Late cutaneous allergic responses in
isolated IgE-dependent reactions
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Relationships between IgE-dependent reactions and late cutaneous allergic responses
were examined. Heterologous whole antihuman IgE or its pepsin digest F(ab’)2
product injected intracutaneously produced “immediate” wheal and flare responses
followed by late responses. Prausnitz-Kiistner reactions were similar in appearance.
The late responses were studied morphologically by conventional microscopy and by
direct immunofluorescent techniques. The results support the thesis that in man,
late cutaneous allergic responses can occur in reactions with an isolated involvement
of IgE. There is a discussion of the possible relevance of these observations to
antigen-induced allergic reactions in skin and in the respiratory tract.

The type I reaction® in human skin takes the form of a wheal and flare
maximal at about 10 minutes.? It is typically initiated by the interaction of
antigen with reaginic antibody in sensitized tissues. Reaginic or long-latency
antibody activity? in man is largely or exclusively a function of antibody of
the IgE class.* Short-latency antibodies of the IgG class® may also be involved
in type I reactions. Type I allergic reactions can also be initiated by the addition
of heterologous antihuman IgE to appropriate human eells or tissues that con-
tain IgE. The intracutaneous injection of antiserum to human IgE produces
the so-called reversed type reaginic reaction.® ’

Careful observations of the progression of individual allergic reactions in man
have revealed durations of reactions not previously appreciated. The intra-
cutaneous injection of Aspergillus antigen in persons with allergic bronchopul-
monary aspergillosis (ABA) produces “immediate” wheal and flare reactions
followed by responses that are maximal at about 6 to 12 hours and are termed
“late” responses.®*® These so-called “dual” reactions, with immediate and late
components, have also been observed in tests with avian sera in persons with
extrinsic allergic alveolitis (EAA) from exposure to dusts of pigeons and
budgerigars.® 1* The immediate reactions in these situations may not be caused
by the same mechanisms in all instances; serum IgE antibodies to the offending
antigens were, for example, not demonstrated in a study of EAA due to ex-

From the Departments of Pediatrics, Medicine, and Pathology, St. Joseph’s Hospital and
McMaster University.

Asgisted under Medical Research Council of Canada Grant No. MA-3404 and Ontario Depart-
ment of Health Grant No. PR-220.

Received for publication Sept. 22, 1972.

Reprint requests to: Dr. J. Dolovich, Department of Pediatrics, McMaster University,
Hamilton, Ontario, Canada.

*Recipient of a Queen Elizabeth 1T Seientist Award.

Vol. 52, No. 1, pp. 38-46



VOLUME 52 Late cutaneous allergic responses 39
NUMBER 1

posure to avian proteins.'> The biphasic property of the dual reaction suggests
the possible participation of multiple processes perhaps including multiple
types of antibodies. The late reactions of ABA and EAA have been found to
correlate closely with serum precipiting, generally antibodies of the Igi and
IsM classes. There are edema, infiltration, and perivascular cuffing, chiefly
with neutrophilic leukocytes and mononuclear cells and some eosinophils.
Deposition of IgG, IgM, and B8,C within the vascular endothelium and in the
cytoplasm of the perivascular inflammatory cells has been observed.® As a
result of findings such as these, the late components of allergic reactions have
come to be considered synonymous with Arthus or type III reactions.

Recently, dual skin reactions have been observed in some patients with
uncomplicated extrinsic rhinitis or asthma from exposure to airborne Bacillus
subtilis enzyme preparations,’® grass pollen,* and ragweed pollen.”® In these
actively sensitized subjects, serum precipiting can generally not be detected by
usual techniques; nevertheless, serum antibodies of multiple immunoglobulin
classes are commonly present, thereby providing a potential basis for mixed types
of reactions. The deposition of B;C in late responses of skin tests of grass
pollen-sensitive subjects has suggested a eombined type I and type III reaction.'*
However, reactions with gross characteristics of dual responses at the sites of rag-
weed antigen E-induced Prausnitz-Kiistner (PK) tests'® have been considered
to be reagin-dependent and largely or exclusively a function of antibodies of
the IgE class.

The present investigations were designed to examine the gross, mierosecopic,
and immunofluorescent appearances of cutaneous reactions in human skin in
which there is an apparent isolated involvement of IgE and to compare them
with antigen-induced reactions in naturally sensitized subjects. The reactions
examined included passive transfer reactions and reversed type reaginic re-
actions induced by heterologous antiserum to human IgE and an IgG F(ab’)2
preparation from this antiserum.

MATERIALS AND METHODS
Subjects

Tests were performed on 12 subjects. Their ages, sex, and atopic status are presented in
Table I. Eight were nonatopic and had no allergic respiratory disease. Four were atopic and
had asthma or rhinitis.

intracutaneous tests

These were performed on the forearm by the injection of approximately 0.02 ml. of the
test solution by one of us (R. C.). The sites were examined at 10 minutes and at intervals up
t0 48 hours by a second observer with no knowledge of the distribution of the different forms
of challenge. The diameters of the reactions were measured in 2 perpendicular directions, and
charaeteristics at different times were noted.

Test materials

The following materials were used for skin tests:

1. Antiserum to P8 human myeloma IgE was prepared in sheep. This was absorbed with
an agarose-insolubilized immunoabsorbent of mnormal human serum (NHS). The anti-
serum produced a single line of precipitation in double-diffusion reactions with PS8 IgE
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TABLE |. Patient details
History of Positive allergy
Patient Sex Age (yr.) atopic disease skin tests*
1 F. 47 Neg. 0
2 F. 29 Neg. 0
3 F. 41 Neg. 0
4 F. 27 Neg. 0
5 M. 32 Neg. 0
6 M. 33 Neg. 0
7 M. 31 Neg. 0
8 F. 29 Neg. 0
9 M. 25 R. 0
10 M. 31 R.A. 3
11 M. 24 R.A. 6
12 M. 27 E.A. 10

E. = Eeczema. A. = Asthma. R. — Rhinitis.
*Number positive in a series of skin tests by the prick test method with 20 common allergens.

myeloma protein, but there was no visible precipitate in reactions with NHS. Radio-
immunodiffusion tests, by a 2 step method previously described,16 with the sera of subjects
sensitive to ragweed and Aspergillus antigens, demonstrated that the antiserum reacted with
nonmyeloma IgE. In tests of these human sera, dissociations in classes of antibodies
demonstrable provided further evidence of the monospecific property of the antiserum to
human IgE. The antiserum induced a wheal and flare response in the skin of normal human
subjects in dilutions up to approximately 1:2,500; it was used in a 1:10 dilution.

2. Normal sheep serum (NS8S8) diluted 1:10 was used.

3. The absorbed sheep antihuman IgE was precipitated with 33 per cent (NH,),80,,
redissolved and dialyzed. It was then digested with pepsin and the IgG F(ab’)2 was purified
by Sephadex G-100 gel filtration. This preparation gave a symmetric 58 peak in the analytic
ultracentrifuge with no evidence of heavier material. It was then shown to precipitate IgE.
This preparation appeared to be slightly less potent than the whole antihuman IgE in the
induction of wheal and flare responses and was used in a 1:3 dilution,

4. An F(ab’)2 preparation comparable to that described above was produced from NSS
and used in 1:3 dilution.

5. For PK tests, serum with reaginic antibodies to B. subtilis alpha amylase was obtained
from a detergent industry worker. Tests of the serum for Australia antigen were negative. The
donor had no history of jaundice and no biochemical evidence of liver disease, and the serum
has been used in PK tests for more than 2 years with no clinical or biochemical evidence of
hepatitis in recipients. The serum, diluted 1:3, was injected intracutaneously in 0.1 ml. volume
to produce sensitization. After a 3 day latency, the sites were challenged with antigen.

6. Crystalline B. subtilis alpha amylase was obtained from Nagase and Co. Ltd., Omaha,
Amagasaki, Japan. A 100 ug per milliliter solution was used for intracutaneous challenge of
passively sensitized and control skin sites.

7. A whole ragweed pollen extract (30,000 PNU per milliliter) obtained from Omega
Laboratories, Don Mills, Ontario, Canada, was dialyzed and used in a 1:10 dilution.

8. Histamine acid phosphate (The British Drug Houses [Canada] Ltd., Toronto, Ontario,
Canada) was used in a concentration of 0.36 mg. of histamine base per milliliter.

8. A sample of compound 48/80, provided as a gift by Burroughs Wellcome & Co.
(Canada), Ltd., was used in a concentration of 37.5 mg. per milliliter.

The reagents were sterilized by passage through a millipore filter and stored at 4° C.
until used.

Skin biopsies

Skin biopsies were taken at about 6 hours after the onset of cutaneous reactions. The
particular reactions biopsied are indicated in Table II. Specimens for histologic examination
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TABLE Il. Diameters in millimeters of skin test reactions

Com-
Flab')2 of Prausnitz- Ragweed Flab'}2 | pound | Hist-
Anti-lgE anti-IgE Kiistner pollen antigen| NSS | of NSS | 48/80 | amine
10 6-12 | 10 6-12 | 10 | 6-12 10 612 10 10 10 10
Subject | min. hr. min. hr. min. hr. min. hr. min. min. min, min.
1 9 53 11 50 — _— — — 5 5 8 11
2 6 66 6 0 — — —_— — 5 5 6 6
3 6 38 7 33 — —_ — — 6 — 9 11
4 8 61 10 80 — — _— — 4 4 10 9
5 — — 8 40*  — —_ — — 4 4 — —
6 10 70* — — — —_ _ —_— 4 — — —_
7 12 68 17 73* 15 36* — — 4 5 14 5
8 6 37 8 33 8 50 — — 4 5 6 6
9 8 48*% 8 34* — — _ — 0 5 — —
10 8 40 7 23 — — 13 64 5 — 10 8
11 — — -— — — — 15 45*  — — —_ —
12 — —_ — —_— — — 6 30— — — —_
-— == Not done.

Values for 10 minute reactions represent mean diameters of wheals. Values for 6 to 12 hour
reactions represent mean diameters of swellings.

*Biopsies were performed.

were stained with hematoxylin and eosin, with orcein-Giemsa and toluidine blue stains for
mast cell examination, and with the M.8.B. method of Lendrum for the demonstration of
fibrin deposition.

Portions of the biopsies were processed in 10 per cent buffered formalin or, in some
instances, by the Sainte-Marie method1? for immunofluorescent studies. Tests were performed
by the direet method with monospecific fluorescein-labeled sheep antisera to human IgG,
IgA, IgM, and B,C.

Serologic tests

Tests for serum precipiting to ragweed pollen antigen were performed by double-diffusion
in agar.

RESULTS
Gross appearances of cutaneous reactions

The sizes of cutaneous reactions to the various reagents are described in
Table II.

There were immediate and late components in the cutaneous reactions pro-
duced by sheep antiserum to human IgE and the F'(ab’)2 preparation of anti-
IgE as well as B. subtilis alpha amylase in passively sensitized sites. The gross
characteristics resembled ragweed antigen-induced reaction in Subjects 10, 11,
and 12 who were naturally sensitive. The reactions began with a wheal and
flare. Then, while the flare decreased, the swelling at the site of the wheal
persisted. At 2 to 4 hours the swelling began to increase in diameter, and this
continued over a number of hours. It was soft, ill defined, and variably
erythematous, pruritic, and slightly tender. It then began to subside and com-
pletely disappeared within 24 to 48 hours.

In contrast, the control tests with normal sheep serum (NSS), the F(ab’)2
preparation of NSS and B. subtilis alpha amylase, produced only small red
papules less than 6 mm. in diameter within 15 minutes after injection; these
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TABLE Ill. Microscopic appearances of skin biopsies
Flab2 of Prausnitz- Ragweed
Anti-IgE anti-IgE Kistner antigen
Subjects 6 | o 5 7 9 7 n 12
Edema 3+ 2+ 2+ 2+ 2+ 2+ 3+ 4+
Mast cell
degranulation 1+ 2+ 2+ 2+ 1+ 24 3+ 3+
Eosingphils 3+ 1+ 2+ 2+ 2+ 3+ 3+ 5+
Neutrophils 1+ 1+ 1+ 1+ 1+ * 3+ 2+
Mononuclear
cells 1+ 1+ 1+ 1+ 1+ - * ha

responses cleared over a period of 2 to 3 hours. In addition, at sites injected with
NSS, in Subjeets 2, 3, and 6, there were short-lived wheal and flare reactions with
an onset at 6.5, 8.5, and 72 hours, respectively. These responses were unex-
plained and were not considered comparable to the reactions produced by
antiserum to IgE.

Tests with histamine and compound 48/80 caused wheal and flare reactions
reaching a maximum within 10 or 15 minutes. The reactions caused by histamine
cleared completely within 2 hours. In the case of compound 48/80, the wheal
subsided rapidly; the swelling and erythema cleared more slowly, but at 4
hours there was only a patch of erythema that measured less than 1 cem. in
diameter.

Microscopic and immunofluorescent studies of skin biopsy specimens

Table IIT describes the histologic features of the skin biopsies. The various
indices of response are arbitrarily graded from absent (-) to maximal (5+).
The appearances were quite similar in all specimens. They consisted of edema,
mast cell degranulation of varying intensities, and perivascular infiltration. The
predominant cell type of the perivascular infiltration was the eosinophil
Neutrophils were scanty but possibly more numerous in the antigen-induced
reactions of the ragweed-sensitive subjects. There was no evidence of intra-
vascular thrombi, necrosis of blood vessels, or fibrin deposition. In sites chal-
lenged with anti-IgE or F(ab’)2 of anti-IgE, there was also a mild admixture
of mononuclear cells including lymphoeytes and monocytes but no plasma cells.

Immunofluorescent studies of tissues removed for biopsy failed to reveal any
deposition of IgG, IgM, IgA, or B,C.

DISCUSSION

The gross appearances of skin reactions induced by sheep antihuman IgE
and its pepsin digestion F (ab’)2 product and by B. subtilis antigen in PK tests
resembled ragweed antigen-induced reactions in actively sensitized subjects.
There were the features of “dual” responses. No such responses were produced
by normal sheep serum (NSS), a pepsin digestion product of NSS, or by B.
subtilis antigen in nonsensitized sites. Immediate wheal and flare responses in
reversed type and PK reactions were comparable in size to those of histamine
and compound 48/80-induced reactions; however, the latter subsided quite
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rapidly. Thus the observed late responses of reversed type and PK reactions
were not a simple function of the sizes of immediate wheal and flare responses.

Anti-IgE has a unique capacity among antisera to immunoglobulins in the
induction of wheal and flare responses and histamine release from leukocytes.
These reactions of the reversed type appear to be entirely comparable to antigen-
induced responses.® - 1* The observed occurrence of late responses in reversed
type reactions provides a potentially useful procedure for the examination in
normal as well as in allergie subjects of conditions that influence late responses.
Moreover, the immunologic reactants involved are apparently determined by
the specificity of the antiserum used; as a result, these are probably more repre-
sentative of isolated types of reactions than antigen-induced reactions in ac-
tively sensitized individuals. Procedures were designed to minimize the possibili-
ty of involvement of immunoglobulins other than IgE. The anti-human IgE
was absorbed with an insolubilized NHS antigen to avoid the possible forma-
tion of soluble complexes. Antibodies to idiotypie determinants of sheep im-
munoglobulin could represent an alternate form of reactivity, however, this is
unlikely to occur in all subjects tested. The pepsin digestion of a globulin
preparation of the anti-IgE and purification by gel filtration of the IgG F(ab’)2
would be expected to reduce the possible reactivity of sheep serum proteins with
antibodies of the recipients. Reversed type reactions were compared with reagin-
dependent PK reactions considered to be largely or exclusively a function of
antibody of the IgE class.'®

It has been generally considered that the late allergic responses following
immediate TgE-dependent reactions involve immune complex injury or so-ealled
type II1 reactions. There is an observed tendency of vasoactive amines derived
from IgE-dependent reactions to eontribute to the deposition of immune com-
plexes.” There is a well-defined participation of complement and neutrophils in
reactions of this type. The observed deposition of IgG and B,C in some late
cutaneous responses in man in ABA and EAA supports the concept that im-
mediate and late allergic responses may have separate immunologic derivations.
Reversed type reaginic reactions induced by sheep antihuman IgE could
potentially involve processes of this type through the interaction of C1 of the
recipient with injected antibody to IglS. However, the pepsin-digested product
of IgG retained the capacity to induce late allergic responses despite the inability
of this type of preparation to activate more than trace quantities of hemolytie
complement.2t

As an additional possibility, the F(ab’)2 of IgG could be operative through
the bypass activation sequence?? that represents an alternative process of comple-
ment activation. However, no support for this process was obtained. No deposi-
tion of immunoglobulins or B3,C could be demonstrated in biopsies of late
responses. In addition, the infiltrations were predominantly eosinophilie. The
results suggest that the late responses of reversed type reactions did not depend
on the involvement of the complement system, at least in a manner corresponding
to presently recognized processes. This does not contradict reports that demon-
strate the involvement of this system in late responses; the implication is that
the described involvement is not obligatory.
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The simplest explanation of the late responses observed in reversed type and
PK reactions would directly relate the tissue changes with IgE. Potentially,
there could be a local persistence of immunologic reactants producing prolonged
stimulation of mast cells at the reaction site. The acute reaction might also
result in the liberation or production of undefined mediators that have pro-
longed effects. Alternately, the late responses might be the result of a participa-
tion of infiltrating cells. It is an interesting possibility that eosinophilic leuko-
cytes could be involved in the pathogenesis of reactions of this type in a manner
analogous to the involvement of neutrophilic leukocytes in immune complex
reactions. Whatever the mechanism of amplification and prolongation involved
in late responses, the threshold requirement for reacting antigen or anti-IgE
is greater than for the preceding wheal and flare response. The intracutaneous
injection of ten- to twenty-fold more anti-human IgE and its F(ab")2 product
was required for well-defined late responses than for wheal and flare responses.

Late responses in reversed type and PK reactions were grossly similar to
antigen-induced reactions in sensitive individuals. Microscopic examination
indicated that the latter reactions had greater numbers of neutrophilic leukocytes
and fewer mononuclear cells. There was not a predominance of mononuclear
cells or a demonstrable deposition of 8,C as have been reported in antigen-
induced late reactions in patients with ABA and EAA and in allergy to
grass pollen. The individuals actively sensitized to ragweed antigen would be
expected to develop antigen-induced reactions similar to those of grass pollen-
allergic subjects by Taylor and Shivalkar.* The apparent differences in miero-
scopie and immunofluorescent findings in the late responses may reflect a selec-
tion process. Late responses were observed in about 30 per cent of skin test
reactions in the grass pollen-allergic subjects, and biopsies were done on some
of these. The conditions of production of the reactions may somehow have been
appropriate for the induction of late responses in instances in which there was
a predisposition for 8,C involvement.

Due to the easy accessibility, it is allergic reactions in skin that have been
examined. However, the interest in these reactions derives in large measure
from the apparent analogy to antigen-induced reactions of the respiratory
tract. Allergen inhalation tests produce dual asthmatic responses in ABA and
late peripheral respiratory responses in EAA. The characteristics of the respira-
tory responses and the fever and neutrophilic leukocytosis have been con-
sidered to indicate that the antigen challenges reproduce many of the features
of the diseases. Recently, it has become evident that antigen-induced dual
asthmatic responses are usual in persons with uncomplicated asthma from
sensitivity to common allergens including house dust,?® ¢ grass pollen,?® ragweed
pollen,™ and avian antigens.?® Apparently, no fever or neutrophilic leukocytosis
has been observed. The processes involved in the airway responses in these
instances might, in large measure, be analogous to the cutaneous responses
with isolated IgE dependence described here. It is evident from these con-
siderations that the designation “late cutaneous allergic response” or “late
respiratory allergic response” may be inadequate to differentiate the patterns
of responses that can be encountered.



VOLUME 52 Late cutaneous allergic responses 45
NUMBER 1

We wish to acknowledge the support of Dr. D. Robertson in the provision of skin biopsy
material of antigen-induced reaections in ragweed-semsitive subjects. The secretarial assistanee
of Mrs. Diane Haughton in the preparation of the manuscript and the technical assistance of
Mrs. Anne Kasunic are gratefully acknowledged.

REFERENCES

1 Coombs, R. R. A, and Gell, P. G. H.: Classification of allergic reactions responsible for
clinical hypersensitivity and disease, in Gell, P. G. H., and Coombs, R. R. A., editors:
Clinical aspects of immunology, ed. 2, Oxford, 1968, Blackwell Seientific Publications,
y. BTS.

2 1Pepys, J.: Skin tests in diagnosis, in Gell P. G. H., and Coombs, R. R. A, editors: Clinical
aspects of immunology, ed. 2, Oxford, 1968, Blackwell Scientific Publication, p. 189,

3 Becker, E. L., and Austen, K. F.: Mechanisms of immunologic injury of rate peritoneal
mast cells. 1. The effect of phosphonate inhibitors on the homocytotropic antibody
mediated histamine release and the first component of rat complement, J. Exp. Med. 124:
379, 1966.

4 Ishizaka, K, TIshizaka, T., and Hornbrook, M. M.: Physicochemical properties of human
reaginie antibody. V. Correlation of reaginic activity with yE-globulin antibody, J.
Immunol. 97: 840, 1966.

5 Parish, W. E.: Short-term anaphylactic IgG antibodies in human sera, Lancet 2:
591, 1970.

6 Ishizaka, K., and Ishizaka, T.: Reversed type allergic skin reactions by anti-yE globulin
antibodies in humans and monkeys, J. Immunol. 100: 554, 1968.

7 Ishizaka, K. and Ishizaka, T.: Immune mechanisms of reversed type reaginic hyper-
sensitivity, J. Immunol. 103: 588, 1969.

8 Pepys, J., Riddell, R. W., Citron, K. M., Clayton, Y. M., and Short, E. I.: Clinical
and immunologic significance of Aspergillus fumigatus in the sputum, Am. Rev. Resp.
Dis. 80: 167, 1959.

9 Pepys, J., Turner-Warwick, M., Dawson, P. L., and Hinson, K. R. W.: Arthus (type
III) skin test reactions in man. Clinical and immunopathological features, in Rose, B.,
Richter, R., Sehon, A., and Frankland, A. W., editors: Allergology, Amsterdam, 1968,
Excerpta Medica Foundation, no. 162, p. 221.

10 MeCarthy, D. S, and Pepys, J.: Allergic Dronchopulmonary aspergillosis. Clinical Im-
munology: (2) Skin, nasal and bronehial tests, Clinical Allergy 1: 415, 1971,

11 Hargreave, F. E., Pepys, J,, Longbottom, J. L., and Wraith, 1. G.: Bird breeder’s
(fancier’s) lung, Lancet 1: 44, 1966.

12 Faux, J. A., Wide, L., Hargreave, F. E,, Longbottom, J. L., and Pepys, J.: Immunological
aspeets of respiratory-allergy in budgerigars in Melopsittacus undulatus fanciers. Clinical
Allergy 1: 149, 1971,

13 Dolovieh, J., and Little, D. C.: Correlates of skin test reactions to Bacillus subtilis
enzyme preparations, J. ALLERGY CLIN. IMMUNoOL, 49: 43, 1972,

14 Taylor, (i., and Shivalkar, P. R.: “Arthus-type” reactivity in the nasal airways and
skin in pollen sensitive subjects, Clinical Allergy 1: 407, 1971.

15 Robertsor, D. G., Kerrigan, A. T. Hargreave, ¥. E. Chalmers, R., and Dolovich, J.:
Late asthmatic responses induced by ragweed pollen antigen. Manuscript in preparation.

16 Dolovich, J., Tomasi, T. B., Jr., and Arbesman, C. E.: Antibodies of nasal and parotid
secretions of ragweed-allergic subjects, J. ALLERGY, 45: 286, 1970.

17 Sainte-Marie, G.: A paraffin embedding technique for studies employing immunofluores-
cene, J. Histochem. Cytochem. 10: 250, 1962.

18 Lichtenstein, L. M, Levy, D. A., and Ishizaka, K.: In vitro reversed anaphylaxis:
characteristics of anti-IgE mediated histamine release, Immunology 19: 831, 1970.

19 Ishizaka, K., and Ishizaka, T.: Immunoglobulin E and hemocytotropic properties,
Amos, B., editor: Progress in immunology, New York, 1971, Academic Press, Ine., p.
859.

20 Cochrane, . G.: Initiating events in immune complex injury, in Amos, B., editor:
Progress in immunology, New York, 1971, Academic Press, Ine., p. 144.

21 Taranta, A., and Franklin, E. C.: Complement fixation by antibody fragments, Science
134: 1981, 1961.



46 Dolovich et al. J. ALLERGY CLIN. IMMUNOL.
JULY 1973

22 Reid, K. B. M.: Complement fixation by the F(ab’)2-fragment of pepsin-treated rabbit
antibody, Immunology 20: 649, 1971.

23 van Lookeren Campagne, J. G., Knol, K., and de Vries, K.: House dust provocation in
children, Scand, J. Resp. Dis. 50: 76, 1969.

24 Booij-Noord, H., Orie, N. G. M., and de Vries, K.: Immediate and late bronchial ob-
struetive reaction to inhalation of house dust and protective effects of disodium
cromoglycate and prednisolone, J. ALLERGY CLIN. IMMUNOL. 48: 344, 1971.

25 Citron, K. M., Frankland, A. W., and Sinclair, J. D.: Inhalation tests of broncho hyper-
sensitivity in pollen asthma, Thorax 13: 229, 1958.

26 Hargreave, F. E., and Pepys, J.: Allergic respiratory reactions in bird fanciers pro-
voked by allergen inhalation provocation tests. Relation to clinical features and allergic
mechanism, J. ALLERGY CLIN. IMMUNOL. 50: 157, 1972.



