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Experimental allergen challenge histopathologically characterized by infiltration of mono-
nuclear cells, basophils, neutrophils and notably eosinophils

Allergen challenge testing of the nose and lower airways ha 2_25]

been used extensively to study the mechanism of allergen-
induced mucosal inflammation. In most techniques aero-
solized allergen is inhaled through the nose or mouth fofgyperimental allergen challenge in relation to

short periods of time, in increasing concentrations, until thesymptomatic disease

desired response is obtained. ) )

Experimental allergen challenge of the airways inAlthough h|stop_atholog|cal c;hanges after allgrgen challenge
allergen-sensitive patients often results in an early responséesemble the histopathological changes which are observed
starting within minutes after allergen challenge andin Symptomatic disease, the presence of a positive challenge
lower airways in 50-80% of the individuals tested, thefestations. Immediate and late asthmatic reactions can be
early response is followed by a late allergic reaction,evoked after segmental allergen challenge in rhinitic sub-
maximum response 7—12 h after challenge. In the nose th€Ported small and insignificant differences between groups
variation between 3 and 75% [1-6], depending on dif-Pronchoprovocation [27,28]. Mulleet al. [29] concluded
ferences in challenge procedures, investigation technique§at bronchial responsiveness to allergen bronchoprovoca-
and positivity cut-offs [7]. tion in allergic individuals had little relationship to the

Experimental allergen challenge has been used to studgésence or absence of clinical asthma caused by natural
the pathology of allergic rhinitis and allergic asthma. €nvironmental challenge. .

Whereas the pathology of the allergen-induced early reac- One of the major limitations of experimental allergen
tion can mainly be ascribed to the effects of mediators suckhallenge as a research model is the lack of chronicity of the
as histamine, prostaglandins and leukotrienes, the late phag€rgen exposure. The chronicity of natural allergen
reaction in nose and lower airways is characterized by £xPosure suggests that a continuing allergic reaction may
cellular infiltrate consisting of eosinophils, lymphocytes, influence further allergen-driven inflammation. In  this
basophils and neutrophils [8—15]. This cellular infiltrate is€SPect, natural allergen exposure seems to be a better
also characteristic of symptomatic rhinitis [16—19] andrésearch model. On the other hand, the disadvantage of
asthma [14, 20, 21]. studying allergic processes in relation to natural allergen

Because of the easy accessibility of the skin, the latéXposure is that the allergen load is difficult to quantify.
phase skin reaction is often used as a model to study
inflammatory changes during late phase reactions in thﬁ :

. : . . ; epeated experimental allergen challenge
airways. As in the airways, late phase skin reactions are

Repeated experimental allergen challenge might serve as an
Correspondence: M. S. de Bruin-Weller, Department of Dermatology/""'ltemat'\./e rgsearch model to ?tl}dy allergen-induced pr?‘
Allergology, University Hospital Utrecht, PO Box 85500, 3508 GA Cesses: in this model the chronicity of allergen exposure is
Utrecht, The Netherlands. imitated, while the allergen load is standardized.
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Studies in the nose An increased number of eosinophils in nasal lavages 24 h

The model of repeated allergen challenge was first used iafter seven daily challenges compared with the initial
the nose by Connell in ragweed-allergic patients [30, 31]challenge was found by Pipkorn, Karlsson and Enerback
When performing daily challenges with ragweed, lower[33] in birch pollen-allergic rhinitic patients. The increased
doses of pollen were required on successive days to increas@ember of eosinophils remained throughout the whole
nasal airway resistance. Thus, it was postulated that thehallenge period, but did not show a further increase after
reaction threshold was lowered as a result of repeatethe successive challenges. However, nasal peak flow
allergen exposure. The same phenomenon was seen aftaeasurements before and after allergen challenge showed
environmental allergen exposure during the ragweed seasamly minor differences between the challenge days. A
[30]. Connell introduced the concept of priming, which is significant increase in composite symptom score was
defined as an increased nasal reactivity following repeateteached after challenges five, six and seven compared
allergen exposure. Although Connell’'s experiments werewith initial values and tended to decrease after days six
based on only a limited number of patients, the primingand seven compared with day five.
concept is now well accepted. Several years later a number Rechallenge after 10h in ragweed-allergic rhinitic
of studies on repeated experimental allergen challenge ipatients, using a lower dose of allergen, resulted in an
the nose were performed and it seems that repeated allergenhanced reaction based on mediators in nasal lavage
challenge and priming are not necessarily linked (Table 1)fluid in 21 of 55 subjects [5]. Another 10 subjects showed
In 10 ragweed allergic rhinitis patients Waaktsal. [32]  an enhanced symptomatic response without changes in the
found an enhanced symptomatic response after threlevels of mediators.
successive daily challenges with the same dose of allergen Repeated allergen challenge with an interval of 48h,
in six patients, while the other four subjects had little changeusing paper disks, did not result in changes in nasal
in responsiveness. Mediator levels (histamine, TAMEobstruction, weight of secretion and histamine amount in
esterase, kinins and prostaglandin) Dvere significantly  the secretion in patients with seasonal rhinitis [34].
increased after the third challenge compared with challenge Whether or not nasal priming occurs seems to depend on
one and an increased number of eosinophils and neutrophiteveral factors. One is the way in which the response is
were found in the nasal lavages 24 h after challenge one anégistered. The strongest evidence for priming comes from
two compared with before. The authors suggested thabbservations on changes in mediator levels and inflamma-
although there is evidence of priming in the total group oftory cell numbers in nasal lavages and nasal brushes after
patients, not every subject has a priming response. Thosepeated allergen challenge. However, it is possible that
subjects who show priming may become symptomatichese changes do not always coincide with physiological or
during seasonal exposure. clinical changes.

Table 1. Overview of studies on repeated allergen challenge

Response
No. of Symptomatic

Number Allergen Interval challenges Target organ response Physiological  Inflammatory Biochemical
30, 31 Pollen 24 h 4 Nose n.d. BR n.d. n.d.
32 Pollen 24 h 3 Nose /11D n.d. 1 1
33 Pollen 24 h 7 Nose 1 ER = 1 n.d.
5 Pollen 10 h 2 Nose 31/56 n.d. n.d. 21/58
34 Pollen 48 h 3 Nose n.d. ER n.d. No change
35 Pollen 24 h 4 Lower airways n.d. ER n.d. n.d.
36 Pollen, cat, dog 14 days 2 Lower airways n.d ER n.d. n.d.
37 HDM 14 days 2 Lower airways n.d. ER LR = n.d. n.d.
39 Pollen, HDM 48 h 2 Lower airways n.d. ER LR = n.d. n.d.
41 HDM 48 h 4 Skin n.d. ER=; LR T 7 n.d.
43 Pollen 48 h 3 Nose n.d. ER; LR = n.d. n.d.

Skin n.d. ER=; LR = n.d. n.d.

HDM = house dust mite; n.d= not done; ER= early reaction; LR= late reaction.
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Studies in the lower airway Recent studies on repeated allergen challenge

Only a limited number of studies have used the model ofThe authors recently performed a series of studies on
repeated experimental allergen challenge in the lower airrepeated allergen challenges in the skin, nose and lower
ways. Four consecutive bronchial allergen challenges imirways [40]. The effect of repeated allergen challenge in
ragweed-allergic patients with asthma did not result inskin on early and especially on late allergic responses was
significant changes in early allergic reaction [35]. No sig-first studied as it was speculated that repeated intradermal
nificant change in the early response, but a significanskin challenges might be a suitable model to study effects of
increase in late allergic reaction was found by Rasmusserepeated allergen exposure in the airways. Four repeated
[36], who performed two bronchial challenges in allergic intradermal allergen challenges with house dust mite in
asthma patients separated by an interval of 14 days. The$muse dust mite-allergic patients were performed: early, late
results are in contrast with a study of Bl al., in which  and delayed phase reactions were measured [41]. Significant
reproducible early and late phase reactions were found afténcreases in late and delayed phase reactions were found
allergen challenges with an interval of 2weeks [37]. lhreafter 6, 24 and 48 h, especially after challenge three.
and Zetterstrom [38] found a significant increase in non- To further explore the usefulness of the model, in the next
specific airway responsiveness after repeated low doses sfudy it was investigated whether the response to repeated
allergen, however, there are no data on the effects oallergen challenge could be influenced by allergen
allergen sensitivity (Table 1). immunotherapy [42]. In this study, 10 house dust mite-
The authors recently performed two repeated bronchiahllergic patients with asthma who were treated with allergen
allergen challenges with grass pollen or house dust mite immunotherapy (SQ503) were investigated. Immuno-
eight asthmatic patients, using a interval of 48 h [39]. Notherapy was effective, which was evidenced by a significant
significant changes in early and late allergic reactions wereeduction in early and late asthmatic reaction and a
found (Fig. 1). Bronchial histamine challenges were alsosignificant decrease in bronchial responsiveness to
performed: the first allergen challenge resulted in a signifi-histamine after 1year of treatment compared with before.
cant decrease in Bg histamine, however, there was no After immunotherapy, all patients showed a diminution of
further decrease in Pghistamine after the second allergen the late skin response after repeated intradermal challenge,
challenge. whereas before immunotherapy 7/10 patients showed prim-
From this summary of the literature it can be concludeding responses of the late skin reaction after repeated
that repeated allergen challenge and priming are nothallenges (Fig. 2). So it seems that down-regulation of
necessarily linked. The large variety in individual responsethe late skin response can be achieved by successful
patterns to repeated allergen challenge possibly needsimmunotherapy and this might give additional information
more individual approach. As was suggested by Waaths about the handling with chronic or repeated allergen expo-
al., not all patients show a priming response, and thosasure after treatment.
subjects who do may become symptomatic during seasonal To study whether repeated intradermal allergen chal-
exposure [32]. lenges might be a suitable model to evaluate effects of

FEV, (%)

: -30 AACER1/2: P=0.36  —%— Challenge 1
Fig. 1. The effect of repeated allergen AAC LR 1/2: P = 0.40 ~—a-- Challenge 2

challenge in the lower airways using the
same dose of allergen and with an interval ~ -40 T T T T T T T T T T )
of 48h ( = 8). AAC ER: area above the 0 1 2 3 4 5 6 7 8 9 10 N
curve of the early reaction. AAC LR: area Time after challenge (hours)

above the curve of the late reaction.
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Fig. 2. The effect of allergen
immunotherapy on the late skin reaction
after repeated allergen challenge=t 10).
Before IT After IT IT = immunotherapy.

allergen exposure in the airways, repeated allergen chakxposure, which the authors found in a number of the grass
lenges in the nose and skin were performed in 11 graspollen-allergic patients, suggests that in some patients the
pollen-allergic patients [43]. Three allergen challenges werallergic response is self-limiting, possibly resulting in
performed with the same dose of allergen with an interval oasymptomatic disease.
48 h; the effects of challenges one and three were compared. A significant reduction in symptoms scores despite an
Because the authors were especially interested in late phasealtered level of specific IgE can be achieved by allergen
responses, a new, very sensitive technique was developeditmmunotherapy [44, 45]. The finding that nearly all patients
record nasal reactions after allergen challenge. For thissho were successfully treated with allergen immunotherapy
purpose a whole body plethysmography was used [6]showed down-regulation of the late skin response after
Large differences in response patterns to the repeatespeated allergen challenge, suggests that a change in hand-
challenges were found in the nose and the skin, especiallyng with chronic allergen exposure may be responsible for the
concerning the late response, varying from stronglyreduction in symptoms, despite an unaltered specific IgE.
enhanced responses to complete diminution of the response.In summary, it appears that some patients in these studies,
For the late response a significant correlation was foun@specially grass pollen-allergic patients, have a natural
between the response pattern to repeated allergen challengetential to down-regulate their late response after repeated
in the nose and the skin (Fig. 3), suggesting that the responsdlergen exposure, while in other patients down-regulation
to repeated allergen challenge is not just a random variatiorcan be induced by systemic administration of high doses of
allergen.

What determines the response pattern to repeated 60+

allergen challenge?
40
As was mentioned above, repeated allergen challenge caﬁ
result in a wide variation in response. The response patters 20+ @
(especially late response) may, for example, depend off

patients’ characteristics, the level of allergen exposition&,:’ 01 . rz(:)':f:
o p=0.

and the type of allergen. -204

-40A a

Effect of

Patients’ characteristics: relationship with symptomatic
disease -601 o

As was stated earlier, the presence of specific IgE or a -80+——— . . — .
positive skin test does not distinguish between symptomatic ~ -30 20 -10 0 10 20 30

and asymptomatic disease. Patients with a priming response Effect of RAC in skin

after repeated allergen exposure may have a symptomatigg, 3. Correlation between the effect of repeated allergen
disease, while diminution or down-regulation of the (late)challenge (RAC; challenge 3 — challenge 1) in the nose and the

allergic responses in nose and skin after repeated allergeskin for the late allergic reactiom(= 11).
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Amount of allergen delivered, dose scheme challenges after immunotherapy. In the authors’ study the
change in late response pattern after repeated intradermal

The occurrence of priming, or down-regulation, might be . o . .
dependent on the allergen dose or dose schedule that is us%i(wlallenge after immunotherapy c0|nC|deq W'th an |ncr'eased
rcentage of CD8cells and CD25 cells in skin biopsies

in the repeated chal_lenges. In the a_uthors StUdY on repeat aken 24 h after the first challenge. These C28lls might
allergen challenge in nose and skin, a correlation betweeH

ve a potential role in the suppression of the subsequent
the allergen dose and the response pattern to repeateﬁ . . . :
allergic reaction by production of cytokines such as 4FN

allergen challenge could not be found. However, a signifi-
) : . and IL-2.

cant inverse correlation between the reaction strength of the

first challenge and the response to repeated allergen chal-

lenge was found, suggesting that a rather strong reaction Summary

necessary to induce down-regulating mechanisms. .

Repeated allergen challenge might be a more relevant

Apart from the allergen dose used for the challenge - s o
. . model for studying symptomatic disease, because it gives
reaction patterns to repeated challenges might be deter- . ; o : .
. . more information on the patient’'s handling of chronic
mined by the dose scheme that is used. A decrease i . .
. . allergen exposure. Thus, this experimental model has
allergen dose on successive challenges, as in Connell's

) . more resemblance to the situation of natural allergen expo-
experiments, may lead to priming. On the other hand .
o . Sure, and the allergen load can be standardized. However,
repeated allergen challenges with increasing allerge

. . . rt}1e response to repeated allergen challenge in individual
doses, as is used in local nasal immunotherapy, can result

. e atients can show a large variation, that is from a strongly
in a decreased nasal allergen sensitivity [46—49] and o

o AN ) enhanced response to complete diminution of the response.
significant reduction in inflammatory cells in the nose [48]. Successful allergen immunotherapy can change the

response pattern of repeated allergen challenge in the skin
The type of allergen into down-regulation of the late reaction. Chronic or
o repeated allergen exposure may result in an enhanced
Whether or not priming occurs may also depend on the typgjlergen-specific allergic response, involving allergen-
of allergen involved. In studies performed by the authorsspecific T-cell activation. Different subsets of T cells can
repeated intradermal allergen challenge with house dusiyert either activating or suppressive effects on inflam-
mite more often results in an increase in late skin reactionnatory cells involved in subsequent allergic reactions.
than repeated grass pollen challenges. A possible explangpg+ T cells might exert suppressive effects, because
tion for this difference in response pattern is that grasshey seem to be associated with a subsequent down-

pollen-allergic patients were tested outside the season, whilggulation of the late skin reaction after repeated allergen
house dust mite allergic patients were exposed to allergeghajienge (Fig. 4).

during the tests.
Another difference between the two groups of patients

was that the house dust mite-allergic patients were all Allergic individual

symptomatic, while the grass pollen patients were recruited

based on positive skin tests and not on symptomatic disease. l <«—— Allergen exposure
A number of patients in this study experienced little or no

symptoms during the grass pollen season. . .
Allergic reaction

<«—— Repeated allergen

Mechanism underlying priming or down-regulation exposure
The mechanisms underlying priming and down-regulation TH2 TH1
are still unclear. Experimental nasal allergen challenge CD8

results in an increase in inflammatory cells in nasal

washings [8,50] and biopsies [10,51] during late phase = | )
responses and this cellular influx might serve as a connec-Friming Down-regulation
tion between late responses and rechallenge responses [5].

Down-regulation of the response could be explained by an

exhaustion of mediators or activation and attraction ofSymptoms Asymptomatic
inflammatory cells with suppressive characteristics. An

appropriate model to study down-regulation after repeategtig. 4. Different effects of repeated allergen challenge on the
allergen challenge seems to be the repeated intradermalergic reaction.
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Further studies are needed to compare the responses to nasal mucosa of patients with grass pollen allergy, non-allergic
repeated allergen challenge with the response to natural Ppatients with nasal polyps and controls. Int Arch Allergy Appl
seasonal allergen exposure in the same patients and to 'mmunol 1990; 93:66—72. _
explore possible underlying mechanisms using, forl? Bentley A, Jacobson M, C_:umberworthVet_ al. I_m_n_1unoh|stol-
example, nasal biopsies. ogy o_f the nasa! mucosa in segson_al allergic rhinitis: Increages

in activated eosinophils and epithelial mast cells. J Allergy Clin

Immunol 1992; 89:877-83.

18 Bradding P, Feather I, Wilson S et al. Immunolocalisation of
cytokines in the nasal mucosa of normal and perennial rhinitis
1 Pelikan Z. Late and delayed responses of the nasal mucosa to subjects. J Immunol 1993; 151:3852-65.

References

the allergen challenge. Ann Allergy 1978; 41:37-47. 19 Calderon M, Lozewicz S, Prior A, Jordan S, Trigg C, Davies R.
2 Schumacher M, Pain M. Nasal challenge testing in grass pollen  Lymphocyte infiltration and thickness of the mucus membrane
hay fever. J Allergy Clin Immunol 1979; 64:202-8. in perennial and seasonal allergic rhinitis. J Allergy Clin

3 Dvoracek J, Yunginger J, Kern E, Hyatt R, Gleich G. Induction Immunol 1994; 93:635-43.
of nasal late-phase reactions by insufflation of ragweed poller20 Azzawi M, Bradley B, Jeffery PK et al. Identification of
extract. J Allergy Clin Immunol 1984; 73:363-8. activated T lymphocytes and eosinophils in bronchial biopsies

4 Naclerio R, Proud D, Togias A et al. Inflammatory mediatorsin  in stable atopic asthma. Am Rev Respir Dis 1990; 142:1407—
late antigen-induced rhinitis. N Eng J Med 1985; 313:65-9. 13.

5 llliopoulos O, Proud D, Adkinson F et al. Relationship between21 Walker C, Kaegi MK, Braun P, Blaser K. Activated T cells and
the early, late and rechallenge reaction to nasal challenge with eosinophilia in bronchoalveolair lavages from subjects with
antigen: observations on the role of inflammatory mediators  asthma correlated with disease severity. J Allergy Clin Immu-
and cells. J Allergy Clin Immunol 1990; 86:851—-61. nol 1991; 88:935-42.

6 de Bruin-Weller M, Weller F, Scholte A et al. Early and 22 Atkins P, Green G, Zweiman B. Histologic studies of human
late allergic reaction in the nose assessed by whole body skin test responses to ragweed, compound 48/80, and hista-
plethysmography. Eur Respir J 1996; 9:1701-6. mine. J Allergy Clin Immunol 1973; 51:263.

7 Pastorello E, Riario-Sforza G, Incorvaia C, Segala M, Fuma-23 Frew AJ, Kay AB. The relationship between infiltrating CD4
galli M, Gandini R. Comparison of rhinomanometry, symptom lymphocytes, activated eosinophils, and the magnitude of the
score, and inflammatory cell counts in assessing the nasal late- allergen-induced late phase cutaneous reaction in man. J
phase reaction to allergen challenge. J Allergy Clin Immunol  Immunol 1988; 141:4158—-64.

1994; 93:85-92. 24 Frew AJ, Kay AB. The pattern of human late-phase skin

8 Bascom R, Pipkorn U, Lichtenstein L, Naclerio R. The influx reactions to extracts of aeroallergens. J Allergy Clin Immunol
of inflammatory cells into nasal washings during the late  1988; 81:1117-21.
response to allergen challenge: effect of systemic steroi®5 Leiferman K, Fujisawa T, Gray B, Gleich G. Extracellular
pretreatment. Am Rev Respir Dis 1988; 138:406—12. deposition of eosinophil and neutrophil granule protein in IgE-

9 Bascom R, Wachs M, Naclerio R et al. Basophil influx occurs ~ mediated cutaneous late phase reaction. Lab Invest 1990;
after nasal antigen challenge: effects of topical corticosteroids 62:579-89.
pretreatment. J Allergy Clin Immunol 1988; 81:580-9. 26 Sedgwick J, Calhoun W, Gleich G et al. Immediate and late

10 Varney V, Jacobson M, Sudderick R et al. Imnmunohistology of  airway response of allergic rhinitis patients to segmental
the nasal mucosa following allergen-induced rhinitis. Am Rev  antigen challenge. Am Rev Respir Dis 1991; 144:1274-81.
Resp Dis 1992; 146:170—6. 27 Rosenthal R, Bruce C, Lichtenstein L, Norman P. The role of

11 Pepys J, Hargreave F, Chan M, McCarthy D. Inhibitory effects  inhalation challenge. Arch Allergy Appl Immunol 1975;
of disodium cromoglycate on allergen-inhalation tests. Lancet = 49:89-94.

1968; 2:134-7. 28 Bruce C, Rosenthal R, Lichtenstein L, Norman P. Quantitative

12 De Monchy JGR, Kauffman HF, Venge P et al. Broncho- inhalation bronchial challenge in ragweed hayfever patients: a
alveolair eosinophilia during allergen-induced late asthmatic = comparison with ragweed-allergic asthmatics. J Allergy Clin
reactions. Am Rev Respir Dis 1985; 131:373—6. Immunol 1975; 56:331-7.

13 Frew AJ, Corrigan CJ, Maestrelli P et al. T lymphocytes in29 Muller B, Leick C, Smith R, Suelzer M, Richerson H. Com-
allergen-induced late-phase reactions and asthma. Int Arch parisons of specific and nonspecific bronchoprovocation in

Allergy Appl Immunol 1989; 88:63—7. subjects with asthma, rhinitis and healthy subjects. J Allergy
14 Kay AB. Asthma and inflammation. J Allergy Clin Immunol Clin Immunol 1993; 91:758-72.
1991, 87:893-910. 30 Connell J. Quantitative intranasal pollen challenge Il. J Allergy

15 Smith H, Larsen G, Cherniack R et al. Inflammatory cells and  1968; 41:123—-39.
eicosanoid mediators in subjects with late asthmatic response&l Connell J. Quantitative intranasal pollen challenges: Il The
and increases in airway responsiveness. J Allergy Clin  priming effect in allergic rhinitis. J Allergy 1969; 43:33—-44.
Immunol 1992; 89:1076-84. 32 Wachs M, Proud D, Lichtenstein LM, Kagey-Sobotka A,
16 Fokkens WJ, Holm AF, Rijntjes E, Mulder PG, Vroom TM. Norman PS, Naclerio RM. Observations on the pathogenesis
Characterization and quantification of cellular infiltrates in  of nasal priming. J Allergy Clin Immunol 1989; 84:492-501.

© 1999 Blackwell Science LtdClinical and Experimental Allergy29, 159—-165



Repeated allergen challenge 165

33 Pipkorn U, Karlsson G, Enerback L. Nasal mucosal response t43 De Bruin-Weller M, Weller F, Rijssenbeek-Nouwens L, Van
repeated challenges with pollen allergen. Am Rev Respir Dis  der Baan S, De Monchy J. Repeated allergen challenge does
1989; 140:729-36. not always lead to priming. Allergy 1997; 52:155.

34 Malmberg H, Binder E, Fraki J, Harvima I, Salo O, Holopainen 44 Bousquet J, Maasch H, Martinot B, Hejjaoui A, Wahl R,
E. Nasal reactions elicited by unilateral allergen challenge. Michel F. Double-blind, placebo-controlled immunotherapy
Acta Otolaryngol (Stockh) 1989; 107:446-9. with mixed grass-pollen allergoids. Il. Comparison between

35 Rosenthal R, Norman P, Summer W. Bronchoprovocation: parameters assessing the efficacy of immunotherapy. J Allergy
Effect on priming and desentitization phenomenon in the Clin Immunol 1988; 82:439—-46.

lung. J Allergy Clin Immunol 1975; 56:338-46. 45 Jarolim E, Poulsen LK, Stadler BM et al. A long-term follow-
36 Rasmussen J. Late airway response increases at repeat allergenup study of hyposensitization with immunoblotting. J Allergy
challenge. Allergy 1991; 46:419-26. Clin Immunol 1990; 85:996—-1004.

37 Bel E, Timmers M, Dijkman J, Stahl E, Sterk P. The effect of 46 Andri L, Senna G, Betteli C, Givanni S, Andri G, Falagiani P.
an inhaled leukotriene antagonist, L648,051, on early and late Local nasal immunotherapy for Dermatophagoides-induced
asthmatic reactions and subsequent increase in airway rhinitis: efficacy of a powder extract. J Allergy Clin Immunol
responsiveness in man. J Allergy Clin Immunol 1990; 1993; 91:987-96.

85:1067-75. 47 Andri L, Senna G, Andri G et al. Local nasal immunotherapy

38 Ihre E, Zetterstrom O. Increase in non-specific bronchial for birch allergic rhinitis with extract in powder form. Clin Exp
responsiveness after repeated inhalation of low doses of Allergy 1995; 25:1092-9.
allergen. Clin Exp Allergy 1993; 23:298-305. 48 Passalacqua G, Albano M, Ruffoni S et al. Nasal immuno-

39 De Bruin-Weller M, Weller F, Rijssenbeek-Nouwens L, Jansen therapy to Parietaria: evidence of reduction of local allergic
H, De Monchy J. Allergen-induced changes in airways inflammation. Am J Respir Crit Care Med 1995; 152:461-6.
responsiveness are related to baseline airway responsiveneg® Andri L, Senna G, Betteli C et al. Local nasal immunotherapy
Allergy 1996; 51:401—6. with extract in powder form is effective and safe in grass pollen

40 De Bruin-Weller M. Dynamics of the allergic reaction in the rhinitis: a double blind study. J Allergy Clin Immunol 1996;
airways and the skin. Thesis, University of Groningen, The  97:34-41.

Netherlands, 1997. 50 Pelikan Z, Pelikan-Filipek M. Cytological changes in the nasal

41 Weller F, Weller M, Jansen H, De Monchy J. Effect of local secretions during the late nasal response. J Allergy Clin
allergen priming on early, late, delayed phase and epicutaneous Immunol 1989; 83:1068—-79.
skin reactions. Allergy 1996; 51:883-6. 51 Durham S, Ying S, Varney V et al. Cytokine messenger RNA

42 Weller M, Weller F, Rijssenbeek-Nouwens L, De Monchy J, expression for IL3, IL4, IL5 and granulocyte/macrophage
Jansen H. The effect of specific immunotherapy on early and colony-stimulating factor in the nasal mucosa after local
late allergic reactions in lower airways and skin after repeated allergen provocation: relationship to tissue eosinophilia. J
allergen challenge. Am Rev Respir Dis 1994; 149:A530. Immunol 1992; 148:2390-4.

© 1999 Blackwell Science LtdClinical and Experimental Allergy29, 159-165



