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Testing for inhalant allergy in asthma
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Introduction

In asthma the inflammatory process [1,2] is strongly
related to atopy. Itis estimated that more than 70% of the
asthmatic population under the age of 55 is atopic, due to
the production of specific immunoglobulin E (IgE)
antibodies against inhalant allergens [3]. The severity of
the asthmatic inflammatory process as indicated by the
presence of inflammatory cells in the bronchi is reflected
in the level of bronchial hyperresponsiveness (BHR) to
histamine, metacholine or other stimuli [4]. It is still
unclear whether the level of BHR on itself is related to the
clinical manifestations of asthma [5]. In the population a
relationship exists between atopic status and BHR,
dependent on age [6-8)]. There are strong indications that
the individual’s atopic status, in combination with the
degree of BHR, is indicative of the severity of the
bronchial response to inhaled antigen in that individual
and thus of the clinical manifestation of allergic asthma
[9,10]. In about 60% of the atopic asthmatics a late
asthmatic response occurs, the process of which greatly
increases BHR [11,12], resulting in a lower threshold to
further allergen exposure [13], and a consecutive further
increase in asthmatic symptoms.

In view of these facts it is argued that in a patient with
symptoms suggestive of asthma it is essential to be
informed both on the atopic status and on the degree of
BHR. To assess the atopic status in a patient, in vive
testing and in vitro testing are at the disposal of the
clinician. In the last decade(s) both methods have been
modified and improved with regard to standardization of
allergenic extracts and methodology.

In vivo testing for inhalant allergy
Skin tests

In skin testing the presence or absence of specific IgE
antibodies on skin mast cells is investigated as well as the
releasability of the mast cells and the reactivity of the
surrounding tissues to the mediators released from these
cells. It is a longstanding method with many variables
which may affect the results [14]. Two methods for skin
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testing are currently in use, the intracutaneous or intra-
dermal test (ICT) and the epicutaneous (epidermal) or
skin-prick test (SPT). The choice between SPT and ICT is
not really an issue [15,16], although in the routine
diagnosis of allergy the SPT is preferred [17].

In the SPT method the skin is punctured through a
minute amount of allergenic extract applied onto the skin,
using a standardized needle with a I mm tip [18-20]. In the
ICT method a test solution is injected into the superficial
layer of the epidermis, the indicated amount varying from
0-01 to 0-05 ml [15,20,21].

In the last decade the quality of the allergenic extracts
as well as the biological standardization has been espe-
cially a focus of research to minimize the batch to batch
variation and the difference in potency between different
extracts [22-24]. The concentration of an allergenic
extract should be given in biological activity. Biological
standardization of allergenic preparations are, according
to the Nordic guidelines, expressed as biological units per
ml (BU/ml) or as histamine equivalent in skin-prick
testing (HEP) [17,22]. A concentration of 1000 BU/ml or
1 HEP denotes the potency of an extract that elicits an
identical reaction as to histamine dihydrochloride 1 mg/
ml in most individuals who are allergic to the material in
the skin-prick test [22]. However, a reference concentra-
tion of histamine at a level of 10 mg/ml might be more
accurate for defining the HEP unit, because of less
variability of its skin reaction [25]. In the U.S.A. the Food
and Drug Administration Laboratory of Allergenic Pro-
ducts has defined the biological activity of allergenic
extracts in allergy units (AU) per ml, and the HEP system
is not (vet) accepted as a biological method of standardiz-
ing allergen extracts [20].

The methods of reading the skin reaction (weal, flare,
or both) and recording (mean, sum, or product of the
longest and the midpoint orthogonal diameters) vary.
The scoring of skin-test results with clinical interpretation
and cut off limits are not yet standardized, but efforts are
being made [26-28]. A negative control (saline solution or
phosphate-buffered diluents) should always be incorpor-
ated to evaluate unspecific reactions of the skin, and a
positive control to document normal reactivity of the
skin. As a positive control in SPT histamine dihydro-
chloride 1 mg/ml or preferably 10 mg/ml is recommended,
and in ICT histamine dihydrochloride 0-01 mg/ml or
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preferably 0-1 mg/ml [17]. To correct for differences in
operator technique the test result can be related to the
histamine weal size and expressed as percentage or in
HEWS (Histamine Equivalent Weal Size), i.e. the allergen
skin-test result divided by the histamine skin-test result
[17.20]. These methods of interpretation of the test results
are especially important in the follow-up of an indi-
vidual’s sensitivity [29], or when comparing test results
between individuals of different ages [30].

Inhalation provocation tests with allergen

Although inhalation provocation testing can be useful in
the investigation of occupational asthma, it is to be
considered of limited clinical value in the daily practice of
diagnosing inhalant allergies [31]. One can predict the test
result from the provocation test with histamine or
metacholine and skin test or in vitro results, and thus
avoiding the possible risk of a severe asthmatic reaction
[10].

In vitro testing for inhalant allergy
Serological tests

In vitro testing detects the presence or absence of
circulating IgE antibodies in the serum. Since the dis-
covery of IgE in 1966, the diagnostic possibilities with
radio- and enzyme-labelled immunoassays have mar-
kedly increased [32,33]. Although a high level of total IgE
concentration in serum is suggestive of an allergic origin
of the asthmatic disease, normal levels can not exclude
allergy. The normal values presented in the literature
vary, especially in children [34,35], the estimation depend-
ing on the selection of the study population. It has been
suggested that reference laboratories use their own
normal values for children of different age groups [35]. In
adults it is proposed that IgE mediated allergic asthma is
unlikely when total IgE concentration is below the level of
25 kilo Units (kU)/I and likely when above the level of
100 kU/1 [36].

The initially introduced Phadebas Radio Allergo-
Sorbent Test (RAST) to determine specific IgE antibodies
in the serum has been updated through the years to
increase the sensitivity and specificity. The results, based
on a reference system, can be expressed in arbitrary
Phadebas RAST Units (PRU/ml) or percentage binding
[37]. For clinical use these units are divided into classes
from 0 to 4. Class 2 and more is thought to denote a
clinically relevant sensitization to the allergen tested in the
RAST [38,39], and class 1 a potential clinical relevance.
Recently a new three dimensional solid phase carrier with
high binding capacity, the Pharmacia CAP system, has
been developed. This test system is found to enhance the

sensitivity of the RAST with little or no reduction in
specificity [40-44]. The assay is calibrated against the
World Health Organization standard for total IgE and
the results can be expressed in kU /I (kilo units of allergen
specific IgE/l), or in classes 0-6. In the past, various other
systems based on the allergosorbent principle have been
developed, such as the fluoro-allergo-sorbent test
(FAST), and more recently the (multiple) allergosorbent
chemiluminescent assays (MAST CLA and Magic Lite)
[45-48]. These tests vary in type of solid support used to
produce the allergosorbent and in method to label the
anti-human IgE antibody [49]. The different tests lack
comparability, and it has been suggested that quality
control by reference laboratories to enhance their validity
and reproducibility should be stimulated [20,49].

Recently multiple allergen screening tests became
available. The Phadiatop test—a single yes/no screening
test—carries a balanced mixture of relevant allergens to
common inhalant allergy. Its results showed very good
correlations with the results of a RAST panel [50-55], and
its sensitivity and specificity for a clinically diagnosed
inhalant allergy also proved to be high [52,56-58].
Especially for use in young children and infants the
Phadiatop Paediatric was developed. This test screens
efficiently for the most relevant food and inhalant
allergens in childhood [59]. The QUIDEL Allergy Screen
(QAS) is a multi-allergen dipstick enzyme immunoassay
for measuring IgE antibodies against a maximum of 10
allergens, offering a good comparison to the RAST [60],
but further improvement of some allergen preparations
seems to be necessary in the assay [61].

Cellular tests

Histamine release from allergen sensitized basophils can
be measured in the—fresh—blood of the patient as a
‘biological signal of allergy, by methods of chemical and
enzyme-isotopic assays, that have been modified to
increase the sensitivity and specificity [20]. Recently a
glass fibre-based basophil histamine release test has
become commercially available. Evaluation of its diag-
nostic value is recommended [62], and the test is rather a
research tool at present.

General considerations

There has been much discussion regarding the relative
merits of in vivo and in vitro testing for allergic status. Skin
testing is a rapid technique, but it is operator dependent
and it requires experienced personnel in order to obtain
consistent results. Skin testing is contra-indicated in some
skin diseases [20], and is susceptible to the inhibitory
effects of anti-allergic medications [63]. Modern methods



978 A. M. J. Wever and J. Wever-Hess

for in vitro measurements of specific IgE can now yield a
(semi-) quantitative result and have enhanced the sensiti-
vity, the cost of in vitro testing, however, being obviously
higher than of skin testing. The choice between in vive and
in vitro testing depends on practical grounds [64], with the
prerequisite that standardized methods and allergenic
extracts, wherever possible, are properly applied [20]. It is
generally accepted that the clinical history is the corner-
stone of the allergy diagnosis [65,66]. However, discre-
pancies do occur between history and sensitization to
(specific) allergen(s), the history being rather specific than
sensitive [39,67-70]. The relationship between history and
sensitization might also be confused by a concomitant
increase in nonspecific bronchial reactivity which is
associated with the late allergic response [11,71].

In the management of the patient allergy testing,
guided by the clinical case history, will contribute to the
confirmation or exclusion of atopy as one of the possible
causes of the asthmatic symptoms. Identification of the
relevant allergen(s) is needed, because the first step in the
therapeutic approach should be trying to lower the level

History

of exposure and to avoid contact with the allergen(s)
involved in the allergic process [71,72], the focus being in
particular on house dust mites and domestic pets [73].
Determination of atopy is particularly important as atopy
can be considered a risk factor in the developing of active
or chronic asthma in childhood [74,75], and in the
occurrence of acute severe attacks of asthma [76,77]. The
provision of (semi-)quantitative indicators in allergy
testing is worthwhile in view of the interrelationship
between allergic reaction and non-specific bronchial
reactivity, in which the atopic status, judged by the
number of positive tests or levels of specific IgE anti-
bodies, appears to be an important determinant
[71,78,79]. Furthermore, an association has been found
between degree of atopy and severity of asthma in
childhood [80], and between a high grade of atopy and the
need of a more intensive therapeutic approach [75,80].
Screening procedures can be of value in the clinical
setting to exclude allergy, especially when the case history
is inconclusive. In this respect the Phadiatop test proved
to be superior to total IgE determination [50,53-58]. In
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case of a positive test result further allergy testing is
indicated and can be determined in the same serum if
stored at —20°C. A practical flow chart for testing in the
diagnostic process of inhalant allergy is proposed in
Figure 1.

In conclusion, for patients with asthmatic symptoms,
allergy testing offers the potential to improve the manage-
ment of the patient. However, it is acknowledged that this
is an area that should be further studied systematically.

Acknowledgements

We wish to thank Dr P. H. Dieges, allergologist, and Dr
P. G. J. Burney for their critical comments on the
manuscript.

References

1 Kay AB. Asthma and inflammation. J Allergy and Clin
Immunol 1991; 87:893-910.

2 Ricei M, Rossi O. Dysregulation of IgE responses and
airway allergic inflammation in atopic individuals. Clin Exp
Allergy 1990; 20:601-9.

3 Burrows B, Martinez FD, Halonen M, Barbee RA, Cline
MG. Association of asthma with serum IgE levels and skin-
test reactivity to allergens. N Engl J Med 1989; 320:271-7.

4 Kelly C, Ward C, Stenton CS, Bird G, Hendrick DJ, Walters
EH. Number and activity of inflammatory cells in bron-
choalveolar lavage fluid in asthma and their relation to
airway responsiveness. Thorax 1988; 43:684-92.

5 Josephs LK, Gregg I, Holgate ST. Does non-specific
bronchial responsiveness indicate the severity of asthma?
Eur Respir J 1990; 3:220-7.

6 Cockeroft DW, Murdock KY, Berscheid BA. Relationship
between atopy and bronchial responsiveness to histamine in
a random population. Ann Allergy 1984; 53:26-9.

7 Witt C, Stuckey MS, Woolcock AJ, Dawkins RL. Positive
allergy prick tests associated with bronchial histamine
responsiveness in an unselected population. J Allergy Clin
Immunol 1986; 77:698-702.

8 Burney PGJ, Britton JR, Chinn S er al. Descriptive epidemi-
ology of bronchial reactivity in an adult population: results
from a community study. Thorax 1987: 42:38-44.

9 Cockeroft DW, Ruffin RE, Frith PA et al. Determinants of
allergen-induced asthma: dose of allergen, circulating IgE
antibody concentration, and bronchial responsiveness to
inhaled histamine. Am Rev Respir Dis 1979; 120:1053-8.

10 Cockeroft DW, Murdock KY, Kirby J, Hargreave F.
Prediction of airway responsiveness to allergen from skin
sensitivity to allergen and airway responsiveness to hista-
mine. Am Rev Respir Dis 1987; 135:264-7.

11 Cartier A, Thomson NC, Frith PA, Roberts R, Hargreave
FE. Allergen-induced increase in bronchial responsiveness
to histamine: relationship to the late asthmatic response and
change in airway caliber. J Allergy Clin Immunol 1982;
70:170-7.

20

21

25

26

27

28

29

30

31

Durham SR. Late asthmatic responses. Respir Med 1990;
84:263-8.

Cockeroft DW. Mechanism of perennial allergic asthma.
Lancet 1983; ii:253-6.

Nelson HS. Diagnostic procedures in allergy. 1. Allergy skin
testing. Ann Allergy 1983: 51:411-7.

Van Arsdel PP, Larson EB. Diagnostic tests for patients
with suspected allergic disease. Utility and limitations. Ann
Intern Med 1989; 110:304-12.

Smith TF. Allergy testing in clinical practice. Ann Allergy
1992; 68:293-302.

Dreborg S. Skin tests used in type I allergy testing. Allergy
1989; 44(supp 10):22-30.

Osterballe O, Weeke B. A new lancet for skin prick testing.
Allergy 1979; 34:209-12.

Dreborg S. The skin prick test. Methodological studies and
clinical applications. Link6éping University Medical disser-
tation No 239, 1987.

Bernstein IL. Proceedings of the task force on guidelines for
standardizing old and new technologies used for diagnosis
and treatment of allergic diseases. J Allergy Clin Immunol
1988; 82:487-526.

The Committee on skin test standardization of the Nether-
lands Society of Allergology. Report on skin test standardi-
zation. Clin Allergy 1988; 18:305-10.

Aas K. Backman A, Belin L, Weeke B. Standardization of
allergen extracts with appropriate methods. Allergy 1978;
33:130-7.

Dreborg S, Basomba A, Belin L et al. Biological equili-
bration of allergen preparations: methodological aspects
and reproducibility. Clin Allergy 1987; 17:537-50.
Backman A, Belin L, Dreborg S et al. Standardization of
allergenic preparations. Allergy 1991; 46:81-4.

Malling HJ. Quantitative skin prick testing. Allergy 1987;
42:196-204.

Brand PLP, Kerstjens HAM, Jansen HM, Kauffman HF, de
Monchy JGR and the Dutch CNSLD Study Group.
Interpretation of skin tests to house dust mite and relation-
ship to other allergy parameters in patients with asthma and
chronic obstructive pulmonary disease. J Allergy Clin
Immunol 1993; 91:560-70.

Niemeijer NR, Goedewaagen B, Kauffman HF, de Monchy
JGR. Optimization of skin testing. I. Choosing allergen
concentrations and cut off values using factorial design.
Allergy 1993; 48:491-7.

Niemeijer NR, Fluks AF, de Monchy JGR. Optimization of
skin testing. II. Evaluation of concentration and cut off
values by comparison with RAST and clinical history in a
multi-centre study. Allergy 1993; 48:498-503.

Dreborg S, Belin L, Eriksson NE er al. Results of biological
standardization with standardized allergen preparations.
Allergy 1987; 42:109-16.

Niemeijer NR, de Monchy JGR. Age-dependency of sen-
sitization to aero-allergens in asthmatics. Allergy 1992;
47:431-5.

Mygind N. Essential allergy. Oxford: Blackwell Scientific
Publications, 1986:128-33.



980

A. M. J. Wever and J. Wever-Hess

32

33

34

35

36

37

38

39

41

42

46

47

48

49

50

Bennich HH, Ishizaka K, Johansson SGO er al. Immuno-
globulin E, a new class of human immunoglobulin. Bull
WHO 1968; 38:151-2.

Johansson SGO. In vitro diagnosis of IgE-mediated allergy.
In: Debelic M, ed. 20 Years with IgE—New Prospects.
Surrey: Medicom, 1987:35-45.

Kjellman N-IM, Johansson SGO, Roth A. Serum IgE levels
in healthy children quantified by a sandwich technique
(PRIST). Clin Allergy 1976; 6:51-9.

Bruynzeel PLB, Houben LAMJ. Evaluation of total and
specific IgE determinations in normal children and children
suffering from asthmatic bronchitis with suspected allergic
disease. Clin Chim Acta 1981; 112:315-23.

Johansson SGO, Bennich HH. The clinical impact of the
discovery of IgE. Ann Allergy 1982; 48:325-30.

Pharmacia Diagnostics AB: Phadebas RAST® 100. Direc-
tions for use. Uppsala, Sweden, 1985.

Merrett TG, Pantin CFA, Dimond AH, Merrett J. Screen-
ing for IgE-mediated allergy. Allergy 1980; 35:491-501.
Vooren PH, Kramps JA, Franken C, Dijkman JH. Diagnos-
tic relevance of the modified RAST using De, specific anti-
IgE antibodies. Eur J Respir Dis 1983; 64:90-101.

Ewan PW, Coote D. Evaluation of a capsulated hydrophilic
carrier polymer (the immunoCAP) for measurement of
specific IgE antibodies. Allergy 1990; 45:22-9,

Bousquet J, Chanez P, Chanal I, Michel F-B. Comparison
between RAST and Pharmacia CAP system: a new auto-
mated specific IgE assay. J Allergy Clin Immunol 1990;
85:1039-43.

Leimgruber A, Mosimann B, Claeys M er al. Clinical
evaluation of a new in-vitro assay for specific IgE. the
immuno CAP system. Clin Exp Allergy 1991; 21:127-31.
Kelso JM, Sodhi N, Gosselin VA, Yunginger JW. Diagnos-
tic performance characteristics of the standard Phadebas
RAST, modified RAST, and Pharmacia CAP system versus
skin testing. Ann Allergy 1991; 67:511-4.

Pastorello EA. Incorvaia C. Pravettoni V er al. Clinical
evaluation of CAP system and RAST in the measurement of
specific IgE. Allergy 1992; 47:463-6.

Finnerty JP, Summerell S, Holgate ST. Relationship between
skin-prick tests, the multiple allergosorbent test and symp-
toms of allergic disease. Clin Exp Allergy 1989; 19:51-6.
Bonetti SM, Bonizzato CM, Piacentini GL er al. Relation-
ships between skin prick test, radioallergosorbent test. and
chemiluminescent assays in allergic children. Ann Allergy
1991; 66:137-41.

Nielsen JP, Ostergaard PA. Harris RI, Gammelby P.
Comparison of CLA with BPT, SPT, and RAST in children
with asthma. Allergy 1992; 47:30-4,

Kleine-Tebbe J, Eickholt M, Giitjen M er al. Comparison
between MAGIC LITE- and CAP-system: two automated
specific IgE antibody assays. Clin Exp Allergy 1992; 22:
475-84.

Ownby DR. Allergy testing: in vivo versus in vitro. Pediatr
All Dis 1988; 35:995-1009.

Herold DA, Duyan I, Kunkel G. Phadiatop versus Gesamt-
IgE. Teil I. Allergologie 1987; 10:276-9.

5

52

53

54

o]

56

57

60

61

65

66

67

68

69

Merrett J, Merrett TG. Phadiatop—a novel IgE antibody
screening test. Clin Allergy 1987; 17:409-16.

Guilloux L, Guerrier G, Ville G, Carron R. Phadiatop: un
dépistage biologique fiable des troubles respiratoires répéti-
tifs de I'enfant. Rev Fr Allergol 1987; 27:129-31.
Gustafsson D, Danielsson D. In vitro diagnosis of atopic
allergy in children. Allergy 1988:; 43:105-8.

Wever AMJ, Wever-Hess J, Kramps JA, Mulder Dzn JD,
Dijkman JH. De ‘Phadiatop-test’, een nicuwe in vitro-test
voor inhalatie-allergiec. Ned Tijdschr Geneeskd 1989;
133:70-3.

Wever AMIJ, Wever-Hess J, van Schayck CP, van Weel C.
Evaluation of the Phadiatop® test in an epidemiological
study. Allergy 1990; 45:92-7.

Herold DA, Duyan I, Kunkel G. Phadiatop versus Gesamt-
IgE. Teil I1. Allergologie 1987; 10:300-3.

Biot N, Guilloux L, Guerrier G er al. Un test simple de
dépistage de l'allergie respiratoire aux pneumallergénes
courants. La Presse Médicale 1988; 17:376-8.

Matricardi PM, Fattorossi A, Nisini R et al. A new test for
specific IgE to inhalant allergens (Phadiatop™) in the
screening of immediate respiratory hypersensitivity states.
Ann Allergy 1989; 63:532-5.

van Toorenenbergen AW, Oranje AP, Vermeulen AM,
Aarsen RSR. IgE antibody screening in children: evaluation
of the Phadiatop Paediatric. Allergy 1991; 46:180-5.
Hamburger RN, Berger WE, Quiwa NB er al. Skin testing
compared with in vitre testing for screening allergic patients.
Ann Allergy 1991; 67:133-7.

Iwamoto I, Yamazaki H, Kimura A er al. Comparison of a
multi-allergen dipstick IgE assay to skin-prick test and
RAST. Clin Exp Allergy 1990; 20:175-9.

Ostergaard PA, Ebbesen F, Nolte H, Stahl Skov P. Basophil
histamine release in the diagnosis of house dust mite and
dander allergy of asthmatic children. Allergy 1990; 45:
231-5.

Pipkorn U. Pharmacological influence of antiallergic medi-
cation on in vive allergen testing. Allergy 1988; 43:81-6.
Knicker WT. Is the choice of allergy skin testing versus in
vitro determination of specific IgE no longer a scientific
issue? Ann Allergy 1989; 62:373-4.

International consensus report on the diagnosis and man-
agement of asthma. Clin Exp Allergy 1992; 22 (supp):1-72.
Guidelines on the management of asthma. Thorax 1993; 48
(supp):S1-24.,

Eriksson NE. Diagnosis of reaginic allergy with house dust.
animal dander and pollen allergens in adult patients. Int
Archs Allergy Appl Immunol 1977; 53:441-9.

Freidhoff LR, Meyers DA, Bias WB er al. A genetic-
epidemiologic study of human immune responsiveness to
allergens in an industrial population: I. Epidemiology of
reported allergy and skin-test positivity. Am J Med Genet
1981; 9:323-40.

Murray AB. Ferguson AC, Morrison BJ. Diagnosis of
house dust mite allergy in asthmatic children: what con-
stitutes a positive history? J Allergy Clin Immunol 1983;
71:21-8.



Testing for inhalant allergy in asthma 981

70

i

72

73

74

75

Vervloet D, Haddi E, Tafforeau M er al. Reliability of
respiratory symptoms to diagnose atopy. Clin Exp Allergy
1991; 21:733-7.

Cockcroft DW, Ruffin RE, Dolovich J, Hargreave FE.
Allergen-induced increase in non-allergic bronchial reacti-
vity. Clin Allergy 1977; 7:503-13.

Platts-Mills TAE, Tovey ER, Mitchell EB ef a/. Reduction
of bronchial hyperreactivity during prolonged allergen
avoidance. Lancet 1982; 2:675-8.

Colloff MJ, Ayres J, Carswell F er al. The control of
allergens of dust mites and domestic pets: a position paper.
Clin Exp Allergy 1992; 22 (supp 2):1-28.

Sporik R, Holgate ST, Platts-Mills TAE. Cogswell JJ.
Exposure to house-dust mite allergen (Der p 1) and the
development of asthma in childhood. N Engl J Med 1990;
323:502-7.

Zimmerman B, Chambers C, Forsyth S. Allergy in asthma.
I1. The highly atopic infant and chronic asthma. J Allergy
Clin Immunol 1988; 81:71-7.

76

i

78

79

80

British Thoracic Society. Comparison of atopic and non-
atopic patients dying of asthma. Br J Dis Chest 1987; 81:
30-4.

Pollart SM, Chapman MD, Fiocco GP, Rose G, Platts-Mills
TAE. Epidemiology of acute asthma: IgE antibodies to
common inhalant allergens as a risk factor for emergency
room visits. J Allergy Clin Immunol 1989; 83:875-82.
Killian D, Cockcroft DW, Hargreave FE, Dolovich 1.
Factors in allergen-induced asthma: relevance of the inten-
sity of the airways allergic reaction and non-specific bron-
chial reactivity. Clin Allergy 1976; 6:219-25.

Boulet L-P, Cartier A, Thomson NC er al. Asthma and
increases in nonallergic bronchial responsiveness from sea-
sonal pollen exposure. J Allergy Clin Immunol 1983;
71:399-406.

Zimmerman B, Feanny S, Reisman J er al. Allergy in
asthma. I. The dose relationship of allergy to severity of
childhood asthma. J Allergy Clin Immunol 1988; 81:63-70.



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.





