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Background: Immunotherapy effectively treats the symptoms
of allergic rhinitis and improves its pathophysiology. We
studied whether the effects of immunotherapy on the early
response to nasal challenge with antigen and seasonal symp-
toms persist after discontinuation,

Methods: Twenty subjects with ragweed allergy who were re-
ceiving immunotherapy and who had nasal challenges per-
formed before initiation of treatment were selected. The pa-
tients had been receiving maintenance therapy with agueous
ragweed extract at a dose of 12 pg of Amb a 1 equivalent for
a minimum of 3 years, at which poeint they were randomized
to receive either placebo injections or to continue with the
maintenance dose. Nasal challenges were performed before
and 1 year after randomization. Nasal challenges were moni-
tored by counting the number of sneezes and measuring his-
tamine, N-a-tosyl-L-arginine methyl ester—esterase activity,
and kinins in recovered nasal lavages. In the same year
symptom diaries were collected during the ragweed seasen.
Results: The initial immunotherapy significantly reduced re-
sponses to nasal challenge in both groups. The group con-
tinuing to receive active treatment showed no significant
changes from the response before randomization. In con-
trast, the group randomized to placebo treatment showed a
partial return of histamine, kinins, and N-a-tosyl-L-arginine
methyl ester—esterase in nasal secretions and the numbers of
sneezes. IgG antibodies to ragweed declined only in the
group switched to placebo treatment. Seasonal rises of IgE
antibodies to ragweed did not return during the first season
after treatment was stopped. Symptoms reported during the
ragweed season were not different between the groups.
Conclusions: One year after discontinuation of ragweed im-
munotherapy, nasal challenges showed partial recrudescence
of mediator responses even though reporis during the season
appeared to indicate continued suppression of symptoms,
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Abbreviation used
TAME:  N-o-tosyl-L-arginine methyl ester

Immunotherapy, like steroids, has effects on both
early mediator release and late inflammatory responses
to nasal provocation. Clinically, both treatments effec-
tively control symptoms. The morbidity rate and rare
deaths associated with immunotherapy, however, have
raised questions about its role in the treatment of
allergic rhinitis.' A major theoretic advantage of immu-
notherapy is its potential to alleviate more or less
permanently the abnormal immunologic responses that
mediate the disease.!

Several immunologic changes appear in the peripheral
blood and the nasal mucosa. In the serum, specific igG
antibody levels rise, but the degree of change shows only
a weak association with clinical improvement.> > IgG,
antibodies dominate in the early response to immuno-
therapy and disappear relatively slowly when immuno-
therapy is stopped.* IgG,, in contrast, appears relatively
late in the course of immunotherapy and disappears
relatively quickly when immunotherapy is discontinued.*
Specific IgE antibody levels rise initiaily and then fall
with continued treatment.”> Immunotherapy also blocks
the seasonal increase in specific IgE antibodies after 1
year, but the seasonal increase returns at least partially 1
year after treatment is stopped.?* In nasal secretions,
specific IgA and IgG antibodies increase.> Changes in
lymphocyte proliferative responses and in elaberation of
cytokines have also been associated with successful
therapy.®” The development of antigen-specific mono-
nuclear cells and an inhibition of the production of a
mononuclear cell-derived histamine-releasing factor
have also been reported.® In the skin 1 year of immuno-
therapy decreases the cellular influx of CD4* cells and
switches the cytokine profile to increased production of
v-interferon and IL-2.° The initial response and the
subsequent inflammatory events after nasal challenge
with antigen are reduced.®'! The reduced early response
to challenge correlates with the reduction of symptom
medication scores during the pollen season.’? Many
findings after treatment with topical steroids>!5 parallel
those observed after successful immunotherapy. We
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FIG. 1. Mediators or sneezes during nasal challenge with mediators or number of sneezes during preliminary
saline lavages subtracted. A, Sneezes. B, Histamine. C, TAME-esterase. D, Kinin. Active refers to group that
continued to receive immunotherapy, whereas placebo refers to group that was switched to placebo injections

after 3 years of active therapy. Rx, Therapy.

believe that immunotherapy and topical steroids are
similar in their efficacy for relieving nasal symptoms.'®
If immunotherapy permanently alters the natural
course of the disease, then no recrudescence of symp-
toms would be observed when therapy is discontinued
after successful treatment. Such an alteration would
have a profound effect on the long-term decision about
how to manage allergic rhinitis. Clinical impressions
suggest that successful treatment can be stopped after 3
to 5 years, but clinical studies addressing this question
are few and the results are conflicting. Patterson et al.!”
noted that when injections are stopped, patienfs may
either have long-standing clinical improvement and ex-
perience minimal, pharmacologically manageable symp-
toms or reexperience severe symptoms, equivalent to
those that prompted the initiation of therapy. Norman
and Lichtenstein,'® in an uncontrolled study with symp-
tom diaries as the outcome variable, found that the
discontinuation of therapy in patients treated for 5 years
caused a partial relapse in 1 year and, by 2 years, a return
to previous symptoms. In an uncontrolled study by
Mosbech and @sterballe,’® 2%5 years of grass immuno-
therapy was still effective in controlling symptoms 6

years after treatment. A more recent controlled study by
Norman et al.?® showed the maintenance of clinical
improvement after discontinuation of allergoid immu-
notherapy. These studies all involved pollen allergens.
The results regarding the discontinuation of venom
immunotherapy are more consistent. Golden et al
showed that 2 to 5 years after discontinuing venom
immunotherapy, subjects had minimal, if any, reactions
to induced stings. Other studies suggest that venom
immunotherapy can be discontinued safely after 3
years.’>?* Another study convincingly suggests that
venom immunotherapy altered the host response to
insect stings and provided long-term clinical benefit.*®

Over the last decade, we have investigated the re-
sponse to nasal challenge with ragweed antigen and the
effects of immunotherapy on that response. Although
immunotherapy had profound effects on many aspects of
the nasal response, it consistently reduced the early
reaction. Thus the early response to nasal challenge with
ragweed provides one way to assess the effect of immu-
notherapy objectively.

We hypothesized that the inhibitory effects of ragweed
immunotherapy on the response to nasal provocation
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FIG. 1. Cont'd.

would be maintained when immunotherapy was discon-
tinued after a minimum of 3 years at a high maintenance
dose. We performed a double-blind, placebo-controlled,
randomized study of ragweed immunotherapy to deter-
mine whether the inhibitory effects on the immediate
response to antigen provocation persist after 1 year.
Specific serum IgE and IgG antibodies to ragweed were
also monitored. We simultaneously evaluated any
change in symptoms reported during the ragweed sea-
son.

METHODS
Subjects

Volunteers were recruited through advertisements and from
the allergy clinic. The subjects completed a questionnaire on
nasal disease and atopic status. Nasal rhinoscopy was per-
formed on each volunteer to rule out the presence of significant
nasal septal deviation, other anatomic abnormalities, or patho-
logic conditions. We selected volunteers whose ages ranged
between 18 and 55 years and who were in good health, other
than having a history of allergic rhinitis or mild asthma.
Seasonal ragweed allergic rhinitis was defined by a history of
symptoms of rhinorrhea, nasal congestion, or sneezing during
seasonal exposure. We confirmed the diagnosis by demonstrat-
ing a wheal and erythema response to an intradermal skin test

with ragweed extract. The study protocol was approved by the
institutional review board, and participants signed approved
consent forms.

Study pian

The patients had been receiving immunotherapy for rag-
weed-induced hay fever for 3 or more years in a study of the
changes that occur in nasal challenge responses to ragweed
extract provocation. They were asked to participate in a further
study in which some would be switched to placebo treatment
and others would continue to receive maintenance injections.
After a fall ragweed season monitored by symptom diaries, the
subjects had a control “after treatment” nasal challenge in
December or early January. They were then randomized either
to continue active treatment or to switch to placebo injections.
These injections were continued through the following fall
ragweed season during which symptom diaries were again used.
Another “post randomization” nasal challenge was carried out
in December. Blood samples for IgG and IgE antibodies to
ragweed were taken before each season began in August and
again after the season ended in October.

Nasal challenge

Standardized extracts and the diluent for the extract, phenol
buffered saline, were purchased from Greer Laboratories {Le-
noir, N.C.). The same extracts were used for immunotherapy
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FIG. 2. Mean daily symptom score during ragweed season after 3 or more years of ragweed immunotherapy
and 1 year after randomization to continue treatment or change to placebo (8 patients in each group). Rx,

Therapy.

and for skin and nasal testing. The extracts were delivered by
spraying 0.1 ml from a metered-dose bottle. Challenges were
carried out according to a standard lavage protocol.?® After a
series of lavages to bring the concentration of nasal mediators
to baseline, oxymetazoline hydrochloride was applied topically
to the nasal mucosa to prevent mucosal congestion, which
interferes with lavage. Prior experiments have shown that
oxymetazoline does not interfere with sneezing or histamine
release. A report by Watase et al?’ also showed that a-
adrenergic agents affect nasal congestion but do not affect
sneezing or rhinorrhea after nasal provocation. Others have
shown that oxymetazoline does not affect the changes in
vascular permeability induced by histamine provocation.? Our
data, obtained by using localized disk challenge, further support
the absence of effect of oxymetazoline on mast cell activation.?

After two control challenges with the diluent used for the
allergen extract, increasing doses of antigen (1, 10, 100, and
1000 ailergen units) were sprayed into the nose. Ten minutes
after each administration of diluent or antigen, nasal lavage was
performed.

Five milliliters of warmed (37° C) lactated Ringer’s solution
was instilled into each nostril, and after 10 seconds, expelled
into a plastic collection vessel. The returned volume ranged
between 75% and 85% of that instilled.?® All samples were first
vigorously shaken to homogenize the mixture of sol and gel
phases and were stored on ice in plastic tubes until the
conclusion of the experiment, when they were centrifuged at
3000 g for 15 minutes at 4° C. Aliquots (0.4 ml) for histamine
analysis by the spectrofluorometric assay were mixed with 8%
HCIO, in a ratio of 4:1 and centrifuged at 1000 g for 10 minutes.
Supernatants were stored at 4° C until assayed. Aliquots for
N-c-tosyl-L-arginine methyl ester (TAME) were immediately
stored at —20° C. Aliquots obtained for kinin determination
were made 40 mmol/L in ethylenediaminetetraacetic acid and
stored at —80° C until they were assayed. Assays for each
mediator were performed within months of completing the
challenge.

In Javages, because sensitivity is not the major problem,
histamine was assayed by an automated fluorometric method™
capable of detecting as little as 1 ng/ml. The assay has an

accuracy of =5%. The identity of histamine in nasal lavages was
confirmed by showing linear addition and recovery of standard
histamine and by verifying destruction by diamine oxidase. We
have shown an excellent correlation between the histamine
content of nasal lavages measured by the fluorometric and
radioenzymatic assays ( = 0.96, p < 0.001).

The assay for measuring proteases with arginine esterase
activity is essentially that of Imanari et al,?' with tritiated
TAME (Amersham). Proteases possessing arginine esterolytic
activity hydrolyze the TAME, liberating tritiated methanol. In
the immediate response to antigen, approximately 75% of the
activity represents plasma kallikrein complexed to o,-macro-
globulin, 20% mast cell tryptase, and less than 5% glandular
kallikrein.?>

The levels of kinins present in lavages were measured by
using a radioimmunoassay sensitive to 20 pg of bradykinin per
milliliter.>* Interassay and intraassay coefficients of variation
are 2% and 5%, respectively. The assay does not distinguish, on
a molar basis, between bradykinin and lysyl bradykinin.

During the experiment, subjects recorded the number of
sneezes. The prevalence of a positive response, with this
challenge protocol, for subjects with a history of ragweed-
induced hay fever and a positive intradermal skin test result is
over 90%.%

Other measurements

Serum ragweed-specific IgE and IgG antibodies were mea-
sured by the methods of Hamilton and Adkinson.® %

Symptom-medication diaries were kept by subjects during the
seasons preceding the nasal challenges according to the tech-
nique of Lichtenstein et al.*®

Immunotherapy injections

Twenty subjects who had received maintenance ragweed
immunotherapy with approximately 12 ug of Amb a 1 (5000
allergy units) for a minimum of 3 years were entered into the
study. Maintenance injections were continued every 2 weeks at
this dose. If a subject missed 6 weeks of therapy, he or she was
dropped back one dilution. Placebo therapy consisted of injec-
tion of saline solution mixed with histamine and colored with
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FIG. 3. Serum IgG antibodies to ragweed after immunotherapy and 1 vear after randomization to continue

treatment or change to placebo. Rx, Therapy.

carame] concentrate. The highest concentration of histamine
was 100 pg/ml, and this solution was diluted in the same
manner as the active solutions. Injections and modifications of
immunotherapy and treatment of immunotherapy reactions
were carried out in a double-blind fashion. Subjects stayed for
30 minutes after injection to be observed for systemic reactions.
Physicians who assumed responsibility for immunotherapy were
separate from those assuming responsibility for the nasal
challenges and all other aspects of subject care.

Statistical methods

Nonparametric statistical methods were used to analyze
results. For evaluation of the changes in both mediator levels
and sneezes, differences from baseline were analyzed. The
Wilcoxon matched-pairs signed-rank test was applied for paired
data analysis, such as comparison of the mediators and symp-
tom scores after antigen challenges in different years. Unpaired
observations were made by using the Mann-Whitney U test.
Statistical tests were performed with software packages for the
Macintosh computer.

RESULTS

Twenty subjects (10 in each group) completed nasal
challenges 1 year after being randomized. Nasal chal-
lenge responses when subjects were initially entered into
the study (i.e., before ever receiving immunotherapy)
showed no significant differences between the groups for
any of the parameters evaluated. Similarly, posttreat-
ment responses to nasal challenge with antigen were not
different. The posttreatment response, however, for the
20 patients was significantly reduced compared with the
initial response (Fig. 1). The median number of sneezes
was reduced from 7 to 1 (p = 0.005), the median TAME
value (counts per minute X 10-3) was reduced from 44 to
0.9 {p = 0.0004), the median histamine value (in nano-
grams per milliliter) was reduced from 0.9 to 0.0 (p =
0.008), and the median kinin value (in picograms per
milliliter) was reduced from 1839 to 39 (»p = 0.0004).

The group continuing to receive active treatment with
ragweed showed no significant changes from the re-

sponses before randomization (Fig. 1). In contrast, the
group changed to placebo treatment began to show
partial return of responsiveness to nasal challenge. The
net change for the response after antigen challenge
between before and 1 year after placebo treatment was
(median) for sneezes (2 vs 4, p = 0.57), TAME esterase
activity (2.1 vs 13.5 cpm X 1073, p = 0.005), histamine
(-0.6 vs 2.3 ng/ml, p = 0.04), and kinins (82 vs 500 pg/ml;
p = 0.07). The responses were, however, considerably
less than those that occurred before initiating immuno-
therapy. The negative numbers in Fig. 1 result from
either a high response to diluent (i.e., sneezes after
diluent) or from postchallenge lavages continuing to
wash out a mediator, which occurs frequently with
histamine.

Svmptom diaries the season before and the season
after randomization were available from 16 of the pa-
tients (8 in each group). Comparison of the two groups
showed no significant change after randomization in
either group (Fig. 2) in contrast to the changes in
response to nasal challenge. However, a power calcula-
tion for this observation indicated that for a 5% level of
significance there was a greater than 90% chance that a
significant difference could have been missed (a type II
error).

IgG antibodies to ragweed had declined in all but one
patient in the placebo group by the end of the first
season after randomization (Fig. 3). On the other hand,
there was no evidence of greater seasonal increases in
IgE antibodies in the placebo group than in the active
group (Fig. 4).

DISCUSSION

Our study confirms the considerable effect of ragweed
immunotherapy on the immediate mediator response to
nasal challenge, showing almost complete suppression of
the response after 3 years at a maintenance dose. This
effect was greater than the effect of only 1 year of
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FIG. 4. Percent change in serum IgE antibodies to ragweed from before ragweed season {August) to after

ragweed season (October). Rx, Therapy.

therapy at a lower treatment dose.!® (Many of the
subjects in this study had participated in the earlier
trial.) However, 1 year after discontinuing successful
aqueous ragweed immunotherapy, the patients began to
regain their responsiveness to nasal challenge.

We chose to monitor changes in mediator levels after
challenge as a quantifiable index of the reaction. The
nasal lavage model emphasizes such changes in levels of
mediators rather than symptoms. Increases in histamine
levels during the immediate response to antigen proba-
bly represent mast cell activation. TAME-esterase activ-
ity probably reflects several aspects of the allergic re-
sponse (mast cell activation, plasma leakage, and
glandular activation). Kinins are proinflammatory medi-
ators with effects on blood vessels and nerves. An
increase in kinins most likely reflects a decrease in
vascular permeability caused by histamine or vasoactive
mediators. The combined results with the three media-
tors provide strong evidence for some return of reactiv-
ity, although the kinin data alone do not reach statistical
significance.

Symptoms reported during the season, on the other
hand, were not apparently increased in the patients
switched to placebo. The wide individual variation in the
recording of symptoms, along with the small number of
subjects, reduces the power to detect a difference.
Hedlin et al.** have recently reported similar resulis in
patients with dog and cat allergy 5 years after a 3-year
course of immunotherapy had been discontinued. Bron-
chial reactivity to challenge with hair and dander extract
indicated a return of PC,, toward pretreatment levels,
although asthmatic symptoms remained decreased.

Eventually, one might anticipate that symptoms would
regress under such circumstances, although the data
from venom immunotherapy suggest the duration of
discontinuation does not affect the response to a

sting.?: 22 If symptoms were not different and the early
response to nasal challenge had continued to worsen,
then the importance of the early reaction to the overall
symptoms of allergic rhinitis would become down-
graded.

Whether immunotherapy would continue to be effec-
tive on another aspect of the response to nasal challenge
with antigen, stch as the late reaction or the pattern of
cellular infiltration, was not evaluated. Whether the
response to nasal challenge with antigen would plateau
at the current level, despite the further discontinuation
of immunotherapy, could only be shown in subsequent
follow-up. The skin testing data reported by Mosbech
and @sterballe’® might suggest that a plateau is reached
and that additional years without treatment do not lead
to a return of reactivity comparable to that before the
initiation of immunotherapy. Unfortunately, lack of
funding precluded further study of our group of patients.

QOur observations were made with ragweed immuno-
therapy. We suspect that our results would apply to
other seasonal and perennial allergens. Why our results
differ from those obtained with venom immunotherapy
is not apparent. The route of antigen exposure in hay
fever and venom anaphylaxis is, of course, different.

Qur results can be compared with those previously
reported. The statement by Patterson et al.'® that ap-
proximately one third of patients experience worsening
of symptoms after discontinuing immunotherapy would
not be consistent with the results of our objective
assessment because a change in only one third of
patients would not be detectable in our model with the
size of the groups reported. The observation by Norman
and Lichtenstein'® that diaries indicated some worsening
of symptoms after 1 year and even more 2 years after
therapy would be consistent with our nasal challenge
data but not with our symptom data. In another study in
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which allergoid was used, these investigators found that
the effects on symptoms appeared to persist for 2 years
after therapy and were comparable to those in subjects
continuing with treatment.2’ Whether the different prep-
arations of antigen have a profound effect on the
immunologic response is an important issue. We studied
treatment with aqueous extracts (most commonly used
in the United States), whereas allergoid treatment is not
available to physicians in the United States.

Our results appear to contrast most with those of
Mosbech and @sterballe.'® They found that the effect
persisted 6 years after 2V years of therapy with either of
two grass extracts. The two extracts differed in their
initial efficacy, but both had persistent effects on symp-
toms and medication as recorded in diaries. The symp-
tom-medication scores were corrected for pollen counts
by a technique that assumes a linear relationship be-
tween pollen exposure and symptoms. Although the
scores did not statistically worsen, there was a trend in
that direction. The fact that both groups subjectively felt
that their symptoms were declining raises the question of
whether the natural history of grass-induced allergic
rhinitis is for symptoms to regress with time. Levels of
specific IgE antibodies, however, showed no significant
decline. Immediate responses to skin testing became
greater after discontinuation, even though they did not
return to pretreatment values, a finding that is entirely
consistent with our observations with nasal challenge.

The mechanism for the effectiveness of immunother-
apy remains obscure, although many potential benefits
have been described. Because we cannot explain why
immunotherapy is effective, we likewise cannot deter-
mine which mechanisms are responsible for any reduc-
tion in efficacy after discontinuation. Studies of the
discontinuation of venom immunotherapy show no rela-
tionship to specific IgG and IgE levels or the time from
discontinuation of therapy. The disappearance of spe-
cific IgE antibodies and complete nonresponsiveness to
skin testing have been considered good prognostic fac-
tors, although these events occur rarely. Also, some
studies show a relationship between the severity of the
initial reaction and the ability to discontinue thera-
py.2h22

Whether increasing the duration of active treatment
from 3 to 5 or more years would have altered the results
is unknown. Studies with venom indicate that 5 years of
immunotherapy is better than 3, whereas the study of
grass pollen by Mosbech and @sterballe'® suggests that
either duration leads to persistent effects.

Our data make one hesitant to discontinue successful
immunotherapy, a decision that would have a significant
impact on the cost of health care. The impact would be
greatest on the treatment of children and young adults,
who could conceivably be committed to immunotherapy
for decades. On the other hand, if immunotherapy
cannot cure allergic rhinitis, then the decision to initiate
immunotherapy may be weighed differently. Innovative
study designs will be required to satisfactorily address
the question of when to discontinue successful inhalant
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immunotherapy because our approach would require
years to duplicate.

REFERENCES

1. Norman PS. Safety of allergen immunotherapy [editorial]. J Allergy
Clin Immunol 1989;84:438-9,

2. Gleich GJ, Zimmerman BS, Henderson LL, Yunginger JW. Effects
of immunotherapy on immunoglobulin E and immunoglobulin G
antibodies to ragweed antigens: a six year prospective study. J
Allergy Clin Immunol 1982;70:261-71.

3, Lichtenstein I.M, Ishizaka K, Norman PS, Sobotka AK, Hill BM.
IgE antibody measurements in ragweed hay fever. Relationship to
clinical severity and the results of immunotherapy. J Clin Invest
1973;52:472-82.

4. Peng Z, Naclerio RM, Norman PS, Adkinson NF Jr. Quantitative
IgE- and IgG-subclass responses during and after long-term ragweed
immunotherapy. J Allergy Clin Immunol 1992;89:519-29.

5. Platts-Mills TA, von Maur RK, Ishizaka K, Norman PS, Lichtenstein
LM. IgA and IgG anti-ragweed antibodies in nasal secretioms.
Quantitative measurements of antibodies and correlation with inhi-
bition of histamine release. J Clin Invest 1976;57:1041-50.

6. Rocklin RE, Sheffer AL, Greineder DK, Melmon KI.. Generation of
antigen-specific suppressor cells during allergy desensitization.
N Engl J Med 1980;302:1213-9.

7. Hsieh KH. Altered interleukin-2 (IL-2) production and responsive-
ness after hyposensitization to house dust. J Allergy Clin Immunol
1985;76:291-4.

8. Alam R, Forsythe PA, Lett-Brown MA, Grant JA. Study of the
cellular origin of histamine release inhibitory factor using highly
purified subsets of mononuclear cells. J Immunol 1989;143:2280-4.

9. Varney VA, Hamid QA, Gaga M, Ying S, Jacobson M, Frew AJ, et
al. Influence of grass pollen immunotherapy on cellular infiltration
and cytokine mRNA expression during allergen-induced late-phase
cutaneous responses. J Clin Invest 1993;92:644-51.

10. Hiopoulos O, Proud D, Adkinson NF Jr, Creticos PS, Norman PS,
Kagey-Sobotka A, et al. Effects of immunotherapy on the early, late
and rechallenge nasal reaction to provocation with allergen: changes
in inflammatory mediators and cells. J Allergy Clin Immunol 1991;
87:855-66.

11. Furin MJ, Norman PS, Creticos PS, Proud D, Kagey-Sobotka A,
Lichtenstein LM, et al. Immunotherapy decreases antigen-induced
eosinophil cell migration into the nasal cavity. J Allergy Clin
Immunol 1991;88:27-32.

12. Otsuka H, Mezawa A, Ohnishi M, Okubo K, Seki H, Okuda M.
Changes in nasal metachromatic cells during allergen immunother-
apy. Clin Exp Allergy 1991;21:115-9.

13. Bousquet J, Hejjaoui A, Soussana M, Michel F-B. Double-blind,
placebo controlled immunotherapy with mixed grass-pollen aller-
goids. IV. Comparison of the safety and efficacy of two dosages of a
high-molecular-weight allergoid. J Allergy Clin Immunol 1990;85:
490-7.

14. Bascom R, Wachs M, Naclerio RM, Pipkorn U, Galli SJ, Lichten-
stein LM. Basophil influx occurs after nasal antigen challenge: effects
of topical corticosteroid pretreatment. J Allergy Clin Immunol
1988;81:580-9.

15. Naclerio RM, Adkinson NF Jr, Creticos PS, Baroody FM, Hamilton
RG, Norman PS. Intranasal steroids inhibit seasonal increases in
ragweed-specific IgE antibodies. J Allergy Clin Immunol 1993;92:
717-21.

16. Pipkorn U, Proud D, Lichtenstein LM, Kagey-Sobotka A, Norman
PS, Naclerio RM. Inhibition of mediator release in allergic rhinitis
by pretreatment with topical glucocorticosteroids. N Engl J Med
1987;316:1506-10.

17. Patterson R, Lieberman P, Irons J. Immunotherapy. In: Middleton
E, Reed CE, Ellis EF, editors. Allergy: principles and practice. St.
Louis: Mosby; 1978. p. 877-99.

18. Norman PS, Lichtenstein LM. Allergic rhinitis. In: Samter M, editor.
Immunological diseases. Boston: Little Brown; 1978. p. 832-51.

19. Mosbech H, @sterballe O. Does the effect of immunotherapy last



300 Naclerio et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

after termination of treatment? Follow-up study in patients with
grass pollen rhinitis. Allexgy 1988;43:523-9.

Norman PS, Creticos PS, Marsh DG, Adkinson NF Jr, Kagey-
Sobotka A, Lichtenstein LM. Two-year study of clinical results after
discontinuation of ragweed allergoid immunotherapy [abstract]. J
Allergy Clin Immuno} 1988;81:294.

Golden DBK, Kwiterovich KA, Kagey-Sobotka A, Valentine MD,
Lichtenstein LM. Discontinuing venom immunotherapy (VIT): de-
terminants of clinical reactivity [abstract]. J Allergy Clin Immunol
1989;83:273.

Keating MU, Kagey-Sobotka A, Hamilton RG, Yunginger JW.
Clinical and immunologic follow-up of patients who stop venom
immunotherapy. J Allergy Clin Immunol 1991;88:339-48.

Reisman RE. Duration of venom immunotherapy. J Allergy Clin
Immunol 1993;1991:831-6.

Miiller U, Berchtold E, Helbling A. Honeybee venom allergy: results
of a sting challenge 1 year after stopping successful venom immu-
notherapy in 86 patients. J Allergy Clin Immunol 1991;87:702-9.
Haugaard L, Ngrregaard OFH, Dahl R. In-hospital sting challenge
in insect venom-allergic patients after stopping venom immunother-
apy. J Allergy Clin Immunol 1991;87:699-702.

Naclerio RM, Meier HL, Kagey-Sobotka A, Adkinson NF Jr,
Meyers DA, Norman PS, et al. Mediator release after nasal airway
challenge with allergen. Am Rev Respir Dis 1983;128:597-602.
Watase T, Okuda M. The effects of autonomotropic drugs on allergic
nasal mucosa. Rhinology 1986;24:181-6.

Svenson C, Pipkorn U, Alkner U, Baumgarten CR, Persson CG.
Topical vasoconstrictor (oxymetazoline) does not affect histamine-
induced mucosal exudation of plasma in human nasal airways. Clin
Exp Allergy 1992;22:411-6.

Majchel AM, Baroody FM, Kagey-Sobotka A, Lichtenstein LM,
Naclerio RM. Effect of oxymetazoline on the early response to nasal
challenge with antigen. J Allergy Clin Immunol 1993;92:767-70.
Siraganian RP. Refinements in the automated fluorometric hista-
mine analysis system. J Immunol Methods 1975;7:283-90.

Imanari T, Kaizu T, Yoshida H, Yates K, Pierce JV, Pisano JJ.
Radiochemical assays for human urinary, salivary and plasma kal-
likreins. In: Pisano JJ, Austen KF, editors. Chemistry and biology of

32,

33.

34.

35.

36.

37.

38.

39.

J ALLERGY CLIN IMMUNOL
SEPTEMBER 1997

the kallikrein-kinin system in health and disease. Washington (DC):
Department of Health, Education and Welfare; 1976. p. 205-13.
Department of Health, Education and Welfare Publication Number
NIH 76-791.

Baumgarten CR, Nichols RC, Naclerio RM, Lichtenstein LM,
Norman PS, Proud D. Plasma kallikrein during experimentally
induced allergic rhinitis: role in kinin formation and contribution to
TAME-esterase activity in nasal secretions. J Immunol 1986;137:
977-82.

Baumgarten CR, Nichols RC, Naclerio RM, Proud D. Concentra-
tions of glandular kallikrein in human nasal secretions during
experimentally-induced allergic rhinitis. J Immunol 1986;137:1323-8.
Proud D, Togias A, Naclerio RM, Crush SA, Norman PS, Lichten-
stein LM. Kinins are generated in vivo following nasal airway
challenge of allergic individuals with allergen. J Clin Invest 1983;72:
1678-85.

Tliopoulos O, Proud D, Adkinson NF Jr, Norman PS, Kagey-Sobotka
A, Lichtenstein LM, et al. Relationship between the early, late and
rechallenge reaction to nasal challenge with antigen. J Allergy Clin
Immunol 1990,86:851-61.

Hamilton RG, Adkinson NF Jr. Measurement of total immunoglob-
ulin E and allergen specific immunoglobulin E antibody. In: Rose
NR, Conway deMacario E, Fahey JL, Friedman H, Penn GM,
editors. Manual of clinical Jaboratory immunology. 4th ed. Washing-
ton (DC): American Society for Microbiology; 1992. p. 689-701.
Hamilton RG, Adkinson NF Jr. Measurement of allergen specific
immunoglobulin G antibody. In: Rose NR, Conway deMacario E,
Fahey JL, Friedman H, Penn GM, editors. Manual of clinical
laboratory immunology. Washington (DC): American Society for
Microbiology; 1992. p. 702-8.

Lichtenstein LM, Norman PS, Winkenwerder WL. A single year of
immunotherapy for ragweed hay fever. Immunologic and clinical
studies. Ann Intern Med 1971;75:663-71.

Hedlin G, Heilborn H, Lilja G, Norrlind K, Pegelow K-O, Schou C,
et al. Long-term follow-up of patients treated with a three year
course of cat or dog immunotherapy. J Allergy Clin Immunol
1995;96:879-85.

453-4351 or (314) 453-4351.

journal subscription.

Bound volumes available to subscribers

Bound volumes of The Journal of Allergy and Clinical Immunology are available to subscribers
(only) for the 1997 issues from the Publisher, at a cost of $88.50 for domestic, $116.10 for Canadian,
and $108.50 for international subscribers for Vol. 99 (January-June) and Vol. 100 (July-December).
Shipping charges are included. Each bound volume contains a subject and author index, and all
advertising is removed. Copies are shipped within 30 days after publication of the last issue in the
volume. The binding is durable buckram with the journal name, volume number, and year stamped
in gold on the spine. Payment must accompany all orders. Contact Mosby-Year Book, Inc.,
Subscription Services, 11830 Westline Industrial Dr., St. Louis, MO 63146-3318; phone 1 (800)

Subscriptions must be in force to qualify. Bound volumes are not available in place of a regular




