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Measuring Allergen-Specific IgE
Where Have We Been and Where Are We Going?¢

M. Michael Glovsky

Summary

About 40 yr ago, two groups of investigators identified a new class of inmunoglobu-
lins, IgE. By exchanging their results and reagents, they proved that the immunoglobulin
responsible for immediate hypersensitivity was Igk. From that day forward the science of
allergy was greatly advanced. Within a few years of the Igk discovery. an assay for IgE
was developed. This test was named the radio allergosorbent test. The specific 1gE testing
methodology has matured in the last four decades. Ditferent means of detecting IgE bound
to allergen is the subject of this review. We have included methods for measuring specific
[¢E using the ImmunoCAP 1000 instrument. The methodology for measuring basophile
histamine release is also detailed in this chapter.
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1. Introduction

IgE, the immunoglobulin isotype related to immediate hypersensitivity
(allergy), was identified by two groups of investigators in 1966 and 1967. The
Ishizakas, in Denver, extracted a new class of immunoglobulins (not IgG, IgA,
IgM, or IgD) trom reaginic sera of individuals highly allergic to ragweed polien
(I). When the isolated immunoglobulin was passively injected into human skin
and the skin was challenged with ragweed extract, a wheal and tlare reaction
occurred. Within the same years Bennisch and Johanson in Sweden had identified
a paticnt, N. D., with an unusual myeloma protein not identified by antisera to the
known immunoglobulin isotypes (2). They called this miyeloma protein Ig N. D.
The two groups compared the myeloma protein with the isolated immunoglobu-
lin and proved that the reagenic antibody and IgEl N.D. were similar in structure,
antibody reactivity. and function, and named the allergy antibody “IgE” (2).
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Diagnostic testing for allergy has progressed since the discovery of Igk. i,
1967, Wide and colleagues introduced an in vitro test for specific allergens (3,
They produced antibody to human IgE in rabbits and coupled specific alleryc:
protein (such as ragweed or ryegrass extract) to cellulose discs. Next. thes
added sera of individuals allergic to ragweed, rycgrass, or other allergens w.
the specific allergen-coated cellulose discs. After washing the discs to remon ¢
unbound antibody, they added 1'** labeled anti-IgE to the paper discs. The [+
that bound to the discs was analyzed to determine the quantity of specific [zf.
This test was named the Radio Allergo Sorbent Test, or RAST (Fig. 1). Since
its initial development, the RAST has been modified and automated. Other
versions of the specific IgE test have been formulated, such as the MAST.
AlaSTAT™, and Hycor-EIA tests. All are based on similar methodologies. Thi-
review will focus on the ImmunoCAP-FEIA methodology, thought by some
investigators to be the most accurate and best-validated in vitro specific Igk
test available.

ImmunoCAP is a third-generation quantitative (est developed by Pharmacis
Diagnostics from the original RAST technology (4). Also included in this chup-
ter is an overview of newer methods, including flow cytometry, upregulation ot
basophile receptors CD,; and CD,;, and silica chip evaluation of specific Igk
using recombinant allergens.

2. Specific IgE Testing With ImmunoCAP

The third-generation Pharmacia ImmunoCAP-specific IgE technology uses
an activated sponge-like matrix to absorb specific allergens. The tests are sand-
wich immunoassays using a flexible, hydrophilic carrier polymer encloses in
capsule as the solid phase (the ImmunoCAP). Serum is added to the Immuno-
CAP and incubated. and the cap tube is then washed. Enzyme-labeled anti-Igk
is added to the cap, and after further washing the bound IgE is quantified using
a tluorescent substrate. Results are reported quantitatively using a kU/L scale.
The calibrator is IgE bound to anti-IgE caps using a six-point quantitative curve.
Calibration ranges from <0.35 kU/L to >100 kU/L. Results can be reported by
second system using six classes (0, 1, 2. 3, 4, 5, and 0) (Table 1).

CAP testing has been highly automated on several instruments such as the
AutoCAP 100, ImmunoCAP 250, and ImmunoCAP 1000; the numeric sutfixes
indicate the numbers of tubes that can be analyzed.

2.1. Method for Measurement of Specific IgE Using the Unicap 1000
instrument
2.1.1. Analytical Principle—UniCAP Specific IgE

The UniCAP-specific IgE FEIA is an in vitro quantitative assay that measurcs
the concentration of circulating allergen-specific IgE in human blood samples.

\pecific IgE 207
Measuring Allergen-Specitic IgE 2(

Arbit. unit
reference serum

100

l',
0.32
s

< 1000 = 320 units)

Data
Serum dilution
Equiv. dilution

Titer determination
reference serum

10-2
g. (Sample above = 0.32 .

Reference Serum (@)
(1000 arb. units)

Arbit. units
in sampie
e

10-2

punog WO 110} 1usdiad

—
~

Reference
or
unknown
serum
vy
~Nesy oo
a-vyE{ —
TS
s Counting

~
4 hr
-
-z
Agitation
16-18 hr
Wash x3

Agitation
Wash %3

Procedure

Antigen

Fg.LSdmmmmofmgmmnﬂMMk@mommnmﬂummwdml%ﬂjnmgmgaﬁa
incubation. human antibodics of difterent isotypes (e.g., IgG. Igk) in .rctcrm.uc d}_ld
mhmmwmmmwm@mwmmwmmHMMMMMgmmmqMMhMM@W¥r
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labeled rabbit anti-human [gE detection antibody. The percentage ol tglal radioactivity 1}1
counts per minute (CPM) bound to the allergosorbent is then mezgsureq ln’ a gu‘n‘\maﬁct)u)mur
and plotted against the serum dilution analyzed.y Th§ amgqnt of specific lAgE Ill‘rulcr.t,ll?(;
and original sera is proporttional to the amount of radioactivity bound. Int‘mpo'lé[gd unFts of
antibody are corrected for sample dilution and reported as t.hc numbgr .of 'd[jbl[l 111'yfu111;§ o
allergen-specific 1gE in the original serum. (Reproduced with permission from ref. 18.)
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Table 1

Relative Concentration of Specific IgE

Class Relative activity KU, L
(:lass 0 Undetectable <0 ‘»: .
(j,la,sm 1 Low ().23;;); Ti
Class 2 Moderate 0 ﬂ—’\gw
Class 3 High 3 5—1"{*:
(zlass ~_l Very high l;()—%{;
(;lass 5 Very high 51~1(~m
Class 6 Very high >100

I'he calibration reflects total IgE bound and not specific IgE. Specific 1gE o ryegrass. shoi:
ragweed. and cat extract would be ideal for use as a standard for each assay. However, sgch Speciii A
. . o O HLC < H 1 : i ) ; o
standards for over 49() assays would be technically impractical. For that reason, bound I¢E ;-
used as a relative calibrator for both specific and total [¢E. o

In principle, the allergen of interest, covalently coupled to ImmunoCAP, cup-
tures the specitic IgE in the patient specimen. Nonspecific IgE is washed ’amix
anfi cn.zyme-labcled antibodies against [gE are then added ;0 form a comple,\.
After incubation, unbound enzyme-anti-IgE is washed away and the bouﬁd
complex is incubated with a developing agent. The reaction is then stopped and
the fluorescgnce of the eluate is measured. To evaluate the test results, the
response units for patient samples are compared directly to the response o} the
calibrators. )
) .,Thc, I.gE calibralo‘rs are traceable to the Second International Reference
1 reparation 75/502 of Human Serum Immunoglobulin E from the World Health
Organization (WHO). The UniCAP 1000 Instrument calculates the concentra-

tion in kU/L and the instrument software automatically calculates the concen-
tration.

2.1.2. Equipment and Supplies

. UniCAP 1000 instrument (cat. no. 12-3800-01).

2. Um‘CAP 1000 pipet tips in racks (cat. no. 12-3805-04),

3. Solid waste container bags (cat. no. 12-3807-36).
2.1.3. Reagent Summary, Preparation, and Storage (see Note 1)

All reagents are manufactured by Pharmacia and Upjohn Diagnostics.
U!)psala, Sweden. Note: date and initial all rcagents upon opening. Each con-
tam;‘r should be labeled with substance name, lot number, date of preparation
expiration date. and any special storage instructions. '

1. Ant?’-lgE ImmunoCAP (cat. no. 14-4417-01). Anti-IgE Mouse monoclonal anti-
bodies. 16 ImmunoCAP/carrier. Store at 2-8°C.
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2. Allergen-specific ImmunoCAP (refer to catalog for specific allergen product num-
ber). Each ImmunoCAP is specific for detecting IgE antibodies against one or
multiple types of allergen. Store at 2-8°C.

3. UniCAP-specific IgE conjugate 400 (cat. no. 10-9310-02). B-galactosidase-anti-
IgE (mouse monoclonal antibodies) approx |pg/mL. Color-coded blue. Six vials,
20.5 mL/vial. Store at 2-8°C.

4. UniCAP-specific IgE calibrator strip (cat. no. 10-9386-01). Human IgE in butfer.
concentrations 0.35, 0.70, 17.5, 50, and 100 kU/L (0.2 ml/vial), tive strips, one
curve per strip. Store at 2-8°C.

5. UniCAP-specific IgE positive control (cat. no. 10-9446-01). Prepared {rom
selected pooled human serum and contains IgE antibodies to a number of differ-
ent allergens. Each Kit contains six bottles with four determinations per bottle (0.3
mL each). Store at 2-8°C.

6. UniCAP-specific IgE negative control (cat. no. 10-9445-01). Prepared from
human serum. Each kit contains six bottles with four determinations per bottle
(0.3 mL each). Store at 2-8°C.

7. UniCAP development solutions (cat. no. 10-9439-01): 4-methylumbelliteryl-B-n-
galactosidase 0.01%. Six bottles with 1200 determinations per bottle (64 mL. per
bottle). Store at 2-8°C.

8. UniCAP stop solutions (cat. no. 34-2271-51): sodium carbonate 4%, one bottle
with 1200 determinations per bottle (850 mL per botte). Store at 2-8°C.

9. UniCAP/Pharmacia CAP System washing solution set (cat. no. 10-9202-01). Set
contains two bottles cach of washing solution additive (86 mL) and washing solu-
tion concentrate (400 mL). Store at 2-8°C. To prepare for use, reconstitute using

10 L of distilled water per kit. Shake gently to mix. Prepared washing solution
may be kept on the instrument. The washing solution bottle must be emptied and
rinsed with distilled or ionized water. Water during weekly maintenance. Store at
room temperature.

2.1.4. Testing of New Lots of Reagents

New lots of reagents and kits must be tested for performance, and the results
of such testing recorded, before being placed in service. Include patient sam-
ples in parallel. To be acceptable, the new lot must perform the same as the old
lot. New vendor shipments of in-use lots are also tested prior to use.

2.1.5. Calibrators and Standards

UniCAP-specific IgE calibrator strip (cat. no. 10-938601): human Igk in
buffer, concentrations 0.35, 0.70, 3.50, 17.5, 50, and 100 kU/L. The IgE cali-
brators are traceable to the Second International Reference Preparation 75/505
of human serum IgE from WHO. Date and initial all calibrators upon opening.
Each aliquot tube should be labeled with (1) substance name, (2) lot number.
(3) date of preparation, (4) expiration date, and (5) any special storage struc-
tions. Store at 2-8°C.
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3. Procedure
3.1. Calibration Procedure

A six-point reference curve is set up along with the patient samples cu.:
time, and results are calculated by comparing the fluorescence of the unkiow. ..
to that of the reference. The UniCAP 1000 Instrument measures specific 121

concentrations in kU/L and the instrument software automatically calculates i
concentration.

3.2. Procedure
Follow the manufacturer’s instructions.
4. Calculations

All calculations are preformed by the UniCAP operator software. For coni-
plete details, refer to the UniCAP 1000 system manual.

4.1. Other Commercial IgE Tests
4.1.1. AlaSTAT

The AlaSTAT IgE assay (Diagnostic Products Corp., Los Angeles, CA,
employs biotin-labeled allergen extracts that bind in the fluid phase to specitic
IgE (3). The biotin-IgE complexes are added to microtiter wells or plastic tubes
where biotin-albumin is coated to the surface. Avidin is added to the solution
and the IgE-biotin complexes are linked to the biotin solid phase. An enzyme-
linked anti IgE is used to calibrate the specific IgE.

Quantitative IgE calibrators are used to assess specific IgE in the complexes
and the results are calculated and classified as kU/L bound or with specific
classes. The results of the AlaSTAT-specific [gE are similar, though not neces-
sarily identical, to those of the ImmunoCAP IgE. Like the ImmunoCAP system.
the AlaSTAT system has been automated.

The specific IgE bound in the AlaSTAT system depends on the individual
c:xlracts (such as cat dander, perennial ryegrass, and so on) that are coupled with
b.mtin. The specific extract and or the coupling procedure may, by altering the
binding of the allergen or the extract content of major allergens, give diffgrem
values than the ImmunoCAP procedure.

4.2. Hycor Test

The Hycor EIA and the Hycor Turbo-MP RIA (Hycor Stratogene, Garden
Grove, CA) methods for specific 1gE detection are both FDA cleared (6). In
these tests, allergens are linked to cellulose discs and serum IgE is tested after
incubation with the allergen-coated discs. The Hycor-EIA uses a modified
RAST scheme in which low-level specific IgE is recorded as positive. These
low-level tests may be clinically unimportant. The Hycor test is similar to the
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original RAST technology, but may be less well standardized owing to the
purity of the extracts and the comparative validity of the specific 1gE.

4.3. MAST Test

In a chemiluminescent system from Hitachi Chemical Diagnostics (tormerly
called MAST), the allergens are linked to a thread (7). After incubation with
sera containing lgE antibodies, the threads are washed, incubated with anti IgE.
washed again, and then developed with a chemiluminescent indicator. The test
results are reported as specific classes, 0-6, and the assay is considered a quali-
tative rather than a quantitative test.

5. Cell- and Microarray-Based Technologies to Detect Allergen-Specific IgE
5.1. Basophile Histamine Release

Histamine release using leukocytes from atopic individuals has been studied
for the last half century (8,9). Leukocytes are separated from heparinized blood
to remove red blood cells, and the volume of the leukocyte preparation is
restored to the initial blood volume. The specific allergen under study is added
to the leukocyte preparation (containing 0.5-1.0% basophiles) as well as con-
trols. After an appropriate incubation, the cells are separated from the super-
natant. Released histamine is then determined by comparing lysed basophiles
(100% histamine) to buffer and other controls. A good correlation (~90%)
between histamine release and skin testing as well as specific 1gE is usually
found with pollen allergens. With venoms and B-lactam drugs, the sensitivity
vs skin testing is approx 50% (10). This discordance may be related to false-
positive skin test reactivity or secondary to relative nonsensitivity of separated
basophiles. In any event, basophile histamine release is more time-consuming
and difficult to perform than specific IgE immunoassays. but is a relevant con-
firmatory test for unclear allergen biologic activity.

5.1.1. Method for Basophil Histamine Release: Evaluation of Allergic Status

Basophil histamine release in response to allergens (e.g., antigen E or Amb
al, Fel d1) correlates well with the severity of clinical symptoms suffered by
individuals who are allergic to these proteins. In fact. allergen sensitivity is
related to the serum of specific IgE. with very low concentrations of ailergen
often causing basophil histamine release in vitro when allergen-specific IgE
antibody levels are high. As a result, release of histamine from basophils in
vitro can serve as a dependable and precise indicator of an individual’s allergic
status, with few false-positive results when compared with skin (esting tech-
niques. Also, because many dilutions of antigens can be readily tested for reac-
tivity, the assay can be more quantitative than skin testing, which often relies on
a somewhat less precise endpoint.



e e ]

i €,

212

- Glovshy

5.1.2. Histamine Release From Washed Human Leukocytes

5.1.2.1. MATERIALS

50-mL Polypropylene centrituge tubes (Corning Inc. Corning, NY; cat. no. 25330
12 % 75-mm Polystyrene test tubes. 4 N
2-mL Auto analyzer cups.
1,4-piperazinebis (ethane sulfonic)-buftered salin ni

. e containing 0.003% human s
albumin, 0.1% D-glucose (PAG) buffer. ¢ B
5. 1,4—p1;?el‘a2111§bis (ethane sulfonic)-buffered saline containing 0.003% human serum
albumin, 0.1% D-glucose 10-M CaCl2 and 0.1 mM NaCl, (PAGCM) bufter.

5.1.2.2. METHODS

19 —

W

. The techniques described herein are, for the most part, used when histamine
1s analyzed by automated fluorimetry. o A )
I. Blood is drawn into a plastic syringe, preferably using a buttertly infusion set with

a needle size reflecting the desired volume required for the assay. Usually | mL

of blood per reaction tube will provide total histamine levels of ap[‘)roy; 20 1);0 with

some variation occurring among donors. o

Whole blood is immediately transferred to disposable 50-mL polypropylene cen-

trifuge tubes, each containing 12.5 mL dextran, 5.0 mL 0.1 M EDTA, and 375 mg

dej(tros.*et which allows proper mixing for up to 20 mL of blood. ’ )

3. After sitting for 60-90 min at room temperature (23-25°C), or until a sharp interface
fievelops between the plasma and erythrocyte pellet, the leukocyte-rich plasma layer
is carefully removed using a disposable plastic pipet and transferred to a clean tu{)e
The plasma is then centrifuged for 8 min at 110g in a refrigerated centrifuge at 4°C.

4. The upper plasma is carefully decanted (or aspirated) and discarded. The leuko;
cyte pellet is gently resuspended and approx 40 mL (or twice the amount of blood
used) of gold PAG buffer and centrifuged as previously listed.

5. The centrifugation and washing done in this manner are sufficient to remove most
of the plate‘let contamination. It is sometimes useful to do one or more washes in
PAG containing EDTA (~4 mM) because this reagent chelates calcium ar;d . re-
vents platelet clumping. However, it is important that the final wash be done inp the
absence of EDTA because histamine release requires calcium, and residual EDTA
may prc.vent the reaction cascade. After the final wash, the cell pellet is resus-
pended in PAGCM buffer.

6. Hlstalnine relcase 1s performed in polystyrene test tubes (12 x 75 mm). Total reac-
tion .volumes usually range from 0.1 to 1.0 mL. In practiée. most expc.rimcnts are

_runina total volume of 0.1 mL. Because the sample volume necessary for auto-
mated fluorimetry is 0.5-1.0 mL, reactions performed in smaller volumes are
.brought up to 1.0 mL with PAG buffer at the end of the reaction, prior to harvest-
nflg lhg supernatants for histamine analysis. ’

7. For simple histamine release experiments, 0.02 ml. each of 5X concentrations

Of alltlgen bu“el‘ pC] Chl()] iC ac .ld, Or Othe[ reage
) 0 c nts are added 1o tes l)
o, g t tubes and

)
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8. The washed leukocytes in PAGCM buffer and the reaction tubes are then warmed
separately by incubating them for 5 min in a 37°C water bath before adding 0.08
mL of the cell suspension to each tube.

9. The total histamine content (called “completes™) is obtained by lysing the cells in
a duplicate set of reaction tubes using perchloric acid at a final concentration of
1.6%. Tt is also important that tubes containing only cells and buffer (blanks) be
included in each experiment as a measure of the spontaneous release of histamine

(usually less than 5% of the total).

10, All conditions are tested in duplicate. During the reaction, the tubes are mixed by
vigorously shaking the test tube racks every 15 min. At the end of 45 min at 37°C,
reaction tubes are removed from the water bath and 0.9 mL of PAG buffer is added

to each tube.
11. The tubes are then immediately centrifuged for 2 min at 1000g. Alternatively, the

tubes can be centrifuged at 150g for 10 min.

12. The cell-free supernatants are decanted into 2 mL auto analyzer cups and stored
at 4°C in plastic racks (Elkay Products Inc., Shrewsbury, MA). To prevent
evaporation, samples should be frozen at —20°C if histamine cannot be ana-
lyzed within 2 wk. Alternatively, histamine can be measured using a histamine

immunoassay.

5.2. Histamine Autoanalyzer Method (11)

The fluorometric technique remains the most popular method of assessing
histamine release and is capable of consistently producing accurate and sensitive
measurements of this histamine. Automation of this technique by Siraganian
allowed analysis of up to 30 samples per hour (11); with more modern machines,
as many as 45-60 samples can be analyzed per hour. The procedure is based on
the extraction of histamine and its coupling with o-phthalaldehyde at a highly
alkaline pH to form a fluorescent product. Samples tested must be relatively free
of protein and other interfering compounds such as histidine. This is achieved by
first extracting histamine into n-butanol from a salt-saturated, alkalinized solution
before the condensation step with OPT, histamine is back-extracted into an aqueous
solution of dilute HCI by adding heptane. The histamine—ophthaldehyde
complex is stable at an acid pH, which increases the fluorescent intensity of the
compound. The automated technique requires a sample volume of 0.6-1.0 mL
and is capable of detecting histamine levels in the range of 0.5 to >100 ng/ml..
Although the automated methodology for histamine measurement is prefcrable,
similar results can be obtained manually with minor loss of sensitivity and pre-
cision. The assay is linear from 0.5 to 1000 ng/mL. The advantage of automated
fluorimetry over other systems is its ability to rapidly process a large number of
samples. However, this is the method of choice only when samples are obtained
from studies using low-protein buffer systems such as the in vitro releasc of
histamine from basophile or mast cell cultures.
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5.2.1. Special Reagents and Equipment for Flow Analyzer of Histamine

I. RFA 300 Rapid Flow Analyzer for histamine measurement by fluorimetrs
(Astoria-Pacific Internatjonal, Clackamas, OR).

Filtered reagents for fluorimetry.

a. 0.73 M Phosphoric acid.

30% NaCl.

5 N NaOH.

I N NaOH containing 1 mM EDTA.

0.1 N HCL.

Brij-saline-EDTA: 0.17 M NaCl. 1.5 mM EDTA, 0.015% Brij-35 (Perstorp
Analytical, Silver Spring, MD).

Heptane.

Butanol.

i. OPT solution: 50 mg of OPT (Sigma, St. Louis, MO) recrystallized in Ligoine
solvent (Eastman Kodak Co., Rochester, NY), | mL of spectranalyzed
methanol (Fisher Scientific, Pittsburgh, PA), and 0.5 M 99 ml. of borate buffer.

3. Histamine standards (for fluorimetry).
a. Histamine dihydrochloride (molecular weight = 184.1).
b. Histamine (molecular weight = 111.0).
I mg/ml. Histamine solution. (Note: 1 mg of histamine equals 1.66 mg of hista-
mine dihydrochloride.)

d. Dilute the 1 mg/mL solution 1:1000 in 2% HCIO, to give I pg/ mL stock and
store at —20°C in 6-mL aliquots.

e. 6mL ot | pg/mL histamine added to 294 mL of 2% perchloric acid = 20 ng/mg.

f. 50 mL of ~20 ng/mL standard added to 50 mL of 2% perchloric acid = 10 ng/ml.

[

ooz

—

S

5.2.2. Bufler for Basophil Histamine Release

1. 10X PIPES bufter, pH 7.4: 250 mM PIPES (Sigma), 1.10 M NaCl, and 50 mM KCl.
PAG butfer: 10% 10X PIPES, 0.003% human serum albumin (Calbiochem~Bering
Corp., La Jolla, CA), and 0.1% pD-glucose.

PAG-EDTA buffer: PAG containing 4 mM EDTA.

PAGCM buffer: PAG containing 1 mM CaCl, and | mM MgCl,.

Isotonic Percoll: nine parts Percoll (Pharmacia, Piscataway. NJ)vplus one part 10X
PIPES.

9
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5.3. Going With the Flow

In the last decade, basophiles have been found to upregulate cell surface
markers (CD,, CD,;, CD,, and CD,,). CD; is a transmembrane marker of
basophiles, mast cells, macrophages, and platelets. The flow cytometry assay
measures upregulation of CD; concentration on basophiles after incubation of
specific allergens (drug, food, or pollen) with heparinized blood supplemented
with the cytokine IL-3. The relative upregulation of CDg; on basophiles is then
determined by flow histograms after stimulation with allergen, compared to

S ; BE
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Fig. 2. Representative increased expression of CD203¢ al‘tm: fMl,P or allérEC1ll?hal-
lenge. Gated cells are presented on the basis of CD203¢-IgE stzfmmg: bc‘fo‘ristnyn)u ?ttl\(\)g
(upper left dot-plot), after fMLP challenge (upper right), apd after latgx Lh\d enbcfalz
different concentrations (lower dot-plots). (Reproduced with permission from rel. 1.2.)

appropriate controls. In one study of penicillin allergy, about 50% of the
patients had a positive CD,, increase compare‘d 1o controls. e onhiles
CD,,, is a neural cell surface biomafker found on Ing—bearlqg c?bf)p u:
and mast cells. The advantage is that it is found primarily on basophiles. 'Inbcj
study of allergy to Hymenoptera (honeypee) venom, CD,; V\‘/as‘foumi toT hc
upregulated from 4.2- to 13.5-fold in patients relative tf] normal‘ coﬂn.;fc? ;OE e
CD,, tlow assay was found to confirm the presence Qt venom-spect AIL‘h ¢E in
919% (20/22) of skin test positive patients who had'clmlcal ‘syn‘lptoms of concyc—l
bee sensitivity (12). In another study, ]atex-spec.lﬁc sensitivity was 63% an
CD,,; upregulation was better than C‘D(’3 ( 13)' (Fig. 2). - B
A limitation of CD,; studies with specific gllergens is the viabi xtVyv(
basophiles in human blood. Some investigators estimate tha} basophile tungmn
may last 24-36 h in heparinized blood. For transport 'Ot‘blood o a dlstha_n.t
reference laboratory, the ability to receive the sample within a short time 1s 3
limiting factor. Partial scparation of basophiles from other ‘b‘lood produ‘cttb mul
prolong the basophile viability. With certain classes of specific allergen reactivity
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such as drug and food allergy. where skin testing may be inadequate, flow
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: - b cytometry may provide valuable clues for patients sensitive to these allergens.
: . fFoEF 5.4. Microarray-Bound Allergens
” %_.,_ 5_ N The availability of recombinant allergens and recent advances in chip techno-
w : ®; e ; T 1 logies h?ive led to the development ot: new :systems for the.identiﬁcalion of specitic
e . . IgE antibody. The ordered array with micrometer spacing could accommodate
~lE vl i@z e P more than 1000 allergens and controls bound to the microchip surface (14).
; L : N R P P A Jahn-Schmid and colleagues in Vienna studied IgE binding to recombinant
3 - 2R §‘ 0 19 ryegrass and birch allergens linked to silica chips. In a study of 51 sera from
3 w I3 . V ., ‘ - ﬁ at(_)pic patients, the results obtained with microarray tcchn(}logy corrclated well
A N S i Eo with those of the ImmunoCAP assay (15). An advantage of microarray method-
4 ik § “ . L ology is the relatively small serum specimen required (<40 pL). Fig. 3 shows
TTETL 1 S the relative activity of microarray vs skin testing and immunoblot techniques.
- 15'3 S I N B POl Because the current validated ImmunoCAP tests have over 400 specific allergen
N T | \ extracts available and cach extract may contain five or more major allergens,
SOUN O L L LI AR L T|e ] } ﬁ‘ } validating and comparing hundreds of recombinant allergens will await future
- \jj_ i i ' AR -« N ’ g‘ W@ T comparative studies.
¢ a < = © Ta e uw o =z L o :
; v 6. Conclusion
: 4 el In the last 40 yr we have witnessed amazing advances in the science of iden-
: rrr L ke titying allergy antibodies and in the understanding of the immunology of aller-
, gic discases. Since the discovery of IgE and the development of recombinant
' LI R technologies, the in vivo and in vitro diagnosis of allergic reactivity has rapidly
: ’ EPRSENN progressed. In vitro techniques are currently approaching in vivo (skin test)
~ SR accuracy and time trames. Skin tests take 1520 min from application of the
: § T allergen extract to final reading of the wheal and flare endpoint. Becausc skin
: Terxoill tests are usually performed with nonstandardized extracts, the results may vary
' o from lot to lot of the tests performed. Also, many of the tests, especially tor envi-
: sl TID L ronmental allergens such as house dust, molds, and animal dander, may show
;‘ positive wheal swelling and negative IgE-specific results with ImmunoCAP.
! R O This discordance could be due to greater sensitivity of the skin tests or false-
oo positive results secondary to an irritant responsc. [n any event, the ImmunoCAP
Ll and other IgE tests are highly specific for the allergen tested. The specific IgE
o rE oo
: - O [as] O Fig. 3. Allergen microarray. (A) Scheme of environmental allergens spotied in trip-
: licate in vertical columns. (B.C) Scanned images from a microarray chip-based IgE
assay obtained with serum from an allergic (Fig. 2) (B) and nonallergic (Fig. 2) (C)
. individual. (D) Dot-blot IgE reactivity to the same allergens bound to nitroceliulose. (E)
ﬁ 216 Skin reactivity to allergens and histamine (H6; wheal circled for visualization).
(Ranrndnced with nermission from ref. 14.)
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tests may, however, be too sensitive: patients with class 3 or higher specific IgE
(3.5-17.5 kU/L) may have food-related anaphylaxis (16) to important food aller-
gens, whereas class 1 or 2 specific IgE (0.35-3.50 kU/L) to food allergens may
not correlate with skin test positivity and or a history of food allergy (16). Thus.
the relative clinical importance of skin testing, relevant clinical history and
provocative tests, and specific IgE testing needs to be sorted out.

Current in vitro testing takes 2-4 h from the time serum is added to the ana-
lytical system until readout of the quantitative results. Patient time and discom-
fort can be minimized by a single venipuncture, and the time required to obtain
results from in vitro tests may be similar to that for in vivo (skin) tests. It is not
unrcasonable to assume that allergy laboratory testing will take less time in the
tuture. Laboratory testing is likely to be more accurate and nearly as quick, if
not quicker than current skin test procedures. Currently, skin tests for drug
allergy are not reliable because of the relative absence of purified drug meta-
bolites that may be relevant in causing drug allergies. The lack of positive con-
trol subjects also limits the validity of drug testing. Flow cytometry may
provide a highly specific and sensitive methodology to test relative drug sensi-
tivity. In the future, a combination of biological testing (skin tests and or
provocative tests) and specific IgE testing should provide important information
for therapeutic intervention. However, the new technologies require careful val-
idation to develop paradigms that encompass relevant clinical scenarios.

7. Notes

L. Date and initial all reagents upon opening. Each container should be labeled with

substance name. lot number, date of preparation, expiration date, and any special
storage instructions.
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