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Patients with atopic disease since infancy and who had had
infantile eczema were found to react readily to all the chal-
lenge tests; nevertheless, even in these highly allergic subjects
the titres of the positive reactions were no higher than those
of other patients.
The possibility that sensitization of some of the patients

might have been promoted by the repeated skin, nasal, and
bronchial challenge tests has to be considered. The blood
samples were therefore taken before the serial in-vivo chal-
lenge tests in a random 10 patients. Some of the strongest
positive serum and leuoocyte reactions were found in these 10
patients, and in only one were the blood tests weak or nega-
tive. These findings indicate that sensitization was unlikely to
have been promoted by the testing procedures in the rest of
the patients.
The negative tests for precipitins suggest that the late

bronchial reactions seen in six patients were not mediated by
precipitins (as such reactions are in allergic alveolitis) and are
not manifestations of Arthus-like type III immune responses
in the lung. The mechanism of these late reactions in asth-
matic patients has not been established, though such reac-
tions have been described in detail previously and have been
estimated to occur in about 30%,' of patients with house dust
asthma (Herxheimer, 1952; McAllen, 1Q61). It seems possible
that they may be due to cell-mediated immune responses
(delayed hypersensitivity).

Perhaps the most significant finding in our experiments is
that the actual amount of antigen required to produce a tis-
sue reaction both in vitro and in vivo is so extremely small.
This is of the order of 0 05 to 1 jig. in the bronchi and 0-5 to
20 ug. in the nose; it would thus be possible under natural
conditions for an allergic reaction. to be caused by the inha-
lation of mite material such as faecal pellets or parts -of dead
mites in an amount weighing less than one whole live mite.

It is concluded that the negative findings in the control tests
and the high titres of sensitivity in the challenge tests on the

allergic subjects establish that the mite D. pteronyssinus
contains a very potent antigen. This antigen can cause high
levels of reaginic antibody and can stimulate histamine
release from leucocytes of sensitized patients when brought
into direct contact with them in very weak dilution. It is also
able to react with sensitized tissues in the skin, the nasal
mucosa, and the bronchi in allergic subjects, and can cause
symptoms from inhalation of very small quantities. It would
therefore appear likely that the mite D. pteronyssinus is an
important factor in the causation of perennial allergic asthma
in this country.
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Serum Reagins and Leucocyte Response in Patients
with House-dust Mite Allergy
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Summary: A study was carried out on 26 patients
with respiratory allergyi due to the house-dust mite

Dermatophagoides pteronyssinus and on 10 non-allergic
control subjects using two in-vitro histamine release
tests for assessing immediate-type allergy. The first test
was on the patients' serum and assessed reaginic (ana-
phylactic; possibly IgE) antibodies by passive sensitiza-
tion of normal human lung tissue. The second test was
on the patients' leucocytes directly challenged with the
mite antigen.

Positive results were obtained in over 90% of patients,
whereas the tests were either negative or very weakly
positive in the control subjects. A significant degree of
correlation was found between the. two tests used, but
pronounced differences were observed in a few
instances.

Confirmation of the role of IgE in tissue sensitization
was obtained from tests with anti-IgE serum on leuco-
cytes. Positive reactions of patients' leucocytes were also
obtained with anti-IgG, anti-IgA, and anti-IgM
sera, which would suggest that antibodies belonging to
these immunoglobulin classes may also play a part in
immediate-type allergic reactions.

*Wellcome Research Fellow, Department of Pharmacology, University
College, and Medical Uinit, University College Hospital Medical
School, London W.C.1.

t Consultant Physician, University College Hospital, London W.C.I.

.Introduction
The role of house-dust mites in respiratory allergy has been
the subject of many recent reports (Voorhorst et al., 1967;
Maunsell et al., 1968; Pepys et al., 1968; Stenius and Wide,
1969). Dermatophagoides pteronyssinus is now considered to
be one of the most important allergens. The study of imme-
diate-type allergy to this mite by in-vitro techniques, which
so far has received little attention, is the subject of this
report.
Immediate-type allergy (sometimes called atopic or ana-

phylactic) in man is now generally believed to be mediated
by reaginic antibodies which belong mainly to a distinctive
class of immunoglobulin (IgE; Bennich et al., 1968). The
major manifestations of this allergy are considered to be due
to the release, or production and release, of the so-called
"pharmacological mediators" such as histamine and slow-
reacting substance of anaphylaxis. Allergy of this type,
therefore, may be detected in vitro by, two main groups of
tests: (1) measurement. of IgE antibodies specific to the
allergen (Wide et al., 1967; Coombs et al., 1968), and (2)
elicitation of the specific release by antigen of pharma-
cological mediators either from cells obtained from the
patient (blood leucocytes being the best example) or from
normal human or primate tissues passively sensitized by
incubation with the patient's serum (Lichtenstein and Osler,
1964; Assem and Schild, 1968).
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The laboratory techniques used in this work belong to
group 2 of the tests mentioned previously. The two main
techniques used were the detection of serum reagins by pas-
sive sensitization of human lung (Assem and Schild, 1968)
and the leucocyte response to challenge with antigen (Lich-
tenstein and Osler, 1964). The relationship between these two
criteria was also investigated. Both tests are reliable and
sensitive, and they detect immediate-type allergic reactions
in general-that is, not exclusively IgE-mediated reactions.
In fact, this study included an attempt that was made to see
if other classes of antibodies were involved in immediate-
type allergy.

Patients and Methods
Twenty-six patients with asthma and positive skin tests to

extracts of D. pteronyssinus were studied. Nasal and bron-
chial challenge tests with the same extract were carried out in
24 of these patients, and positive reactions to one or both
procedures were obtained in every case, thus confiriing the
specificity of the respiratory allergy.. In all patients control
skin tests were made with an extract of the culture medium
alone (human skin scales and yeasts), and these were negative
in every case.

Studies on the serum and leucocytes of these patients were
made as mentioned below. One or both tests were also
carried out on 10 non-allergic subjects with negative skin
tests.

Assay of Serum Reaginic Activity

Serum from 23 patients and from six non-allergic controls
was tested by this technique. Passive sensitization of chopped
human lung was carried out by the method described by
Assem and Schild (1968). Aliquots of chopped human lung
were incubated overnight with at least two different con-
centrations of serum, duplicate samples being used for each
serum concentration. They were subsequently washed with
Tyrode's solution and then challenged with optimum con-
centrations of antigen. The histamine released by antigen was
measured biologically, the atropinized guinea-pig ileum
preparation being used. The reaginic activity of each serum
was assayed on two separate occasions, and direct comparison
between 5 to 10 sera, including one or two reference sera,
was made in each run. The potency ratios of individual test
sera relative to the reference sera helped to standardize the
reaginic activity of serum from different patients.

Leucocyte Tests

"Direct" Reaction to Antigen.-Blood leucocytes from all
the 26 patients and the 10 non-allergic controls were sub-
jected to this test. Leucocytes were isolated by a modification
of the method described by Lichtenstein and Osler (1964).
One volume of 1°/, methylcellulose in saline was added to
three volumes of heparinized blood in order to accelerate the
sedimentation of red cells. After washing, the leucocytes were
incubated with different concentrations of antigen for 30
minutes, and the released histamine was measured biologi-
cally.
Reversed Reaction.-This test was carried out on the leuco-

cytes of 10 allergic patients and the 10 non-allergic con-
trols. The basic principle of this technique is that the presence
of leucocyte-fixed immunoglobulins, whether in the form of
non-committed molecules or specific antibodies, such as
those involved in the reaction of leucocytes to antigen, may
be elicited by the release of histainine when the leucocytes
are challenged with antisera against these immunoglobulins
(Ishizaka et al., 1969). Thus antibodies against these immuno-
globulins take the role of the antigen in this reaction. In this

test leucocytes were challenged with antisera specific to the
five human immunoglobulin classes (IgA, IgG, IgM, IgD,
and IgE). Goat anti-human IgA, goat anti-human IgG, and
goat anti-human IgM sera were obtained from Hyland
Laboratories. Sheep anti-human IgD and sheep anti-
human IgE sera were kindly provided by Drs. D. Rowe, H.
Bennich, and S.G.O. Johansson. Extensive experiments on the
leucocytes of three patients and one control subject were
carried out in order to find the optimum concentration for
histamine release. In subsequent experiments, therefore, a
single dilution considered to be most appropriate was used
(1/1,500 of anti-IgE, 1/1,500 of anti-IgG, 1/1,500 of anti-
IgA, 1/500 of anti-IgD, and 1/500 of anti-IgM).

Antigen
A 1% extract (weight per volume) of the house-dust mite

D. pteronyssinus was prepared by Dr. Maunsell by methods
described elsewhere (McAllen et al., 1970). The protein con-
tent of -this stock solution was 112 ,ug./ml. Throughout this
paper the strength of antigen is expressed in terms of the
concentration of whole mite extract. The optimum concen-
tration of antigen for the challenge of passively sensitized lung
was 50-100 Ag./ml. In the leucocyte test antigen was used in
the concentration range of 0-1 to 100 ,ug./ml.

Results

Serum reagins against the house-dust mite D. pteronys-
sinus could be detected by passive sensitization of human lung
in the serum of 22 of the 23 patients who have been tested,
serum reagins being detectable in a fifteenfold dilution of
serum in almost all cases. A low serum reaginic activity was
also found in two out of six non-allergic controls.
The leucocyte test was positive in 24 of the 26 patients,

and a high percentage of histamine was released in most
cases. Leucocytes of the two non-allergic subjects who had
detectable serum reagins against D. pteronyssinus also
released small amounts of histamine after challenge with high
concentrations of the same antigen, confirming that they had
a latent allergy.
Measurement of Reaginic Activity of Sera.-A set of mea-

surements of the reaginic activity of sera of various patients
(indicated by their case numbers) is shown in Fig. 1. It is
seen that all the tested sera exhibited a positive regression of
histamine release in relation to the change in the concentra-
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FIG. 1.-Example of a set of measurements of the relative reaginic
activity of sera of various patients (case numbers indicated) obtained by
passive sensitization of aliquots prepared from the same human lung
specimen. Two concentrations of each serum differing by fivefold were
used and the lung aliquots were subsequently challenged with antigen
(50 gig./ml.). Each point represents the mean histamine release from
duplicate specimens. Control= histamine release by antigen from non-

sensitized lung specimens.
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tion of the serum used for passive sensitization. No quantita-
tive estimates of the relative activities of different sera could be
calculated because of differences in slope of the regression
lines, which was more pronounced in some experiments. A
qualitative rank order of reaginic activity, however, could be
established on the basis of the average histamine release
obtained with each serum.

Measurement of Active Sensitization of Leucocytes from
Sensitized Patients by Application of Antigen and Estimation
of Histamine Release.-A set of experiments showing the rela-
tion between histamine release and antigen concentration is

100- Challenge of leucocytes
cz antiqen: dermatopha'oides
0 pteronyssinus

080 1
0

40202
E0 -

0

Antiqen concentration (pq./ml.)

FIG. 2.-Relationships between antigen dose and histamine release from
the leucocytes of a group of allergic patients (case numbers indicated).

shown in Fig. 2. The curves vary in respect both of the
antigen concentration required to produce a given percentage
of histamine release and of the maximal percentage histamine
release obtainable. The response of the leucocytes of some of
the patients was so pronounced that they released almost all
of their histamine content when they were challenged with
very low concentrations of the mite extract. The results of
the experiments are shown in Fig. 2 and some further experi-
ments are summarized in Table I. In order to obtain a rank
order of active sensitization two criteria of classification were

TABLE I.-Antigen-induced Histamine Release from Leucocytes and
Serum Reaginic Activtty

Case
No.

7
12
6

23
15
14
16
5
17
4
9

22
13
1

20
10
18
11
8
2
3
19
21

Leucocyte Test

Maximum Antigen
Histamine Concentrati Rank
Release by Producing Order
Antige (Oo)* Release (jig./ml.)

98 0-1 23
96 4-0 22
95 4-0 21
94 4-0 20
93 4-0 19
92 4-0 18
92 20-0 17
89 20-0 16
88 20-0 15
87 20-0 14
87 1000:t 13
82 20-0 12
78 20-0 11
72 4Ot: 10
67 20-0 9
65 4-0t 8
53 20-0 7
47 20-0 6
37 100-0 5
23 100-0 4
6 100 0 3
3§ 100-0 2
2§ 100-0 1

Assay of Serum Reaginic
Activity by Passive

Sensitization of Human
Lung

Mean Histamine
Release by Rank

Antigen (0/o)t Order

38-2
32-6
26-5
21-2
38-3
35 -6
20-3
13-4
5 4

34-5
9-2
8-0

18-0
26-0
11-9
14-6
12-6
27-2

1 3-5
19-9
6-9
4-2
2-0

22
19
17
15
23
21
14
10
4

20
7
6
12
16
8

11
9
18
2
13
5
3
1
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jointly applied-namely, the maximum percentage histamine
release and the dilution of antigen required to produce a
maximum release. It was considered that the most important
criterion of sensitization is presented by the position of the
curve maximum. On this basis curves with similar maxima
were grouped together. They were then further ranked
according to the greatest dilution of antigen producing a
specific response. The rank order obtained from the two-
criteria classification is shown by the numbers against each
result in Table I.

Correlation Between Reaginic Activity of Serum and Active
Sensitization of Leucocytes.-The Spierman index of rank
correlation was calculated from the rank orders for the two
tests; it was significant at the 1 % probability level.

Leucocyte "Reversed" Histamine-release Reaction Induced
by Specific Immunoglobulin Antisera.-Significant amounts
of histamine were released in this reaction. An example is
given in Fig. 3, which represents the results of an experiment
carried out on the leucocytes of one patient, which were
highly responsive to antigen. It was noticed that the highest
histamine released in the reversed reaction (62% of the total
content in leucocytes) was obtained with the lowest concen-
tration of anti-IgE serum used (1/4,500); the higher con-
centrations of this antiserum producing an inhibition rather
than an increase in histamine release. The comparison of the
response to anti-IgE of the leucocytes of this patient with
two others, with less pronounced reaction to antigen, and
with a control, is shown in Fig. 4. It seems from these limited
experiments that the leucocytes which are less reactive to anti-
gen are also less reactive to anti-IgE and require a higher
concentration of this antiserum to produce a maximum
response. Anti-IgG, anti-IgA, and anti-IgM sera also
produced a greater mean response from the leucocytes of
allergic patients than from the control subjects, as shown in
Table II.
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0 10 -3~~~~~ --

1054 103
Relative concentration of antiserum (vol./vol.)

-2

*Leucocytes giving an equal maximum histamine release were ranked according
to the antigen concentration producing this release.
tMean release in four duplicates (two different concentrations of serum, 1/3 and

1/15, in each-of two different experiments), correction being made according to the
differences in release due to reference serum in different experiments.

4:Cases presenting difficulty in ranking.
§Test considered negative.

FIG. 3.-Reversed-type reaction of leucocytes of an allergic patient to
various concentrations of antisera specific to the different human
immunoglobulin classes. FIG. 4.-Reversed-type reaction of leucocytes
from three allergic patients (0, x, A and from one non-allergic

control to various concentrations of sheep anti-human IgE serum.

506 30 May 1970 House-dust Mite Allergy-Assemn and McAllen

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.5708.504 on 30 M
ay 1970. D

ow
nloaded from

 

http://www.bmj.com/


30 May 1970 House-dust Mite Allergy-Assem and McAllen EDIBiUf L 507

TABLE II.-"Direce" and "Reversed" Leucocyte Tests. Maximum His-
tamine Release by Antigen and by Antisera Specific to Different Human

Immunoglobulins (See Text)

Normal Controls Allergic Patients

Histamine Histamine No with
Test Material N release No. Release RelHame

Tested Tested aabove
Control

Range Mean S.D. Range Mean (P <O -05)

Antigen
(D.preronyssinus) 10 2-28 9 9 26 2-98 68 22

Anti-IgE
(I/,500) 10 2-25 13 9 10 8-77 40 6

Anti-IgG
(1/1,500) 7 2-29 15 10 7 1-49 265 2

Anti-IgA7 2-2 1
(1/1,500)* 7 2-10 5 3 7 2-32 14 4

Anti-IgM(1/500) 7 2-12 6 4 7 2-21 0 2

Anti-IgD (I/500) 7 2-10 4 3 7 2-13 6 1

*Dilution of antiserum used.

Discussion
Our results confirm the importance of the house-dust

mite D. pteronyssinus in causing allergy, as recently shown
by several groups of workers (Voorhorst et al., 1967; Maun-
sell et al., 1968; Pepys et al., 1968; Stenius and Wide, 1969;
McAllen et al., 1970). They show that the two main in-vitro
tests which have been used in this investigation are of con-
siderable value in the detection of human allergy. The study
by Stenius and Wide (1969) included in-vitro techniques,
but they differ from ours in two main respects. Firstly, they
used D. culinae, a mite not commonly present in house dust
(Maunsell et al., 1968). Secondly, their in-vitro technique
was the estimation of IgE antibodies by the radio-
allergosorben test, while we used two techniques in which im-
mediate allergic reactions were elicited by the specific release
of histamine, one of the main mediators of this type of
reaction. These differences may partly account for the higher
percentage of positive results in our study.
rne test of passive sensitization of chopped human lung by

serum from an allergic patient followed by the application of
antigen and histamine release measures the amount of free
reagin in serum. This test has certain advantages over passive
sensitization of human leucocytes and also over passive sen-
sitization of monkey lung, as previously discussed (Assem and
Schild, 1968).
The other test used-namely, the incubation of leucocytes

with antigen-measures active sensitization of a tissue in
contrast to the previous test, which measures reaginic activity
of serum. The leucocyte test is of considerable value and is
highly sensitive. Nevertheless, quantitation of this test gave
rise to difficulties. The degree of sensitization of leucocytes
cannot be assessed by applying a single criterion, since both
maximal release and the concentration of antigen required for
release are relevant. We have attempted to provide a joint
measure embodying both features, and used this as a basis
for ranking.
When the ranks obtained for the reagin and leucocyte tests

were compared they showed significant correlation, suggesting

that basically they measure closely related variables. In a
small proportion of patients, however, there were pronounced
differences between the results of the two tests. Perhaps the
simplest explanation is that the two systems are related
through a slowly established equilibrium between circulating
reagin and reagin attached to leucocytes. Another possibility
is that leucocytes may be sensitized by antibodies other than
reagins or through cellular mechanisms not involving circu-
lating antibodies.
Our results on the reversed histamine release reaction from

human leucocytes are in agreement with those of Ishizaka et al.
(1969) and Lichtenstein and Levy (1969) which support the
generally held view that IgE antibodies are the main anti-
bodies involved in tissue sensitization. The appreciable but less
pronounced histamine release from the leucocytes of the
non-allergic controls suggests that non-antibody IgE mol-
ecules also have the property of tissue fixation.

Since histamine release in the reversed reaction by antisera
other than anti-IgE, particularly anti-IgG, anti-IgA, and
anti-IgM, was also significantly higher in a proportion of
the allergic patients than in the controls, it seems possible
that this difference is due to antigen-specific leucocyte-
fixed antibodies which may take part in the immediate-type
allergic reaction. If this were the case it would suggest the
heterogeneity of reaginic antibodies, which has been the
subject of speculation by several authors, but yet awaits
conclusive evidence.
The results obtained in the reversed histamine release

reaction suggest that this test, though non-specific, may be of
some value in the study of human allergy.
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supply of the antigen prepared from D. pteronyssinus, Miss Kay
Folkard for technical assistance, and the surgeons of the Bromp-
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