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Background:  The major  cat  a l le rgen,  Fe l  d  1 ,  is  ub iqu i tous,  and c lo thes of  cat  owners are impor tant  veh ic les  for  i ts  d is t r ibu-
t ion and d ispersa l  in  cat - f ree env i ronments .

Obiective: We assessed the eff iciency of a standard vacuum-cleaning in removing the cat al lergen from cotton fabrics, expe-
r imenta l ly  contaminated by a  pro longed contact  w i th  cats .

Methods: Fif teen rectangles (80x100 cm) of a widely used cotton material were kept in baskets of male cats for 1 week.
Af terwards,  the squares were cut  in  ha l f .  One ha l f  was immediate ly  sampled for  cat  a l le rgen,  and the other  ha l f  was vacuum-
c leaned for  15 minutes by a  commerc ia l ly  ava i lab le  dev ice before sampl ing.  F ive ident ica l  cot ton rectangles not  exposed to
cats  served as cont ro ls .  Samples were co l lec ted wi th  a  h igh-vo lume vacuum a i r -sampler .  Par t icu la te  mater ia l  was harvested
onto f i l ters with 25- mm diameter and 2 pm pore size, extracted in phosphate buffer with BSA and then assayed for the Fel d
1 a l lergen wi th  an ELISA method.  The resu l ts  were expressed as micrograms of  a l le rgen per  f i l te r .

Results: After vacuum-cleaning the amounts of Fel d 1 extracted from cat-exposed fabrics were not signif icantly reduced (
f  =  3 .118;  P > 0 .005 ) ,  w i th  respect  to  the non vacuum-c leaned t issues.  No Fel  d  1  was found in  cont ro l  fabr ics .

Conc lus ions:  Our  s tudy suggest  that  vacuum-c leaning by us ing a commerc ia l ly  ava i lab le  dev ice is  not  ab le  to  remove s ign i -
f icant amounts of cat al lergen from cotton fabrics exposed to cats.

A l lergen avo idance -  Cat  a l lergen -  Fe l  d  1  -  Respi ra tory  a l lergy -  Vacuum-c leaning.

IilTRODUGTION

xposure to  a l lergens der ived f rom domest ic  an i -
mals ,  paf t icu lar ly  cats ,  is  a  r isk  fac tor  for  a i rway
sensi t izat ion and may tr igger respiratory symp-

t oms  i n  a l r eady  sens i t i zed  pa t i en t s  (1 ,  2 )  Ca ts  a re  an
impor tant  indoor  a l lergenic  source,  because cats  are
common ly  owned  as  domes t i c  an ima l s .  The  ma jo r  ca t
a l l e rgen ,  Fe l  d  1 ,  i s  ub iqu i t ous ,  be ing  p resen t  i n  dus t
samples o f  the env i ronments  where the cat  l i ves,  but
a l so  i n  homes  and  o the r  i ndoo r  env i ronmen ts ,  i nc l ud ing
publ ic  p laces,  where a cat  has never  been kept  (3 ,  4) .
The  i nd i rec t  exposu re  t o  ca t  a l l e rgen  i s  impo r tan t
f r om a  c l i n i ca l  s t andpo in t  s i nce  a l so  l ow  l eve l s  o f
e x p o s u r e  m a y  b e  a b l e  t o  i n d u c e  a l l e r g i c  s e n s i t i z a t i o n
o r  t o  t r i gge r  nasa l / b ronch ia l  symp toms  i n  sens i t i zed
i n d i v i d u a l s  ( 5 ) .

I t  i s  now  w ide l y  recogn i zed  t ha t  c l o thes  o f  ca t  owne rs
rep resen t  an  impo r tan t  veh i c l e  f o r  t he  t r anspo r t  and
d i spe rsa l  o f  Fe l  d  1  i n  ca t - f r ee  env i ronmen ts  (6 ) .

C o n s e q u e n t l y ,  r e m o v a l  o f  c a t  a l l e r g e n  f r o m  t h e
c lo thes  o f  ca t  owne rs  wou ld  be  cons ide red  a  l og i ca l
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app roach  t o  reduce  t he  d i spe rsa l  o f  Fe l  d  1  and ,
consequent ly ,  the degree of  ind i rect  exposure to
these  a l l e rgen i c  ma te r i a l s .  The  a fo remen t i oned  da ta
suggest  that  i t  i s  c ruc ia l  to  c lear ly  assess the ef f ic ien-
cy o f  var ious methods to  c lean fabr ics  which have
been d i rect ly  or  ind i rect ly  exposed to  cats  for  opt imal
remova l  o f  ca t  a l l e rgens .

S ince  s tanda rd  vacuum-c lean ing  i s  a  s imp le  and
w ide l y  used  p rocedu re  i n  a l l e rgen  avo idance ,  we
aimed to  invest igate  i ts  e f f icacy in  removing cat  a l le r -
gen f rom cot ton fabr ics  contaminated by a  pro longed

contact  w i th  cats .

METHODS

fi;j :l t;: r t i-l i :;

We used 15 ident ical  rectangles of  a widely used cotton
mater ia l  (80x100 cm, approximately 2 mm thick),  pre-
pared in a cat- f ree environment and kept in s ingle plas-
t ic envelopes to avoid contaminat ion by cat  a l lergens
before the exper imental  exposure.  These fabr ics were
given to cat  owners,  and put in baskets of  male cats for
1 week. Male cats were selected because the produc-
t ion  o f  Fe l  d  1  i s  h igher  in  ma le  than in  female  ca ts .
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The squares were then transferred from the cat
owners '  homes to our laboratory in new plast ic enve-
lopes  to  avo id  fu r ther  contaminat ion  or  loss  o f  a l le r -
gens .  The fabr ic  squares  were  cu t  in  ha l f  (40x50 cm) .
One ha l f  was  immedia te ly  sampled  fo r  assessment  o f
leve l  o f  Fe l  d  1  a l le rgen (see be low) .  The o ther  ha l f  was
vacuum-c leaned on  bo th  s ides  fo r  an  arb i t ra ry  t ime o f
15  minu tes  w i th  a  commerc ia l l y  ava i lab le  vacuum-
cleaner (VL 1840, Black & Decker Corporat ion,  Towson,
MD) ,  be fore  sampl ing  fo r  a l le rgen leve l .  F ive  rec-
tang les  (exac t ly  the  same mater ia l  and s ize  bu t  no t
exposed to cats )  served as controls to exclude pre-
v ious  Fe l  d  1  contaminat ion .

9 a m p l i n g

Col lect ion of  dust  samples f rom the cotton pieces was
per fo rmed by  means o f  a  h igh-vo lume vacuum-  a i r
sampler  app l ied  or thogona l ly  to  bo th  s ides  o f  the  co t -
ton for 5 minutes in a cat- f ree room as previously des-
c r ibed (6 -8) .  The h igh-vo lume vacuum a i r  sampler
(CF|2O Gela i re  F low Labs ,  Mi lan  l ta ly ) ,  cons is ts  o f  a
doub le-head membrane pump connected  w i th  two
control  f low-meters and a volumetr ic counter.  Air f low
was kept constant at  20 L/minute.  The part iculate
mater ia l  was harvested onto glass-f iber f i l ters wi th 25
mm d iameter  and 2  ìm pore  s ize  (boros i l i ca te  mic ro f i -
ber  g lass  w i th  acry l i c  res in  b inder ;  AP 20 Mi l l ipore ,
Mi lan  l ta ly ) .  Th is  dev ice  en t raps  par t i c les  w i th  a  d ia -
meter that exceeds 2 to 3 ìm with an 84% efficiency.
To reduce the  r i sk  o f  con taminat ion ,  each f i l te r  was
p laced in  a  separa te  sea led  tube.  The dev ice  fo r  the
dus t  co l lec t ion  was a lso  kept  in  a  sea led  box .

$\{easuremernt exf FsX c* I

Each co l lec ted  dus t  sample  was supp lemented w i th  2
mL o f  phosphate-bu f fe red  sa l ine  in  con junc t ion  w i th
0 .2  % bov ine  serum a lbumin .  A f te r  cen t r i fugat ion  fo r
10  minu tes  a t  10 ,000 rpm and f i l t ra t ion  th rough a  0 .45
ìm pore  d iameter  membrane,  the  supernatan ts  ob ta i -
ned were stored at  -  20"C unt i l  required for test ing.
The membrane used for f i l t rat ion af ter  the extract ion
(Mi l lex  Mi l l ipore  f i l te rs )  had a  low pro te in -b ind ing
capaci ty;  in addi t ion,  the buffer contained 0.2% bovi-
ne  serum a lbumin .  Thus ,  the  chances  o f  an  spec i f i c
Fel  d 1 adsorpt ion were very low.
Fel d 1 content was determined with a previously descri-
bed two-si te enzyme-l inked immunosorbent assay
method, with a slight modification (9). The specificity of
the ant i -Fel  d 1 monoclonal  ant ibody (Mab) ut i l ized, and
of the Fel  d 1 immunoassay is wel l  documented. Aff in i ty-
purif ied Mab (C5/24) was used at a concentration of 10
ìg/ml- to coat a polystyrene plate. A standard curve (1 to

75 ng/ml) was determined from a freeze-dried cat dan-
der extract t itrated against purif ied Fel d 1. Standard and

samples diluted to the appropriate concentration were

incubated îor 2 hours.  Af ter  washing, biot in- labeled
secondary Mab (C5l8) was added at  a 1:1,000 di lut ion.
After incubat ion and washing, streptavidin peroxidase
(Amersham, UK)was added, at  a di lut ion of  1:5,000, and

the enzymatic activity was evaluated by using O-pheny-
lenediamine dihydrochlor ide as chromogen. The al ler-
gen concentration was estimated from duplicate absor-

bances of three different dilutions interpolated into the

standard curve range.

$ ta t i s t$*mX *naXvs is

Sta t is t i ca l  s ign i f i cance was eva lua ted  by  us ing  the
pa i red  t  tes t ,  mean va lues ,  and 95% conf idence in te r -

val  of  the di f ferences on data normal ized by log

convers ion .

RESUTTS

T h e  n o n - v a c u u m - c l e a n e d  a n d  n o n e x p o s e d  f i v e

cont ro l  co t ton  squares  d id  no t  con ta in  apprec iab le
amounts of  Fel  d 1 (< 0.05 ìg of  Fel  d 1 per f i l ter ,  lower

detec t ion  l im i t ) .

Be fore  vacuum-c lean ing ,  Fe l  d  1  ( in  mic rograms per

f i l ter)  was detected on al l  cat  exposed cotton squares'

The amount of  Fel  d 1 was 0.53 +/-  1.23 micrograms
per  f i l te r  in  the  vacuumed t i ssue samples ,  whereas  i t

was  0 .26  + l -  1 .35  in  the  samples  no t  vacuum-c leaned.
As  shown in  f igure  '1 ,  no  s ign i f i can t  d i f fe rence cou ld

b e  t h e r e f o r e  s e e n  a f t e r  v a c u u m - c l e a n i n g  i n  t h e

amounts of  Fel  d 1 extracted from cat-exposed fabr ics
( t  =  3 . 1 1 8 ;  P  >  0 . 0 0 5  ) .

NS-t

alîer
vacu!m clean,ng

Figure 1 :  Concent ra t ion o f  Fe l  d  1  a l ler -
gen expressed as log Fel d 1 (trrg/f i l ter)

on 15 cat  exposed cot ton squares and
5 cont ro l  cot ton squares before and
af ter  vacuum- c leaning.
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Drscusstotu
Several studies have demonstrated that exposure to
al lergens derived from cats or dogs may be relevant in
many indoor  set t ings that  should  be an imal - f ree,  (3 ,  4)
and that  no indoor  env i ronments  can be cons idered
complete ly  f ree f rom pet  a l lergens.  In  addi t ion,  in  suscep-
t ib le  ind iv idua ls ,  even low leve ls  o f  these a l lergens are
able  to  mainta in  or  worsen a i rway sens i t iza t ion.  In  fac t ,
Bo l l inger  e t  a l .  (5 l rhave shown that  the low leve l  o f  expo-
sure to  cat  a l le rgens that  occurs  in  many indoor  env i ron-
ments  wi thout  cats  may be ab le  to  induce or  mainta in
a l lerg ic  symptoms in  some cat -sens i t ized pat ients .

C lo thes  o f  pe t  owne rs  cons t i t u te  t he  ma in  f ac to r  f o r
t he  d i s t r i bu t i on  o f  t he  mos t  common  pe t  a l l e rgens ,
s u c h  a s  F e l  d  l  a n d  C a n  f  

' 1 ,  
b u t  a l s o  l e s s  c o m m o n

o n e s  ( e . g  r a b b i t s )  i n  a n i m a l - f r e e  e n v i r o n m e n t s  ( 6 ,  1 0 ) .
Human  ha i r  cons t i t u te  a  new  unexpec ted  sou rce  o f
c a t  a l l e r g e n  c o n t a m i n a t i o n  r ' l  1 r .
The  on l y  f eas ib l e  app roach  t o  reduce  t he  t r anspo r t
a n d  t h e  d i s p e r s a l  o f  c a t  a l l e r g e n s  i s  a d e q u a t e  c l e a n i n g
o f  con tam ina ted  c l o thes  wo rn  by  ca t  owne rs  ou t -
doo rs .  Th i s  s tudy  was  pe r fo rmed  to  assess  unde r
r i go rous  expe r imen ta l  cond i t i ons  t he  e f f i c i ency  o f
v a c u u m  c l e a n i n g  i n  r e m o v i n g  t h e  a l l e r g e n .  B e c a u s e  i t
i s  n o t  p o s s i b l e  t o  e n s u r e  i d e n t i c a l  a l l e r g e n  e x p o s u r e
t o  c l o t h e s  ( d i f f i c u l t y  i n  o b t a i n i n g  i d e n t i c a l  c l o t h i n g
a n d  p r o v i d i n g  r e l i a b l e  i d e n t i c a l  e x p o s u r e  i n  s i t u ) ,  w e
a p p r o a c h e d  t h e  p r o b l e m  o y  u s i n g  s a m p l e s  o f  n a ' r ' v e
c o t t o n  t i s s u e ,  A m o n g  v a r  o u s  m e t h o d s  a v a i l a b l e  t o
c a p t u r e  a l l e r g e n s  f r o m  a  p i e c e  o f  m a t e r i a l  ( e , g .  u s e  o f
e x t r a c t i o n  f l u i d s ) ,  l v e  c h o o s e  n i g h - v o l u m e  s a m p l i n g
b e c a u s e  o f  i t s  e a s e  o f  u s e .  l r -  a d d i t i o n ,  t h i s  p r o c e d u r e
h a s  b e e n  u s e d  i n  e a r l i e r  s t u d , e s , 6 - 8 r .
T h e  r e s u l t s  o f  o u r  s t u d y , s u g g e s t  t h a t  v a c u u m - c l e a -
n i n g  b y  u s i n g  a  c o m m e r c r a  \  a v a i l a b l e  v a c u u m - c l e a -
n e r  f o r  1 5  m i n u t e s  i s  n o t  a b  e  t o  r e m o v e  s i g n i f i c a n t
a m o u n t s  o f  c a t  a l l e r g e n  f r o m  c o î o n  f a b r i c s  e x p o s e d
to  ca t s .  Th i s  p rocedu re  i s  l ess  e t rec t i ve  t han  o the r
c l e a n i n g  p r o c e d u r e s  t h a t  w e  n a v e  p r e v i o u s l y  c a r r i e d
o u t  b y  u s i n g  i d e n t i c a l  m e t h o d s  s ! r c .  a s  s a m e  e x p o s u -
r e ,  t r a n s p o r t ,  d i v i s i o n  a n d  s a m p l i n g  o r o c e d u r e s  ( o n l y
w i t h  d i f f e ren t  f ab r i cs ) ,  as  i n  t he  cu r ren t  i nves t i ga t i on .
Wash ing  i n  wa te r  w i t hou t  t he  use  o f  c i e te rgen ts  com-
p le te l y  abo l i shed  Fe l  d  1  a l l e rgen  f r om co t t on  f ab r i cs
( 7 ) .  O n  t h e  c o n t r a r y ,  r o u t i n e  c o m m e r c i a l  d r y - c l e a n i n g
i s  e f f ec t i ve  f o r  r emova l  o f  l a rge  (and  s ta t i s t i ca l l y  s i gn i -
f i can t  amoun ts )  o f  ca t  a l l e rgen  f r om woo l  squa res
exposed  to  ca t s .  Neve r the less ,  r es idua l  amoun ts  o f
a l l e rgen  have  been  found  on  t he  t es ted  ma te r i a l .
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Final ly,  Tovey et  a l .  (12) demonstrated the ef fect ive-
ness  o f  laundry  wash ing  us ing  de tergent  so lu t ions  a t
25" for  at  least  5 minutes in extract ing most mite and
cat  a l le rgen f rom dus t  o f  bedd ing .
In conclusion, an ef f ic ient  c leaning of  c lothes of  cat
owners should be included in the prevent ive strategies
for control l ing the indirect  exposure to cat  a l lergens.
In  compar ison to  o ther  c lean ing  procedures ,  the  com-
mon vacuum c lean ing  is  no t  e f fec t i ve  in  remov ing  ca t
al lergens from passively contaminated cotton fabr ics
and,  consequent ly ,  shou ld  no t  be  used as  a  s ing le
prevent ive measure.
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