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Tannic acid (TA), a protein-denaturing agent, has been reported to reduce allergen levels in 
house dust and is marketed for that purpose as 1% and 3% solutions. We investigated the 
effects of TA on dust allergens by using monoclonal antibctdy-based ELI&Is for mite (Der p 4 
Der f 1, and group II) and cat (Fe1 d I) allergens. Initial studies confirmed that TA reduced 
allergen levels in carpet dust. However, when dust samples from treated carpets are extracted in 
saline solution, residual TA redissolves and may inte$ere with the assessment of allergens. In 
the laboratoly, concentrations of TA as low as 0.1% inhibited the assays, but this effect may be 
prevented by addition of 5% bovine serum albumin (BSA). After treatment of dust samples 
in the laboratory with 3% TA, the apparent reductions in Der p I and Der f I levels were 89% 
and 96%, respectively, but when the samples were extracted in 5% BSA the reductions were 
74% and 92%. Similar effects were seen with dust sample>; from carpets treated with TA. In an 
extreme case in which a carpet had been repeatedly treated with TA, the apparent concentration 
of Der p I was co.05 &gm without BSA and 2.1 and 8.4 ~/gm when extracted in the 
presence of 1% and 5% BSA, respectively. Our testing of the ability of TA to denature Fe1 d I 
demonstrated an 80% reduction in allergen, but on& in samples with an initial concentration 
of less than 200 N Fe1 d Z&n dust. In samples with high levels of Fe1 d I (-1 mglgm) TA 
had little effect. The interpretation of this was that Fe1 d I itself could block the effects of TA. 
In keeping with this, Fe1 d I inhibited the effect of TA on Der p I. The results confirmed the 
profound denaturing effects of TA, but demonstrated that high levels of protein blocked the 
effect qf TA on dust allergens. In addition, without added .protein, residual TA in dust samples 
could interfee with the assay of allergens in vitro. (J ALLERGY CLIN ZMMJNOL 1994;94:19-26.) 
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During the last 20 years increasing evidence has 
emerged that indoor allergens play an important 
role in perennial rhinitis, atopic dermatitis, and 
asthma.‘” Logically, these results have suggested 
that avoidance measures inside houses should be 
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Abbreviations used 
BBS: Borate-buffered saline solution 
BSA: Bovine serum albumin 
mAb: Monoclonal antibody 
PBS: Phosphate-buffered saline solution 

PBS-T: Phosphate-buffered saline solution 
with Tween 20 

T/L Tannic acid 

a primary form of treatment for these patients. 
Several studies have demonstrated that effective 
control of dust mite allergen levels can decrease 
symptorns of asthma and decrease bronchial reac- 
tivity.6-1” Measures taken to reduce allergens in 
houses have included washing bedding in hot 
water, encasing mattresses and pillows in allergen- 
impermeable covers, using vacuum cleaners and 
air filters, removing carpets, and reducing uphol- 
stered furnishings. In addition, various chemical 
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methods have been applied in an attempt to 
eliminate allergen from carpets, upholstery, and 
bedding. Chemicals used include liquid nitrogen; 
acaricides (pirimphos methyl, natamycin, and 
benzyl benzoate); tannic acid (TA), as a 1% or 
3% solution; and also DMS solution (Allersearch 
Laboratories, Division of Alkaline Corp., Oak- 
burst, N.J.), which contains 1% TA and a benzyl 
derivative.‘4-20 

TA is a naturally occurring substance found in 
the bark and fruit of many plants, notably the oak 
species. There are multiple types of tannins, and 
they are generally divided into two groups: the 
condensed group, derivatives of flavenols, and the 
more important hydrolyzable tannins, esters of a 
sugar with one or more trihydroxybenzene car- 
boxylic acid residues. TA gives insqluble precipi- 
tates with a1bumi.n and produces a bluish black 
color with ferric salts. Industrial uses of TA in- 
clude the manufacture of imitation horn and the 
tanning of leather. Therapeutically it has been 
used as an astringent. Several studies have shown 
that tannins can inhibit digestive enzymes.Z’-23 
The protein-denaturing properties of TA are well 
recognized, and for this reason it has been mar- 
keted for the eradication of dust mite and cat 
allergens in house dust. Green et al. showed that 
a 1% TA solution completely abolished the aller- 
genic@ of house dust used in skin tests and 
theorized that washing bedding and other fabrics 
in a 1% TA solution would reduce allergens.” 
Further studies by the same group involving the 
application of DMS solution showed that the 
solution both killed dust mites and reduced the 
allergenicity of house dust.20, *’ 

In recent years it has been possible to accu- 
rately measure the concentration of certain major 
allergens in house dust by means of the 
ELISA.26-2” Allergens that may be assayed by this 
method include those produced by house dust 
mites of the genus Dermatophagoides; the major 
cat allergen Fe/ d I and cockroach allergens 
BZu g I and Blu g II. Researchers assessing the 
allergen content of dust after treatment with TA 
have used both. skin-prick test bioassays and 
ELISA. “2 24* 25, ‘O Because TA is a chemically 
active substance capable of denaturing proteins, it 
is reasonable to assume that it would interfere 
with the ELISA. However, no investigation of this 
effect has been published. Preliminary work 
showed that extracts of treated carpet dust 
formed a bluish black precipitate when ferric 
chloride was added. This indicated that TA may 
be resolubilized when dust from treated carpets is 

extracted in saline solution. Therefore it is pos- 
sible that residual dried TA in dust from treated 
carpets may interfere with the ELISA, resulting in 
falsely low allergen levels. Attempts to remove 
TA from, extracts by dialysis were unsuccessful. 
We investigated the ways in which TA interferes 
with the ELISA and developed methods of avoid- 
ing these. effects. 

METHODS 
Sample collection in houses 

Six carpets were treated with a 3% TA spray solution 
(Allergy Control Solution; Allergy Control Products, 
Inc., Ridgefield, Conn.). The treatment was applied 
from a distance of 2 to 3 feet with 12 to 15 sprays per 
square yard. One 32-ounce sprayer covered 500 square 
feet. The carpet was re-treated 4 weeks after the initial 
treatmem.. Dust samples were collected from the carpet 
after treatment with a portable vacuum cleaner modi- 
fied to collect dust on a cotton sheet filter. Dust was 
collected by vacuuming a 1 m2 area of carpet for 
2 minutes. After collection, dust was sieved through a 
mesh size of 300 km, and 0.1 gm sieved dust was 
extracted in 2 ml of borate-buffered saline solution 
(BBS). Samples were also extracted in 30% bovine 
serum albumin phosphate-buffered saline solution with 
Tween 20 (BSA PBS-T). Preliminary work had shown 
no significant difference in allergen levels obtained for 
samples extracted in BBS or PBS alone. All samples 
were centrifuged to remove dust from the extract. 
Carpet dust extracts were assayed within 2 days or 
stored at -20” C. 

Treatment of dust samples with TA in 
the laboratory 

Dust ,samples were obtained from vacuum cleaner 
bags from 11 untreated houses. Dust was sieved and 
divided into four 0.1 gm aliquots from each house. A 
volume of 250 ~1 of 3% TA solution was added to two 
of the samples and 250 ~1 of distilled water to the two 
remaining samples as controls. Dust samples were in- 
cubated for 4 hours at room temperature. The treated 
samples and control samples from each house were 
extracted, either in 2 ml of BBS or in 5% BSA PBS-T 
by rotating the dust samples overnight at 4” C. Extracts 
were then assayed for group I and group II house dust 
mite allergen and the major cat allergen Fel d I by a 
two-site monoclonal ELISA. 

ELISA for the quantification of dust mite, 
cat, and cockroach allergens 

A two-site ELISA, using monoclonal antibodies 
(mAb) specific for two non-overlapping epitopes on 
Derp I, Derf I, group II mite, and Fe1 d I allergens, was 
used to assay the allergen content of dust and air- 
borne samples and to study the effect of TA on the 
ELISA.“, “, *’ An ELISA for Bla g I and Bla g II, with 
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TABLE I. Effect of protein (BSA) in the extraction buffer on gfroup I mite allergen concentrations in 
dust obtained from six carpets treated with 3% TA” 

House BBS 

R.S. < 0.05 
B.B. 1.8 
P.K. 0.1 
M.K. 5.6 
P.T. 0.9 
B.V. 0.1 

Der P 1 h/g) 

30% BSA PBS 

9.4 
1.4 

29.8 
5 

35.3 
0.4 

BBS 

ND 
1 
0.1 

20.5 
0.1 
0.1 

Der f I (cg/g) 

30% BSA PBS 

ND 
0.7 

10.7 
36.4 
0.2 

18.8 

ND, Not done. 
*All values shown indicate allergen content 2 weeks after second application of tannic acid to carpets in houses. 

polyclonal rabbit antibodies used as the second anti- 
body, was done to study the effect of TA on the 
cockroach assay.‘” Control curVes for each standard 
allergenic extract were established in 1% BSA PBS-T 
diluent in parallel with each assay. In addition, control 
curves were set up in diluents containing 0.01% to 3% 
TA in 0.25% BSA PBS-T to study the effect of TA on 
the ELISA. 

RESULTS 
Effects of TA on the ELISA 

During preliminary studies in houses, we ob- 
served that airborne mite allergen was detectable 
in one house (designated R.S. in Table I) that had 
been treated twice with TA, even though little or 
no group I mite allergen was detectable in dust 
from the carpet. A possible explanation for this 
phenomenon was that residual TA in the carpet 
dust was influencing the result of the ELISA. 
Therefore we examined the effects of TA on the 
ELISA by establishing control curves for group I 
and II mite, cat (Fe/ d I), and cockroach (B/a g I 
and Blu g II) in a diluent containing 0.01% to 3% 
TA. Standard extracts were incubated with the 
diluent in the plate for 1 hour. The effect of TA 
on control curves for Der f I, Fe1 d I and Blu g I 
immunoassays is shown in Fig. 1. TA significantly 
affected each assay at a concentration of 0.1% but 
exerted little effect at 0.05%. Therefore it would 
be necessary to dilute a 3% TA solution 60-fold or 
more to avoid direct effects on the assay. Because 
the exact concentration of TA in treated carpet 
dust extracts cannot be determined and because it 
is not possible to assay dust samples with low 
concentrations of allergen at higher dilutions, it 
would not be practical to dilute all extracts in such 
a way. TA exerted a greater effect at a concen- 
tration of 0.1% on the ELISA for Fe1 d I than on 
that for Der f I (Fig. 1). A lateral shift of each 

control curve occurred at a concentration of 0.1% 
TA, corresponding with an apparent reduction in 
allergenic@ of 59% for Derf I and approximately 
82% for Fe1 d I and Blu g I. Initial studies 
demonstrated that the effect of TA on the ELISA 
could not be attributed to acidic pH; the 0.1% TA 
diluent gave a pH of 7.0, compared with 7.3 for 
buffer alone, and adjustment of the pH to 7.3 by 
using :I mol/L sodium hydroxide did not reduce 
the effect of TA on the control curves. To under- 
stand the mechanism by which TA affected the 
ELISA., the Derf I extract used for the standard 
curve was treated with 0.01% to 3% TA in the 
laboratory for 1 hour. Protein buffer (10% BSA 
PBS-T) was added to all samples after 1 hour, and 
these were assayed the same day. No reduction in 
allergenicity of the extract occurred after 1 hour 
with concentrations of TA that had been shown to 
exert an effect on the standard control curves 
(i.e., 0.1% to 0.15%). However, extract incubated 
with 3% TA showed > 98% denaturation. To test 
whether TA interfered with the coating mAb, 
plates coated with the anti-Der f I mAb (6A8) 
were w,ashed and blocked with 1% BSA PBS-T by 
the usual method before incubating for 1 hour 
with 0.01% to 3% TA solutions in PBS. Control 
curves for Der f I using plates treated with TA 
showed little or no shift of the curve, suggesting 
that TA did not act directly on the coating mAb. 
These results implied that the effect of diluted 
TA on ELISA control curves was not attributable 
to denaturation of allergen or a direct effect on 
the coating mAb. 

Testing dust extracts from carpets treated with 
TA confirmed the presence of residual TA. The 
pH was 4.9, compared with 6.8 for untreated 
controls, and the addition of ferric chloride gave a 
strong blue color, indicating the presence of TA in 
the extract. This suggested that TA in the dust 
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FIG. 1. The effect of different concentrations of TA on 
immunoassays for Der f  I, Fe/ d I, and B/a g I. 

may not only influence the assay but may also act 
to denature allergen after extraction of dust 
samples. In previous studies we extracted floor or 
upholstered furniture dust samples in BBS and 
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airborne samples in 1% BSA PBS-T. Albumin 
was routinely added to the eluent for airborne 
samples because of the very low levels of airborne 
protein.3’. ” Because it is known that TA binds to 
albumin, we tested whether albumin could block 
the effects of TA on the ELISA. Extraction of 
floor dust from the house described above (R.S.) 
in buffered saline solution alone resulted in ap- 
parent levels of group I mite allergen of CO.05 
bg/gm, but extraction in the presence of 1% and 
5% BSA gave levels of 2.1 and 8.4 &gm, respec- 
tively. Extracting this dust sample in BSA concen- 
trations from 5% to 30% resulted in only a minor 
additional increase in apparent allergen content 
( i.e., < 10% further increase). 

Dust samples from six carpets treated with 3% 
TA spray were extracted in buffered saline solu- 
tion or saline solution containing 30% BSA to 
compare allergen levels obtained by ELISA. Four 
extracts showed higher levels of Derp I, Der f I, or 
both, when protein was present (Table I). Despite 
the large difference in the effect of BSA on 
different dust samples, the results for each sample 
were consistent when repeated on separate occa- 
sions. When some of the treated samples were 
extracted in saline solution without protein, the 
undilutfed extract showed dramatic inhibition of 
the assay. This inhibition was abolished when the 
same samples were extracted in the presence of 
BSA. Thus it appeared that the presence of BSA 
blocked the effects of TA on the ELISA and also 
any de,naturation of allergen by TA that might 
have occurred after extraction. 

Treatment of dust samples in the laboratory 

Carpet dust samples were treated for 4 hours 
with 3% TA, and the dust was then extracted in 
either BBS or 5% BSA PBS-T. Treated samples 
extracted in saline solution alone showed an 89% 
reduction in Deep I, whereas those extracted in 
the presence of 5% BSA showed only a 74% 
reduction (Table II). Surprisingly, the results for 
Der f I showed little difference between the two 
extraction buffers; samples extracted in saline 
solution alone showed a 96% reduction in aller- 
gen, compared with 92% in the presence of pro- 
tein. However, it appeared that the reason for this 
was that TA had a greater denaturing effect on 
Der J’ I. TA exerted less effect on group II aller- 
gen, with reductions ranging from 43% to 94% 
(71% mean reduction), and allergen values were 
not influenced by the presence of protein. The 
largest percentage reductions in allergen levels 
were seen for group I and group II mite allergens 
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TABLE II. Effect of protein (BSA) in the extraction buffer on group I mite allergen concentrations in 
dust treated with 3% TA in the laboratory 

Method of extraction 

Sample Control 

BBS 

TA 

5% BSA PBS 

Control TA 

Der p I content (Fg/gm): 
R.S. 57.3 0.2 46.1 4.6 
U.N. 1.6 < 0.05 1.9 0.1 
M.G. 4.6 1.7 5.2 2.9 
H.J. 8.4 < 0.05 7.6 2.5 

Mean 18 0.5 (89%) 15.2 2.5 (74%) 
Der f I content (pg/gm): 

M.S. 46.4 2 45.8 2 
S.M. 13.1 0.2 12.7 1.2 
B.C. 9.7 0.8 10.4 1.2 
R.S. 5.1 < 0.05 6.2 0.5 

Mean 18.6 0.8 (96%) 18.8 1.2 (92%) 

Vaiues in parentheses indicate the mean percentage reduction in allergen concentrations from the two different methods of 
extraction of dust samples after treatment with tannic acid. 

TABLE III. Effect of protein (BSA) in the extraction buffer on Fe/ d I concentrations in dust treated 
with 3% TA in the laboratory 

Method of extraction 

BBS 5% BSA PBS 

Sample Control TA Control TA 

Fe1 d I content (&gm): 
c.v.* 60.8 16 149 48.4 
B.C.* 66.4 20.3 78.2 14.5 
H.J.* 151 11.7 141 42.2 
S.M.* 141 3.8 130 17 
U.N.* 145 2.4 166 10.4 
L.T. 774 2110 925 2050 
M.G. 1480 1760 1870 2500 

*For the samples containing < 200 kg Fe1 d I/gm the mean percent decrease after TA treatment was 80% when extracted in 5% 
BSA PBS, but 86% when extracted in BBS. 

in samples where pretreatment levels were high- effect of TA on dust samples with very high levels 
est, with reductions ranging from 91% to 96% for of Fef tf I suggested that the allergen itself may act 
allergen levels > 12 pg/grn (data not shown). TA to block TA. To test this hypothesis, we added 
showed marked denaturing effects on cat allergen extracts of dust samples with high levels of Fe1 d I 
(80% mean reduction in Fe1 d I), but only in (but no detectable mite allergen) to an equal 
samples containing c 200 kg Fe1 d I/gm (Ta- volume (250 ~1) of 3% TA and incubated this 
ble III). More detailed studies in the laboratory mixture for 1 hour. Dust samples from two houses 
showed that a concentration of 1% TA was re- with significant Derp I content were then treated 
quired to cause a >50% reduction in aller- with the TA mixture and incubated for 4 hours 
gen levels in house dust, with the exception of before being extracted in 5% BSA PBS-T. The 
Der f I, which was more susceptible to denatur- results confirmed that the presence of Fe1 d I 
ation by TA (Table IV). The lack of a significant inhibitled the effect of TA on Derp I (Table V). 
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TABLE IV. Reduction of allergen levels after treatment of house dust with different concentrations 
of TA in the laboratory* 

Group II 
Concentration Derpl % Derfi % dust mite % Fel d I % Mean % 

of TA (%) (pg/gm) Decrease (pg/gm) Decrease (pg/gm) Decrease (pg/gm) Decrease decrease 

0.01 30.6 -Cl 15.1 9 13.9 +2 117 22 8 
0.05 25.7 17 13.1 22 11.7 14 124 17 17 
0.1 21.3 31 11.2 33 11.2 18 91 39 30 
0.2 23.2 25 8.2 51 11.4 16 93.9 37 32 
1 6.7 78 1.7 90 3.4 75 60.5 60 76 
3 3.7 88 0.6 96 1.7 88 29.2 81 88 
Pretreatment 30.8 16.7 13.6 149.6 

allergen level 

bb-4 

“0.1 gm house dust treated with 250 u1 TA and incubated for 4 hours before extraction in 2 ml 5% BSA PBS-T and assay by 
ELISA. Results expressed are the mean of three house dust samples. 

TABLE V. Effect of 3% TA on Der p I content of dust samples from two houses after treatment of 
sample in the laboratory in the presence of different concentrations of cat extract 

Concentration of 
Fe/ d I mixed with 

TA (kg/ml)* 

Der p I Concentration (pg/gm) 

House A House B 

07 5.3 4.4 
31 10.2 2.8 
46 17.2 5.3 
61 14.1 9.7 
92 20.2 14.1 

123 22.7 15.3 
Pretreatment 46.1 13.5 

*Equal volumes of cat extract mixed with TA and incubated at room temperature for 1 hour before adding to dust samples from 
houses A and B and incubating for a further 4 hours. 

TDeionized water mixed with TA. 

Finally, one dust sample with a high concentra- 
tion of Der f I and another with high Der p 1 
content were treated with 3% TA for different 
periods, ranging from 1 minute to 6 hours, and 
then extracted in either BBS or 5% BSA PBS-T. 
Extracts of both dust samples prepared in the 
absence of protein showed an apparent abolition 
of Der f I and Der p I in 1 minute (Fig. 2). 
However, when samples were extracted in the 
presence of BSA it became clear that denatur- 
ation was a relatively slow process, taking up to 4 
hours for completion. 

DISCUSSION 

This study demonstrated that TA interfered 
with the ELISA control curves for mite, cat, and 
cockroach allergens at concentrations as low as 
0.1%. TA did not act by virtue of its pH or by a 

direct effect on the coating rnAb or allergenic 
extract. One possible mode of its action was 
interference with binding of the allergen to the 
coating mAb. When dust collected from a treated 
carpet is extracted in saline solution, residual TA 
(presumably in the form of dried flakes) is redis- 
solved and made available both to inhibit the 
ELISA and to further denature allergen in the 
extract, though the latter effect is probably not 
significant. Such effects could result in spuriously 
low allergen levels. The addition of protein (albu- 
min) to the buffer used for extraction of dust 
blocked the inhibitory effect of TA on the ELISA. 
Maximal blocking of the effects of TA occurred 
when a 5% BSA (i.e., 5 grn/lOO ml) saline buffer 
was used for extraction of dust. After extraction 
of dust from treated carpets, in the presence of 
BSA, as opposed to in saline solution alone, we 
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observed significant reductions in allergen in most 
houses, resulting in a mean reduction of ~30% 
and > 75% reduction for either Der p I or Deaf I 
or both allergens in three houses (data not 
shown). 

Experiments conducted in the laboratory sug- 
gested that TA was effective at reducing the 
antigenicity of both group I and group II mite 
allergens. The use of 5% BSA to extract dust 
significantly altered the results for group I, but 
had little effect on group II results. We believe 
that these results reflect the true susceptibility of 
these allergens to TA. Der p I and Der f I levels 
were decreased by a mean of 74% and 92%, 
respectively, after treatment with 3% TA when 
dust samples were extracted in the presence of 
BSA and assayed by ELISA. Under similar con- 
ditions, group II allergens were reduced by a 
mean of 71%. The largest reduction in mite 
allergen levels was seen for dust samples in which 
the pretreatment allergen levels were highest. A 
concentration of 1% TA was required to reduce 
allergen levels by > 50%, whereas a 3% TA 
solution resulted in a mean decrease for all aller- 
gen levels of 88%. These results are in contrast to 
a recent study by Thompson et a1.,33 in which a 
minimum concentration of 0.2% to 0.6% TA had 
a maximum denaturing effect on Derp I in vitro. 
In addition, that study revealed a direct correla- 
tion between the abolition of immunochemical 
activity of Derp I and mite enzyme activity after 
treatment. Using BSA in the extraction buffer 
also allowed us to study the time course of dena- 
turation in the laboratory. Surprisingly, 3% TA 
continued to denature Der f I and Der p I for up 
to 4 hours after mixing with house dust samples, 
even though approximately 60% of the allergen 
was denatured rapidly. 

These data suggest that previous studies incor- 
porating the ELISA method for the evaluation of 
TA may have overestimated its effects on dust 
mite allergen. The results support the use of TA 
as a denaturing agent for mite allergens, but 
demonstrate that precautions must be taken in 
evaluating allergen levels in dust samples ob- 
tained from treated carpets or furniture. 

Preliminary results had suggested that TA 
would denature cat allergen, Fe1 d I.34 In these 
studies effective reductions were achieved on dust 
samples that contained ~200 pg Fel d I/gm, but 
TA had little or no effect on samples with > 750 
pg Fe1 d I/gin. This implied that Fe1 d I itself (or 
another cat-derived protein) could act to block 
the effect of TA. Thus the presence of one pro- 

FIG. 2. Time course of action of 3% TA on dust mite 
allergens in two dust samples-sample A, with 54 pg/gm 
Der p 1, and sample B, with 40 pg/gm Der f 1. (Triangles) 
Mean data for residual Der p I and Der f I in both samples 
after extraction in BBS. Also shown are levels of residual 
Derp I in sample A (squares) and residual Der f I in sample 
B (circles) after treatment with TA and extraction in 5% 
BSA PBS-T. 

tein in sufficient quantities may impede the pro- 
tein-denaturing action of TA, both on itself or on 
another allergen in the same sample. This is 
potentially more of a problem with cat allergen 
than with mite allergen because it is relatively 
uncommon to encounter mite allergen levels 
>200 l+&n-t house dust. The results also raised 
the possibility that other nondefined proteins in 
the dust could influence the effects of TA either 
on allergens in the dust at the time of treatment 
or on the assay. Variations in the protein content 
of dust samples from different houses may explain 
why the addition of 5% BSA to the extraction 
buffer had different effects on assay results for 
different dust samples. 

Our results confirmed that TA was very effec- 
tive at reducing mite allergen levels in dust, 
though it required up to 4 hours to exert its full 
effect. Our data show that a 2 1% TA solution 
should be considered an effective means of reduc- 
ing mite allergen and low concentrations of cat 
allergen when incorporated into an allergen- 
avoidance regimen. Aggressive vacuum cleaning 
to reduce the total protein content of carpets or 
upholstered furnishings should be carried out 
before treating with TA to obtain optimal results, 
particularly for cat allergen. The addition of ad- 
equate protein to the buffer used for extraction of 
treated dust may effectively block any effects of 
TA on the ELISA. 
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