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Introduction

Suweys of the United States suggest that
at least 2% of the population are aller-
gic to cats, and from questionnaire an-
swers it appears that approximately one
third of these individuals live in a house
with a cat (1, 2). Furthermore, it is now
clear that car allergy is common among
asthmatic patients in clinic populations
and also a significant risk factor for
emergency room visits with asthma (3).
Controlling exposure to cat allergens is
therefore important both in managing
symptomatic allergic individuals and
potentially in reducing the risk of sen-
sitization. Almost all approaches to con-
trolling airborne cat allergen have fo-
~used on persuading the patients to get

id of cats. However, a recent report has
confirmed that repeated washing of cats
not only removes allergen from the cat
but also leads to progressive reductions
inthe quantity of allergen accumulating
on the cat (4, 5).

Previous experiments have shown that
the major cat allergen (Fel d I) remains
airborne in undisturbed conditions and
that a significant proportion is associat-
ed with particles less than 2.5 pm in di-
ameter (6-9). It is likely that these prop-
erties are responsible for the distinctive
rapid onset of symptoms experienced by
patients who are allergic to cats. This is
in striking contrast to dust mite allergens,
with which a rapid onset of symptoms
on entering a house is unusual and air-
borne allergen is associated with large
particles that fall rapidly (7, 10). Qur
previous results studying airborne cat al-
lergen in houses with cats suggested that
both increased furnishings and low air-
exchange rates played a significant role
in increasing airborne cat allergen (9).
However, itis clear that the cat itself con-
‘ributes to airborne allergen (8, 11, 12).
_'he present studies used established
monitoring techniques and an ex-
perimental room to define more closely
the contributions of furnishings, venti-
lation, and the cat itself. The results dem-
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SUMMARY In a house with a cat furnishings, air-exchange rate, and the cat are all thought to in-
fluence airborne cat allergen. We carried out experiments using two separate rooms, moditying
the i pplying diff leaning iques, and hing the cal, to analyze these
sources and to design hods of reducing airb. 1l Airborne were made
with a cascade impactor and a two-site fonal y-based i assay for cat
allergen Fel d |. Within 30 min of entering a 30-m’ clean room the cat itself was found 1o increase
airborne Fel d | by 30 to 90 ng/m’. Following serial weekly washing of the cat this increase was
reduced to < 7 ng/m’, with a mare marked fail in small particles (£ 2.5 um diameter) from 9.5 to
% 0.4 ng/m’. Ta study the influence of the room design we kept the cat in a room of 33 m* for 20
hiday and modified the room. This room was studied with or without f with ai g

rates of 0.2 or 2.4 air changes per hour. Both low rate and g the
level of Fal d | measured 1 h after the cal was removed. However, the mast striking finding was
that the carpet accumulates cat allergen at ~100 times the level for a polished flocr, that is, ~100
ugiday Fel d | compared with ~0.5 ugiday Fei d |. In keeping with this alr filtration was effective
at cleaning the air only I (1) there was na carpet and (2} the floor was cleaned first. The resuits

show that cal allergen can be d Ically reduced by a of the cat,
9%, vacuum g, and air Comg with p results sug-
gests that the reduct| hieved may be to allow a cat-sensitlve patient to live safely

in the same house as a cat.
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onstrate that the cat can generate high
levels of airborne allergen and that week-
lv washing of the cat dramatically reduces
the contribution of the cat to airborne
allergen. In the absence of the cat, air-
borne cat allergen appears to be main-
tained by resuspension of particles from
reservoirs within the room (including car-
pets and sofas). The results suggest that
in an uncarpeted room the combination
of vacuum cleaning, air filtration, and
washing the cat can reduce airborne cat
allergen by = 90 %,

Methods

Alir sampling was carried out using a Cassel-
la Mark II cascade impactor (Cassella, Lon-
don, UK) as described previously (9, 10, 13,
14). The four stages of the cascade impactor
were loaded with 2.5-cm glass disks (T13206;
Cassella) coated with 5% agarose-sorbitol gel
(% g agarose, MCB AX05 17-3; 50 g D-sor-
titol, (S1876; Sigma Chemical Corp., St.
Louis, MO} in 100 ml borate-buffered saline,
pH 8.0). A glass fiber filter was run in paral-
lef at the same flow rate to collect total air-
borne particles. The cascade impactor and
he paralle] filter were connected via a flow
maeter (British Oxvgen Company, Boreham
Wood, UK) to a vacuum pump. Air was sam-
plad for periods of up to 1 h at flow rates

of between 17.5 and 19 L/min. The agarose-
sorbitol gel was removed from the disks and
eluted in 0.5 ml 1% bovine serum albumin
(BSA), phosphate-buffered saline (PBS), and
0.05% Tween® 20 (assay bufier, BSA-PBS-
Tween) overnight at 4° C. Asin our previous
report (9), the results for the fourth stage of
the cascade impactor were combined with the
results for the final filter and expressed as par-
ticles £ 2.5 um in diameter. The eluate from
the glass fiber filters was collected in 1 ml
buffer by compressing the filters in a 3-ml
plastic syringe.
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TECHM!CUES FOR RECUCING AIRBORNE CAT ALLERGEN

Monoclonal Antibody (MADb) ELISA
for Feld [

The assay used here to measure Fel d [ was
a two site MAb-based ELISA. It was similar
to that described for the major dust mite al-
lergens (15}, but using MAbs specific for two
different epitopes on Fel d 1 (Fd1A and Fd1B)
(16, 17). Immulon® 2 flat-bottomed ELISA
plates {Dynatech, Alexandria, VA) were coat-
ed with 10 pg/ml of 6F9 anti-Fd1B MAb in
0.05 M carbonate-bicarbonate buffer, pH 9.6,
overnight at 4° C. The plates were washed
twice with PBS-Tween and blocked for | h
with 19 BSA-PBS-Tween (assay buffer). Af-
ter a further two washes 100-pl aliquots of
either cat allergen standard or eluates from
the cascade impactor, dust, or pelt extract were
added to the wells and incubated for 1 h at
room temperature. The plates were washed
with PBS-Tween five times, and 100 pl bio-
tinylated 3E4 anti-FdIA MAb was added to
each well and incubated for a further hour.
After five washes 100 ul strepravidin peroxi-
dase (0.25 pg/ml; Sigma) was added and in-
cubated for 30 min. The plates were washed
a final five times and developed with 100 ul
0.01 M ABTS (Sigma) in 0.07 M citrate phos-
phate. The standard used for the assay was
OBRR, FDA cat E3, which contains 10.5
units/ml Fel d 1. (We have estimated that 1
unit = 4 pg Feld 1 [17).) A control curve for
each assay was established using the range 0.16
to 84 ng/ml Fel d 1.

Room Description and Design of
the Experiments

The experiments were performed over 146
days in a 33-m’ room located in a 20-yr-old
suburban second-floor apartment. The ex-
periment began at the same time as the cat
arrived in the apartment. The room had one
door, one 1.20 x 0.75 m window, and a fitted
synthetic carpet of 12 m* with a pile depth
of 2.0 ¢cm.

The cat was a 2-yr-old male. It spent a mean
time of 20.1 = 2 h/day free in the room. The
door of the experimental room was always
closed even when the cat was out of it. Air-
borne cat allergen was measured either in the
unfurnished (for 67 davs) or in the furnished
room (for 79 days). Unfurnished conditions
were obrtained by covering the carpet with
hardboard and plastic sheeting and adding
a metal chair. In furnished conditions the
hardboard and plastic film were removed and
an armchair covered with a synthetic sheet
was added, which was initially free of Fe/d 1.
During the experiments water, food, and cat
litter were located in the room.

Ventilation rate was increased by opening
the window and by running a 20-inch-
diameter domestic fan (Toastmaster® 20 inch-
4433; Toastmaster Inc, Boonville, MO} 3.5 m
from the window placed 70 cm above the
floor. Airborne measurements were per-
formed in the room with ventilation rates of
0.2 and 2.4 air changes per hour (ACH). The
air-exchange rate was measured using a mul-
tizone tracer gas technique (Environmental

Chemistry Laboratory, MAHB National Re-
search Center, Upper Marlboro, MD), Air-
borne Fel d | was monitored before and after
using a HEPA filter air cleaner (Enviracaire,
Hagerstown, MD) and a HEPA filter vacu-
um cleaner (Model GS90; Nilfisk Inc., Mal-
vern, PA). To study the short-term effects of
the cat on airborne Fel d 1, we used a sepa-
rate room of 30 m? located in a house with-
out a cat (clean room). The air sampling was
performed during the first 30 min after the
cat entered the room with the cat unwashed
or immediately after washing. Before each ex-
periment the air of this room was cleaned
using a HEPA air clzaner (Enviracaire) with
a flow rate of 409 m*/h, and a background
sample was then performed over the 30 min
before the cat entered the room.

Dander Collected in the Floor Dust or
During Cat Brushing
The plastic sheeting covering the hardboard
was incubated in 9 L of borate buffer sa-
line (BBS) overnight at 4° C. This buffer was
then assayed for Fel d I. The cat was thor-
oughly brushed for 3 min on four occasions;
the interval between brushings varied from
7 days to 2 wk. The cat brush was incubated
directly in 650 ml BBS overnight at 4° C. Be-
tween uses, the brush was washed with water
and methanol; after this procedure elution
of the brush with 650 ml of BBS contained
no detectable Fel d I (< 0.2 ng/ml). The cat
was bathed without anesthesia with 1 L of
distilled water. The bath water was lyophi-
lized and resuspended in BSA-PBS- Tween.

Resuits
Airborne Cat Allergen in the
Presence of the Cat

The effect of the cat was measured both
in the experimental room with no fur-
nishings and also in a “clean” room with
no background. In both situations the
cat increased airborne allergen on aver-
age by 60 ng/m? (range 30 to 90 ng/m*
figure 1 and table 1). The particle size
of allergen was analvzed in the clean
room. Although the room was tight (win-
dow and central heating duct closed), the
proportion of Fel d | associated with
small particles (14%) was comparable to
that found in the experimental room in
unfurnished conditions with a high air-
exchange rate. In the same room air sam-
pling was performed with the cat
wrapped in plastic sheeting so that only
its head was exposed (table 1). The results
suggest that the cat’s breathing produced
less than 10% of the allergen becoming
airborne from the cat.

Effect of Washing the Car on
Airborne Cat Allergen and
Production of Cat Allergen

The cat was bathed weekly for 4 wk with
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Fig. 1. Elfect of washing the cat on airborne cat alier-
gen: Ai Feldl {ng/m?)
immediately before the cat was washed (open cicles)
and during the 30 min after washing the cat {open
squares). Tatal amount of Fel d | collected in the cat wash
(ng Fel d 1100 ml H,0 (closed circles). The range of
values far i in airb Fel d | when
the cal entered a room is also shown by the vertical
dashed bar (n = 8).

1 L distilled water. The effect of the cat
on airborne allergen was measured the
day before and immediately after the bath
(figure 1). Over the first 2 wk the increase
in airborne Fel d [ caused by the cat de-
creased from 60 to 7.7 ng/m? before the
third bath, The total amount of Fe/ d [
collected in the water used for washing
the cat dropped progressively from 440
pginthe first wash to 40 ug in the fourth
wash. In keeping with the decreased
quantities of allergen removed from the
cat the effect of washing on the airborne
Feld I produced by the cat decreased pro-
gressively over 4 wk (see figure 1). These
results show a good correlation between
the effect of the cat on airborne Fel d I
and the amount of Fel d I that can be
washed from the cat. Surprisingly, the cat
showed rather modest reaccumulation of
Fel d 1 between washes.

Measurement of Fel d I Collected in
Floor Dust or Obrained by
Brushing the Cat

After the cat had been present in the
room for 67 days on plastic sheeting, col-
lecting the dust on the sheeting yielded
only 32 g Fel d 1. This represents a rate
of accumulation of 480 ng/day Fel d L.
This result was comparable to those ob-
tained by measuring Fel d I in four cat
brushings spaced 1 to 2 wk apart; 427
= 63 ng Fel d I per brushing. However,
when the cat lived in the room with a car-
pet for 79 days the quantity of Fel d |
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TABLE 1
AIRECANE Fal d | PRODUCED BY THE CAT ENTERING A ROOM: UNARESTRAINED.
WRAPPED IN PLASTIC SHEETING OR AFTER WASHING
Cal Wrapped
in Plastc
Cat Present,t Sheeting, Ator® Third
Particie Baseline,” P | now 4% Washing
Size ne7
(um) Stages Ing/m?) ing/m?) (%) (ng/m?) (%)  (mgim’) (%)
» 6-20 ] <02 360 60 3.8 BS 18 63
2-15 [} <02 130 21 <02 <5 o7 25
-5 (11} <02 25 4 <02 <5 <02 -]
<25 IV + final filter < 0.2 70 14 <02 <5 <02 1
Total <02 59 42 3
Parallel filter <02 &6 - 26

* Samplsng far 30 min.

T Sampang gunng the first 30 men aner tne cat entered the room,
3 Sampiing ‘ar 20 min, cal's head 30 cm trom ha intake orifice of th cascade impacior. n 1 sxpanment a paraliel filter control

" was not possible.

§ Samplmng was carfied oul with 1he cal free @ the room ot 30 min; this GxpanMAant was carmed out ofly once

in the carpet dust increased from very low
values (~3 ng/g dust) at the beginning
of the experiment to 570 ug/g Feld I of
~ dust after 79 days. Repeated vacuum
cleaning of this carpet over 15 min re-
covered a total 30 g dust, which yielded
15 g after sieving. Thus, the minimum
estimate of accumulated Fel d 1 was 8.5

mg (15 g at 570 ug/g), which represents

arate of accumulation of 107 pg Feld [
per day. It appeared that the rate of ac-
cumulation of allergen was at least 100
times higher in the carpet than on the
plastic sheeting. Presumably, this repre-
sents primarily the ability of the carpet
to retain particles carrying cat allergen
but also could indicate that allergen is
rubbed off the cat by the carpet.

TABLE 2

EFFECT OF AIR EXCHANGE AND THE PRESENCE OF FURNITURE ON
PARTICLE SIZE DISTRIBUTION OF AIRBORNE Fel d |
IN A 33-m* ROOM 1 H AFTER CAT REMOVAL

1 i Furnished
ACH" {ng/m™ (ngim?)
0.2
Taotal airborne on the paraliel fitert 13.5 225%
(n =85 (n=8)
Tetal airberne on the cascade impactor 13.5 (0.59)% 8.8 (0.4)8
(n = 4) (n =8
Asscciated with partictes < 2/5 umi 29 a1
(27 = 5%) (38 = 14%)
24
Tetal airbarne on the parallel fiter™ 18.05°° 26.4
n=4 {n = B)
Tetal airborne on the cascace impactart 17.2 (0.81)8 17.1 (0.75)5
(n =4 n =4
Associated with particles € 2,5 umi 25 32
(14 = B%) (21 = 11%)

Cetriten of abbraviatons: ACH = air exchange par hour

* The 0.2 ACH gblained by clasing tha cantral ieaing cuct and 1he windaw. The 2 4 ACH obtaines
by coaning the wincow (1.10 x 0.73 m) and using a 20-nch comestic fan {aiflow = 7. 8 m¥min).

T tgan values of total aircome Fel d | (ng/m?) cunng E0-min sampling.

 Unger low air exchange (3.2 ACH] airborne Fei @ increasad significantyy {p < 0.05: Student's 1 1051}

wiln the presence of furnishings,

¥ sean ratio of total airbarne Fel & | collectad on the cascade impacior 19 total airborne Fal o | moa-

sJreq on the pasailel fifter.

1 Tha percentage of allergen carried on small paric'es Measured on the Cascade IM3acior was i
ntzantly hignas (Wilcoxon rank sum test, p < 0. 05} in the lurmizhad room at low ventilalon tate inan

i ime unturnished room at 0.2 and 2.4 ACH,

[ Mean quantity of Fel o | partscles associated with less than 2.5 um. Vaiues in parenineses indicate
e mean porcentage = SO of total collected on cascace impactor

g rate in 1ha
12 < 0.05, Student's f t8s1).

reom airoorne Fei d | signihicantiy
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Effect of Air Exchange and the
Presence of a Carpet on Airborne
Cat Allergen
The cat was left in the room for 20 h/day,
and airborne allergen was sampled | h
after removal of the cat. Preliminary ex.
periments (data not shown) established
that levels of airborne Fel d I reached a
steady state within 1 h after the cat left
the room. Under unfurnished conditions
airborne Fel d [ was increased when the
air-exchange rate was increased (from 0.2
to 2.4 ACH). The percentage of small
particles was higher with a low ventila-
tion rate (table 2). In other houses this
effect was more marked (table 3): in a
house with 0.3 ACH 307 of the airborne
Fel d 1 was associated with particles
< 2.5 um; the comparable figure in a
house with 1.6 ACH was 14%. However,
in the experimental room the presence
of furniture appeared to influence the as-
sessment of particle size. In the presence
of the carpet the total Fel d I measured
on the stages of the cascade impactor was
~45% of the amount recovered on the
parallel filter; the comparable figure in
the same room unfurnished was ~50%
(table 2). These results suggest that the
carpet not only acts as a reservoir of dust
containing Fe/ d I but also appears to in-
fluence the properties of airborne parti-

cles carrying the allergen.

Comparison of Falling Properties
of Particles Carrying Fel d I at
Different Air-exchange Rates
High levels of airborne Fel d [ were gener-
ated using a vacuum cleaner without a
filter (SHOP VAC,® Model 600C; Shop
Vac Corp., Williamsport, PA) in the 33-
m’ room under furnished conditions. Air
was sampled for 30 min during distur-
bance and at 20 and 60 min after distur-
bance (figure 2). After 20 min with 0.2
ACH cat allergen remained airborne pre-
dominantly on small particles (< 2.5 pm)
and less than 3% of the large particles
were still airborne. In contrast, with an
air-exchangerate of 2.4 ACH, 20 min af-
ter disturbance only 5% of small parti-
cles and 24% of large particles remained
airborne. The results showed that increas-
ing ventilation in a carpeted room had
little effect on total levels of cat allergen
remaining airborne but changed the par-

ticle size distribution.

Effect of Using @ HEPA Filter Air
Cleaner and HEPA Vacuum Cleaner
on Airborne Car Allergen
Preliminary experimenis in the unfur-
nished room with 0.2 ACH demonstrat-
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TABL

BETWE

27z DISTA:ZUTION CARRYING Fer =
PARTICLE_ . THE EXPZSIMENTAL ROOM AND ~# HOUSEL

£

VLIRS

b of air filtration with an air
a high or low flow rate dec:eas;d
Fel d 1 only modestly, that is,
18 13%, respectively. If the plas-
38 was also vacuum cleaned for 15
wever, then the room air cleaner
the airborne allergen by 98%
Similar results were obtained
a low or high flow rate on
¥ fen kir cleaner. [n contrast, experi-
g Ming the air filter in the furnished
with a low air-exchange rate
) produced only a 70% fall in
ot allergen (table 4). In keeping
% & previous results, running the
489 1 deaner in the presence of the cat
EEwwery effective at reducing the lev-
;i krborne allergen, causing a reduc-
%7510 24 ng/m’ Fel d L.

g Discussion

W allergens derived from cats
' cause of allergic disease,

S of

“u-:‘mhi'g,m“'“s of particles
farm $age of the cascade
"°0M & 0.2 ACH (closed
2 m‘:msl' Airborne mea-
28m0) a:::unng the 30 min of
B c-.uurbmm"mg 20and 60

in & baserment wilh Ao MaCIw, 2 carpated floar, ang 2 w3 r a 10-yria “oAs

=renmental Room* a2
0.2 #CH, 2.4 ACH. 1B 4CH " -3 ACH3
n=2a n=8 ne3 s n =3
(gim®) (9 ngim?) (53 cgmy) b (nwm?) (%)
32 25 6.6 45 2.74 % <4 15
1.0 a0 36 27 233 = 1% 45
0.6 7 0.5 62 2.7 22 . 15
4.3 38 0.4 21 - 92 ‘4 f 25
9.4 1.1 25 1L 4
276 16 77 41
ara 20 armchair, =
-::hr:::u wrioows wilh 8 srocen lloor covered by a fug © 3 *&legrold mrasa ':‘-‘I?;J‘LH]

ma (3). Depite the obvi-
e source, Zzlients are of-
ten unwillinz > recognizz *0¢ causa‘l na-
ture of the rzzzionship 7 alternatively
are unwillinz == remove 2.« ~at. For these
reasons it is := sortant to .nderstand the
factors that i uence zir wrnc cat aller-
gen and to ¢z = op techris us for reduc-
ing exposurs. L:ing an experimental room
we have anz wzed the iepzrate contr-
butions of ===z cat itseif zad the othgr
¢ uding furni-

rhances like
vacuuming. Zr=vious stuc .4t on domes-
tic houses shc<d that ¢z z.lerzen could
become airtcme on parmiosy IS than
2.5 um in cizmmeter, Ingasd, In some
houses the !=~=35 of allerzsn aiwnociated
with small pz—zicles were ',';:,frpg.'able to
the quantitisz 7ound nez=izry =f other
investigators := zroduce acins 2IrAZYS ol?-
struction (9). T=isisin cnnaszst W previ-
ous results #:== dust mizz ~r pellen a}-
lergens in whiz= the allerzz= is predomi-
nantly carrie¢ <= large par.ies (10), and
it has not besr. s7own thaz +v«ls of aller-

especially azzx
ous naturec:

ture, ventilazizn, and disnz
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gen comparable to those used for bron-
chial provocation become airborne on
small particles (10, 18). From published
studies (8, 11) it is possible o estimate
that bronchial provocation of patients
with asthma who are allergic to cats re-
quires between 8 and 80 ng Fel/d I in-
haled over 2 min. Using the figure of 8 ng
as a bronchial provocation “dose” it is
then possible to evaluate levels of and
changes in airborne cat allergen accord-
ing to the time it would take a patient
to inhale a provocation dose.

The present results demonstrate a
sharp increase in airborne cat allergen
within minutes of a cat entering a room.
In a 33-m’ room this increase varied (with
one cat) from 30 to 90 ng/m? This
represents a level of small particles suf-
ficient to cause a bronchial response
within 26 min. Similar increases have
been reported previously (6, 8). Those
authors also reported variability between
cats and, taking the values of Swanson
and colleagues, our cat appeared to be
an average producer of allergen (12). It
has been known for many years that
washings from a cat contain high levels
of cat allergen, predominantly Fe/ d 1 (5).
Very recently Glinert and colleagues
reported that repeated washing of a cat
at monthly intervals over 7 months pro-
duced a consistent decrease in the quan-
tity of cat allergen recovered (4). Our
results confirm these findings and dem-
onstrate that this reduction is paralleled
by a marked (90%o) decrease in the quan-
tity of allergen becoming airborne off the
cat. This fall in the quantity of allergen
becoming airborne and in the quantity
that can be washed off the cat appears
to suggest that there is a progressive
reduction in the rate of production of al-
lergen by the cat. Certainly the quanti-
ties recovered weekly from the cat are far

TABLE 4

se=r— OF CLEAMIN: WEASURES ON TOTAL AIREORNE CAT ALLERGEN
 -e ) BEFGEE 445 #FTER USING A HEPA FILTER AIR CLEANER

smr 4 PESA FILTER VACUUM CLEANER

Afer Using
After 3-H Vacuum Cleaner and
Clezrire Zazara” Ai Filtration T Air Cleaner}
Uncare=2s room’ wx 5.8 (56%)l < 0.2 (98%)!
' ’ o =3 n=3 n=3
Carzerzs “som g 10.9 (706)k 3.5 (7096}
o . o= Z nw=2 ne2

* A i A samphireg,

T Ar va—rung for 30
Mean cAr 15 nage re

P yazeameg lor 18 min wsm W

§ 2 i csom with G 2 T

I Farwarrags of docransa w4 T2IAIN0

e iR g Teaner at 400 of 200 m¥h. Values in parentneses indicate the

At WPt RN basehne values.
crswars Oy 30 min of awr fiftranon at 400 or 200 mim
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less than the apparent daily accumula-
tion in the carpet. Judging from the
quantities obtained in washings about
0.4% of the allergen on the cat is released
per hour. It is now clear that Fel d I is
produced both from the peit and from
cat saliva (19-24). Direct observation con-
firmed that our cat was licking himself

TABLE 5

PROPOSED PROCEDQURE FOR REDUCING
ARBORNE CAT ALLEAGEN LEVELS

1. Remove cat silhar compietely or keap outdoors

2. Polished floonng, no carpeling
Minimize upholstered furniture
acuum clean with high-atficiency filter
Air filtration
Wash cat weekly

mare than usual after being washed. Thus
if saliva is the major source of allergen
on the fur, it is surprising that allergen
did not reaccunulate more rapidly after
washing. Attempts to measure the aller-
gen produced by the cat breathing sug-
gest that less than 10% of the airborne
allergen comes directly from this source.
Taken together the results suggest that
the pelt is a, or the, major source of Fel
d1and that washing the cat regularly can
reduce this source markedly. Taking the
small particle data in table 1, washing the
cat reduced the level of small particles
by 20-fold to a level that would be ex-
pected to take 8 h to produce a bronchial
provocation response. It remains to be
shown whether washing the cat weekly
will reduce the accumulation of cat al-
lergen in reservoirs within the house.
Using the experimental room we con-
firmed that low ventilation rate can in-
crease the proportion of allergen as-
sociated with small particles. We assume
that particles are released from the car-
pet and that with a low ventilation rate
the small particles, which fall very slow-
ly, accumulate in the air. Our estimate
of the total quantity of allergen in the
carpet and the ventilation rate suggests
that a very small fraction (~0.001%) of
the allergen on the carpet becomes air-
borne per hour. The importance of low
ventilation rate in “allowing” the accumu-
lation of small particles was supported
by further studies on two houses with
very different air-exchange rates. In a
house with 0.3 ACH 25% of the airborne
Fel d 1 was associated with particles
< 2.5 um in diameter; the comparable
figure in a house with 1.6 ACH was 14%.
Increasing ventilation rate is often re-
garded as beneficial for room air quali-
ty. Although increased ventilation de-
creased allergen associated with small
particles, the total quantity particularly
increased in the absence of carpeting. We
assume that the relatively small quanti-
ties of cat allergen on the plastic sheet
are more easily disturbed than those
trapped within the carpet. Qur previous
results in a house suggested that a HEPA
room air cleaner was effective in reduc-
ing airborne cat allergen only after ag-

gressive cleaning of the floor (9). Fur-
thermore, using a vacuum cleaner with
an effective filter had little effect on to-
tal airborne Fel d I during cleaning but
reduced the level of allergen on small par-
ticles. In an uncarpeted room the com-
bination of vacuum cleaning and a room
air cleaner reduced airborne cat allergen
by 98%. In contrast, in the same room
with a carpet the airborne Fel d I was
reduced by only 70%. These results are
best explained if the carpet acts as a res-
ervoir to continuously replace the air-
borne allergen. Replacing the airborne
allergen could be explained by an increase
in the quantity coming off the carpet per
hour from 130 to 1,600 ng, that is, from
0.001 to 0.02%/h.

Based on these results it is possible to
propose a regimen for reducing airborne
cat allergen (table 5). Removing the cat
(or keeping it outside) is the most effec-
tive measure. However, even when the cat
is removed the level of Fel d I in the dust
falls slowly. It may take 16 to 24 wk for
the level of allergen to fall to the levels
found in houses without a cat (25). Fur-
thermore, it is important to remember
that passive transfer of cat allergen into
a house without a cat can produce sig-
nificant levels of allergen in the dust. Re-
cently we have seen a house without a
cat in which the floor dust contained 80
ug Fel d 1/g, which appeared to have been
transferred by daily visits to a house with
a cat. In a house with a cat the two ma-
jor sources of allergen are the cat itself
and the furnishings. If carpeting and oth-
er soft furnishings are removed, clean-
ing the room and the air appears to be

relatively simple. The present results sug-

gest that regular washing of the cat can
dramatically reduce the contribution of
the cat to airborne allergen. Overall, the
results suggest that realistic changes in
a house could reduce the quantity of al-
lergen to a level that would take more
than 10 h to produce a bronchial re-
sponse. Certainly these changes will al-
low direct clinical trials to assess the ef-

CE BLAY, CHAPMAN, AND PL‘“.T;“'“LL_S

fectiveness of these procedures in reduyg.
ing symptoms in cat-allergic patiengs
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