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Daycare centers and schools as sources
of exposure to mites, cockroach, and
endotoxin in the city of Sao Paulo, Brazil

Vera E. V. Rullo, MD,2 M. Candida Rizzo, MD,2 L. Karla Arruda, MD,?
Dirceu Solé, MD,2 and Charles K. Naspitz, MD?2 Sdio Paulo and Ribeirdo Preto, Brazil

Background: Public places, including schools, have been iden-
tified as sources of exposure to allergens derived from mites,
cockroach, cat, and dog and to endotoxin.

Objectives: The purposes of this study were to assess and com-
pare exposure to allergens and endotoxin in 4 types of public
child-care facilities in Brazil and to investigate whether the
presence of children and the performance of cleaning proce-
dures could have an influence on allergen and endotoxin levels.
Methods: We have analyzed dust from bedding, floors, chairs,
and tables of daycare centers (DCs), preschools, kindergartens,
and elementary schools (ESs). Major allergens from mites,
cockroach, cat, and dog were quantitated by means of ELISA,
and endotoxin content was determined by using the Limulus
Amebocyte Lysate assay.

Results: Group 1 mite allergens were greater than 2 ng/g in
67% of DC and preschool samples and in 8.9% and 2.2% of
kindergarten and ES samples, respectively. The presence of
bedding in DCs and preschools accounted for increased levels
of mite allergens in these settings. Levels of Bla g 1 were high-
er in ES floors compared with those found in DC and
preschool floors. Low levels (<1 ng/g) of Fel d 1 e Can f 1 were
found in most samples. Levels of endotoxin in DCs and
preschools were 3 times higher than in ESs.

Conclusions: DCs and schools in Brazil should be considered
as important sources of exposure to dust mites and cockroach
allergens and to endotoxin. Recommendations for mite aller-
gen avoidance should include appropriate care of bedding in
DCs and preschools. (J Allergy Clin Immunol 2002;110:582-8.)

Key words: Allergens, endotoxin, schools, daycare, mites, cat, dog,
cockroach

Environmental exposure to indoor allergens during
early childhood has been associated with an increased risk
of sensitization.!-2 Although there is a strong association
between allergen sensitization and asthma, other concur-
rent events in early life, including viral infections, pattern
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of intestinal microflora, exposure to endotoxin and other
bacterial cell-wall products, and infection with intestinal
parasites, might play a role in the development of the
asthmatic phenotype.3-5 For dust mite and cockroach
allergens, there is good evidence for a dose-response rela-
tionship between exposure and sensitization and develop-
ment of asthma.®-8 On the other hand, decreased sensiti-
zation has been associated with exposure to very high
levels of the cat allergen Fel d 1 in the home, indicating
that different dosing of allergen exposure might be criti-
cal for modulating sensitization to cat.%!0 Epidemiologic
studies have also shown that children raised in a house
with a cat are less likely to have asthma.ll.12

Avoidance programs starting early in life, addressing
high-risk infants, have shown that sustained low levels of
mite allergens can be achieved in homes!3 and that this
reduction was associated with a decrease of wheezing in
the first year of life.!4 Although the home environment
has been the focus of primary and secondary interven-
tions, previous studies have shown that public areas,
including daycare centers (DCs) and schools, can also be
a relevant source of exposure to allergens from mites, cat,
dog, and cockroach,15-25

Endotoxins are cell-wall components of the outer
membrane of gram-negative bacteria, which are present in
house dust. It has been suggested that exposure to endo-
toxin early in life could be protective for the development
of atopic diseases in childhood by modulating immune
responses toward a Tyl phenotype.26.27 Epidemiologic
studies have shown a lower risk of allergic sensitization
and development of hay fever among children who grow
up on a farm.26.28 Increased concentrations of house dust
endotoxin have been detected in homes of farming fami-
lies and in households where children had regular contact
with farm animals compared with concentrations found in
homes of nonfarming children.26 Gereda et al,?? studying
children with a high risk of asthma, have shown that
endotoxin exposure early in life seems to protect against
allergen sensitization and that levels of endotoxin in
house dust correlated with the presence of [IFN-y—produc-
ing T lymphocytes. Exposure to high levels of endotoxin
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FIG 1. Group 1 mite allergens in DCs and schools. Levels of group 1 mite allergens (Der p 1 and Der f 1) in
dust samples collected in the morning from DCs (n = 15), preschools (PS, n = 15), kindergartens (KG, n =
15), and ESs (n = 15) were quantitated by means of ELISA. There were no significant differences between
mite allergen levels surveyed in the morning and in the late afternoon (data not shown).

3 months after birth was also protective against the devel-
opment of atopic eczema in the first 6 months of life.30
On the other hand, endotoxins have strong proinflamma-
tory properties and are capable of inducing airway inflam-
mation and worsening of asthma.31-33

Our previous studies in Brazil revealed that 80% and
55% of children with asthma, rhinitis, or both were aller-
gic to mites and cockroach, respectively.34 High levels of
mite allergens in homes have been consistently found in
different areas in Brazil, including Sao Paulo,35:36 where-
as cat and dog allergen levels have been low. The pur-
poses of the present study were to assess and compare
exposure to allergens from mites, cockroach, cat, and
dog and to endotoxin in 4 types of public child-care facil-
ities in Sdo Paulo, Brazil, and to investigate whether the
presence of children or the performance of cleaning pro-
cedures in these facilities could contribute to allergen
loads, endotoxin loads, or both. We hypothesized that
DCs and schools could be relevant sources of exposure to
allergens and endotoxin. The results of our study might
help in the design of environmental control measures tar-
geted at modifying exposure to these components.

METHODS
Study sites and dust collection

In this cross-sectional study we have evaluated allergen and endo-
toxin exposure in 60 public child-care facilities located in the south-
ern districts of Sdo Paulo City, Brazil. Dust samples were obtained
from 15 DCs (attended by 0- to 2-year-old children), 15 preschools
(attended by 2- to 4-year-old toddlers), 15 kindergartens (attended by
4- to 7-year-old children), and 15 elementary schools (ES; attended
by 7- to 14-year-old children). All public DC, preschool, kinder-
garten, and ES facilities in the study area were surveyed. Kinder-
gartens and ESs comprised 15% of all public schools in the city of
Sdo Paulo. Dust samples were collected with a vacuum cleaner
(Electrolux) with an airflow rate of 45 L/s in the morning and late
afternoon. Morning samples were obtained before arrival of the chil-
dren, and afternoon samples were obtained after the children had left
school and after cleaning. Floor dust was collected from all sites (n

= 120) by vacuuming an area of 1 m? for 2 minutes. The type of floor
covering was vinyl or tile in all buildings, and no carpets or rugs
were present. In DCs and preschools additional samples were col-
lected from bedding by vacuuming bed coverings and mattress sur-
faces for 2 minutes in all rooms (n = 60). All mattresses in DCs were
encased in vinyl covers. In kindergartens and ESs dust samples from
tables and chairs were also collected (n = 120) by vacuuming 5 m2
of the horizontal surface of tables and chairs for 5 minutes.37 A total
of 300 dust samples were analyzed for allergen contents, and 157
dust samples were analyzed for endotoxin levels.

Dust extracts were prepared by using standard procedures.38
Briefly, fine dust was obtained by sieving samples through a 355-
wm-diameter mesh screen to remove large particles and fibers. One
hundred milligrams of fine dust was resuspended with a vortex
mixer with 2 mL of borate-buffered saline containing 0.1% Tween
20, pH 8.0. Samples were rotated for 2 hours at room temperature
and centrifuged for 20 minutes at 2500 rpm at 4°C. After centrifu-
gation, supernatants were removed and stored at —20°C for subse-
quent analysis of allergen content.

Measurements of major allergens from
mites, cockroach, cat, and dog and
quantitation of endotoxin in dust samples

Group 1 Dermatophagoides species allergens (Der p 1 and Der f
1), group 2 Dermatophagoides species allergens, the cat allergen
Fel d 1, the dog allergen Can f 1, and the cockroach (Blattella ger-
manica) allergens Bla g 1 and Bla g 2 were measured by using
mAb-based ELISAs, as previously described.39-43 Reference stand-
ards containing known levels of each allergen were used to make
control curves, and results were expressed as micrograms per gram
of dust. Cockroach assays were quantitated on the basis of reference
German cockroach extract (UVA 93/04; 97/02), and results were
expressed as arbitrary units of Bla g 1 per gram of dust and Bla g 2
per gram of dust. All reagents were obtained from Indoor Biotech-
nologies Inc.

For endotoxin quantitation, dust samples were resuspended in
pyrogen-free water at 25 mg of dust per milliliter, diluted to
1:40.000, and sonicated for 60 minutes with intermittent vortexing.
Endotoxin levels were determined by using the turbidimetric kinet-
ic limulus assay (Endosafe), according to the manufacturer’s
instructions, and quantitation was performed by using the endotox-
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FIG 2. Cockroach allergen Bla g 1 in DCs and schools. Levels of cockroach allergen Bla g 1 in dust samples
collected in the morning from DCs (n = 15), preschools (PS, n = 15), kindergartens (KG, n = 15), and ESs (n
= 15) were measured by means of ELISA. There were no significant differences between cockroach allergen
levels surveyed in the morning and in the late afternoon (data not shown).

in reference standard developed by the US Food and Drug Admin-
istration.#+ Serial dilutions of each sample were run in duplicate,
and endotoxin concentrations were quantified in endotoxin units
(EU) per milligram of dust.

Statistical analysis

The Fisher test was used to compare proportions of samples con-
taining sensitizing levels of allergens. The Kruskal-Wallis test was
used to compare allergen and endotoxin levels in samples collected
from bedding, floors, chairs, and tables at different child-care facil-
ities. The Mann-Whitney test was used to compare levels of aller-
gens and endotoxin collected from bedding samples in DCs and
preschools. The Wilcoxon test was used to compare levels of aller-
gens collected in morning samples and afternoon samples. The
GraphPad InStat program was used for statistical analysis. A P
value of less than .05 was considered significant.

RESULTS

Fig 1 shows levels of group 1 (Der p 1 and Der f 1)
mite allergens in morning samples. At all sites, compar-
isons of levels of group 1 allergens in morning and after-
noon samples showed no significant differences. In after-
noon samples geometric means (GMs) of group 1
allergen levels in DC and preschool bedding samples
were 2.6 ng/g (range, <0.02-16.2 ug/g) and 6.3 ug/g
(range, 1.3-30.7 pg/g), respectively, whereas DC,
preschool, kindergarten, and ES floor samples were 1.3
pg/g (range, <0.02-10.5 pg/g), 1.9 ug/g (range, 0.35-5.5
ung/g), 0.07 ng/g (range, <0.02-0.25 pg/g), and 0.5 pg/g
(range, 0.06-4.7 ng/g), respectively (data not shown).
Higher levels of group 1 mite allergens were detected in
DC and preschool floors compared with those found in
ES floors. In addition, levels of group 1 allergens were
significantly increased in DC and preschool bedding
samples compared with those found in ES floor samples
(Fig 1). Group 2 mite allergens showed similar distribu-
tion to group 1 allergens (data not shown).

Levels of the cockroach allergen Bla g 1 in morning
samples are shown in Fig 2. Similarly to mites, levels in
morning samples were not significantly different from

those in afternoon samples at all sites. Bla g 1 levels were
significantly higher in ES floors compared with those
found in DC and preschool floors both in morning sam-
ples (GM: 3.4 U/g vs 1.4 U/g and 1.1 U/g, respectively;
Fig 2) and afternoon samples (GM: 4.7 U/g vs 1.3 U/g
and 0.9 U/g, respectively; data not shown). Levels of Bla
g 1 in chair and table surfaces were also increased both
in morning samples (GM: 5.2 U/g and 3.6 U/g, respec-
tively; Fig 2) and in afternoon samples (GM: 4.7 U/g and
3.7 Ulg, respectively; data not shown). Bla g 2 stayed at
levels less than the detection limit in most samples or
were consistently low, and none of the samples contained
more than 2 U/g dust of this allergen (data not shown).

A significantly higher proportion of samples collected
from DCs and preschools contained detectable group 1
mite allergens compared with samples from kinder-
gartens and ESs. Similarly, 66.7% of samples from DCs
and preschools contained group 1 levels equal or greater
than the proposed sensitization threshold level of 2 pg/g
dust, whereas only 8.9% and 2.2% of samples from
kindergartens and ESs, respectively, presented these lev-
els (Fig 3, A and B). By contrast, a higher proportion of
samples obtained from ESs had detectable cockroach
allergen Bla g 1 and levels of Bla g 1 equal to or greater
than the proposed sensitization threshold of 2 U/g dust’
compared with kindergarten, preschool, and DC samples
(Fig 3, C and D).

Animal allergens were remarkably low in all samples.
Cat allergen ranged from undetectable to 1.1 pg of Fel d
1/g of dust, and dog allergen ranged from undetectable to
3.3 ug of Can f 1/ g of dust. None of the samples con-
tained levels comparable with those usually found in
homes with cats or dogs (>8 g of Fel d 1/g of dust or
>10 pg of Can f 1/g of dust, respectively).45 No signifi-
cant differences were found in levels of cat and dog aller-
gens surveyed in the morning and in the late afternoon.

Endotoxin levels of greater that 10 EU/mg were found
in most samples. In morning samples significant differ-
ences were observed between floor endotoxin levels in
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FIG 3. Mite and cockroach allergens in DCs and schools. The percentages of dust samples containing
detectable group 1 mite allergens (a), with group 1 mite allergens at greater than sensitizing threshold lev-
els (>2 ug/g) (b), with detectable cockroach allergen Bla g 1 levels (¢), and with Bla g 1 levels of greater than
sensitizing threshold levels (>2 U/g; d) are shown for floor (F), bedding (B), chairs (C), tables (T), and any
site (A) in DCs, preschools, kindergartens, and ESs. The highest value (either morning or afternoon) was
chosen for this analysis. *P < .001: DC > kindergarten and ES; 1P < .001: preschool > kindergarten and ES;
$P < .05: bedding > floor in preschools; #P < .05: ES > DC, preschool, and kindergarten; 8P < .0001: ES > DC,

preschool, and kindergarten (Fisher test).

preschools and ESs (GM: 27.4 EU/mg and 10.1 EU/mg
of dust, respectively; Fig 4), whereas in afternoon sam-
ples significant differences were detected between floor
endotoxin levels in DCs and ESs (GM: 32.2 EU/mg and
13.3 EU/mg of dust, respectively; data not shown). No
significant differences in endotoxin levels were found in
samples collected in the morning or afternoon.

DISCUSSION

It has been suggested that the onset of childhood asth-
ma might be influenced by environmental factors during
early life.1-5 Our results revealed that bedding and floors
from DCs and preschools are important sources of expo-
sure to mites. It is likely that bedding in DCs and
preschools were breeding sites for mites and reservoirs
for mite allergens. All mattresses were encased in vinyl
covers; however, washing bedding at least weekly in hot
(130°F) water, which has been shown to kill mites and
remove most allergen, has not been performed. On the
other hand, floors, tables, and chairs from kindergartens
and ESs presented exposure at less than sensitizing levels

of group 1 mite allergens in most cases. It is well estab-
lished that hard surfaces, such as those in chairs and
tables, and vinyl floors not covered with carpets or rugs
do not support extensive mite growth. A study carried out
in France20 previously showed that mite allergen levels in
dust from DCs were low and were below those found in
schools. On the other hand, it has been recently reported
that mite allergen concentrations of greater than those
associated with sensitization were found in 40% of DCs
surveyed in Tampa, Florida.!5 These results are in keep-
ing with our finding that group 1 mite allergens were
equal or greater than 2 pg/g dust in approximately 70% of
DCs and preschools attended by children O to 4 years old.
These children would be at risk for sensitization to mites.

In our study ESs were a source of significant exposure
to cockroach allergen. Although the cockroach allergen
Bla g 1 could be detected in all facilities, a higher degree
of exposure was found among children 7 to 14 years old
attending ESs. Almost all ESs surveyed presented levels
equal to or greater than 2 U/g dust, a level that has been
associated with sensitization,”4¢ and a proportion of
these facilities contained levels of Bla g 1 of greater than
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FIG 4. Endotoxin in DCs and schools. Levels of endotoxin in dust samples collected in the morning from
DCs (n = 15), preschools (PS, n = 15), kindergartens (KG, n = 15), and ESs (n = 15) were determined by using
the Limulus Amebocyte Assay and quantitated by means of ELISA. There were no significant differences

between endotoxin levels surveyed in the morning and in the late afternoon (data not shown).

8 U/g, which has been regarded as the threshold for wor-
sening of symptoms.46:47 Schools have been previously
recognized as important sources of exposure to cock-
roach allergens by Sarpong et al,2> who studied urban
primary schools in Baltimore. Food-related areas pre-
sented higher allergen content compared with class-
rooms, and the overall levels of Bla g 1 were similar to
those found in our study.?5 The relationship between
exposure to cockroach allergen and development of sen-
sitization and symptoms of asthma has been clearly
established.#8-50 Our results suggest that exposure to
cockroach allergens in DCs and schools in our area might
be associated with an important risk of sensitization and
worsening of symptoms in students, teachers, and other
school workers and indicate that DCs and schools should
be thoroughly inspected for the presence of cockroaches.

Very low levels of cat and dog allergens were found in
DCs and schools in our study, and these levels were sim-
ilar to or lower than those found in houses without dogs
or cats.4251 Higher levels of Fel d 1 and Can f 1 have been
reported in Swedish DCs!® and on chairs and floors in
Swedish schools,16.23.24 probably as a result of high rates
of passive transferring of these allergens in children’s and
teachers’ clothing. Our results might reflect considerable
differences in indoor climate (temperature and humidity),
ventilation rates, cleaning routines, type of chairs and
tables used in schools, and lower rates of pet ownership,
habit of keeping pets indoors, or both in our community.

Studies on the role of exposure to endotoxin in the envi-
ronment have yielded apparently conflicting results. Expo-
sure to high levels of endotoxin has been linked to either
protection against allergen sensitization or increased
wheezing and worsening of established asthma.26-33 Tt is
not clear whether there would be a threshold level of endo-
toxin exposure above which protection against allergic sen-
sitization would occur. In addition, caution should be taken
in comparing levels in different studies, which might have

been carried out with different endotoxin detection meth-
ods. In a European study levels of endotoxin as high as 649
EU/mg and 143 EU/mg have been reported in stables and
kitchen floors of farming families, respectively, and were
significantly higher than those found in homes of nonfarm-
ing families (39 EU/mg).26 In the study by Gereda et al,2°
mean levels of house dust endotoxin associated with sensi-
tization and protection were 93 EU/mg and 207 EU/mg,
respectively. On the other hand, endotoxin exposure equal
or greater than 100 EU/mg in the first 3 months of life was
associated with an increased risk of any wheeze and repeat-
ed wheeze during the first year of life for children with a
familial predisposition to allergy or asthma, suggesting a
proinflammatory role of endotoxin in these children.33 In
keeping with this, we have previously reported that endo-
toxin levels in the home showed a direct correlation with
symptoms in asthmatic children with mite allergy living in
Sdo Paulo.3! The median level of endotoxin in dust, col-
lected over a year, was 10.8 EU/mg.3! In the present study
few dust samples contained levels as high as 100 EU/mg;
however, mean levels of endotoxin in DCs, preschools, and
kindergartens were 3 times higher than those previously
detected in homes in Sdo Paulo,3! indicating that schools
are at least as important as the home environment as a
source of endotoxin exposure. In the present study we spec-
ulate that frequent diaper changes in DCs and preschools
could contribute to higher levels of endotoxin in these facil-
ities compared with levels found in ESs.

Unexpectedly, we found no significant differences in
allergen or endotoxin levels in dust samples collected in
the morning, before arrival of children at school, and in the
afternoon after children had left the building and after
cleaning. These results suggest that current cleaning pro-
cedures carried out in these facilities might not have been
sufficient for decreasing mite and cockroach allergen and
endotoxin levels and that the presence of children through-
out the day had no effect on allergen levels.
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In conclusion, we have shown that DCs and schools in
Brazil should be considered as important sources of
exposure to dust mites and cockroach allergens and to
endotoxin. It has been reported that children attending
DCs in the first 6 months of life were less likely to have
asthma and frequent wheezing later in childhood>2; how-
ever, the study has not addressed the issue of allergen or
endotoxin exposure, which might be different from that
encountered in DCs in Brazil or other areas of the world.
Our results indicate that DCs and schools should be con-
sidered as targets for environmental interventions aimed
at decreasing allergen exposure. In particular, recom-
mendations for mite allergen avoidance should include
appropriate care of bedding in DCs and preschools.

We thank Ellen Oliveira Dantas, MD, and Albertina Rosa
Borges, MD, for their contributions to the study; Katia Tobias for
excellent technical assistance; Ana Paula Trombone for assistance
in the preparation of the manuscript; Prof Elias Rodrigues de Paiva
for help with statistical analysis; and the members of the institu-
tional boards of the schools participating in the study for permission
to collect dust samples.
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