclosporin)22,23 and anti-IgE–based (omalizu-
mab)24 therapies are associated with inhibition of late responses
to intradermal allergen challenge. In this study inhibition of the
late response preceded the appearance of serologic inhibitory
antibody activity. We therefore speculate that late response sup-
pression during early immunotherapy could reflect the direct in-
hibitory effects of IL-10 on cell-mediated mechanisms. IL-10
has numerous properties potentially relevant to late response sup-
pression, including inhibition of CD28 costimulatory signaling in
T lymphocytes25 and MHC class II molecule expression.26 The
subsequent induction of antibodies with biologic inhibitory activ-
ity against IgE-mediated mechanisms has the potential to consol-
idate late response inhibition, as well as suppress early responses
to allergen exposure.

We report that after induction of IL-10 responses, serum
concentrations of allergen-specific IgG4 and IgA antibodies
increase by week 12 of immunotherapy, with inhibitory activity
in assays of IgE-mediated responses increasing at 6 weeks.
Historically, immunotherapy-induced allergen-specific IgG4
concentrations have correlated poorly with clinical responses to
treatment.27-29 We therefore used biologic assays to test the activ-
ity of inhibitory antibodies in responses mediated through both
FceRI high-affinity and FceRII (CD23) low-affinity IgE receptors
by using the basophil histamine release assay and the facilitated
allergen-binding assay, respectively. We show that immunother-
apy can induce serum inhibitory activity effective in both assays,
and this result is consistent with previous studies.10,15 Allergen-
specific inhibitory antibodies therefore have the potential to re-
duce early responses by blocking FceRI/IgE-dependent mast
cell activation and release of preformed mediators. We observe
that serum inhibitory activity precedes reductions in early-phase
responses, suggesting a causative role of blocking antibodies in
this IgE-mediated process. Furthermore, inhibition of FceRI-de-
pendent mast cell cytokine production and FceRI- and FceRII-
mediated antigen capture and presentation to T lymphocytes are
mechanisms by which inhibitory antibodies could suppress late
responses. Allergen-specific IgG also has the further potential
to downregulate allergic responses through ligation of inhibitory
FcgRIIb receptors on mast cells,17 basophils,30 and dendritic
cells.31

IL-10 was selected as a cellular marker of the immune
response because we and others have found induction of this
cytokine to be highly reproducible in patients receiving immu-
notherapy, whereas peripheral changes in TGF-b or TH1/TH2
cytokines levels are less consistent.9 Moreover, there is a possi-
ble causal relationship between IL-10 and IgG4, the latter being
a marker of humoral change in this study, because IL-10 poten-
tiates IL-4–induced switch recombination from IgM to IgG4
in vitro.32,33 The time course of IgG4 production in vivo is con-
sistent with a causative role for IL-10. Alternatively, the delay
between these events could be explained by optimal IgG4
production requiring higher allergen doses compared with IL-
10 production. We also report an initial increase in IgE levels
after 4 weeks of immunotherapy, followed by a decrease to pre-
treatment levels, which is consistent with other reports.34 One
possibility is that early transient increases in allergen-specific
IgE levels are due to induction of plasma cells from existing
allergen-specific memory B cells, with later IgG4 and IgA re-
sponses reflecting de novo B-cell responses. Allergen-specific
IgA represents the first line of immunologic defense at mucosal
surfaces, and levels are increased after allergen immunother-
apy.12 We recently reported that IgA can induce IL-10 produc-
tion from monocytes and is associated with the production of
local TGF-b expression.35 In this study allergen-specific IgA
levels paralleled those observed for IgG4, suggesting that these
antibodies might be regulated by common factors and could
alter immunologic reactivity both systemically and at mucosal
surfaces.

Surprisingly, we also observed changes in both provocation
tests and immunologic outcomes in the placebo group. All
subjects underwent repeated intradermal allergen injections to
assess changes in early- and late-phase responses, and it is
possible that the placebo group was exposed to a tolerizing low
dose of allergen (total, 400 SQ-U), which in turn might account
for initial changes in late-phase responses. A placebo-controlled
study of cat allergen immunotherapy also reported a significant
reduction of late-phase cutaneous responses in both the actively
treated and placebo groups at 5 weeks after treatment, although
precise data are not given to permit a comparison with our
data.36 We observed significant increases in serum inhibitory ac-
tivity on FceRII-mediated facilitated allergen binding in the pla-
cebo group. In our previous placebo-controlled trial of grass
pollen immunotherapy,10 this increase was not reported, and
the only difference in the clinical protocol between these studies
was the use of repeated intradermal allergen testing. This sug-
gests that low allergen doses can also influence immunologic pa-
rameters. Relatively minor increases in allergen-specific IgG4
levels in the placebo group were restricted to the grass pollen
season.15 Changes in clinical and immunologic parameters
caused by repeated intradermal allergen challenge requires fur-
ther investigation.

We conclude that rapid induction of IL-10 in response to low-
dose grass pollen immunotherapy precedes clinical protection
and production of inhibitory antibodies. However, IL-10 might
contribute to these processes through development of IgG41

memory B cells. Although further evaluation of large-scale clin-
ical trials is needed, our data suggest that these parameters might
be useful to monitor treatment responses or predict efficacy dur-
ing early stages of immunotherapy.
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Clinical implications: This study establishes the time course of
clinical and immunologic markers of tolerance during allergen
immunotherapy.
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Immunotherapy
Patients with seasonal allergic rhinitis were selected on the basis of a

history of poor disease control in previous years, despite treatment with

antihistamines, corticosteroid nasal sprays, and/or cromoglycate eye drops.

Poor disease control constituted troublesome symptoms, impairment of sleep

or social functioning (eg, leisure or work activities), or both. These patients

were therefore classified as having moderate/severe symptoms (despite

optimal pharmacotherapy) according to the Allergic Rhinitis and its Impact

on Asthma classification of rhinitis. A standardized, aluminum hydroxide–ad-

sorbed, depot timothy grass pollen (whole extract) vaccine (Alutard SQ, ALK-

Abelló) was used for subcutaneous injection immunotherapy. Injections were

administered according to a modified cluster regimen (Table E1). In brief, in

the first 2 months, patients underwent weekly visits for updosing, receiving 2

injections separated by 1 hour containing increasing quantities of grass pollen

vaccine. Thereafter, at each monthly visit, patients were administered with a

1-mL maintenance injection containing 100,000 SQ-U (containing 20 mg of

the major grass allergen Phl p 5), except during the pollen season, when the

maintenance dose was reduced by 40%. Placebo injections consisted of iden-

tical vials of diluent, including aluminum hydroxide and 0.01 mg/mL hista-

mine. All injections were administered in the upper arm, and patients were

observed for 1 hour after each injection. Patients commenced induction ther-

apy over a period of 6 to 8 weeks, and all patients were receiving maintenance

injections before the start of the grass pollen season. In general, immunother-

apy was well tolerated, with the occurrence of only transient minor local swell-

ings at injection sites that required no treatment. Two participants had a rapid

onset of general urticarial rash and wheezing that came on within 15 minutes

of injection. The patients received adrenaline, 0.5 mL of a 1:1000 solution, in-

tramuscularly as a precaution, with rapid resolution of symptoms. Both pa-

tients continued in the trial at a modified monthly maintenance dose of

10,000 SQ-U. All study participants had access to antihistamines and topical
cromoglycate eye drops during the pollen season, which were discontinued at

least 48 hours before skin testing or venesection.

Clinical tests
On completion of the study, all patients underwent conjunctival provoca-

tion testing by instilling half-log (approximately 3-fold) incremental concen-

trations of grass pollen extract (100-100,000 SQ-U/mL) into alternate eyes at

10-minute intervals. Immediate conjunctival sensitivity was recorded as the

dose that induced a minimum of 2 of 4 symptoms (itching, redness, tears, or

swelling). If there was no response at the highest concentration of allergen

tested (100,000 SQ-U/mL), the outcome was arbitrarily assigned a value of

300,000 SQ-U/mL.

Pollen counts
Daily pollen counts (grains per cubic meter) for the London region were

received courtesy of Dr Jean Emberlin (UK Pollen Centre, University of

Worcester).

Immunologic tests
For serologic assays, 10 mL of peripheral blood was collected in sterile

glass tubes (Vacutainer; Becton Dickinson, Mountain View, Calif) and

allowed to coagulate. For histamine release experiments, whole blood from

an atopic donor with serum levels of P pratense–specific IgE of greater than

100 U/L was incubated with 1 pg/mL P pratense grass pollen extract in the

presence or absence of sera from immunotherapy-treated patients at 378C

for 1 hour, followed by a further 10-minute incubation on ice. Histamine con-

centrations in cell-free supernatants were measured by means of ELISA (IBL),

and results were expressed as percentage inhibition by immunotherapy-treated

serum compared with control serum. The limit of detection for the assay was

0.2 ng/mL.



TABLE E1. Clinical protocol of immunotherapy study

Month Visit Injection no. Dose (SQ-U) Cumulative dose (SQ-U)

Skin testing

and venesection*

)
1 Week 0 1 100

2 1,000 1,100

Week 1 3 1,000

4 1,000 3,100

)
Week 2 5 2,000

6 3,000 8,100

Week 3 7 5,000

8 5,000 18,100

)
2 Week 4 9 10,000

10 10,000 38,100

Week 5 11 20,000

12 20,000 78,100

)
Week 6 13 30,000

14 30,000 138,100

)
Week 7 15 100,000 238,100

16 100,000 338,100

)
3 17 60,000 438,100

)
4 18 60,000 498,100

)
5 19 60,000 558,100

)
6 20 100,000 618,100

7 21 100,000 718,100

8 22 100,000 818,100

)
9 23 100,000 918,100

10 24 100,000 1,018,100

11 25 100,000 1,118,100

)
12 26 100,000 1,218,100

100,000 SQ-U 5 20 mg of the Phl p 5 major allergen.

*Venesection and intradermal skin testing performed 24 hours before immunotherapy injection.
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