
ì., I{ q
0r ig inal  Art ic le

Predictors of Cat Al lergen
(Fel d 'l) in House Dust

of German Homes

B. Fahlbuschl, U. Gehring2, K. Richte13, H.-E. Wichmannz,
and J. Heinr ich' ,  for the INGA-Study group*

1 Fried r ich-Sch i  I  le r-U n iversity, I  nst i tute of Cl i  n ica I I  m m u nology, Jena, Germa ny,
'GSF -  Nat ional  Research Center  for  Envi ronment  and Heal th,  lnst i tu te of  Epidemiology,  Neuherberg,  Germany,

3Hospi ta l  Grosshansdor f ,  Center  for  Pneumonology and Thoracic  Surgery Grosshansdor f ,  Germany,

Summary. Background: Exposure to cat allergen is a rnajor risk factor for sensitization and the tlevelopment of asthrna in many parts
of the world. The study was designed to examine thc lcvels of cat allergen (Fel d l) in homes of two Gerrnan cities ald to cletennine
predictors of Fel d I exposure. MeÍluttls: Wc collected dust sanrples from 40-5 randonrly selectecl hornes in Hamburg (n = 201) and
Erfurt (rr = 2M). In each apaftment dust sarnples were taken frorn living roorn floor (LR), bedroom floor (BR), and mattress surface
(MA) using vacuum sampling and analyzed by two-site rnonoclonal antibody ELISA. Environmental variables were assessed by
questionnaire to obtain information on factors supposed to have an irnpact on the Fel d I levels in house dust. The effects of possible
predictors of Fel d I were assessed by multiple l inear regression models. Results: Fel d I was present in98Va of the hornes (395/405).
ranging from 0.015 to7.278 pg/g dust (GM 0.486 pg/g). The levels were similar in floors (GM for LR 0.575 pglg and BR 0.469 pg/g)
and in MA (GM 0.4241t"g1g). Higher allergen concentrations (> 2pglg) were detected in997o of the homes keeping cats, in 557o of
homes that had had a cat during the last year, and in 287o of the homes without a cat. Fel d 1 levels were significantly higher in homes
with a cat (628-682-fold, MA, floor) and in homes in which a cat hacl previously l ived (ll-12-fold. floor, MA) than in homes that
never had a cat. Furthermore, after controlling for possible other confounders, Fel d I levels were significantly higher in sunrnrer and
in homes with low frequency of cleaning and low ventilation rate. Conclusion: ltcould be confirmed that keeping a cat has the highest
impact on Fel d I concentration. Besides. a continuous influx of Fel d I in homes without cat, as a result of direct or indirect cat contact
outside the home, is l ikely. High frequencies of dusting and ventilation might recluce cat allergens in homes with ancl without cats.
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I n trod u ctio n

In Western countries, aside from house dust mite, sensiti-
zatron to cat allergen occurs frequently in allergic subjects
t1]. Exposure to cat allergen causes sensitizat"ion in
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Health Group (Brunekreef B, Douwes J, Doekes G)

With/Without Cats

l57o-6OTo of atopic individuals and is responsible for acute
asthma attacks as well as prolonged bronchial hyperre-
sponsiveness [2-5]. Also, if a sensitized person is exposed
to low or moderate levels of cat allergen, the inflammation
of the rnucous membranes in the airways may be main-
tained. Therefore, it is insufficient to assess the cat allergen
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exposure only on the basis of whether or not a cat is kept
in the house. In order to unclerstancl the etiorogy of allergic
disease, it is necessary to stucly the environnientar fhctors
that determine the distribution and concentraticln of incloor
allergen and the efTect of exposure on sensitization ancl
symptoms. Therefore, a joint project was establishecl tcr
investigate the influences of lncloor factors and Genetics in
Asthma (fNGA) in Germany t6l.As par-t of this stucly levels
of the major cat allergen (Fel d 1) were cletermined in house
dust of two German cit ies, Hamburg (Western Gerrnany)
and Erfurt (Eastern Germany). The backgrouncl for selec-
tion of this study population is the finding that atopic sen-
sitization against cat (skin test and specific IgE) was more
prevalent in Harnburg than in Erfurt [7]. Furthermore, fe w
inforrnation on hidden cat allergen exposure in house crust
in German buildings has been reporled so far. The goal of
this paper is to describe the Fel d I concentrations in these
homes and to analyze predictors ol 'Fel d I levels.

Mater ia l  and Methods

Study Population

A total of 405 homes in the cit ies of l{arnburg ancr Errìrlt
were included in the INGA study and visited frorn June
1995 through November 1996. The study popularion con-
sisted of a subset of the subjects who had participated
within the European Respirarory Health Survey (ECRHS)
[8]. Details of the selecrion of the study population were
described elsewhere [6].

Sampl ing o f  House
Measurement

Dust  and A l le rgen

In each house, three dust sarnples were taken in a stanclarcl-
ized manner [9] by vacuuming an area of I rn2 frrr 2 rnin
fiom living room (LR) and bedroom (BR) lìoors ancl nrat-
tresses (MA). Dust was collected on cellulose fi l ters using
ALK sampling devices (ALK allergen mouthpiece, HÉrs-
holm, Denmark). The dust samples were stored at -20.C
until extraction. The allergens were extracted from the
sarnple dust plus fi l ter paper as described previously [10].

Cat allergen Fel d I was measured with 2-site mAb
ELISA, according to the instruct.ions of the manuf acturer
(lndoor Biotechnologies, Clwyd, UK) Il0l. The cat aller-
gen standard UVA 94101(containing 1.6 U/ml) was used
for calculation of the results, whereas 1U corresponds to
4 p g o f F e l d  1 .

Building Characteristics and Occupant Behavior

A screening questionnaire was completed to obtain cle-
tailed information on type and age of the home, story and
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le rgen in  House Dust

size of'the drvell ing, type of heating, age of carpets and
mattresses, pets, signs of dampness, packing of the win-
dows, venti lattion and cleaning habits in the home. Venti-
lation was cli issif ied as good, medium, and poor accord-
ing to the nunrber of hours per week the window was fully
and/or partially opened. Based on the questionnaires the
homes were divided into homes in which a cat was kept
at present, homes with no present cat, but cat present dur-
ing last ycar, and homes with no cat present or previously
pfesent.

Relative humidity and temperature were measured
with Tinytalk l l  Data Loggers (Gemini Data Loggers
(UK) tjID) fbr a period of 7 days srarring ar rhe day where
dust samples had been taken. The data loggers were
placed in the l iving room, roughly 2 m above f-loor level.
Sampl ing season was categor ized as Winter (Octo-
ber-March) and Summer (April-september), according
to clirnate in Gernianv.

Data Analysis

The distribution of the Fel d I levels expressed as pglg
dust was not normal. Concentrations were natural log (ln)
trernsfbrnrcd to nrlrnialize the distribution. Mean concen-
trations were therefore expressed as geometric means
(GM) with95o/c confidence intervals (CI). Allergen levels
below lower l imit of detection (LOD) were estimated by
one hirlf of the LOD (7 .5 ng/g Fel d 1). Correlations be-
tween sarnpling locations were analy zedby means of the
Spearman rank <lrder correlation coefficient. The Wil-
coxolì-test and the Kruskal-Wallis test were used to ana-
lyze the relationship between Fel d I levels and housing
and occupant characteristics. Multiple l inear regression
analyses were performed including housing and occupant
conditiclns which were found to have at least a marginal
signifìcant association (p < 0.10) with Fel d 1 levels in
the nonparametric analyses. Associations between Fel d l
lcvcls ancl explanatrlry l irctclrs were presented as means
ratios, t l iat is, the ratio of the geometric mean in the re-
spective category versus a reference category. Parameter
estimates B are also presented in the table and R2 as the
proportion o1'the variance of the Fel d I concentrations
explained by the variables in the regression model. Sta-
tistical significance was set at a conventional 5Vo level.
All analyses were performed using the Statistical Analysis
System (SAS 6.12, Cary,  NC, USA).

Resu lts

Fel d 1 Concentrations

Fel d I was present in 91.57o of the homes (3951405),
rarrging lroni 0.015 to 7.278 pglg dusr (GM 0.486ttele)
from either mattresses or f loors of l ivins room and bed-
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Thble 1. Concentrations and distribution of Fel d I in diff'erent locations in 405 homes

floor dust of livins rooln
N- 405

Fel d I level (ptg/g) in
(LR) dust of bedroom

365
(BR) LR/BR (mean)

405
mattress
405

Geom. mean
Minimum
25-percentile
Median
75-percentile
Maximum

0 .571
<0.015
0.093
0.244
| .616

5273.90

0.465
<0.015
0.012
0 .214
l  . 5 1 8

12t1.84

0.641
<0.015
0.092
0.232
1.842

4083.s49

0.420
<0.015
0.058
0.1 66
t .531

3232.82

Table 2' Univariate analyses showing factors associated with geometric mean floor levels of Fel d I (95Vo CI) in 405
homes (with and without cat) and 33l homes without cat

Characteristics
Honres wi th  and wi thout  cat
n Fel d I GM (pg/g) p

Hornes without cat
tr Fel d lcM (trg/g)

Place of residence
Erfurt
Hamburg
Season
Summer
Winter

H ousirtg c harscte ristic s
Story of dwelling
Ground floor
lst f loor
2nd/3th floor
4th floor and higher
Size of dwelling
<70 m2
>J0 mz

O c cup ant characte ris tic s
Homes without cat contact
Cat in home during last year
cat present at home
Smoking in the home
No smoking
Smoking
Vacuuming floor
Daily
More often a week
Once a week
Scarce
Dusting (wet or dry)
More often a week
Once a week
Once a month
Seldom
Ventilation of living room
Often
Average
Seldom

206 0.862 (0.ss8-l .332) 0.0s73
199 0.47 5 (0.324-0.696)

0.31| (O.zs l-0.548) 0.0001
1.r24 (0.738-1 . t  1r )

0.902 (0.s46-1.489) 0.01s8
0 .918  (0 .418-2 .018)
0.478 (0.297-0.lto)
0.3s r  (0 .187-0.659)

0.441 (0.298-0.671) 0.0514
0.875 (0.580-r.320)

0.185 (0.1s6-0.218)  0.0001
2.422 (0.860-6.823)
136.48 (82.3 4-226.2 1 8)

0.482 (0 337-0.688) 0.0240
0.962 (0.592-1.564)

0.366 (0.136-0.987) 0.2286
0.184 (0.48 t-r.216)
o.s23 (0.344-0.796)
0.989 (0.394-2.480)

0.3-51 (0.203-0.60t) 0.0004
0 .134  (0 .490- l . l 0 l  )
0.990 (0.485-2.021)
r .601 (0.395-6.491 )

178 0.153 (0.123-0.189)  0.0001
rs9 0.32s (0.244-0.434)

167 0.248 (0.188-0.327)  0.2108
170 0.192 (0.152-0.243)

115 0.231 (0.178-0.315)  0.0641
64 0.281(0.153-0.514)
97 0.214 (0.162-0.282)
6 l  0 .148 (0.10s-0.209)

161 0.218 (0.166-0.286) 0.8990
110 0.218 (0.17 t-0.278)

3t4 0.18s (0.1s6-0.21s)  0.0001
22 2.422 (0.860-6.823)

zo4
201

145
'7'7

l l l
72

1 8 6
219

314
22
68

226
t73

34
113
r62
3 1

t 2 I
t91
66
20

t94
1 3 8

0.201 (0.160-0.252) 0. I 201
0.254 (0.187-0.344)

28 0.158 (0.080-0.313)  0.0s52
139 0.20s (0.1s2-0.277)
r38 0.204 (0.159-0.262)
28 0.s30 (0.271-1.039)

r02 0.113 (0.088-0.146) 0.0001
t63 0.2st (0. 19s-0.323)
s6 0.412(0.238-0.713)
ls  0.362 (0.146-0.898)

138  0 .s21  (0 .3  t6 -0 .881)  0 .1328
r4t 0.537 (0.345-0.836)
r20 I .007 (0.57l_Lt t9)

0.195 (0. 141-0.269) fJ.4389
0.213 (0.160-0.283)
0.2s9 (0.184-0.366)

111
125
95
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Figure 1. Cumulative frequency of Fel
d I levels in dust from floors of l iving
room and bedroom in homes with and
without cats. - homes that never
had a gxt, -Q- homes that previous-
ly had a cat, -O- homes with keep-
ins  ca t .
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room, respectively. The geometric mean, niininrunr, nrax-
imum, median and the 25th and 75th percentile of Fel d I
levels for thc thrcc sanrpling klcations are surÌ'rnìarizecl irr
Table l. Fel d I levels vrere higher in floor clust (GN4 lbr
LR 0.575 pg/g and BR 0.469 Vglù than in nrattress dust
(GM0.424 Vglg), but the diffèrences were not statistically
signi f icant.  Stat ist ical ly s igni f ìcant correlat ions were
fbund for Fel d I in the dilferent sampling locations, rang-
ing from 0.786 to 0.807. Since Fel d I levels were highly
con'elated between the l iving room and bedroom, Fcl d I
concentration for f loor dust was calculated as an average
of these two locations and used in all fìrrther analvses.

Keeping a Cat and Fel d 1 Concentrat ions

In order to evaluate the influence of cats on the levels of
Fel d 1, dust from homes where a cat was kept (n = 68)
or had been kept during the last year Qt = 22) and homes
without direct exposure to cats (n = 314) were cornpared
(Figure 1). The concentrations of Fel d I in the houses
with cat were as much as 738 and in homes where cats
had been kept in the past 12 months about l3-fbld higher
than those found in homes without a cat. Furthermore, we
found significantly higher Fel d 1 levels (p = 0.000u1) in
the f loor dust samples (GM 0.1 83 Vglg;  CI:  0.  155-0.2 l7)
than in mattress samples (GM 0. l221tglg;  CI:  0.100-
0.149), but only in the homes of non-cat owners.

Levels of Fel d I exceeding the proposed threshold
fevel  for  cat  sensi t izat ion (2Vglù [11]  were found in
28.9Vo of the floors or mattresses. High allergen con-
centrat ions (> 2l tg lg)  werc detectcd in 98.5%, of-  the
homes keeping cats, irt 54.5o/o ol-ltomes that had l-racl cat
during last year and even in 2l .5Vc, ol ' the homes without
cat.
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Associations Between Fel d 1 Concentration
and Housing/Occupant Character ist ics

The results oi-the univariate analysis of the associations
between Fel d I levels in floor dust and several housing
and occupant characteristics are shown in Table 2. Fel d 1
levels were associated in any case by place of residence,
season, stor"y, and size of the dwell ing, as well as individ-
ual  occupant character ist ics,  e.  g. ,  c leaning habi ts and
srroking.

To identify factors that are of importance for the aller-
gen levels independent of cat keeping, we tested separate-
ly several environmental factors in homes without keep-
ing cat. We fbund similar associations between cat aller-
gen ancl the other characteristics also in homes without
keeping a cat, but significant differences could be ob-
served just lÌ lr cat in the homes during last year, the place
o1' residence and the cleaning procedures. The allergen
levels tended to be lower in dust with increasing floor
level and in well-venti lated homes. No seasonal variation
was observed in the hornes of non-cat owners. Other cat-
egorical variables such as age of mattress or carpet, pres-
ence of carpeting, iìmounts of dust, and type of bedding
were not significant associated with the allergen levels in
our study (results not shown). Likewise, we did not f ind
any relation between the concentration ol Fel d I and the
indoor climate as humidity and temperature of homes.

Table 3 presents the results of the multiple linear re-
gression analysis lor Fcl d I concentrations in floor and
mattress dust over the whole data set (homes with and
without cat). The multiple regression analysis confirmed
that the cat itscll 'was the ntitst itnportant factor among all
variablcs. Thc concetrtrations of Fel d I in the houses
with cat remained about 682-fbld higher than those found
in homes without iì cat, when adjusted for the parameters

J Itrye.vt Aller.gol Clin Inmnnol2002; Vol. l2( 1): 12-20
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Table 3. Multiple association of different housing
(floor: n = 4031, R2 - 0.71; mattress: r, = 398, R2 =
n - 331, R2 = 0.19). Based on ln-transformed data

characteristics and the Fel d I levels in
0.65) and in homes without cat (floor: n

homes with and without cat
= 335, R2 - 0.22; mattress:

Respective vs.
reference group

Homes with and without cat
Fel d I levels
in floor dust

n B MR (957o CI)

Homes without cat
Fel d I levels
in floor dust

tr B MR (957o CI)

Place of residence

Erfurt
Hamburg

Season
Summer
Winter

Story of dwelling
Ground floor

lst floor
2nd/3th floor
>4th floon

Size of dwelling

I
0.24 1.21 (0.89;1.82)

202
201

146 I
77 0.20 1 .22 (0.77; I  .9 1)

109 -0.12 0.88 (0.58:  1.34)
t r  -0 .41 0.66 (0.41;  1.08)

176 1
159 0.36 r.44 (0.99;2.09) 0.0559

166 I
169 -0.40 0.67 (0.46 0.98) 0.0384

1 1 6  r
63 0.07 t.ol (0.67, t .7r) 0.1691
96 -0.05 0.95 (0.62;  1.45)  0.8119
60 -0. l7 0.84 (0.51 ; 1 .40) 0.5079

0 .1  841

205
198 -0.46

I
0 .63(0 .44 ;  0 .91)

Housing characteristics

0.0139

0.3993
0.5578
0.0971

>70 m2 219
<J0 mz 184

Occupant characteristics

Homes w/o cat  313
contact

Cat in home during 22
last year

Cat present at home 68

Vacuuming floor
Daily
More often a week
Once a week
Seldom

Dustíng (wet or dry)
More often a week
Once a week
Once a month
Seldom

I
0 . 3 2  1 . 3 7 ( 0 . 9 8 ;  1 . 9 3 )

I

2 . 4 1  1 1 . 1 8  ( 5 . 4 3 , 2 3 . 0 4 )

6.52 681.19(439; 1058)

0.0666

<0.0001

<0.0001

170
165

28
138 0.02
138 -0.32
31 0.04

t02
t62 0.89
56 1.05
r  5  1 . 0 1

n7
t24
94

313

22

I
0 .23  r .26  (0 .90 ;  1 .17)  0 .1858

I

2.46 11.69 (5.95;22.99) <0.0001

34
r72 0.44
1 6 2  0 . 1 1
35 0.56

t 2 I
196 0.55
66 0.15
20 0.56

I
1 .55  (0 .84 ;  2 .85)
1 . 1 1 ( 0 . 5 8 ;  2 . 1 2 )
1.94 (0.83;4.52)

I
1 . 9 2 ( 1 . 2 8 , 2 . 8 7 )
2 . 1 3  ( r  . 2 2 :  3 . 7  I )
1 .93  (0 .86 ;  4 .34)

I
1 .45  (0 .96 ;  2 .21)
r . 6 2 ( 1 . 0 4 ; 2 . 5 3 )

0. I  598
0.7456
0.1243

0.0017
0.0083
0 . 1  1  1 9

0.0798
0.0342

I
1.02 (0.54; 1.92)
0.73 (0.37; r.4r)
1.04 (0.44:2.46)

1
2 .45  ( r .62 :3 .70)
2 .86  (1 .61 ;  5 .08)
2 .15  (1 .15 ;  6 . -58 )

0.9537
0.3448
0.9256

<0.0001
0.0004
0.0237

Ventilation of livirtg roznl
Often 138
Average 146 0.31
Seldom ll9 0.48

I
0.44 1.55 (1.02, 2.36) 0.0419
0.44 1.55 (0.98;  2.44)  0.0613
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Thble 3 (continued).

Respective vs.
reference group

Hornes with and without cat
Fel d I levels
in mattress dust

tt B MR (9570 CI)

Homes wi thout  cat

Fel d 1 levels
in mattress dust
MR (9570 CI)

Place of residence

Erfurt 200
Hamburg 198 O.4i

Occupant characteristics

No cat 3 l l
Cat in home during 20

last year
Cat present at home 67

Dusting (wet or dry-)

More ofien a week l2O
Once a week 194
Once a month 64

Scldorn 20

I
| . 6 1  (  t . o 6 : 2 . 4 4 )  0 . 0 2 6 8

I
2.51 12.21 (5.20; 28.91) <0.0001

6.14 628.53 (382; 1035) <0.0001

I
0.69 1.99 (  |  .21;  3. t r )  0.0028

I
2.5 12.20 (s.28;28.20) <0.0001

n1
t51

3 1 1
20

I
0 .39  l  . :18  (0 .96 ;2 .28)
0 .90  2 .47  (1 .36 ;  4 .49)
0 .71  2 .03  (0 . t ì3 ;  4 .99)

r 0 l  I
ló0 0.46 1.58 (  1 .00;  2.50)  0.0534
s-5 0.96 2.62 ( 1.38; 4.98) 0.0035
l5 0.61 l  .84 (0.68;  5.02)  0.2315

0.07ó-5
0.0033
0. t23-5

as shown in Table 3. Furtherrtore, more than ten-fold
highcr Fel d I levels were measured in homes that had
removed the cat during the past 12 months compared to
homes without a cat.

But the season, the fì 'equency of housecleaning ancl
ventilation remained significantly associated with the
Fel d 1 level in floor dust. Fel d I levels of the clust sam-
pled in winter were significantly lower (37Vo) than in
summer. Freqr"rent cleaning of the hornes was associated
with a decrease of Fel d I level of more fhan 5O%; (7t <
0.05) and the allergen concentration tended to be lower
with increasing ventilation rate.

The other factors, such as the story and size of the
dwelling, had only a weak effect on allergcn level. We
saw a tendency of lower Fel d 1 levels in floor dust with
increasing floor level and higher allergen levels in srnaller
dwell ings (S 70 m2). The place of residence did nor affecr
Fel d I levels in floor dust after adjustrnent in particular
for keeping a cat. Similar results were obtained when only
the homes of non-cat owners were included in the regres-
sion analysis. However, the adjusted R2 of this model de-
teriorated to 22Vo compared to I l%o with the whole data
of homes with and without cat.

The final multiple regression model for the mattress
included the same variables: place of residence, season,
story and size of the dwelling, cat, ventilation, and mat-
tress vacuuming. Beside the cat itself, place of residence
and high frequency of cleaning were significantly associ-
ated with the Fel d I levels on mattresses. The other vari-
ables showed similar association to Fel d 1 levels as in

@ 2002 Hogrefe & Huber Publishers

the floor model. Thus, the regression analysis explained
65Tc, of the variance of Fel d I concentrations in the dust
of mattresses.

D iscu ssion

Cats are anìong the most common household pets in urban
areas and are considered to be important sources of indoor
allergen and significant causes of sensitization and aller-
gic diseases. It has been prcviously reported that cat al-
lergen can be fbund in virtually all homes, and although
there are significant differences in allergen content in
homes with and without cats, sulprisingly high levels of
Fel d I were fbund in many homes that were without a
cat [121. The levels of Fel d I in house dust presented in
this paper confinn the findings of other studies [I3, 14,
review in 151. In this study, the levels of cat allergen in
dust of homes with cats have been about one or two orders
of magnitude higher than in homes where the cats are not
present. The mean daily production of Fel d I from cats
is approxin-rately 3-7 Vg [16]; however, there is day-to-
day and diurnal variability in Fel d I shedding from indi-
vidual cats. Thus, the range of allergen levels is consid-
erable. The range of Fel d I levels could be explained by
gender, castration, washing routines or different breeds,
too. Similar levels of allergen were in some cases found
in homes that held or had held cats and in homes that had
never had a cat. Therefore, it has been suggested that cat
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allergen is transported into houses withoLrt cats on the
clothes of inhabitants, or the cat owners who come to visit

[6]. Recently, Almqvist et al. [7] have shown, that the
cat allergen is transferred from cat owners'clothes to non-
cat owners'clothes. The allergen levels found in dust frorn
clothes indicated that cat allergen is carried e. g., to school
in cat owners' clothes and is transferred there to the
clothes of children without cats. In our study we found
significantly higher Fel d I levels even in homes without
cat in Hamburg (GM 0.325 ttg/g) than in Erfurt (GM
0.153 ltg/ù. Since there are more cat owners'in Hamburg
(217o) than in Erfurt  ( l37o),  th is resul t  could ref lect  the
passive transport of allergen into houses without cats.
Furthermore, there is an other indirect hint for the passive
transport of Fel d 1 on the clothes by our results. too. We
found significantly higher levels ol-cal" allergen in dust ol '
f loor compared to mattrcss in non-cat owners hornes. This
is l ikely to be due to the lact that matLresses are not in the
direct contact with clothes which can be contarninated
with cat allergen. Higher Fel d I concentrations in florlr
dust than in mattress dust were also detected in other stucl-
ies [13,  18, 19].  In contrast ,  we could not dernonstrate a
significant difference of Fel d I between sanrpling loca-
tion in homes with cat. Hypothetically, this can be ex-
plained by the fact that it rnay be rnore difficult or irnpos-
sible to eliminate the Fel d I frorn an indoor environnrent
when the allergen source is within the building per se.
Additionally, the adherent properties of Fel d I nray be an
important aspect of their contaminal,ing capacity; thus.
walls and other surfaces can also contribute to the reser-
voir of cat allergen [201. Furthermore. previous stuclies
have shown that Fel d I is a relatively stable nroleculc and
is associated with a range of particle size including a pro-
portion less than 2.5 ptm in diameter. These smaller parti-
cles remain airborne even in undistr.rrbed conditions and
are readily transportable. Thus, the high correlation be-
tween sampling location could be explained by these find-
ings.

Our results support the assumption that the rnajor con-
trolling factor for levels of cat allergen in residences is
presence or absence of a cat [13|. Furthermore, our data
demonstrate that the allergen elimination frorn an indoor
environment is extremely difficult, even when the source
of specific allergen was removed. Thus, we found signif-
icantly ten-fold higher Fel d I levels in hornes in which
cat had been removed at least one year earlier cornpared
to non-cat owners. This is in accordance with the finding
by Wood et al. [21], who showed that the Fel d l levels
in carpets decreased slowly after cat rcrnoval.

In our study the number of cat-owrÌers was higlier in
Hamburg (n - 42) than in Erl'urt (n = 26), which ntostly
explains the regional differences in Fel d I levels. After
controll ing for keeping a cat in multiple analyses the dif-
ferences in Fel d I concentrations nearly disappeared.

Since the cat allergen is actually a ubiquitous allergen,
we studied other home or occupant characteristics to find
out further confounders for the Fel d I expclsure. We ob-

J Int,est Allerpol CIin Inmtunol 2002: Vol. l2( l\: 12-20

served significantly higher Fel d I levels in dust sarnpled
in surnmer compared to winter. On the other hand, studies
frorn the United States 122) and Sweden [1 3] found higher
arnounts of Fel d I in winter, and the authors ascribed the
increase to cats spending rnore time inside during the
colder months. Factors that might control seasonality of
cat allergen levels remain obscure. We speculate that the
higher Fel d I concentrations in sumtner are associated
with fur shedding cycles of cats. Furthermore, season is
a sunogate measure for a combination of other important
factors (e. 9., hunridity, venti lation, airborne particles).
Previous studies have shown that indoor Fel d I levels are
influenced by ventilation of the homes [23], but not by
the hurnidity of the area [24], although damp homes have
been reported to have higher cat allergen levels [25].

Although the relationships between dust and air con-
centraticrn of Fel d I are argued controvetsially 123,261,
high al lergen levels in dusl ,  in surnmer could also be ex-
plained by the finding that amounts of airborne particles
arc significantly higher in honres with high Rll (e. g., >

457o) [251. Furthermore, indoor levels of particulate mat-
ter are ofien higher in hornes with srnokel's as in homes
withoLrt srnokers, roo [271. This fact could also explain
why Fel d I levels were higher in homes with smokers in
our stucly. Munir et al. [25] observed a significant core-
lation between the concentration of Fel d I allergens in
dust and the nurnber of small airborne dust particles. Air-
borne particles rlr airbclrne allergen levels were not tnea-
sured in this study. Although our data are based on mea-
surement in settled dust, our findings suggest that poor
ventilation contributes to accumulation of cat allergen in-
doors. Moreover, other f 'actors, e. g., regular use clf vitcr-r-
um cleaners or other cleaning procedures, reduced aller-
gen levels. Studies by Custovic et al. [28] showed also
that regular vacuum cleaning in hospitals is effective in
substantially reducing cat allergen.

Our results indicate that it is necessary, in addition to
house dust mite allergens, to determine also Fel d 1 con-
centrations in studies on allergen exposure and health ef-
fects since the cat allergen is ubiquitous in German
homes. too. So far it is not known what level of cat aller-
gen causes sensitization. Two cat allergen levels of 2 and
8 ttg/g of house dust have been suggested as the threshold
values for sensitization 129,301. However, a much lower
incidence of sensitization to cat has been reported among
Swedish children exposed to < I pg/g Fel d I in their
hornes [31]. Similarly, in the Gerrnan Multicenter Atopy
Study [32], curnulative rates of sensitizatior.r to Fel d I
arnorlg children with a farnily history of atopy were 57o
to 67o in the first 3 years of life if Fel d I exposure ex-
ceeded 0.2 ptg/g dust.

Our final rnultiple regression rnodel conl'irms that the
cat was the most important factor affecting cat allergen
levels in the house clust .  Addi t ional ly.  season, and clean-
ing procedures were significantly associated with allergen
levels. ln conclusion. the measurement of Fel d I is need-
cd rnainly in honrcs wi thout kecping a cat  to assess hidden
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exposure to cat allergens ancl avoidance ffteasures. Fur-
thermore our results show, when compared with Erfurt, a
signi f icant ly highcr perccntage ol ' indiv ic luals in Halnbur g
were exposed to cat allergen at the time of the INGA study
(1995196). This could be the reason for rhe higher sensi-
tivity to cat in Hamburg than in Erfurt as found in the
European Comn'runity Respiratory Health srudy
(ECRHS) in the years 1990-1992 3I .  Acldi t ional  studies
are prepared to examine whether the higher concentration
of Fel d I in homes from Hamburg could contribr-rtc to the
higher prevalence of atopy.
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