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Dust from carpeted and smooth floors.
V. Cat (Fel d I) and mite {Der p I and Der f\) allergen
levels in school dust. Demonstration of the basophil
histamine release induced by dust from classrooms

T. DYBENDAL and S. ELSAYED

Allergy Research Group. Laboratory of Clinical Biochemistry, Haukeland Sykehus. University of Bergen,
Bergen, Norway

Summary

Sixty dust samples from schools in Norway were analysed for major allergens from cat
and mite after sampling with the regularly used vacuum cleaners for 5 days and with a
new model vacuum cleaner for 10 days, respectively. The major feline allergen Felis
domesticus allergen I {Fel £̂  I) was detected in all the classrooms, with ranges from 12 to
16 840 ng/m- floor area. The mean Fel d I concentration was about 11 times higher per
unit area carpeted floors as compared with smooth floors after the 10 days sampling
period. Mite allergens Dermatophagoides pteronyssimts allergen I {Der p 1) and
Derniutophagoides farinae allergen 1 {Derfl) were detected in very low concentrations.
with ranges from < 1 ng to 104 ng/m- floor area. These findings suggest that the school is
a protective environment against mite infestation, while the prevalence of cat allergens
in classrooms seems higher than previously assumed. Basophil histamine release was
measured after provocation with 20 dust extracts from 10 different schools. In nine of
the 10 schools examined, the basophil histamine release caused by challenge with carpet
dust was higher than tbe corresponding release with smooth floor dust. The calculated
floor areas in each school in which dust led to 15% histamine release were from 2 to 55
times larger for smooth floors compared with carpeted floors. These results emphasize
previous findings regarding higher allergen concentrations in classrooms with carpeted
floors.
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Introduction

Previous studies from our laboratory have illustrated tbat
school dust may contain many diflerent detectable aller-
gens such as cat, dog, food. mite, mould and pollen [1.2].
Analyses of identical amounts of dust from carpeted and
smooth floors showed higher contents of allergens of cat,
dog, hen egg white, codflsh. mould and timothy pollen in
classrooms with carpeted floors [2]. We further investi-
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gated the dust and allergen accumulation in classrooms
by use of a new model vacuum cleaner [3]. The carpeted
floors accumulated four to five times more dust and
proteins per unit area compared with smooth floors. On
the basis of the difference in dust content, significantly
more allergens of pollen, cat, dog, food (egg white and
flsh), mite and mould were detected in the carpeted floors.

In the present investigation, the Dcrmuiophagoides
pterofiyssimis allergen I (Der p I), Dermatophagoides
farinae allergen 1 {Derf\) and Felis domestieus allergen I
(Ff/tfl) contents per square metre floor area and per gram
dust were measured in 60 classrooms. Furthermore, the
bistamine release from pre-sensitized basophils was esti-
mated after provocation with 20 of the dust samples.
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Materials and methods

Preparation of the dust samples

Iti each school dust samples were collected from class-
rooms wilh carpeted and smooth floors by vacuuming the
whole floor areas thoroughly daily after school hours. All
samples were collected during the winter (December to
February). Forty samples from 10 different schools were
collected using the schools' regular vacuum cleaners for 5
days as previously described [2]. In a subsequent investi-
gation, 20 samples from the 10 schools were collected
using a new model vacuum cleaner for 10 schooldays [3],
The range of the vacuumed fioor areas varied from 40-
220 m=. The dusl was extracted in 50 mM NH4HCO, and
the dust extracts were filtered, centrifuged and refiltered
as previously described [2,3]. The dust extracts underwent
extensive dialysis (membrane cut off 3500 daltons) in 0 5
mM NH4HCO1 for 24 hr. The dialysed extracts were
lyophili^ed and stored at — 80 C until used in allergen
analyses and basophil histamine release experiments.
Lyophiii/ed material per unit area in each classroom was
calculated by multiplying the weight of iyophilized mater-
ial obtained per gram of extracted dust with the total
weight of vacuumed material per unit area.

Enzyme linked immunosorbent assay (ELISA} procedure

Reagents for the Der p I, Der J \ and fcl d I sandwich
ELISAs were obtained from Dr Martin D. Chapman.
University of Virginia. Charlottesville, U.S.A. The refer-
ence cat dander preparation OBRR Cat E3 was obtained
from Dr Christine Anderson, OfiRce of Biologies and
Research Resources, Department of Health and Human
Services. Bethesda, Maryland, U.S.A. The assays were
performed according to methods described previously [4 -
6]. Inbrief, microtitre plates were coated with anti-/)fr/) I
monoclonal antibody (MoAh) 5H8C12 D9 [7], anti-/)tv7
lMoAb6A8BI0DI2[8]oranl i / ' t ' / J IMoAb6F9A4HI
[5]. The wells were blocked with 1% bovine serum
albumin. Aliquots of 100 n\ of solutions of Iyophilized
dust extracts (1 and 10 mg/ml for the mite HL1SA;O1 and
I mg/ml for the fel d I ELISA) were added. Dilutions of
reference D. pteronyssinus extract UVA 87/03 or D.
farinae extract UVA 87/02 [4] from 1 to 250 ng/ml were
used for the control curves. For the/"iVt/I ELISA, control
curves were established using dilutions of the reference
cat dander from 26 to 0 5 mU/ml. The wells were further
incubated with biotinylated anti-jQfrl MoAb4CI B8 3F8
[9] or duU Feld \ MoAb 3H4 C4-CI0 [5]. After incuhjiion
with streptavidin-peroxidase. Ihe plates were developed
and read al 414 nm using a Titertek Multiskan MCC plate
reader (Flow Laboratories, Rickmansworth, Hertford-
shire. U.K.). The concentration of Fcl d I was calcukiled

assuming 1 U Fel d 1^4 /ig protein [5]. The allergen
contents in each classroom were calculated on the basis of
weights of Iyophilized material per unit area and per gram
of dust, respectively.

Leucocyte separation, lactic acid stripping and passive
sensitization

Blood was obtained after an informed eonseni from
volunteers who were non-atopies. Thirty millilitres o(
blood were mixed with 7 5 ml 6"r> Dextran 70 in
physiological saline. 225 mg dextrose and 3 ml 0 1 \i
ethylene diamine tetra-acetic acid, disodium salt. pH 7 6.
The mixture was allowed to sediment at room tempera-
ture for 90 min before the leucoeyte-containing plasma
was removed and centrifuged (220 g. 8 min. 4 C). The
leucocytes were washed twice with PIPES-albumin (PA)
butfer (piperazine-.V-.V-bis-2-ethane sulphonic acid 25
mM. NaCl 1 lOm.M. KCl 5 mM. NaOH 4U mM and human
serum albumin 003%. adjusted to pH 7 4). once with
PAG (PA with 0 1 % D-glucose) and once with physiologi-
cal saline before resuspending the cells in lactic acid
solution (lactic acid 10 nni. NaCl 140 mM. and KCl 5
mM, adjusted to pH 3 9) for }-S min [10]. The ceils were
resuspended in PA. and passive sensitization was accom-
plished hy the method of Levy and Osier [11], using sera
from multi allergic patients with IgE against cat. dog,
niite and dust (RAST classes 2-3). The cells were washed
twice in PA and resuspended in D:O-PACM (PA with
CaCi: 1 mM. MgCl: 1 mM and 50".. D^O) for histamine
release studies.

Hislaminc release

Freshly prepared and sterile filtered solutions of Iyophi-
lized dusl extracts m concentruVions from 4 lo 1200 /ig/ml
in D:O-PACM were used for histamine release (HR)
studies. Amounts or200 p\ ofthe lyophiiized dust extract
dilutions were added to 200 ^I aliquots of leucocyte
suspension and ineubated for 60 min at 37 C. In addition,
leucocytes were incubated wilh huffer alone lo correct for
the spontaneous HR. The leucocyte number was chosen
so that each tube contained 20-40 ng of histamine (2-
3 X 10** basophils). A control set of unsensitized basophils
was similarly challenged hy the highest concentrations of
the dust extracts- Total cellular histamine was obtained
by freezing and thawing five times in dry ice-ethanol
mixture. The tubes were centrifuged (600 j?. 10 min)., and
the supernatants assessed for histamine content by a
radioimmunoassay technique (Pharniucia Histumine
Radiommunoassay, Pharmacia AB, Uppsala. Sweden)
[12]. An antigen blank was included to correct for a
possible content of histamine in the dust extracts. The
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mean of duplicate determinations was calculated, and
HR was expressed as percentage of total cellular hista-
mine according to the formula

HR =
(stimulated HR-spontaneous HR -control HR)

total cellular HR —spontaneous HR xlOO

The amount of dust in milligrams and the corresponding
floor area in square centimetres required to release 15''n
histamine were calculated based on the individual hista-
mine release curves.

Statistics

The Wilcoxon matched-pairs test was used to compare
the different parameters in dust samples from classrooms
with carpeted and smooth floors. The limit of significance
chosen was 0-05.
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Fig. 1. Fel d 1 content (x\gjrr\~ floor area) as determined for 40
classrooms vacuumed daiJy with the schooLs' own \'acuum
cleaners for 5 schooldays |O) and 20 classrooms vacuumed with
a new model vacuum cleaner for 10 schooldays (•) . The lines
designate results froni paired sampling of classrooms with
carpeted and smooth floors in the same school. Differences
between arithmetic mean {dashed line) of carpeted and smooth
floors were statistically significant for both the five days
sampling period (means, 518 versus 151 ng/m-; P = 0-0008) and
10 days sampling period (means, 3275 versus 283 ng/m-;

Results

Vacuumed material weights in tbe classrooms have been
reported previously and varied widely from 0 2 141 g/m-
[2.3]. The new model vacuum cleaner recovered more dust
from the carpet 'reservoir" than the schools" regularly
used vacuum cleaners [3]. The content of Fel d I as
estimated in nanograms per square metre floor area
varied from 12 lo 16 840. as illustrated in Fig. 1. Sampling
of dust using the regular vacuum cleaners for 5 days
yielded a mean Fel d I content more than three times
higher in classrooms with carpeted floors compared to
classrooms with smootb floors (518 ng,m~ versus 151 ng/
m ;̂ / ' = 0 0008). Furlbermore. dust sampling with tbe new
model vacuum cleaner for 10 days gave a mean Fel d I
content in classrooms with carpeted and smooth floors of
3275 ng/m- and 283 ng m-. respectively (P = OOOl).
Hence, a difference of more than 11 times in the Fel d I
concentration in carpeted versus smooth floors was
found. As expected, tbe amount of Fel d 1 on tbe smooth
floors was about twice as high after the 10 day sampling
period compared to tbe 5 days sampling period. On tbe
contrary, tbe mean Fel d \ content on the carpeted floors
was about six times bigber after tbe 10 day sampling
period using tbe new vacuum cleaner (3275 ng/m- contra
518 ng/m=).

Tbe content of fe/f/1 in nanograms per gram of coarse
dust is shown in Fig. 2. Mean values for carpeted and
smooth floors were respectively 262 ng/g and 107 ng/g
after tbe 5 days sampling period. By using tbe new model
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Fig. 2. Fel d I content (ng/g of dust) as determined for
classrooms with carpeted and smooth floors. The sampling
periods and symbols are described in Fig. I. Differences between
arithmetic mean (dashed line) of carpeted and smooth floors
were statistically significant for both the tive days sampling
period (means. 262 versus 107 ng/g; ^ = 0-0003) and 10 day
sampling period (means, 486 versus 109 ng/g; / '=0001) .
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Table 1. Der pi and Der fl contentsinng/m-floor area and ng/g
of unsieved dust in cla'̂ s^ooms with carpeted (CF) and smooth
(SF) floors after the iwo sampling periods of 5 and 10 days,
respectively. Arithmetic means and ranges are given

Der p
ng/m^

ng/g

Der f
ng/m-

ng/g

I

I

5

CF

< 13
(< i-104)

<5

<7

<3

days

(«

(<

^^

SF

<3
1-21)
<2
' 1 C i- 1 ~O }

<5

<3

10

CF

< I 5
(<I-33)

<3

<9

days

SF

< 8
(<l-34)

<3

<6

dust. The Der p I and Derfl contents per square metre
and per gram of dust are shown in Table 1. Carpeted
floors contained significantly more of Der p I per square
metre than smooth floors {P<002). Vacuuming with the
new model vacuum cleaner did not increase the Der p 1
and Derfl contents per square metre of floor area or per
gram of dust. The estimated total concentrations of Fel d
I. Der p I and Derfl in micrograms in floor dust are given
in Table 2.

The basophil HR induced by dust from 10 different
schools is shown in Fig. 3. Basophils from two difl'erent
non-atopic donors (TD and JH) were used in this
investigation. Prc-sensitized basophils from donor JH

Table 1. Mean total concentrations (/ig) of Fel </1. Der p I and
Der f I in floor dust in classrooms with carpeted (CF) and
smooth (SF) floors after the two sampling periods of 5 and 10
days, rcspeetivcly. Arithmetic means, standard deviations and
ranges are given where appropriate

vacuum cleaner, the mean Fel d 1 content of carpet du^l
increased to 486 ng/g, while the mean content in dust from
smooth floors remained constant. The differences in Fel d
I content per gram dust between carpeted and smooth
floors were significant ( / '<0001).

The Der p I content in the dust samples was low, 52/60
classrooms containing less than 20 ng Der p I/m- and 59/
60 less than 20 ng Derp I/g of dust. The Derf\ content was
almost unmeasurable, 53/60 samples containing less than
10 ng Der/T/m- and all samples less than 10 ng Der/T/g of

5 days 10 days

CF SF CF
= tO)

SF

/̂ W ,/ I 3 [ 7 ± 26 2 7-5 ± 5 9 180-2 + 185'9 17-4 + 18-5
(6'7 121 1) (11 191) (22 3 522-1) (22 661)

Der p 1 <0 7 <0 2 < I <0 7
(0 06-4 2) (0-02-0 6) (<0-2-2-3) |<0-07-41)

Derfl <0-5 <0-2 <0-6 <0 4
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Fig. 3. Basophil histamine release (%) induced by solutions oflyophilized dust extracts from carpeted (A) and smooth (O) floors in 10
schools.
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Fig. 4. Maximum histamine release (HR). expressed as mean
percentage ± s.d., observed after stimulating basophils with dust
extracts from classrooms with carpeted (/i=IO) and smooth
(rt-10) floors. * î  = 0'002.
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Fig. 5. Mean coarse dust aniounl
with carpeted (n^\0) and smooth
release \5% histamine. *P = 00}0.

+ s.d) from classrooms
= I O ) floors required to

released more histamine (maximum HR 50-80% as
shown for schools 1, 6, 9 and 10) than the corresponding
basophils from donor TD (maximum HR 20-30% as
shown for schools 2, 3, 4, 5, 7 and 8). HR was observed in
the concentration range 2-600 ;(g/ml Tor all lyophiiized
dust extracts investigated, with the exception ofthe dust
extract from smooth floor in school 5, where no HR was
observed. For nine of the 10 schools examined, carpet
dust released more histamine than smooth floor dusl. The
Fel d I contents at dust extract concentrations yielding
maximum HR varied from 0 1 to 6 ng.

Figure 4 shows the mean maximum HR values
obtained after stimulating basophiis with lyophiiized dust
extracts in concentrations ranging from 2 to 600 /ig/ml.
The mean maximum HR observed was about two times
higher for carpet dust compared to smooth floor dust
(40-r^ versus 22-9%, P = 0-002). Mean coarse dust
amounts releasing 15% histamine are shown in Fig. 5. On
the average, twice as much smooth floor dust was
required to release 15% histamine (16-7 mg versus 32 3
mg. P = OO\Q}. The dust releasing 15% histamine
stemmed from smooth floor areas on the average eight
(range 2-55) times larger than carpeted floor areas, as

shown in Fig. 6. The results in Figs 4, 5 and 6 showed a
large interschool variability, and the standard deviations
were hence large.

Discussion

In this investigation we have reported the concentrations
of F('/(/J, Dcrp I and Derfl in nanograms per unit floor
area and nanograms per gram unsicved dust. The allergen
contents per square metre give a better expression of the
allergen exposure than allergen contents per gram of dust,
since the weight of vacuumed material per unit area in the
different classrooms may vary 70-fold [2]. Cat allergens
were extremely prevalent in the school dust and must have
been brought to schools by pupils" outside contact with
pets. This reflects the wide spread of domestic animals
and the great exposure of school children to these
allergens either at home or in the surroundings. The
concentration of Fel d I in some of the dust samples was
surprisingly high, 8/30 samples from classrooms with
carpeted floors containing more than I fig of Fel d I per
square metre. The lotal content oi' Fel d I in classrooms
with carpeted floors was on an average JO times higher
than for classrooms with smooth floors after sampling
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Fig. 6. Mean floor area (cm-+ s.d.) of classrooms with carpeted
(?i=IO) and smooth (n=IO) floors the dust content of which
released 15% histamine. * P = 0001.

with the new model vacuum cleaner, suggesting removal
of cat allergens from the carpets" dust reservoir. Since the
mean amounts of Fel d I in dust from smooth floors were
rather constant after the 5 and 10 days sampling periods
(151 ng/m- after 5 days and 283 ng/m- after 10 days), we
suggest that an average of about 30 ng Fel d I/m^ are
brought into the classrooms every day. This is a minimum
estimate, since there are sources olFcldl other than floor
dust in the classrooms [13]- Furthermore, the constant
allergen load on the smooth floors indicated that keeping
smooth floors clean of allergen accumulation is not a
laborious task.

The Derp] and A r / T contents in school dust were very
low. Contrary to Feldl, no mcrease was observed in Derp
I and Derfl contents per gram dust or per unit floor area
after vacuuming with the new vacuum cleaner, suggesting
no considerable mite depots in the carpeted floors. All
samples but one contained less than H)0 ng Der p I per
square metre and gram dust and all samples less than 40
ng Der f \ per square metre and gram dust. U seems
therefore likely that the mite species D. pteranyssinus and
D. farinae are minor problems in schools. We have
previously estimated the total potency of D. farinae in
school dust by radioallergosorbent test (RAST) inhibi-
tion, detecting allergenic activity fl 3]. Contrary lo the

ELISA. where the MoAb in tbe coating is Derfl specific,
the RAST inhibition measures total aliergenie activity
(detects the whole range of allergens derived from D.
farinae) and in addition the human IgE antibodies
crossreact with D. pteronyssinus and possibly with other
mite species.

In our study, no dust sieving process was used, and the
vacuumed material extracted contained large amounts of
non-antigenie material. The mean protein content (w'w)
of the coarse dust extracted was less than 1% and the
mean weight of dialysed material was \-2"^o of the dust
weight extracted [2,3]. The levelsof Dtr/T. Z)fr/? I and FW
d 1 reported per gram ot" dust in our investigation will
hence be lower than m other investigations using sieved
dust. Wood et al. [!4] reported that Vhe content K:S^ Fel d\
in the extract of unsieved dust was less than that of the
fine dust extract, with unsieved to sieved ratios ranging
from 0 05 to 0 91 (median 0-29).

Basophil histamine release was used to assess the
allergenic activities of school dust preparations. We
established a test system using pre-sensitized basophils.
stimulated these with the dust extracts and could then
directly compare the HR caused by dust from classrooms
with carpeted and smooth floors in the same school. The
15"., HR values were ehosen to be able to compare
parameters for most dust extracts tested. Since sera from
patients with multispecitic IgE against several allergens
(eat, mite, pollen) were used in the sensitization pro-
cedure, any correlation between the Fel d I content in the
dust samples and the hasophil HR could not he found.
The results from the allergen detection and HR experi-
ments further confirm our previous findings regarding
considerable amounts of depot allergens in carpeted
floors [1,3] and a higher content of allergens per unit dust
in carpeted floors compared with smooth floors [2]. The
apparent advantage of linoleum over carpet in dust and
allergen load may be important in decreasing exposure
level of pupils to indoor allergens and hence decrease
allergic manifestations during the school day.

This study was supported by the Royal Norwegian
Council for Scientific and ln^.lu^triai Research (NTNFl.

References

1 Dybcndal T. Hetland T. Vik H, Apold J. Elsayed S. Dusl
from carpeted and smooth floors. I. Comparative measure-
ments of antigenic and allergenic proteins in dust vaeuumed
from carpeted and non-carpeted classrooms in Norwegian
schools. Clin Exp Allergy 1989; 19:217-24.

2 Dybendal T, Vik H. Elsayed S. Dusl from carpeted and
smooth floors. II. Antigenie and atlergenic content of dust



1106 r. Dvhendal and S. Elsayed

vacuumed from carpeted and smooth floors in schools under
routine cleaning schedules. Allergy 1989; 44:401-11.

3 Dybendal T. Wedberg WC, Elsayed S. Dust from carpeted
and smooth fioors. IV- Solid material, proteins and allergens
eollected in the different filter stages of vacuum cleaners after
ten days of use in schools. Allergy 1991; 46:427-35-

4 Luczynska CU, Arruda LK, Piatts-Mills TAE, Miiler JD.
Lopez M, Chapman MD- A two-site monoclonal antibody
ELISA for the quantifieation of the major Dermatopha-
goides spp. allergens, Der p \ and Der f I. J Immunol
Methods 1989; 118:227-35.

5 Chapman MD. Aalberse RC. Brown M J. Platts-Mills TAE.
Monoclonal antibodies to the major feline allergen Fel d \.
II- Single step affinity purification of Fel d I. N-termina!
sequence analysis, and development of a sensitive two-site
immunoassay to assess Fel d I exposure. J Immunol 1988;
140:812-8.

6 Chapman MD. Monoclonal antibodies as structural probes
for mite, cat, and cockroach allergens- Adv Bioscienccs
1989; 74:281-95.

7 Chapman MD. Sutherland WM. Platts-Mills TAE. Recog-
nition of two Dermatophagoides pteronyssimts-^\>QC\f\<z epi-
topes on antigen P| by using monoclonal antibodies: bmdmg
to each epitope can be inhibited by serum from dust mite-
allergic patients. J Immunol 1984: 133:2488-95.

8 Chapman MD, Heymann PW. Wilkins SR, Brown MJ,
Plafts-Mills TAE. Monoelonal immunoassays for major

dust mite {Dermatophagoides) allergens. Der p 1 and Der f].
and quantitative analysis of the allergen content of mitc and
house dust extracts. J Allergy Clin Immunoi 1987; 80:184-
94.

9 Chapman MD, Heymann PW, Platts-Mills TAE, Epitope
mapping of two major inhalant allergens, Derp 1 and Derfl,
from mites of the genus Dermatophagoides. J Immunol 1987;
139:1479-84.

10 Pruzansky JJ, Grammer LC, Patterson R, Roberts M.
Dissociation of IgE from receptors on human basophiis. I.
Enhanced passive sensitization for histamine release. J Im-
munol 1983; 131:1949-53.

11 Levy DA. Osier AG. Studies on Ihe mechanisms of hyper-
sensitivity phenomena. XIV. Passive sensitization in vitro of
human leukoeytes to ragweed pollen antigen. J Immunol
1966; 97:203-12.

12 Hammar E, Berglund A, Hedm A. Norrman A, Rustas K,
Ytterstrom U, Akerblom E. An immunoassay for histamine
based on monoclonal antibodies. J Immunol Methods 1990;
128:51-8.

13 Dreborg S. Munir AKM, Einarsson R. The level of cat
allergen, as measured as Fel d I, is sufficiently high in school
dust to mduce symptoms in asthmatic school children.
Abstract. Schweiz Med Wochenschr 1991; Suppl. 40/1: 14.

14 Wood RA, Chapman MD, Adkinson NE. Eggleston PA.
The effect of cat removal on allergen content in household-
dust samples. J Allergy Clin Immunol 1989; 83:730^.






