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Nasal Challenge with Ragweed Pollen in Hay Fever Patients
Effect of Immunotherapy
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Robert M. Naclerio, Lawrence M. Lichtenstein, and Philip S. Norman

Division of Clinical Immunology, The Johns Hopkins University School of Medicine
at The Good Samaritan Hospital, Baltimore, Maryland 21239

Abstract

Challenge of the nasal mucosa of allergic subjects with specific
allergen induces not only the expected sneezing and rhinorrhea,
but also the appearance in nasal secretions of mediators com-
monly associated with activation of mast cells or basophils: his-
tamine, leukotrienes, prostaglandin D2 (PGD2), kinins, and
TAME (13HI-N-a-tosyl-L-arginine methyl ester)-esterase. To
determine whether specific immunotherapy alters mediator re-
lease in vivo, nasal pollen challenge was used to compare 27
untreated highly sensitive ragweed (RW)-allergic subjects with
12 similarly sensitive patients receiving long-term immunother-
apy (3-5 yr) with RWextract (median dose, 6 Ag RWantigen
E). The two groups were equally sensitive based on skin tests
and basophil histamine release. The immunized group had a di-
minished response as demonstrated by (a) the treated group re-
quired higher pollen doses to excite sneezing or mediator release;
(b) significantly fewer subjects in the treated group released me-
diators at any dose (TAME-esterase [P = 0.0051, PGD2 [P
= 0.041), and (c) the treated group released 3-5-fold less mediator
(TAME-esterase [P = 0.011, and histamine [P = 0.021).

Introduction

Up to now, only indirect evidence has suggested that the patho-
genesis of allergic rhinitis involves the interaction between in-
haled allergen and mast cell/basophil surface-fixed IgE antibody
with the generation of a variety of active metabolites and me-
diators ( 1-3). These mediators include the lipoxygenase products
(leukotrienes C4/D4/E4) and cyclooxygenase products (pros-
taglandin D2 [PGD2])' of arachidonic acid metabolism, platelet-
activating factor, histamine, various chemotactic factors, and
enzymes TAME([3H]-N-a-tosyl-L-arginine methyl ester)-ester-
ase, tryptases, kininogenases, and lysosomal hydrolases (4, 5).

Using the nose as an experimental model, Blackley dem-
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1. Abbreviations used in this paper: AgE, antigen E; MWT,Mann-Whit-
ney UTest; PG, prostaglandin; PGD2, PGE,, PGE2, PGFI,,, and PGF2.,
prostaglandins D2, El, E2, Fl,, and F2,,; PIPES, piperazine-N-N'-bis-2
ethane-sulfonic acid; PA, PIPES-albumin buffer, PACM, PIPES-albumin
buffer with Ca and Mg; PNU, protein nitrogen units; r,, Spearman's
rank correlation coefficient; STS, skin test sensitivity; TAME, TAME
([3H]-N-a-tosyl-L-arginine methyl ester)-esterase.

onstrated in 1873 that grass pollen placed in the nose of sensitive
individuals induced signs and symptoms of grass pollenosis (6).
Some 100 yr later, Connell (7) and McLean (8) studied the effect
of intranasal pollen challenge on nasal airway resistance, and
demonstrated that nasal airway resistance increased in response
to pollen challenge. Recently, Naclerio et al. (9) described a
modified technique of nasal challenge with pollen that allowed
collection of nasal secretions by serial lavage and analysis for
the presence of mediators. Using this technique, we have ob-
tained direct evidence for the release of many inflammatory
mediators into nasal secretions after nasal challenge of pollen-
sensitive patients. Histamine, PGD2, a TAME-esterase (9) leu-
kotriene activity (10), and kinins (11) appear in quantities de-
pendent on the challenge dose of pollen, and mediator produc-
tion is correlated with symptoms as represented by sneezing.

A continuing problem in the evaluation of immunotherapy
with a specific extract is that most allergic people have multiple
allergies, whereas the treatment has the expected immunologic
specificity ( 12). Despite careful selection of patients, purely clin-
ical methods of evaluation such as symptom diaries often fall
short in providing definitive answers. According to symptoms
diary studies, treatment with a particular extract furnishes at
best less than complete relief of symptoms attributed to that
allergen (13). Such a result may be attributed either to the in-
herent limitation of immunotherapy or to failure to treat with
all the allergens relevant to symptoms. As a laboratory challenge
performed when the patient is asymptomatic reproduces the
disease due to single allergen exposure for a distinct time interval,
it should be a better way to assess the extent to which patients
are protected by specific immunotherapy against specific ex-
posure.

In this present study, we have applied the technique of nasal
pollen challenge to examine a group of patients on long-term,
high-dose immunotherapy with ragweed pollen extract. The
clinical and mediator response to pollen challenge was compared
with a group of highly sensitive ragweed-allergic patients not on
immunotherapy. The results indicate that high-dose immuno-
therapy with an appropriate antigen mitigates the allergic reaction
by altering the immunologically induced secretion of mediators
in response to pollen exposure. Protection, however, is less than
complete, as challenge doses higher than most natural exposure
still elicit some mediator release and symptoms.

Methods
(A) Patients. Written informed consent was obtained from a newly re-
cruited group of 27 patients, ages 18-55 yr, who displayed seasonal rag-
weed pollenosis of at least 2 yr duration, and who had not been on
immunotherapy within the previous 15 yr. A similar group of 12 patients
on long-term (3-5 yr), high-dose (1.2-1 8.6-,ug AgE equivalent injection)
ragweed immunotherapy were recruited from Van Metre's standard im-
munotherapy study (13) as a comparison population.

(B) Reagents. Ragweed pollen was purchased from Greer Labora-
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tories (Lenoir, NC) for nasal challenge and contained 6.7±0.2 gg of
ragweed AgE/mg pollen. Ragweed extract employed for skin testing the
former group and newly recruited patients contained 336±12 tig antigen
E (AgE)/ml in a 1:20 wt/vol (59,600 protein nitrogen units [PNU]) glyc-
erinated extract.

Buffers for leukocyte histamine release. (a) PA, which contains 25
mMPIPES [piperazine-N-N'-bis-2 ethane-sulfonic acid; Sigma Chemical
Co., St. Louis, MO)], 110 mMNaCI, 5 mMKCI, and 0.01% human
serum albumin, was used to wash the leukocytes. (b) PACM, used for
release studies, contained, in addition to the above, 0.6 mMCaCl2 * 6H20
and 1.0 mMMgCI2. The buffers were adjusted to pH 7.3 before use.

(C) Skin tests. Intradermal end-point titrations were performed ac-
cording to the method of Norman (14) on both patient groups.

(D) Histamine release. Venous blood was drawn from the subjects
after obtaining informed consent. It was placed in dextran-EDTA for
90 min, washed twice in PA, and the leukocytes suspended in PACM
before challenge (15). Individual assay tubes usually contained the leu-
kocytes from 0.5 ml of whole, peripheral blood. The release reaction was
initiated by the addition of various concentrations (0.I -I0-1 gg/ml) of
short ragweed pollen extract (kindly supplied by Hollister-Stier Labo-
ratories, Spokane, WA) and allowed to proceed for 45 min at 370C.
After the release reaction, the leukocytes were removed by centrifugation
(1,000 g for I min), and the supernatants assayed for histamine content.
The difference between replicate histamine measurements was <5%. Al-
iquots of cells in the same total volume were lysed with 2% perchloric
acid (HC104) to evaluate total histamine. Each study included control
tubes containing cells to which no stimulus was added. Spontaneous
histamine release (2-5% of the total histamine) was subtracted from all
values and the percentage histamine release calculated. Dose-response
curves were constructed by plotting the percentage histamine release vs.
the concentration of AgE equivalents, and the amount of antigen required
for 50% histamine obtained for each subject. Histamine was measured
using an automated fluorometric technique ( 16).

The group of immunized patients had had skin tests, in vitro studies,
and immunotherapy performed with a short ragweed extract that con-
tained 187 gg AgE/ml in a 1:20 wt/vol (40,000 PNU) glycerinated extract
provided by Hollister-Stier Laboratories. Dilutions were made in 0.03%
human serum albumin for skin testing and injections.

(E) Nasal challenge technique. These techniques have been described
in detail (9, 17). All challenges were performed outside the ragweed season
(either before or .6 wk past) at a time when patients were asymptomatic.
Briefly, varying amounts of ragweed pollen were combined with lactose
to obtain a total weight of 25 mg in a gelatin capsule. The individual
capsules were then insufflated in the particular nostril via a Spinhaler
(Fisons Corp., Bedford, MA) apparatus connected to a Rosenthal-French
dosimeter. With activation (four activations for 2 s with a driving pressure
of 10 pounds per square inch), -22 mg of pollen and lactose (± 15%)
were expelled into the nose. The capsule was examined to insure that it
had been emptied.

Nasal secretions were collected by nasal lavage. The subject was in-
structed to tilt his head at a 300 angle from the horizontal in a sitting
position, and 5 ml of normal saline (Cutter Laboratories, Emeryville,
CA) was instilled into each nostril while the patient held his breath and
did not swallow. After 10 s, the patient expelled the mixture of mucus
and saline into a collection vessel. These samples were maintained on
ice until the challenge was complete. Subsequently, all samples were
centrifuged at 15,000 g and 4°C for 15 min and the sol phase separated
from the gel (mucus) phase. Samples were stored at -80°C until assayed.

Table I illustrates our protocol, which involves prechallenge saline
washes to reduce levels of cell-free mediators typically present in early
nasal secretions. Then Afrin (oxymetazoline hydrochloride, Schering
Corp.) is sprayed into the nose (two sprays per nostril) to maintain nasal
patency during the allergic reaction so that nasal secretions can be col-
lected. Previous study has shown that this drug dose does not effect
mediator release. Subsequently, two challenges with a lactose diluent are
employed to establish a base line. Thereafter, serial challenges with 10/
100/1,000/5,000 grains of ragweed pollen at 10-min intervals were un-
dertaken and a saline wash (8.0±1.5 ml) was collected 10 min after

each pollen challenge dose to allow measurement of the various inflam-
matory mediators produced in nasal secretions.

(1) Nasal challenge with lactose (placebo). A previous paper from
our laboratory addressed the use of lactose as a placebo challenge. In
105 experiments, sneezing occurred in only 7.6% of the lactose challenges,
and the method of delivery affected the concentration of mediators in
<2%of the experiments performed (2/105) (9). In our study, each patient
had two placebo (lactose) challenges as part of the protocol for each serial
pollen challenge. In 52 lactose challenges (26 patients), only one patient
sneezed (1.9%), and none released significant amounts of any mediator.

(2) Nasal challenge of nonallergic controls. Wechallenged four non-
allergic subjects with 5,000 grains of pollen who showed no clinical re-
sponse or evidence of mediator release in nasal secretions as measured
by our assay techniques (10).

(3) Reproducibility ofpollen challenge. 26 untreated patients all un-
derwent identical repeat pollen challenge between 2 and 5 moafter their
first challenge. Fig. I shows the reproducibility of the nasal challenge
technique; the second challenges demonstrated practically overlapping
curves for the number of patients releasing TAME-esterase or histamine
(P > 0.1; Wilcoxon Signed Rank Matched Pairs). The clinical parameter
of sneezing was likewise not significantly different (P > 0.05). Fig. 2
shows that the patients released similar amounts of mediator (histamine/
TAME-esterase) on repeat pollen challenge (P = >0.05 analysis of vari-
ance). In a previous paper, we demonstrated that three serial challenges
with the same amount of pollen extract on the same day showed essen-
tially equal concentrations of TAME-esterase and numbers of sneezes
after each of the challenges ( 18).

(F) Mediator assays. Frozen aliquots of the sol phase of nasal se-
cretions were thawed and assayed for mediator content as follows:

(1) Histamine. For histamine determinations, 0.8 ml of sample was
mixed with 0.2 ml of 8% HC104 and centrifuged for 10 min at 1,000 g.
Histamine in the supernatants was assayed by an automated spectro-
fluorometric assay (16) with a sensitivity of 1 ng/ml and an accuracy
of ±5%.

(2) TAME-esterase. Enzyme(s) having arginine esterase activity were
assayed essentially by the method of Imanari et al. (19), which is based
on the liberation of tritiated methanol from the synthetic substrate TAME.
A 40-id aliquot of nasal sample and 10 ul of 0.2 MTris buffer, pH 8.0,
are added to a 1.5 ml Eppendorf microtube. A 1O-Al vol (1.5 X I0 cpm)
of 3H-TAME (Amersham Corp., Arlington Heights, IL) was then added
with mixing and the tube was placed in a counting vial containing 10
ml of econofluor (New England Nuclear, Boston, MA) and 50 Ml of stop
solution (1 vol glacial acetic acid, 9 vol 0.02 MTAME). The counting
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Figure 2. Absolute amount of mediator released over base-line levels
for untreated patients challenged on two separate occasions. (For his-
tamine, n = 21/21/21/17 at each respective dose. For TAME-esterase,
n = 20/20/19/15 at each respective dose.)

vial was then tightly capped, and after I h the reaction was terminated,
and tritiated methanol was partitioned into the econofluor by shaking.
The vial was then counted for 4 min in a liquid scintillation spectrometer,
and the levels of TAME-esterase computed by reference to standards.
The sensitivity of the assay is 1,000 cpm above background.

(3) PGD2. PGD2was measured by a competitive radioimmunoassay
(RIA) as previously described (20). The anti-POD2 was prepared in rabbits
using PGD2-bovine thyroglobulin conjugates (21). This antibody has a
cross-reactivity of <1% for PGE,, PGE2, thromboxane B2, 6-keto-PGFI,
and PGF2a. Tritiated PGD2(New England Nuclear) was added to the
nasal washes as a standard, and the nasal washes containing PGD2diluted
in parallel with authentic PGD2. The sensitivity of the assay is
20 pg/ml.

(G) Definitions. A positive clinical response to pollen challenge was
defined as sneezing in response to antigen challenge. Mediator release
was defined as positive if a threefold or 3-U increase above the base line
(second secretion collected after challenge) occurred in the nasal wash
after antigen challenge.

Since the assays for a particular mediator demonstrate different sen-
sitivities, criteria were established to define a significant rise (positive
response) with each mediator. Obviously, when base-line levels were
measurable, then a threefold rise was required to define a positive re-
sponse. Otherwise, for histamine, with a sensitivity of 1 ng/ml, if the
base-line level was below the sensitivity of the assay, an increase to 3 ng/
ml was required to be considered a positive response. Likewise for POD2,
with a sensitivity of 20 pg/ml, a rise to at least 60 pg/ml was required to
be significant. With TAME-esterase (sensitivity of 1,000 cpm), a rise to
3,000 cpm or greater was required for a positive response. The dose
threshold for mediator release was taken on the first challenge dose that
resulted in positive mediator release that was sustained or increased at
higher doses.

(H) Statistics. The Spearman Rank Correlation Coefficient was used
to compare skin test sensitivity (STS), basophil sensitivity, or mediator
release within the respective group. Nonparametric statistics were em-
ployed for analysis of data between the two groups. (The Mann-Whitney
U Test [MWT] was used for analysis of basophil histamine release, cu-
mulative response, and amount of mediator release between two groups;
whereas, the Wilcoxon Matched Pairs Signed Rank Test was used to
analyze data within a group). Analysis of variance for repeated measures

was used to analyze the reproducibility data for the amount of meditor
released. The Fisher Exact Test was employed to analyze discrete
points (22).

Results

(A) STS of nontreated and treated groups of patients. STS in
the nontreated group of patients (n = 27) ranged from 1.3 X

10-6 to 6.7 X 10-2 ,tg AgE/ml, medial 3.4 X i0-5 gg AgE/ml
(wt/vol: range 1:5 billion to 1:100,000, median 1:200 million;
PNU: range 2.4 X l0-4 to 1.2 X 10', median 2.4 X l0-3). STS
in the treated group of patients (n = 12) similarly ranged from
3.8 X 10-6 to 1.2 X 10-2, median 1.9 X l0-5 ig AgE/ml (wt/
vol: range 1:5 billion to 1:312,500, median 1:200 million; PNU:
range 8 X 10-4 to 2.6 X 100, median 4 X l0-3).

(B) Comparison of the nontreated and treated groups by ba-
sophil histamine release. Wehave previously demonstrated that
groups of patients matched based on the amount of antigen
required for 50% histamine release from leukocytes (basophil
histamine release) are matched in terms of STS and clinical
symptoms, as measured by symptom scores from daily diaries
during natural pollen exposure (12, 23). Fig. 3 shows that the
nontreated and treated groups of patients have comparable pre-
treatment basophil and sensitivity (P = 0.22, MWT), and suggests
that although obtained in a retrospective manner, the treated
group was comparable to the untreated group.

(C) Comparison of nasal mediator release and STSand ba-
sophil sensitivity in the nontreated group. In the 26 nontreated
patients, STS did not correlate with either the maximum amount
of mediator released or with the log threshold dose for mediator
release. This relationship for the threshold for TAME-esterase
activity was Spearman's rank correlation coefficient (rj) = 0.26,
P = >0.1. Similar findings were observed for PGD2 (r, = 0.03,
P = >0.1) and histamine (r, = 0.1, P = >0.2). Thus, the patients
highly sensitive by skin testing were not more likely to have
earlier or greater mediator release than somewhat less skin-sen-
sitive patients.

In a similar fashion, basophil sensitivity as determined by
the dose of ragweed AGE required for 50% histamine release
from the patients' leukocytes did not correlate with the threshold
for release of a mediator. (TAME-esterase [r, = 0. 12, P = >0. 1],
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PGD2and histamine [rs = 0.15, P = >0.1]). However, as we

have reported here, STS in the nontreated group was significantly
correlated with basophil sensitivity (r, = 0.53, P = <0.01).

(D) Typical subject response to nasal pollen challenge. Fig.
4 demonstrates a typical dose response to nasal ragweed pollen
challenge. The onset of sneezing at the 100-grain pollen challenge
correlated with the initial appearance of mediators and both
clinical response and mediator release increase in a dose-related
fashion. TAME-esterase and PGD2release were first detected in
response to the 100-grain pollen challenge. However, a rise in
histamine was not detected until the 1000-grain pollen dose.

(E) Response rates for sneezing and mediator detection in
the nontreated patient group. In previous studies, we have dem-
onstrated both concordance between sneezing and mediator re-

lease (P = <0.001; Fisher Exact Test) and concordance among
the thresholds for release of these mediators (P = <0.001) (9).
In this present study, among the untreated patient groups, 89%
(23/26) of subjects sneezed and 22/23 (96%) of subjects who
sneezed released one or more mediators. The data in Fig. 5
(closed circles represent untreated patients) indicate that 24/26
(92%) of untreated subjects released TAME-esterase, 14/26 (54%)
released PGD2, and 16/26 (62%) released histamine. The close
association between sneezing and TAME-esterase release is again
demonstrated here. In addition, note that the threshold dose for
detection of TAME-esterase was lower than the dose for either
histamine or PGD2release (P = <0.01; Wilcoxon Matched Pairs
Signed Rank Test). As can be seen, (14/26) 54% of the subjects
released TAMEat just 10 pollen grains, whereas in only 7/26
(27%) and '/26 (4%), respectively, could we demonstrate PGD2
and histamine at this low pollen dose. Thus, TAME-esterase is
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Figure 5. Comparison of the nontreated (n = 26) (-) and treated (n
= 12) (o) groups of patients based on cumulative percentage (%) of pa-
tients sneezing or demonstrating mediator release at each respective
pollen challenge dose. Statistical comparison made on the threshold
dose of pollen required to provoke a significant response (employing
the MWT).

the most sensitive indicator of mediator release in the allergic
response in the nose, and is most closely associated with the
clinical symptom of sneezing.

(F) Comparison of treated and nontreated ragweed-sensitive
patients by clinical parameters and mediator release. Although
a comparable proportion of both groups sneezed during the
course of the nasal pollen challenge procedure (nontreated [89%]
vs. treated [75%]), patients on immunotherapy required larger
threshold pollen doses to provoke sneezing than untreated pa-
tients of comparable pretreatment sensitivity by skin tests and
basophil histamine release (P = 0.056, MWT)(Fig. 5). Similarly,
treated patients required significantly higher threshold doses of
pollen to elicit release of TAME-esterase (P = 0.005, MWT)
and PGD2(P = 0.04, MWT), but not histamine (P = 0.1, MWT),
probably in the latter case because of the low number of re-
sponders detected.

(G) Comparison of the amount of mediator released by
treated and nontreated patients. The data in Fig. 6 show that
patients on immunotherapy released less TAME-esterase and
histamine as compared with the nontreated group at all doses.
Because there were too few responders at the lower doses among
the treated patients, an MWTwas performed on the amount of
mediator released at the highest dose (5,000 pollen grains) (P
= 0.01 for TAME-esterase and P = 0.02 for histamine). Although
less PGD2was released on nasal pollen challenge in the treated
group, significance was not demonstrated because of the low
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numbers of responders even at the 5,000-grain pollen dose (P
= 0.2, MWT).

Table I. Basal Challenge Protocol

Base-line protocol

Discussion

Efforts in our laboratory have long been directed toward un-

derstanding the pathophysiology of the allergic response by
studying the IgE-mediated release of inflammatory mediators in
vitro from purified human basophils and lung mast cells (3, 24).
The nasal challenge model (Table I) allows us to study the allergic
reaction in vivo both by observation of clinical symptoms and
measurement of mediator release (9). Previous studies (9-1 1)
elaborated on the concordance between mediator release and
sneezing (P = <0.001) and the close association between the
various mediators. In this paper we demonstrate that TAME-
esterase activity is the most sensitive indicator of the allergic
response currently available, and significantly correlates with
the clinical symptom of sneezing. (Fig. 5 shows that 92% of the
untreated subjects demonstrated TAME-esterase activity during
pollen challenge, and this activity closely paralleled the sneezing
response.) Histamine and PGD2release was detected in the ma-

jority of patients, but at somewhat higher pollen doses. The 1-

ng/ml sensitivity of the histamine assay limits our ability to ob-
serve rises; a more sensitive assay might more readily detect
lower levels of mediator release. It is likely that differences in
the threshold of challenge required for significant release of dif-
ferent mediators reflects only the sensitivity of the several assays.

The lack of correlation between the threshold of skin response
and 50% end point of basophil histamine release on one hand,
and the threshold of responses to challenge on the other hand,
may be attributed to performing challenges with whole pollen
and skin tests and histamine release with an extract. Although
both materials should contain the same basic ingredients, the
mix to which the patient is exposed may be quite different in
the two cases, as pollen resides on the mucosa for only a few
minutes for allergens to be leached out, whereas extracts involve
a 24-h exposure of pollen to water. Nevertheless, skin tests and
basophil histamine release have served repeatedly to develop
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matched groups of patients for therapeutic comparisons
(12, 23).

In this present study, we have applied the technique of nasal
pollen challenge to examine a group of patients on long-term,
high-dose immunotherapy. Nasal challenge, out of season, sim-
ulates natural exposure, and provides a method for comparing
responses with a specific pollen challenge without interference
from responses to other allergens. Wehave compared a group
of successfully immunized patients with a similar group of highly
sensitive ragweed-allergic patients not on immunotherapy.

Significantly, fewer immunized patients (Fig. 5) released in-
flammatory mediators indicative of the allergic response (TAME-
esterase activity [P = 0.005]; PGD2 release [P = 0.04]). The
clinical parameter of sneezing was also diminished in the treated
group (P = 0.056). The thresholds for both mediator release and
sneezing were shifted to the right, thereby requiring higher pollen
challenge doses than typically encountered in natural exposure
to elicit a comparable response. Our calculations suggest that
during a pollen season, an average of 60 ragweed pollen grains
are inhaled per hour, with a peak exposure of -315 ragweed
pollen grains inhaled per hour. Thus, the 1,000- and 5,000-grain
challenges are probably in excess of natural exposure, but do
demonstrate that reactivity has not been completely ablated.
Even so, the actual absolute concentrations of mediators released
upon large challenges were 3-5-fold lower in the immunized
group than in the nontreated group (Fig. 6).

Our data indicate suppression of the immediate mast cell
response, but Dolovich and others (25, 26) have pointed out
that the late-phase IgE-mediated component of an allergic re-
action may also be an essential feature of allergic disease. For
instance, appearance of neutrophil chemotactic activity, hista-
mine (27, 28), and a human macrophage-derived product (29)
several hours after challenge have been described. Furthermore,
basophillike cells are found in the airway mucosa (30) and ac-
cumulate at the site of a late-phase IgE-mediated inflammatory
reaction (31-33). Wehave recently shown that late-phase (3-
11 h) IgE-mediated reactions in the nose are associated with
reappearance of most of the early mediators (with the notable
exception of PGD2) along with a recrudescence of symp-
toms (31).

The data in this paper do not examine how immunotherapy
might change mediator release. Several earlier studies show that
the clinical response to immunotherapy is specific for the species
of allergen employed (12), thus providing evidence for immu-
nologic specificity. Nevertheless, description of the immunologic
mechanism responsible for therapeutic efficacy has been difficult,
and changes in immunologic parameters such as serum IgE and
IgG antibodies fail to correlate well with clinical improvement
measured by symptom diaries during natural exposure (12). A
quantitative challenge with the actual allergen out of season,
such as described here, accompanied by observation of both
early- and late-phase reactions should allow a more accurate
look at mechanisms. A prospective study of the same patients
before and after immunotherapy, and correlating changes in
response to nasal challenge with changes in antibodies and cel-
lular reactions in blood and secretions, should help to unravel
the problem.
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