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Summary

Background Chemical agents such as tannic acid and detergents have been shown to
introduce non-random bias in allergen measurement.

Objective We investigated how several substances that are commonly found in floor dust
(carpet fresheners, powdered pesticides, and table salt) affected immunoassays of purified
standard allergens.

Methods Three sets of experiments were conducted to: (1) screen for interference with
allergen enzyme-linked immunosorbent assay (ELISA); (2) test for concentration-response;
and (3) assess the site-of-action of a given dust additive (i.e. the effect on allergen binding to
primary or secondary antibody). The ELISAs are commercially available two-site mono-
clonal antibody assays for Der p 1, Der f 1, and Fel d 1, and a monoclonal/polyclonal assay
for Bla g 1. Outcomes are reported in terms of reaction rate (colour change per unit time),
which is directly proportional to the amount of bound allergen.

Results In the initial screening experiments, carpet fresheners tended to decrease Der p 1
assay reaction rates, increase Der f 1 assay rates, and produce little change in Fel d 1 assay
rates. Three carpet fresheners decreased Der p 1 assay rate responses in a concentration-
dependent manner. Two carpet fresheners noticeably increased Der f 1 assay reaction rates
in both the screening and the concentration-response tests. Powdered pesticides increased
reaction rates in the Bla g 1 assays and increased the slope of the dilution curve compared
with that of the purified allergen. Salt decreased the reaction rates of Bla g 1 assays at
allergen concentrations greater than 0.01 U/mL. For each of the four allergens, the largest
effects of dust additives occurred when secondary antibody binding was altered.
Conclusions Some common household dust components can introduce systematic error
into immunoassays for arthropod allergens.
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Household floor dust can be a complex mixture of solil, lint,
sand, bacteria, fungal spores, human and pet hair, skin scales
Samples of settled house dust are commonly used for thend secretions, small insects and arachnids (along with their
measurement of allergen levels by enzyme-linked immunofecal pellets), or other organic material, and may contain
sorbent assay (ELISA). Resultant values are then used asralatively large amounts of chemicals added purposely or
surrogate measure for inhalational allergen exposure [1—4hccidently. Previous studies have indicated that chemical
freatment of carpet to reduce dust mite allergen as well as

Introduction
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Avenue B-1, New York, NY 10032—4206, USA. the presence of household detergents commonly recovered
The views expressed in this paper are those of the authors and néfom house dust can affect the performance of ELISAs [516]-
necessarily those of the FDA. Effects of other substances that residents add to floor dust
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Indoor allergen assays 471

either advertently or inadvertently on the performance ofBla g 1 assay and were performed as described by the
ELISAs are unknown. supplier (Indoor Biotechnologies, Clywd, UK) [7—9]. How-
Substances such as carpet fresheners, powdered pesicer, rather than using the endpoint method as described, the
cides, and table salt tend to remain in settled floor dusimicrotitre plates were immediately placed iVgax micro-
for several reasons. Although manufacturers recommenglate reader (Molecular Devices Corp., Menlo Park, CA)
vacuuming after application of carpet fresheners, somend absorbance at 405nm was recorded every 15 s for a total
residue is likely to remain. Manufacturers also recommendf 5 min. The plate reader agitated the microtitre plate for5s
applying (and not removing) some powdered pesticidebetween each measurement in order to ensure thorough
(containing boric acid) to locations where cockroacheamixing of the substrate. The results for each well were
usually crawl (e.g. kitchen floors). Table salt that has beerexpressed as the ‘rate response’ [maximum rate of reaction
inadvertently spilled is also commonly found in kitchen in milli-optical density units per minute (mOD)]. Absor-
dust. Since many epidemiologic studies use floor dust fobance is not always uniform across the wells of a microtitre
the measurement of allergens, the effects of these sulplate, due to the manufacturing process. The kinetic assay is
stances on the ELISAs warrant examination. We investimore precise than an endpoint assay because it adjusts for
gated the effects of carpet fresheners, powdered pesticidesgll-to-well variability and baseline absorbance.
and table salt on assay of the purified standard allergens Der In order to assess the variability due to extraction of house
pl Derfl, Feld1, and Bla g 1. dust samples, 10 samples were divided into two portions,
portions were extracted separately, and were assayed for Der
f 1. The relative difference between Der f 1 concentrations of
the first and second extract ranged frerh5% to+ 42% (one
Baking Soda (i.e. sodium bicarbonate), eight differentpair of extracts was below limit of detection [LOD]).
carpet fresheners, table salt (without iodine), and a brand
of powdered pesticide were purchased from area Store%reliminary experiments
boric acid was purchased from Sigma Chemical Company
(St Louis, MO, USA). The principal ingredient in carpet Preliminary experiments were conducted to assess effects
fresheners was either baking soda, sodium sulphate, or @ carpet fresheners on dust mite and cat allergen assays. A
mixture of both with trace amounts of different fragrances.25-mg aliquot of a carpet freshener or other additive was
The pH of the carpet fresheners ranged from 7.3 to 8.3. added to a solution of known standard allergen (25ng of
Three sets of experiments were conducted to: (1) identifijDer p 1 or Der f 1/mL of 1% bovine serum albumin in
interference with the ELISA with a single concentration of phosphate-buffered saline with Tween 20 (BSA-PBST), or
additive; (2) evaluate concentration-related changes i2.5mU of Fel d 1/mL of 1% BSA-PBST). For each allergen
assay standard curves when contaminants were added; aBtISA, seven replicate microtitre plate wells of each
(3) determine the assay steps that were affected by thadditive-allergen solution were assayed. On each microtitre
additives. Carpet fresheners and baking soda were studied plate, seven wells of purified standard served as a positive
this manner to evaluate interference with the dust mite (Decontrol.
p 1 and Der f 1) and cat (Fel d 1) allergen assays, whereas The median rate response of each standard with additive
salt, boric acid and powdered pesticide were evaluated onlwas compared with that of the purified standard using the
for interference with the cockroach allergen (Bla g 1) assayWilcoxon rank sum test, which is a more robust method than
To assess the influence of a carpet additive on actual duse t-test for comparing differences between samples with
samples, nine house dust samples were obtained fromnd without additives. The Bonferroni correction adjusted
homes with known detectable levels of Der p 1 in bedroomfor multiple comparisons (i.eP-values less than 0.05/9
floor dust. The occupants of these homes reported no use 60056 were considered statistically significant).
carpet freshener or tannic acid, which is known to interfere
with the ELISA [5]. Dust samples from 2%of the bedroom
floors were collected with a canister vacuum cleaner an
cellulose thimble filters during a 5-min sampling period. Concentration-response experiments were performed with
Each dust sample was sieved through 42bmesh, and the eight carpet fresheners for each of three allergens (Der p 1,
fine dust was stored at20°C. Upon rethawing for assay, Der f 1, and Fel d 1). Similar experiments were conducted
dust was extracted in borate-buffered saline (BBS,=pH using boric acid, a commercial pesticide containing pri-
8.5), centrifuged, and the supernatant was serially dilutednarily boric acid, and table salt to evaluate effects on the
for allergen analysis by ELISA [7]. Bla g 1 assay.
The ELISAs are two-site monoclonal antibody assays for For each allergen, a stock solution was prepared
Der p 1, Der f 1, and Fel d 1, and a monoclonal/polyclonal(Der p 1 and Der f 1-80ng/mL, Fel d 1-10 mU/mL, and

Materials and methods

é:oncentration—response experiments
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Method [Primary BSA | Additive  Allergen  Additive  [Secondary Site-of-action experiments
Antibody  Block +BSA +BSA +BSA Antibody

+BSA Site-of-action experiments were conducted to determine the
|| t é j steps in each assay where effects were occurring. Some

A > —_—> . .
L] additives that did not appear to affect the assays, as deter-
mined from the preliminary and concentration-response
B ] —>h]]]i > :‘ experiments, were also evaluated with this method to

serve as negative controls. A site-of-action experiment

L was not conducted with pure boric acid, since the powdered
— h]]]i - é - j pesticide contained 99% boric acid and both substances

exhibited similar effects for the the concentration-response

D* ] > H > j experiments.

A solution of additive was prepared at a concentration

| of 25mg/mL of buffer. A second solution contained
E t " %—’hﬂd — j only standard allergen (Der p 1 and Der f 1-25ng/mL,
Fel d 1-2.5mU/mL, and Bla g 1-0.02U/mL). A third
solution contained a mixture of additive and standard
Fig. 1. Site-of-action protocols: modification of the allergen 2//€rgen (€.9. 25mg of additive25ng of Fel d 1 in 1mL
addition step in the standard enzyme-linked immunosorbenP! BSA-PBST). These solutions were assayed using five
assay protocol. *Allergen and additive added together. different methods, with four replicates each (Fig. 1).

Bla g 1-0.08 U/mL). For each additive, 0.3 mL aliquots of Méthod A (positive control)
these stock solutions were added to each of four vials. In theyrified allergen without additive was assayed by the
first three vials, quantities of a given additive were added tastandard ELISA procedure described previously. This

obtain concentrations of 25, 12.5, and 6.25 mg of additive{vas a positive control to which all rate responses were
mL. The fourth vial was a positive control that contained compared.

allergen without any additive. Seven twofold serial dilutions
were made from each of these vials. The solutions were .
assayed with ELISA, and subsequently new stock solution¥€thod B (negative control)

were prepared, and the experiments were replicated.  The solution with only additive was assayed. This was a

The concentration-response data were analysed usingriegative control for non-specific binding of secondary anti-

four-parameter logistic model: body to the microtitre plate and/or contamination of the
f(x,8) = By + (B> — B1/1 + expiB4(10g(X) — Ba)]) additive by the allergens under investigation.

whereX is the concentration of the standafd,and 3, are . .
the rate responses at infinite and zero concentration, respetd€thod C (additive first)

tively; B3 is the inflection point of the curve; angl is @  The solution with only additive was added and the plate was

slope parameter [10]. A feature of immunoassay data isvashed, then the solution with only allergen was added and
non-constant response variance that increases with responggsayed.

level [11,12]. This was taken into account in the analyses by
modelling the variance as a function §%,3), assuming a .
power of the mean model [13]. The standard curves With’vIethOOI D (mix)
and without additives were fitted using the method ofThe allergen and additive were mixed and added to the
generalized least squares with the pseudolikelihood estimanicroplate as a single solution. This method is identical to
tion procedure to estimate the variance parameter [13]. the method of allergen/additive application used in the
Separate curves were estimated for the standard allergemeliminary experiment.
dilution series with (1) no additive; (2) a ‘high’ concentra-
tion of additive (25 mg/mL); (3) a ‘medium’ concentration
of additive (12.5mg/mL); and (4) a ‘low’ concentration of
additive (6.25 mg/mL). Differences between the four curvesThe solution with only allergen was added and the plate was
were identified by choosing a rate response (200 mOD unitstashed, then the solution with only additive was added and
min) and locating its corresponding allergen concentration omssayed.
each of the four estimated curves via inverse regression [13]. A Wilcoxon signed rank test was used to test, for all

Method E (allergen first)
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Table 1. Effect of carpet fresheners on dust mite and cat allergen enzyme-linked immunosorbent assays: mean rate response of seven
replicates at 25 ng/mL.

Derp1l Derf1 Feld 1
Additive Mean (mOD units/min)* sD Mean (mOD units/min)* SD Mean (mOD units/min)* SD
Reference
No additive 165 3.4 164 3.2 102 2.0
Sodium bicarbonate
X1 (pH 8.3) 1057 15 197t 3.8 100 1.1
X2 (pH 8.3) 1077 2.1 199t 4.3 99 31
Mean response 106 198 99
Sodium bicarbonate and sodium sulphate
Y3 (pH 8.1) 1217 25 176t 4.9 957 2.0
Y4 (pH 8.0) 1247 25 177t 3.6 99 3.2
Y5 (pH 8.0) 1267 2.6 181t 6.0 99 24
Y6 (pH 8.0) 1317 3.5 179t 4.1 101 2.3
Mean response 125 178 98
Sodium sulphate
Z7 (pH 7.3) 1557 3.5 158 2.0 104 1.9
Z8 (pH 7.4) 157 6.5 160 3.8 103 3.3
Z9 (pH 7.4) 159 4.6 169 3.9 105 24
Mean response 157 162 104

*mOD units/min= rate response obtained from the plate reader. T Significantly different from reference response (Wilcoxon rank sum test
P <0.0056).

additives, which methods resulted in data that were sigResults
nificantly different from those of the positive control
method, assuming the additives were a random sample
carpet fresheners. A Bonferroni correction adjusted for thq:)re”minary experiments with Carpet fresheners and Der p 1,
comparisons of the three methods to the positive control [i.eper f 1, and Fel d 1 showed that overall, interfering
P-values less than 0.01%(0.05/3) were considered statis- substances tended to decrease the Der p 1 rate responses,
tically significant]. Results were listed as percentage changgcrease the Der f 1 rates, and produce little change in the
from the mean response of the positive control method. Fel d 1 rates (Table 1). Further analysis confirmed that X1
(baking soda), X2, and Y5 decreased the Der p 1 rate
responses in a concentration-dependent manner (Fig. 2).
In the case of Der p 1, when a standard allergen solution
For each of nine floor dust samples, 25 mg of house dust wasontained 40 ng/mL with no baking soda, allergen solutions
combined with 25 mg of baking soda; 50 mg of house dustvith the equivalent of 50% baking soda (w/v) resulted in
alone served as a matched control. A 1 mL aliquot of BBSa lower estimate of 20 ng/mL. With only 25% baking soda
was added to each vial and extracted. The vial with 50 mg ofw/v), this effect diminished to 25 ng/mL, and with 12.5%
house dust would have twice as much allergen per mL as thieaking soda (w/v), the effect diminished to an estimate of
vial with 25 mg of house dust plus 25 mg of baking soda, sa30 ng/mL (which was still lower than the concentration of

it was diluted twofold after the extraction procedure to purified allergen).

produce the same concentration of allergen per mL as the Baking soda and all of the carpet fresheners containing
solution with 25 mg of baking soda. Matched solutions werebaking soda increased Der f 1 rate responses in the prelimi-
assayed at full strength, and at dilutions of 1:2, 1:4 and 1:8nary experiments (Table 1), and two of the carpet fresheners
Further dilutions were made when samples were above thalso increased rate responses in the concentration-response
assay’s upper limit of detection. A Wilcoxon signed rank experiments (Fig. 3). Y3 significantly decreased Fel d 1 rate
test was used for comparing rate responses of pairetesponses in the preliminary experiments, but the decrease
samples with and without baking soda. was not as pronounced with the concentration-response

grarpet fresheners and baking soda

House dust experiments
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Fig. 2. Concentration-response curve forrQel and concentra- %
tions of baking soda (additive X1) ranging from 0 mg/mL to 25 mg/ a5l A
mL. Vertical lines intersecting theaxis indicate the 40 ng/mL Der A
p 1 concentration relative to the standard curve containing no 60 . . $
baking soda. Method C Method D Method E
(Additive first) (Additive/ (Allergen first)

allergen mix)
experiments. The carpet freshener, Y5, resulted in a slight
change of Fel d 1 rate responses in both the preliminary and
concentration-response experiments. Fig. 4. Site-of-action rate responses: percent change from positive

Results from site-of-action experiments are shown incontrol (Method A). Circles @) indicate Der f 1 responses,
Fig. 4. Compared with Method A (positive control), triangles &) indicate Der p 1 responses, and squalsidicate
Methods D (Mix) and E (Allergen 1st) decreased Der p 1Fel d 1 responses. Each column contains a point representing the
responses, and Method C (Additive 1st) increased Der p gverage percentage cha_nge in rate response relative to the positive
responses. Most of the carpet fresheners increased DercP"t0! for each of the eight carpet fresheners.

1 responses via Method D. However, the differences wer
not significant. Methods D and E significantly decreased FeE
d 1 responses.

Method of adding carpet fresheners

igher concentrations, the slopes increased and yielded
igher responses than did the standard curve. At Bla g 1
concentrations greater than 0.01 U/mL, salt decreased rate
responses. Salt decreased Bla g 1 responses by Methods C,
D and E of the site-of-action experiments %, —30%,

Bla g 1 standard curves were altered by the addition of theand—20%, respectively, while powdered pesticide increased
powdered pesticide as well as pure boric acid (Fig. 5). At

Pesticides and salt

70
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Rate response (mOD units/min)

10

Reaction rate (mOD units/min)

0.005 0.010 0.050

Concentration (U/mL)

Concentration (ng/mL) Fig. 5. Concentration-response curve for Bla g 1 and concentra-
tions of powdered pesticide ranging from 0 to 25 mg/mL. Vertical
Fig. 3. Concentration-response curve for Der f 1 and concentralines intersecting the-axis indicate the 0.04 U/mL Blag1 con-
tions of carpet freshener (additive Y3) ranging from O to 25 mg/centration relative to the standard curve containing no powdered
mL. pesticide.
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Table 2. Der p 1 content in house dust

extracted with and without baking soda. Dust with baking soda

Dust without

Dust baking soda Adjusted for weight Not adjusted for weight
sample (control) ka/q) of baking sodaug/qg) of baking sodaug/qg)
1 0.89 0.80 0.40

2 1.40 2.38 1.19

3 1.45 1.09 0.55

4 1.96 1.50 0.75

5 2.60 1.33 0.67

6 6.42 6.32 3.16

7 7.03 5.86 2.93

8 13.1 11.7 5.85

9 30.0 27.9 14.0

Mean 7.21 6.54* 3.27*

*Der p 1 in dust samples with baking soda was significantly different from Der p 1 in control
samples (Wilcoxon signed rank teB3t= 0.005).

responses via Methods C, D and E #4%,+ 17%, and effect on Fel d 1 assays (except for some significant

+ 1%, respectively. decreases during the site-of-action experiment). In most
cases, additives appeared to affect the allergens directly,
Actual house dust samples preventing or enhancing binding to primary or secondary

Because the greatest change in rate responses consisterftly |bod_|es. M(.)St assay effects were seen when additives
occurred when baking soda was included in the Der p jvere either mixed with the allergen (Method D) or added

assays, the implications of these results were examinel? the plate following allergen addition (Method E). In

using actual samples of house dust. Baking soda decreasgath scenarios, additives came into direct contact with

the calculated concentrations of Der p 1 in house dust eig Inding sites on the allergens. Although non-specific bind-

times out of nine. A Wilcoxon signed rank test indicated the'Y of the aI_Iergen dire_ctly to the plate is another plau_sible
median concentration of samples with baking soda wadeason for increases in rate responses compared with the

significantly lower than that of the matched control samplesggzgi\';n%?ggoi;('l\ﬁ}lr(‘gs/ Ag);i’vgzngﬁzteiirtt Zzgmia% 6':22_

Table 2). . .

( ) negative control (Method B) resulted in no detectable
rate response. Both increases and decreases in rate

Discussion responses could be hypothesized to result from changes

in epitope conformation or presentation, and both of

Immunoassays depend on the binding affinity of highlythese changes could possibly affect human responses to
specific sites on antigens and antibodies and on the absenabergen.
of non-specific binding to the plate itself. Dust is a complex As demonstrated by the concentration-response curves,
mixture of substances that might interfere in the assayboric acid and powdered pesticide caused overestimation of
either by changing the conformation of binding sites, bylevels of Bla g 1 up to 17% (using a Bla g 1 concentration of
removing primary antibodies or previously bound allergen,0.02 U/mL and 25mg/mL of additive). This effect may
or by promoting non-specific binding. Our studies demon-cloud the relationship between powdered pesticide use and
strate such effects on assays for four common indoofevels of Bla g 1 as a marker of cockroach presence. The fact
allergens. Our data have important implications both withthat boric acid is used may indicate the presence (or
respect to measurement of allergen and to allergen exposupeevious presence) of cockroaches. On the other hand, the
because changes in the characteristics of allergens may altese of boric acid may result in increases in measured levels
human responses as well as assay responses. directly through effects on the assay. In addition, this effect

Additives generally decreased rate responses in Der p fhay indicate that the use of boric acid for cockroach control
assays, increased rate responses in the Der f 1 assays, wenay enhance the potency of residual cockroach allergen
additive-specific for the cockroach assays, and had littlavith respect to stimulating human immune responses.
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The inhibitory effect of salt in the Bla g 1 assay could alsoknown to exert effects on the ELISA should be a part on the
interfere with interpretation of data. Exposure misclassificainterpretation of calculated allergen concentrations. How-
tion with respect to Bla g 1 would occur randomly if salt is ever, the concentration of the additive in house dust would
accidently spilled in some kitchens. However, systematiaequire estimation.
bias could occur in regions of the world where salt is added
to the roads during the winter. Salt is tracked into homes in
such areas, and Bla g 1 levels in dust samples could bgcknowledgements
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