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David Perrick, MD, Chester T. Stafford, MD, Eliia Armstrong, 6% and 
Robert H. D&ant, PhD Augusta, Ga. 

The fluorescent allergosorbent test was adapted as an inhibition assay to determine 
cross-reactivity between aeroallergens. With this method, similar antigenic determinants were 
found between short ragweed and giant ragweed, cocklebur, lamb’s-quarter, rough pigweed, 
mamh elder, and goldenrod. Cocklebur and giant ragweed were highly potent in their ability to 
com;etitively bind to short ragweed IgE. The other pollens demonstrated lower potency of 
cross-reacting antigens. Thejuorescent allergosorbent test-inhibition assay appears to be a 
useful m&hod to determine cross-reactivity among aeroallergens. (J ALLERGY CLIN IMWJNOL 
1991;87:98-103.) 

Since its development ‘in-the 196Os, RAST’ has 
become the standard in vitro method for measuring 
antigen-specific IgE. The adaptation of the RAST 
as an inhibition assay has been the standard labora- 
tory procedure for comparing potency of allergenic 
extracts’, 3 and evaluating corss-reactivity among 
phylogenetically related allergenic po11ens4‘6 and 
molds .6. I 

FAST (3M Riker, St. Paul, M inn.) has also been 
demonstrated to be a useful method for measuring 

From the Allergy/Immunology Section, Medical College of Geor- 
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Abbreviations used 
FAST: Fluorescent allergosorbent test 
SRW: Short ragweed 
GRW: Giant ragweed 

RRRPW: Rough red root pigweed 
GR: Goldenrod 
CB: Cocklebur 

RME: Rough marsh elder 
LQ: Lamb’s-quarter 

%  inh: Percent inhibition 
C H): Concentration of soluble antigen ~sulting 

in 50% inhibition 
r: Pearson’s correlation coefficient 

FSU: Fluorescence signal units 
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antigen-specific IgE in serum.” Technically, it is sim- 
pler to perform than the RAST, and the re%alts are 
available sooner. The FAST can be p&o& within 
a few hours, whereas the RAST is an overnight assay. 
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Calibrator A Calibrator 6  
Calibrator c 

Patient 4 

Fig. 1. FASTassay. Microwells 1 through 4coated with perennial ryegrass allergen, and 7 through 
24, coated with SRW. In determining the concentration of serum specific to SRW, each patient’s 
serum was evaluated in duplicate. 

We  modified the FAST procedure for use as an 
iphibition assay for determining cross-reactivity be- 
tween vprious weed pollens and SRW. 

MATERIJIL AND METHODS 
Study subjects 

Patients of at least 12 years of age with fall seasonal hay 
fever symptons were recruited for the study from the allergy 
clinics at the Medical College of Georgia. After obtaining 
informed consent, each patient was prick skin tested with 
1: 20 wt/vol of SRW extract purchased from Hollister-Stier 
Laboratories, Spokane, Wash., and with 0.03% albumin 
saline and 1.0 mg/ml of histamine as controls. Ten patients 
who reacted strongly to SRW with development of a wheal 
with pseudopod formation and who exhibited normal re- 
sponses to the controls, contributed 15 ml of blood for 
in vitro assay. The blood specimens were centrifuged within 
3 hours of collection, and the individual sera were stored 
at -70°C. 

FAST procedure 
The SRW-specific IgE titer of each serum specimen was 

determined with the FAST technique as follows: All reagents 
were allowed to come to room temperature. A FAST disk 
carousel (plastic disk containing 24 serially numbered cir- 
cular openings to accommodate proprietary allergen-specific 
coated microtiter wells) was placed on a flat tabletop (Fig. 
1). IgE FAST-Plus reference wells, coated with perennial 
ryegrass allergen were placed in slots 1 to 4. Microwells 
coated with SRW were placed in positions 5 to 24. Fifty 
microliters of IgE FAST-Plus calibrators A, B, C, and D, 
containing 0.35, 0.8, 4, and 20 IUlml, respectively, of 

specific IgE to perennial ryegrass was pipetted into wells 
nos. 1, 2, 3, and 4. Fifty microliters of 3M positive control 
serum (high-titer IgE to SRW) was pipetted into well no. 
5; 50 p,l of 3M negative control serum (containing no de- 
tectable SRW IgE antibody) was pipetted into well no. 6. 
Into the remaining 18 wells, 50 km of patient sera was 
pipetted. Each serum sample was tested in duplicate, al- 
lowing sera from up to nine patients to be assayed for spe 
cific IgE in each run. The disk was covered with aluminum 
foil and incubated for 2 hours at room temperature. 

After incubation the carousel was inverted and flicked to 
discard the liquid from the wells. All 24 wells were washed 
with 200 microliters of proprietary 3M wash buffer (0.1 
mol/L of phosphate buffer containing detergent) three 
times. One hundred microliters of IgE FAST-Plus enzyme- 
antibody conjugate (alkaline-phosphatase-labeled antihu- 
man IgE [monoclonal] conjugate in a Tris buffer, pH 7.5) 
was pipetted into all microwells. After a 2-hour incubation 
period, all wells were washed three times with buffer. One 
hundred microliters of 3M fluorescent substrate (4-methyl- 
umbelliferyl phosphate in 2-amino-2-methyl propanol buffer 
at pH 9.5) was pipetted into all 24 empty wells and incubated 
for 15 to 30 minutes before being analyzed with the 3M 
FluoroFAST reader. 

The reader is a high-speed fluorometer, measuring flu- 
orescence intensity from calibrators A, B, C, and D (each 
of known specific IgE concentration). W ith linear regression 
analysis, the fluorometer determines the best line of log 
FSUs versus log IgE concentration (international units per 
milliliter). For each measured FSU from patient samples in 
wells 5 to 24, the reader extrapolates the corresponding 
specific IgE concentration in international units per milli- 
liter. 
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Fig. 2. FAST inhibition. Assay to determine the ability of increasing concentrations of soluble 
antigens SRW and RME to specifically bind with SRW IgE. Incubations of specific concentrations 
of fluid-phase antigen with high-titered pooled serum were each performed in duplicate. 

TABLE I. Calculated slope, CSO, and 
correlation coefficient (r) of regression line 
of inhibition by soluble-phase weed- 
pollen allergens 

Fluid-phase aeroallergen Slope t.&* f 

SRW 27.6 0.01 1.00 
GRW 24.7 0.51 0.99 
RRRPW 57.1 13.5 0.99 
GR 43.6 10.0 0.99 
CB 13.2 0.08 0.98 
RME 47.0 10.4 1.00 
LQ 32.8 2.6 0.99 

*Values extrapolated from weight per volume concentrations 

Sera were obtained from five individuals with elevated 
titers of serum IgE to SRW (> 1 .O IU/ml) as determined 
by the FAST assay. The five donors ranged in age from 15 
to 53 years. All patients were healthy except for having fall 
seasonal allergic rhinitis. None of the patients had received 
allergen immunotherapy. 

Preparation of high-titer pooled serum 
An equal volume of serum from each donor was com- 

bined to form a pooled serum from which 1 ml aliquots 
were prepared and subsequently stored at -70” C. This 
pooled serum was demonstrated to have a high concentration 
(greater than class 2) of SRW-specific IgE by Allercoat 

EAST assay (Kallastad Diagnostics, Austin, Texas). Parallel 
testing of this pool by RAST revealed an SRW-specific IgE 
concentration of 4.7 IUlml. 

Fluid-phase antigens 
The fluid-phase aeroallergens evaluated for cross- 

reactivity with SRW IgE were SRW, GRW, RRRPW, GR, 
CB, RME, and LQ. Extracts of these allergens were pur- 
chased from Hollister-Stier Laboratories because they were 
not available from 3M Riker. Hollister-Stier quality control 
procedures include counts of at least 1000 pollen grams 
from each batch of raw pollen. The maximum contamination 
of any of the seven extracts used in this study with a differing 
pollen was 0.9% by volume of raw material. Two soluble 
extracts were contaminated with Ambrosia in concentrations 
less than two pollen grains per 1000 counted. The aller- 
gens were purchased as 50% glycerinated extracts in 1: 20 
wt/vol concentrations, representing 1 gr of defatted pollen 
source material extracted in 20 ml of buffer. Additional 
Buid-phase antigens studied were red oak, nonglycerinated 
SRW, and nonglycerinated GRW. 

FAST inhibiion 
The FAST-inhibition procedure was a modification of the 

RAST-inhibition method of Gleich et al.’ Various concen- 
trations of competing fluid-phase antigens, diluted with 
0.03% human serum albumin saline in 0.4% phenol, were 
incubated with an equal volume of pooled serum for 2 hours, 
After incubation, 50 p.1 aliquots were pipe&d into SRW- 
coated microwells for measurement of SRW-specific IgE 
concentrations determined by the FAST procedure. 
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Fig. 3. Regression lines of inhibition by fluid-phase weed pollen allergens. 

Percent inhibition (% inh) by specific concentrations of 
competing soluble antigen was calculated as follows 

[(N/ml of + Control) - 

%  Inh = 
(IU/ml of sample)] 

[(N/ml of + Control) - 
(IU/ml of - Control)] 

For example, to calculate the %  inh of SRW IgE by RME at 
the 1: 20 concentration (Fig. 2): 

[(Average of wells no. 21 & 22) - 
(Average of wells no. 13 & 14)] 

%  Inh = [(Average of wells no. 21 & 22) - 
(Average of wells no. 23 and 24)] 

Percent inhibition of SRW IgE by each soluble antigen 
was plotted on semilog graph paper, with Y axis as %  inh 
and X axis as log concentration (milligrams per milliliters) 
of competing fluid-phase antigen. As demonstrated by 
Gleich et al.,3 by increasing the amount of antigenically 
related competing soluble antigen, inhibition curves plotted 
on semilog paper approximate a linear relationship, partic- 
ularly in the region between 30% to 70% inhibition. As 
suggested by Schrader and Yman,9 two points on either side 
of the 50% inhibition level are used for calculation of the 
slope. In the case of a very steep curve, three points can 
be used for the calculation. The Pearson’s correlation co- 
efficient of the line determined from such points should be 
>0.90. For each competing fluid-phase antigen evaluated, 
the graph of inhibition was determined by linear regression. 
Similarity in slopes were a reflection of antigenic similarity 
to SRW, whereas comparison of concentration of competing 
antigen required to produce C,, determined relative potency. 

RESULTS 
The correlation coefficients (r) from calibrators A, 

B, C, and D for all assays were 20.99. For assays 
determining %  inh of SRW IgE by fluid-phase SRW, 
SB, GRW, LQ, GR, RME, and RRRPW antigens, 
correlation coefficients (r), slopes and C,, values are 

presented in Table I. The regression lines of all aeroal- 
lergens studied are illustrated in Fig. 3. Based on a 
Student’s t test designed to compare slopes, none of 
the weed pollens studied had slopes of inhibition 
that differed significantly from the slope of SRW 
(p 5 0.01). 

Assays comparing 2-hour versus overnight (16 
hours) incubations of high-titer serum with competing 
fluid-phase antigen generated very similar inhibition 
curves, as did use of 50% glycerinated versus non- 
glycerinated soluble antigens. Incubation of pooled 
high-titer SRW IgE serum with red oak allergen dem- 
onstrated no resultant inhibition. Last, the FAST assay 
was performed on dilutions of the high-titer pooled 
serum itself. The slope of the best fit line through 
individual experimental points (corresponding to log 
FSU [Y axis] and log concentration SRW IgE [in in- 
ternational units per milliliter] X axis) did not differ 
significantly from that derived from calibrators A, B , 
C, and D (Fig. 4). 

DISCUSSION 
The principle of RAST inhibition is based on com- 

petition between solid-phase and soluble antigen for 
specific IgE antibody binding sites.3 As increasing 
amounts of antigenically related fluid-phase antigen 
combine with high-titer serum IgE, fewer IgE mole- 
cules are available to bind with the solid-phase anti- 
gen. Gleich et a1.3 have demonstrated that derived 
inhibition curves plotted on semilog paper (Y axis as 
%  inh and X axis as log amount of fluid-phase antigen) 
approximate a linear relationship, particularly in the 
region between 30% to 70% inhibition. Similarity be- 
tween slopes of inhibition lines reflects antigenic re- 
latedness, whereas the quantity of soluble antigen re- 
quired to produce C,, indicates the relative potency 
of allergenic extracts. ‘O 
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Fig. 4. Comparison of regression lines of dilutions of high-titered pooled serum with calibrators 
A through D. The slopes are not statistically different, allowing for the valid determination of 
concentration of IgE (international units per milliliters) from measured FSU. 

Leiferman et al. ” used RAST inhibition to dem- 
onstrate cross-reactivity among several species of rag- 
weed. Stafford et a1.12 used Phadezym RAST inhi- 
bition to measure cross-reactivity of weed pollens with 
ragweed. In this pilot study, we were interested in 
evaluating the use of FAST inhibition to investigate 
cross-reactivity among various genera of fail pollens 
with SRW. Other than differences relating to the solid- 
phase antigen, the principle of FAST inhibition is sim- 
ilar to the principle described for RAST inhibition.’ 

The FAST-inhibition assay is technically simple. 
The entire procedure can be performed in approxi- 
mately 7 hours and does not require the use of radio- 
active materials. Reproducible inhibition curves were 
obtained for each fluid-phase antigen studied. The 
intra-assay coefficient of variation was 5.75% + 
5.73%. 

The inhibition slopes of all the fall/pollens studied 
demonstrate some degree of cross-reactivity with 
SRW, although the potencies vary widely, as indicated 
by the broad range of C, values measured as deter- 
mined by dilutions of the 1: 20 wt/vol concentration. 
Among the pollens studies, CB exhibited the most 
dissimilar inhibition slope compared to that of SRW; 
however, this apparent difference was not statistically 
significant. CB also demonstrated the greatest potency 
in terms of its ability to competitively bind with SRW 
IgE. GRW exhibited an intermediate degree of cross- 
reactivity, whereas LQ, GR, RME, and RRRPW ex- 

hibited only low levels of cross-reactivity with SRW, 
as evidenced by their relatively high C, values. The 
maximum allowable contamination of two pollen 
grains per thousand could account for up to half the 
cross-reactivity noted between marsh elder and SRW 
in our assay. 

Neither the length of incubation with competing 
fluid-phase antigen (2 hours versus 16 hours) nor the 
use of 50% glycerinated versus nonglycerinated ex- 
tracts had any significant effect on the regression lines. 
Incubation of pooled high-titer SRW &&serum with 
red oak allergen, for comparison of urnelated anti- 
gens, demonstrated no resultant inhibition. These data 
suggest that the inhibition was not solely due to~non- 
specific binding. The slopes of the regression lines for 
dilutions of individual and pooled high-titer sera did 
not differ significantly from the slope for calibrators 
A through D (log FSU versus log concentration of 
soluble antigen). These results appear to reinforce the 
validity of the FAST-inhibition assay. 

Experience with performance of the FAST- 
inhibition assay suggests that the resub may be af- 
fected by use of (1) sera from patients receiving al- 
lergen immunotherapy and (2) wells fixed with a low 
density of IgE binding sites. 

Individual dose-response curves from SRW- 
immunized patients appeared to differ from those of 
nonimmunized patients (data not presented). This dif- 
ference may be due to the presence of I&4 Mocking 
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antibody that may have an  inhibitory effect on  the 
FAST and possibly other inhibition assays. Additional 
study will be  necessary to define better the magn itude 
and immunologic mechanisms involved in this inhib- 
itory effect. 

Initial determinations in the FAST-inhibit ion assay 
yielded falsely low IgE antibody titers, even on  sera 
demonstrated by RAST to contain high-titer IgE spe- 
cific for SRW (data not presented). This problem was 
overcome by use of high-titer wells fixed with a  higher 
density of SRW antigen. On ly high-density wells are 
recommended for performance of the FAST-inhibit ion 
assay. 

On ly a  lim ited number  of different sol id-phase m i- 
crowells and  soluble antigens are presently available 
from the FAST manufacturer. The  availability of a  
larger selection of ant igens would increase the poten- 
tial use of this assay for evaluation of cross-reactivity 
among other allergens, for example, mo lds etc. The  
sol id-phase al lergens used in the RAST are remark- 
ably stable, and  virtually any al lergen can be  stan- 
dardized, provided it can be  bound to a  sol id-phase 
supp~rt.‘~ Last, in a  recent study comparing RAST 
and FAST for 11  al lergens in 288 patients, concordant 
results were obtained in 78.7% of the 300 sera ana- 
lyzed.’ When  both methods were compared with skin 
tests in 91  patients, the agreement was 84.6% for 
RAST and 70.3% for FAST, suggest ing that the RAST 
may be  the slightly more sensitive in vitro assay. How- 
ever, the FAST-inhibit ion assay also appears to be  a  
useful and  efficient method for determining cross- 
reactivity among aeroallergens. 

Additional studies of antigenic relationships among 
aeroal lergens may provide useful information for the 
practicing allergist. Inhibition assays demonstrat ing 
cross-reactivity among aeroal lergens may assist in se- 
lection of the most clinically relevant al lergens for 
diagnostic testing and immunotherapy. 

W e  thank Dr. Gerald J. Gleich, Mayo Clinic, Rochester,  
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Minn., and  Dr. Dennis R. Ownby,  Henry Ford Hospital, 
Detroit, Mich., for their helpful suggest ions in the devel- 
opment  of this assay and  interpretation of these data. W e  
also thank Linda Impson for her  technical assistance and  
Kathy Rhodes for typing the manuscript.  
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