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Sensitive Glass Microfibre-Based
Histamine Analysis for Allergy Testing
in Washed Blood Cells

Results Compared with Conventional Leukocyte Histamine Release Assay
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The new microfibre method for allergy testing is based on basophil histamine release after
challenge with suspected allergens in samples of 50 jil washed blood cells. Released
histamine is bound to microfibres and measured after removal of interfering substances by
washing. The microfibre metbod was compared with the conventional leukocyte histamine
release assay in 18 allergic patients tested with 10 different allergens. It was found that the
same individuals responded with histamine release to the same allergens in both assays, and
the number of responders was almost identical. Also the dose-response curves and the cell
sensitivity were almost identical, which further substantiated identity between the results
obtained by the new microfihre method and the conventional assay. A comparison between
the microfibre method and in vivo provocation tests showed good agreement when
comparing the number of positive and negative responses in these test. The new method
overcomes the problems in allergy testing, where only small amounts of blood are available
and many tests have to be carried out.
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he in vitro diagnosis of specific type I allergic were found to be almost identical to those
reactions is mainly based on estimation of total obtained by the conventional assay,
a d specific IgE in serum. However, these tests

poor reproducibility and sensitivity, espe- PAXTFMX' ;

in diagnosing less severe allergy (16).
Histamine release from human basophil leuko- Eighteen patients with a well-documented
cytes fulfils the demands of a specific and sensi- history of allergy were included in the study,
tive in vitro assay for diagnosing type I allergic Seventeen of the 18 patients suffered from
reactions (1, 10, 11). We have therefore deve- asthma, IS from conjunctivitis, 15 from rhini-
•̂ Ped a new, simple method, which only re- tis, and one from atopic dermatitis. All patients

quires small amounts of blood and no isolation were seen in an adult allergy clinic (Rigs-
oi cells, since histamine was released by aller- hospital, Copenhagen) and were evaluated by
gen in washed blood (13). In this study, the case history and skin prick test, and in 16 of the

ew microfibre method was compared v îth the patients bronchial provocation tests were per-
conventional leukocyte histamine release assay, formed. These in vivo tests were performed
and the results obtained by the new method prior to the in vitro studies of histamine release

have
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using the same allergens, and the time interval
between the in vivo and in vitro tests amounted
to 6 months (range 1 day to 1 year). Thirteen
of the patients received immunotherapy with a
mean duration of treatment of 1 year (range 3
months to 2 years).

the 1st s (FEVi) of 20% or more was defined as
a positive reaction to the allergen. The highest
concentrations of allergens used were 1:10 w/v.
The time interval between bronchial provoca-
tion and in vitro tests was in many cases at least 6
months, therefore no attempts were made to
examine a correlation between histamine release
and bronchial sensitivity.

MATERIAL AND METHODS

Allergens

The following allergens were used in this study.
Betula verucosa, Phleum pratense, Artemisia vul-
garis, horse, dog and cat dander, Dermatopha-
goides pteronyssinus, and house dust, which were
delivered from ALK, Denmark in stock solu-
tions of 1:10 w/v, and Altemaria and Cladosporum
herbarum (both 10,000 BU/ml) from Pharmacia,
Sweden.

For histamine release experiments the aller-
gens were diluted in Pipes-AMC to final con-
centrations in the reaction mixture of 10~',

10-3 v/v. Anti-IgE (400,000 U/ml)
from Behringwerke, Germany was used in final
concentrations of 10"^, 10"5, lO""*, and 10"^
v/v. Pipes-AMC, a buffered solution of pH 7.4,
was used instead of Tris-AMC (3) and consisted
of 10 mM piperazine-N,N (bis-ethane sulfonic
acid), 140 mM sodium acetate, 5 mM potassium
acetate, 0.6 mM CaCl2, 1.1 mM MgClj, glucose
1 mg/ml human serum albumin 0.3 mg/ml, and
heparin, Leo, Denmark, 15 IE/ml.

Skin prick tests

The allergen concentration used for skin tests
was 5 HEP (Histamine Equivalent Prick) corre-
sponding to a positive reference of 5 mg hist-
amine, 2 HCl/ml. Skin reactions were read after
15 min, and wheals half or more the size of the
histamine reference were regarded as positive.

Bronchial provocation test

The technique was carried out as described ear-
lier (16). A drop in forced expiratory volume in

Conventional leukocyte histamine release assay

Venous blood (20 ml) was drawn into a plastic
syringe, anticoagulated with 1 ml 0.2 M EDTA
(pH 7.2), and the leukocytes were isolated by
the Ficoll-Hypaque gradient method, and there-
after washed and suspended in Pipes-AMC in-
stead of Tris-AMC (11). 100 (xl leukocyte sus-
pensions were incubated in plastic tubes at
37°C for 40 min with the above-mentioned
allergens in final concentrations of 10~', 10"^,
and 10"^ v/v, or anti-IgE in final concentrations
of 10-6 10-5, 10-4, and lO-s v/v. All concen-
trations were tested in duplicate. Allergens and
anti-IgE were omitted for spontaneous hist-
amine release and for determination of the total
histamine content: in the latter case the samples
were left at 4°C. Thereafter 3 ml ice-cold Pipes-
AMC was added to the samples and they were
centrifuged at 2000 g for 10 min. The super-
natant was discarded and the residual histamine
was determined in the cell sediment. To the cell
sediment was added 400 [xl NaOH/OPT mix-
ture (2 mg OPT (o-phthaldialdehyde, Fluka)
dissolved in 1 ml methanol and 9 ml 0.05 N
NaOH). After 4 min 400 (xl 0.175 N H3PO4 was
added and the samples centrifuged at 3000 g for
10 min. The histamine content was determined
spectrofluorometrically in a Farrand provided
with a micro-flow cell and an autosampler.
Samples were read at 355/455 nm (excitation/
emission). The release of histamine was expres-
sed as a percentage of the total histamine con-
tent of the sample. In the absence of allergen or
anti-IgE the spontaneous histamine release
amounted to 5—10% in all experiments. There-
fore, it should be noted that only release > 10%
is considered significant. Cell sensitivity was
defined as the allergen concentration causing a
20 % histamine release (10).
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Microfibre method

Venous blood (5 ml) was drawn into a plastic
syringe, anticoagulated with 0.25 ml 0,2 M
EDTA (pFI 7.2) and, if not otherwise stated,
used on the same day. However, the blood can
also be stored for 24 h at 4°C before assay,
since this does not change the histamine release
or cell sensitivity. The blood sample was wash-
ed 3 times at 300 g for 6 min at room tempera-
ture with 15 ml Pipes-AMC and resuspended in
this solution to a final volume of 5 ml.

Fifty (xl samples of washed blood were placed
in glass microfibre-prepared microtitre plates
(international patent application No. WO 83/
00229). To avoid trapping of blood cells into
the microfibres 50 [xl of Pipes-AMC was added
to the plates before the washed blood. The
samples were incubated for 60 min at 37°C with
20 |A1 of allergen or anti-IgE in the final concen-
trations mentioned above. The net release of
histamine was calculated on the basis of a stan-
dard histamine curve, where blood samples
were incubated with 0, 0.625, and 1.25 ng hist-
amine, 2 HCl. The spontaneous release was
negligible, since almost identical standard curves
were obtained when histamine was added to
Pipes-AMC instead of to the blood.

After incubation, released histamine was
bound to the microfibres and interfering sub-
stances were removed by washing the plates for
1.5 min with deionized water. Thereafter hist-
amine was released from the fibres by addition
of 20 [xl HCIO4/OPT mixture (2 mg o-phthal-
dialdehyde, Fluka, dissolved in 1 ml methanol
and 1 ml 0,59% HCIO4). After 10 min at room
temperature, 65 \A 0.05 N NaOH was added
and the coupling reaction was terminated after
10 min by addition of 65 (xl 0.59% HCIO4. The
histamine content was determined in a Farrand
spectrophotofiuorometer, only net release of
histamine 3= 0.3 ng histamine, 2 HCl was con-
sidered a significant release, and the cell sensi-
tivity was here defined as the lowest allergen
concentration releasing 0.3 ng histamine, 2 HCl.

RESULTS

Eighteen allergic patients were tested with 10
different allergens and with anti-IgE by the

conventional leukocyte histamine release assay
and with the new microfibre method. Of the
180 tests performed with allergens in each
method, 40% were positive, i.e, showed signif-
icant release of histamine. It appears from
Table 1 that the results obtained by the micro-
fibre method were identical to those obtained by
the conventional assay. Thus, the same indi-
viduals responded with histamine release in
both assays and the number of responders was
also identical, with the exception of a slight
difference in the response to Betula verucosa
where six persons showed histamine release in
the microfibre method, but only five of them in
the conventional assay. The response to anti-
IgE was also identical, since in both assays 14 of
the 18 patients showed histamine release by
anti-IgE (Table 1). That the two methods pro-
duced almost identical results was also demon-
strated by dose-response curves where identical
curves were obtained by the microfibre method
and the conventional assay. Representative ex-
amples are shown in Fig. I.

In Table 2 cell sensitivity to the 10 different
allergens was determined in the 18 patients by
the two assays. It is seen that a highly signif-
icant correlation was found between cell sensi-
tivity measured by the microfibre method and

Table 1

Allergic patients showing histamine release by in vitro provo-
cations with allergens or anti-IgE

Betula verucosa
Phleum Pratense

Artemisia vulgaris

Horse dander
Dog dander
Cat dander
Dermatophagoides pteronyssinus

House dust
Attemaria

Cladospomm
Anti-IgE

Methods

Conventional Microfibre

5
12
9
4

7
9
8

12
2
3

14

6

12

9
4
7
9
8

12
2
3

14

Eighteen patients were tested for histamine release by 10
different allergens and by anti-IgE. The same patients
showed release in both methods and the number of persons
showing histamine release is stated.
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Fig, 1. Histamine release caused by different allergens in an
allergic patient. Microfibre method (x x) and conven-
tional leukocyte histamine release assay ( • • ) .

Table 2

Correlation between cell sensitivity measured by the micro-
fibre method and the conventional leukocyte histamine

release assay

Microfibre method

No

release
10-3 10-5

Conventi-

onal
method

No release

10-

109 1
16
I

3

23 2
25

Cell sensitivity to different allergens was determined by the
microftbre method and by the conventional assay and the
number of determinations are given. Note that cell sensitivity
was defined in different ways in the two assays, i.e. by the
allergen concentration causing a net release of 0.3 ng hist-
amine or a 20% histamine release. The correlation between
cell sensitivity in these assays was highly significant (P < 0.01
by Student's t-test),

Table 3

Relationship between responses measured by the microfibre

method and bronchial provocation or skin test

Histamine
release

Pos.

Neg.

Bronchial

provocation

Pos. Neg.

19 2

0 4

Skin test

Pos. Neg.

66

29

13

72

The number of tests showing positive and negative responses
by challenge with allergens are given.

the conventional leukocyte histamine release
assay, which further suhstantiates the degree of
identity between the results obtained by the two
methods.

To compare the microfiber method with in
vivo provocation tests, the correlation between
the responses was examined. Sixteen patients
were challenged with different allergens, each
patient with approx. two allergens. Table 3
indicates a complete agreement between the
number of positive responses obtained in the
histamine release assay and by bronchial provo-
cation, whereas a small difference was found in
the negative responses, since in six patients
with negative bronchial reaction only four
showed no release of histamine. When the 18
patients were challenged with the 10 allergens,
positive skin reactions were obtained in 95 tests
and among these 66 (69%) showed histamine
release. Of 85 tests showing negative skin re-
action 72 (85%) did not show histamine release.

DISCUSSION

Allergen-mediated basophil histamine release
has proved to be an excellent test for diagnos-
ing type I allergic reactions in atopic patients,
since this test more closely imitates the allergic
reaction occurring in vivo than measurements
of allergen-specific IgE in serum. Thus, in aller-
gic individuals there is good correlation between
the severity of clinical symptoms, skin tests,
bronchial provocations, and histamine release
(4, 6, 8, 15, 16). Many attempts have therefore



GLASS MICROFIBRE METHOD FOR ALLERGY TESTING 217

been made to simplify the histamine release
method (1, 7, 9, 11), or to develop new hist-
amine analyses (2, 5, 12). We have earlier de-
scribed a new microfibre method for detecting
in vitro basophil histamine release by a sensitive
and specific glass microfibre-based histamine
analysis, which overcomes the methodological
problems in assays available today (13). The
existence of a high histamine binding to glass,
which is the basis of the new assay, has later
been confirmed by others, suggesting a specific
process for adsorption of histamine to boro-
silicate-containing glass surfaces (14).

The microfibre method seems suitable for
clinical use, since isolation of cells and extraction
of histamine are omitted and the test only needs
a small volume of blood, i.e. 50 |xl per sample.
Furthermore, the blood can be stored for 24 h
at 4°C before assay without changes in hist-
amine release or cell sensitivity, which is also the
case in other studies of basophil histamine re-
lease (9, 11).

The microfibre method differs from the con-
ventional leukocyte histamine release assay not
only in being a new principle but also because
histamine release was determined by net release
instead of by per cent release, since a total
release of histamine by detergents would inter-
fere with the histamine analysis. It was therefore
essential to examine the degree of identity be-
tween results obtained by the new microfibre
method and the conventional assay.

Eighteen allergic patients were therefore test-
ed in both assays with 10 of the most common
inhalant allergens used in Denmark. It was
found that the same individuals responded with
histamine release in both assays and that the
nunnber of responders was almost identical. A
close degree of identity between results obtained
by the two methods was also demonstrated by
the identical dose-response curves. Further-
more, the cell sensitivity to allergens, which
seems to be useful for evaluating the degree of
allergy (10, 16), was determined, and a highly
significant correlation was found between cell
sensitivity measured by the microfibre method
and the conventional leukocyte histamine re-
lease assay, which further substantiates the
identity of results obtained by the two methods.

As mentioned above, several authors found
basophil histamine release to have a good cor-
relation with the in vivo provocation tests. In
the present study, the bronchial provocation
test and the skin test were performed at various
intervals before the histamine release assay and
many of the patients also received immuno-
therapy. Therefore, it was only fair to compare
the number of positive and negative responses
obtained in the microfibre assay with those
obtained by the in vivo provocation tests, and
the comparison showed good agreement. Fur-
ther examinations comparing the results ob-
tained by the microfibre method with the clin-
ical symptoms, skin prick test, bronchial provo-
cation, and RAST are now in progress.

The new microfibre method overcomes the
problems in allergy testing, especially in chil-
dren where only small amounts of blood are
available and many tests have to be performed.
The method might also prove to be useful in
monitoring the effect of immunotherapy and
allergen standardization.
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