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The prevalence of asthma among schoolchildren in Costa Rica is very high -
at the level of 20-30% — and the reason is still unknown. A group of children
from our previous epidemiologic study was randomly selected in order to
establish the relation between asthma symptoms and allergy sensitization to
common allergens. Serum samples from children with and without asthma
were analyzed for the presence of IgE antibodies to 36 different allergens, for
the presence of IgE antibodies to a pooil of 10 common allergens, and for
total serum IgE. The most prevalent IgE antibodies were those to mite,
cockroach, dog, and house-dust allergens with MAST pipettes for the
serologic measurements. Positive reactions to house dust, mite, cat, and the
two molds (Alternaria and Cladosporium), and food allergens such as egg
white, peanut, and shellfish were significantly more prevalent among the
asthmatics than the nonasthmatics. Sensitization was equally prevalent at
different ages, but the house-dust, mite, cat, dog, cockroach, Alternaria, and
egg-white allergens had sensitized boys more often than girls (P <0.01). The
result of the analysis of IgE antibodies to a pool of 10 common allergens by
Phadiatop supported the MAST pipette results, showing allergen
sensitization in 57.7% of the asthmatic children and 42.3% in the
nonasthmatic group. The concentration of IgE was significantly higher
among the asthmatic children (372.2 kU/1) than among the nonasthmatic
children (249.1 kU/1) (P <0.00001). Parasitic infestations were not examined
in this study, but in most of Costa Rica these have largely been eliminated
and could not explain the high total IgE levels. Our data indicate that the
very high prevalence of bronchial asthma in Costa Rican schoolchildren can
be related to sensitization, especially to airborne indoor allergens such as
those of mites, cockroaches, and dogs.
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An increasing prevalence of childhood asthma is
reported from various parts of the world (1-5). Yet
the prevalence has rarely reached a level compar-
able to what was recently found in Costa Rica (6).
In a questionnaire-based study, we found bronchial
asthma to be present in 23% of schoolchildren. The
diagnosis of asthma in the Costa Rican study was
based on the response to questions also used in
several other studies (4, 6, 7).

The distribution of this questionnaire, the sample
selection, and the matching were statistically and
epidemiologically designed to give the data a
nationwide relevance, as well as indications of
geographic, climatic, and socioeconomic influences
upon the asthma prevalence. According to many
reports (7-13), childhood asthma mainly develops
as a typical atopic disease from sensitization to

airborne allergens. In this study, we applied in vitro
diagnostic methods on a random sample of sera
from schoolchildren who participated in the large
epidemiologic study to determine the prevalence
and specificity of the IgE antibodies in these
children. The study offered an opportunity to
compare the utility of MAST pipettes and Phadia-
top screening disks in a tropical country where
diagnostic methods for detecting asthma and
allergy are not easily available outside the National
Children’s Hospital.

Material and methods

From a total of 4026 educational centers, kinder-
gartens, and primary and secondary schools regis-
tered in Costa Rica, 98 were randomly selected by
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Fig. 1. Mean voltage caused by IgE binding to MAST panel
allergens by sera from 171 children with and without asthma.
Allergens included in MAST allergy test were as follows. Tree
pollen: 1) box elder, 2) cottonwood/willow/aspen mix, 3) elm
mix, 4) Melaleuca, 5) oak mix; grass pollen: 6) grass mix, 7)
Bahia, 8) Bermuda; weed pollen: 9) chenopod mix II, 10)
pigweed mix, 11) ragweed mix I, 12) Rumex mix, 13) sage mix;
dust/mites/insects/epithelials: 14) house dust, 15) mite (D.
farinae), 16) cat, 17) dog, 18) cockroach mix; molds: 19)
Alternaria, 20) Candida, 21) Cladosporium; food: 22) almond,
23) cereal mix, 24) corn, 25) egg white, 26) garlic, 27) milk, 28)
onion mix, 29) orange, 30) peanut, 31) potato, 32) shellfish, 33)
soybean, 34) vegetable mix, 35) wheat, 36) yeast.

several variables such as urban and rural setting,
rain precipitation, temperature, altitude, humidity,
and the size of the center. The children from these
98 schools were classified as asthmatics or non-
asthmatics by diagnosis by a doctor in combination
with the presence of four kinds of respiratory
symptoms (cough and wheeze after upper respira-
tory tract infections or after exercise, as well as
frequent daily and/or nightly cough), as reported by
the parents in the questionnaire of our previous
study (6).

By these criteria, 23% of the children were
classified as asthmatics. From subsamples of these
groups (asthmatics and nonasthmatics) randomly
selected and stratified for geographic location and
climate differences, a group of children were
chosen to participate in this study.

Other manifestations of atopic disease, such as
rhinitis, eczema, dermatitis, and allergic conjuncti-
vitis, were found in 59% of the asthma group and in
39% of the nonasthmatic group.

Serum samples from the asthma and nonasthma
groups were selected at random and subjected to
two different types of analyses for detection of
allergen-specific IgE antibodies.

A total of 171 children were analyzed by the
MAST pipette test, 68 asthmatics and 103 non-
asthmatics. The Phadiatop analysis was performed
in another 347 children, including 175 asthmatics
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and 172 nonasthmatics. In only 50 sera, both of
these two test methods were used. Total serum IgE
was measured in 162 asthmatics and 158 nonasth-
matics.

MAST pipette analysis

The MAST pipette (Southern combination panel,
IgE, P/N 81085, MAST Immunosystem, Mountain
View, CA, USA) included a panel of 36 allergens,
21 airborne and 15 food allergens bound to
transversally arranged cellulose threads. Positive
and negative control threads were included in each
pipette. They were incubated, washed, and reacted
according to the manufacturer’s recommendation.
IgE binding to allergens was determined after
photometric recording of the chemiluminescence
traces from a substrate activated by enzyme-
labeled anti-IgE on a polaroid film.

We used two cutoff levels for defining a positive
reaction:

1) all reactions giving a luminescence intensity of
at least 0.18 V by the MAST luminometer

2) reactions giving a luminescence intensity of 0.67
V or more.

Thus, all results were evaluated as positive or
negative according to one sensitive and one less
sensitive classification. By the first classification, we
included as positives both strongly, moderately,
and weakly positive reactions. By the second one,
only strongly and moderately positive reactions
were evaluated as positives. The MAST pipette
data were also expressed as the mean V value for
each allergen in the asthmatic and nonasthmatic
groups.

Phadiatop analysis

Phadiator (Pharmacia Diagnostics AB, Uppsala,
Sweden) is a screening test demonstrating the
presence of allergen-specific IgE antibodies to one
or several of the 10 most common airborne
allergens. Since these allergens are collectively
bound to one cellulose RAST disk, the analysis
provides only a positive or negative result without
any definition of the allergen specificity of the IgE
antibodies.

Total IgE analysis

Total IgE analysis was performed as an inhibition
assay, PRIST (Pharmacia Diagnostics AB,
Sweden), according to the manufacturer’s recom-
mendation.
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Fig. 2. Frequency of IgE binding to MAST pipette allergens
causing recorded voltage of >0.18 V in 171 asthmatic and
nonasthmatic children. Allergens included in MAST allergy test
were as follows. Tree pollen: 1) box elder, 2) cottonwood/willow/
aspen mix, 3) elm mix, 4) Melaleuca, 5) oak mix; grass pollen: 6)
grass mix, 7) Bahia, 8) Bermuda; weed pollen: 9) chenopod mix
11, 10) pigweed mix, 11) ragweed mix I, 12) Rumex mix, 13) sage
mix; dust/mites/insects/epithelials: 14) house dust, 15) mite (D.
farinae), 16) cat, 17) dog, 18) cockroach mix; molds: 19)
Alternaria, 20) Candida, 21) Cladosporium; food: 22) almond,
23) cereal mix, 24) corn, 25) egg white, 26) garlic, 27) milk, 28)
onion mix, 29) orange, 30) peanut, 31) potato, 32) shellfish, 33)
soybean, 34) vegetable mix, 35) wheat, 36) yeast.

Statistics

The data were analyzed with the Epi Info, version
6, Public Domain Software for Epidemiology and
Disease Surveillance (Centers for Disease Control,
Epidemiology Program, Atlanta, GA, USA) and
the SPSS Package. The statistical analyses com-
prised the chi-square test with the Yates continuity
correction and Student’s 7.

Allergen sensitization of schoolchildren

Results
IgE MAST analyses

The spectrum and magnitude of positive reactions
in the sample of asthmatics and nonasthmatics are
shown in Fig. 1, where the results are expressed as
the mean voltage for each allergen in the asthmatic
and nonasthmatic groups separately.

The highest mean of IgE binding to airborne
allergens in both groups was to Dermatophagoides
farinae, followed by dog, house dust, cockroach,
Rumex mix, Bermuda grass pollen, and Bahia
pollen. Considerable IgE binding was obtained
with shellfish, vegetable mix, almond, garlic, and
wheat. The reactivities were consistently higher in
asthmatics than in nonasthmatics, although the
differences were not statistically significant for any
particular allergen.

The results of the pipette analyses, when
allergen-specific IgE concentrations down to a
chemiluminescence signal of low level (>0.18 V)
were included as positives, are shown in Fig. 2.

For most allergens, the presence of specific IgE
antibodies was higher in the asthmatic, than in the
nonasthmatic group, reaching 60% for D. farinae
and cockroach, and almost the same level for dog
allergen. The differences between asthmatics and
nonasthmatics were statistically significant for
house dust and D. farinae (P<0.04). Similar
differences (P<0.05) were found for egg white,
peanut, and shellfish. On the other hand, positive
reactions to grass pollen were slightly but not
significantly more common in nonasthmatics than
in asthmatics.

Table 1. Effect on Phadiatop results in asthmatic and nonasthmatic children by sex, age, climate, domicile, and smoking in family (n=277); results shown as percentages

Positive Phadiatop Asthma Not asthma
n n % n % n % r
Sex M 148 9 615 70 70 78 59.8 0.04
F 129 56 434 66 a7 63 397 04
Age <10 years 146 7 527 68 55.9 78 50 04
>10 years 128 70 533 66 636 63 444 0.02
Rain precipitation <2000 mm 198 98 495 100 45 98 459 03
>2000 mm 79 49 62 36 75 43 51.1 0.03
Temperature <25C 193 m 54.7 92 63 m 4717 0.02
225 74 36 486 44 50 30 467 07
Residence Urban 126 70 555 60 63.3 66 485 008
Rural 151 77 51 16 563 75 46.7 02
Mother smokes 254 136 534 19 596 135 481 0.05
Does not smoke 23 n 478 17 529 6 333 04
Smoking habits Father smokes 176 101 574 83 627 93 527 0.18
Does not smoke 101 49 485 53 528 48 3715 0.12
Family smokes 68 a4 60.3 46 674 22 455 0.08
Does not smoke 209 106 507 90 544 19 478 03
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Fig. 3. Frequency of IgE binding to MAST pipette allergens in
44 Phadiatop-positive sera from children living in areas with
rain precipitation <2000 or >2000 mm (average precipitation/
year). P<0.05 (*); other P=NS. Mean V>0.18.

When the comparison of IgE binding in asth-
matics and nonasthmatics was made with stronger
criteria for positivity (>0.67 V), the differences
between the asthmatics and nonasthmatics became
significant for cockroach, chenopods, egg white,
and other food allergens (P <0.02), but no longer
reached significance for house dust, D. farinae, and
cat allergen. D. farinae was again the most
prevalent allergen, causing positive reactions in
40% of the asthmatics. Children living in rural
areas were more often sensitized to such allergens
as cat and cockroach than children living in urban
areas (cat, P=0.01; cockroach, P=0.01); further-
more, house dust (P<0.01), mite (P<0.01), cat
(P=0.01), dog (P<0.01), cockroach (P<0.01),
Alternaria (P<0.01), and egg white (P=0.05)
more often caused an IgE response in asthmatic
boys than girls.

No significant difference in the prevalence of
sensitization to the 36 allergens tested was found in
asthmatic children in comparing those younger and
older than 10 years.

Phadiatop analyses

Among the sera tested with Phadiatop, 50.4% had
positive results and 49.6% negative. The test was
positive in 59.8% of the 136 asthmatic children and
in 39.7% of the 141 nonasthmatics (P =0.006). The
difference was more pronounced in children older
than 10 years, as shown in Table 1.

In this subgroup, Phadiatop was positive in
63.3% of the asthmatics and 44.4% of the
nonasthmatics (P =0.02).

Regardless of being asthmatic or nonasthmatic,
boys had a positive Phadiatop test more often than
girls (P=0.04), and a positive Phadiatop was more
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closely related to the asthma diagnosis in boys than
in girls (P=0.004). As also shown in Table 1, the
Phadiatop results were influenced by sex, weather
conditions, and family smoking habits.

Thus, children with asthma living in humid areas
had more frequently positive Phadiatop than
children living in a drier climate, and sensitization
was more closely related to the asthma diagnosis.

Sensitization was also more prevalent and closely
related to the asthma diagnosis among children
living in a temperate climate than in a warmer
climate (P=0.02). Thus, the combination of high
humidity and moderate temperature seemed more
frequently to facilitate sensitization, particularly
among the asthmatics. No significant differences in
the prevalence of positive Phadiatop were found in
children from families with smoking members,
although there was a tendency for such children to
be more often sensitized.

Those children with asthma having mothers
smoking more than five cigarettes daily had more
often positive Phadiatop results (59.6% ) than those
in the nonasthma group (48.1%, P=0.05).

Differences in breast-feeding habits during
infancy did not influence the results (78% of the
asthmatic and 76% of the nonasthmatic children
were breast-fed exclusively during the first 2
months). Children who had been given an allergy
diagnosis by a physician were more often Phadia-
top positive (63% ) than children who had not been
given such a diagnosis (36.8%, P=0.01).

According to the parents, certain conditions
were especially likely to influence the exacerbation
of asthma symptoms in their children. Confirmation
of these triggering factors was more common in the
positive Phadiatop group than in the negative
group; for example, upper respiratory tract infec-
tions (P<0.01), dust (P<0.01), humidity
(P<0.05), and allergy (P <0.01).

Those children with asthma (P=0.0001) and no
asthma (P=0.02) and positive MAST had more
often positive Phadiatop than those with negative
MAST.

MAST pipette results in 44 Phadiatop-positive
asthmatic children indicated, as seen in Fig. 3, that
sensitization to D. farinae was more frequent
(almost 100%) among children living in humid
areas (rain precipitation >2000 mm) than in less
humid regions. In the latter areas, sensitization to
Rumex and sage as well as to dog, cockroach, and
Alternaria, was significantly more prevalent than in
the more humid areas (P <0.05). It also appeared
that asthmatic children below the age of 10 years
were significantly more often sensitized to house
dust, D. farinae, cat, and Alternaria than asthmatics
older than 10 years of age (P <0.05). On the other
hand, older asthmatics were more frequently



Table 2. Total Igk in asthmatic and nonasthmatic children; results shown in kU/i

Total IgE
n mean SD P value
Asthma 162 3722 3307  0.00001
Not asthma 158 2491 2982
Positive Phadiatop 204 4871 3284  0.00001
Negative Phadiatop 208 1133 1475
Asthmatics Positive Phadiatop 100 5199 3228  0.00001
Negative Phadiatop 62 13389 1618
Nonasthmatics  Positive Phadiatop 74 4283 3285  0.00001

Negative Phadiatop 84 912 137.3

sensitized to cottonwood, Bahia pollen, and
almond than the younger ones (P=0.05).

Total IgE analyses

The total IgE concentration analyzed in 320 serum
samples was significantly higher among asthmatic
children (372.2 kU/l) than among nonasthmatic
children (249.1 kU/, P=0.00001) (Table 2).
Children with a positive Phadiatop test had
significantly higher total IgE (487.1) than those
with negative Phadiatop, whether asthmatic (133.9)
or nonasthmatic (91.2, P=0.00001).

Discussion

This study shows a very high prevalence of atopic
sensitization in Costa Rica, both in asthmatic and in
nonasthmatic schoolchildren. The cohort studied
had been randomly selected in order to represent a
relevant sample from our previous epidemiologic
study, which showed a prevalence of asthma in
Costa Rican schoolchildren of 23% (6). This
prevalence figure was based on a classification
dividing the children simply into asthmatics and
nonasthmatics.

In 60% and 45% of these two groups of
schoolchildren, respectively, we could demonstrate
circulating specific IgE antibodies to one or several
of the 9-10 most common airborne allergens by
using the Phadiatop test. Since bronchial asthma,
although highly prevalent in Costa Rica, represents
only a part of the atopic disease spectrum, it is not
surprising that specific IgE antibodies were also
frequently demonstrated in the nonasthma group.
In fact, manifestations of atopic diseases other than
asthma appeared in almost 40% of the children
classified as nonasthmatics.

Several European studies have demonstrated
that a positive Phadiatop test is highly predictive of
atopic disease (14, 15). It is also suggested that the
selection of the Phadiatop allergens has a global
relevance for allergy screening with Phadiatop,
although the test does not give an allergen-specific
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result. We found the MAST pipette analyses more
laborious and technically difficult to perform than
the Phadiatop. On the other hand, the MAST test
offered the opportunity, by one single analysis, to
detect specifically the sensitizing allergens and to
compare different sensitization patterns in sub-
groups of our sample. The clinical relevance of the
MAST pipette test has been less extensively
documented. However, one study has shown that
data obtained with MAST pipettes matched
bronchial provocation tests more closely than
RAST and to the same degree as skin prick tests
(16), and the statistical problems in assessing the
true value of this test system have been reviewed
(17). Skin testing was not a feasible option at the
time of this study. It seems likely that the two in
vitro methods used in this study have furnished
information quite comparable with extensive prick
testing.

In many Latin-American countries, the most
common allergen appears to be the house-dust mite
(18-20). It has been shown that sensitization to D.
pteronyssinus varies from 60.7% to 91.2% and to D.
farinae from 533% to 97.2% in certain areas in
Latin America, at sea level as well as at high
altitudes (18). Sensitization to D. farinae in this
study, representative of all Costa Rican school-
children, was around 50%, suggesting a nationwide
problem with mite allergy.

Unfortunately, the panel of MAST pipette
allergens did not include D. pteronyssinus, which
has been reported to be the most prevalent mite
allergen in Costa Rica (20). On the other hand, D.
farinae has been found to cross-react to a certain
extent with D. pteronyssinus, and these species
usually occur together. Our finding of a mite
allergen as the most important sensitizing allergen
in Costa Rica is likely to be of clinical importance
and related to the high asthma prevalence. The
prevalence of sensitization might have been even
higher if we had included a D. pteronyssinus-
specific test. Results from analyses of bed dust in
the study areas shows mite-allergen concentrations
to be generally very high (28).

Second to D. farinae, cockroach appeared to be
the most common allergen in our study, with 33%
positives in asthmatics and 22% in nonasthmatics
(P=0.02). Cockroach debris is a common source of
indoor allergen, particularly in lower socioeco-
nomic groups and in tropical countries (9, 21), and
Costa Rica offers both these conditions.

The importance of sensitization to food allergens
for the causation of asthma has been discussed, but
is mostly restricted to case reports (22-24). The
results indicating food sensitization in this study
population may be related to other atopic mani-
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festations than asthma. They can also be due to
cross-reactivity between food and pollen allergens.

Among the mold allergens, Alternaria was the
most prevalent in the studied population. Some
reports have shown the relation between this
allergen and the severity of asthma. Other inves-
tigations suggest that cat and dog allergens are
important causes of asthma in children (25, 26). In
this study, dog allergen had more often sensitized
children than cat allergen, possibly because dogs
are more common indoor pets than cats in Costa
Rica.

In a country such as Costa Rica, situated in the
tropics with a high humidity and a multitude of
plants and flowers, the prolonged exposure to
outdoor allergenic pollen might produce sensitiza-
tion and play a certain role in the appearance of
asthmatic symptoms. However, pollen allergens
mainly cause eye and nose symptoms, and in spite
of a relatively high prevalence of sensitization to
Bahia and Bermuda grass, specific IgE antibodies
to these pollen allergens were as common among
asthmatics as among nonasthmatics.

Sex differences in the prevalence and natural
history of childhood asthma have been described
(27). In our study, asthmatic boys were more often
sensitized to house dust, mite, cat, dog, cockroach,
Alternaria, and egg white than girls.

But we did not find any difference in sensitiza-
tion to the allergens tested in asthmatics younger or
older than 10 years of age.

We found more Phadiatop positives among
asthmatics than nonasthmatics in children older
than 10 years of age. Regardless of being asthmatic
or nonasthmatic, boys had a positive Phadiatop test
more often than girls.

Children living in rural areas were more often
sensitized to cat and cockroach allergens than
children living in urban areas, probably due to the
predominance of these types of animals.

Children with asthma living in humid areas more
frequently had positive Phadiatop than children
living in a drier climate, and sensitization was also
more prevalent and closely related to the asthma
diagnosis among children living in a humid and
temperate climate than in a warmer climate
(P=0.02). Thus, the combination of high humidity
and moderate temperature seemed more fre-
quently to facilitate sensitization, particularly
among the asthmatics.

Thus, it is clear from our study that Phadiatop
results were influenced by sex, weather conditions,
and family smoking habits.

In conclusion, our data indicate that allergens
that may be the cause of the high prevalence of
bronchial asthma in Costa Rican schoolchildren
are probably produced indoors by mites, cock-
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roaches, and dogs, in that order. For some reason,
male sex and living in humid, but temperate areas
of Costa Rica facilitate sensitization. As expected,
the presence of smoking mothers also does this.

Acknowledgments

This study was supported by a grant from SAREC (Swedish
Agency for Research Cooperation with Developing Countries).
We have received excellent support from the University of
Costa Rica and INCIENSA, Costa Rica.

References

1. Aberg N, Engstrom 1, Lindberg U, et al. Allergic diseases
in Swedish schoolchildren. Acta Paediatr Scand 1989;
78:246-52.

2. Anderson HR, Potties AC, Strachan DP. Asthma from
birth to age 23: incidence and relation to prior and
concurrent atopic disease. Thorax 1992;47:537-42.

3. Lau YL, Karlberg J, Yeung CY. Prevalence of and factors
associated with childhood asthma in Hong Kong. Acta
Paediatr 1995;84:820-2.

4. Peat JK, van der Berg RH, Green WF. Changing prevalence
of asthma in Australian children. BMJ 1994;308:1591-6.

5. Robertson CF, Heycock E, Bishop J, et al. Prevalence of
asthma in Melbourne schoolchildren: changes over 26
years. BMJ 1991;302:1116-18.

6. Soto-Quiros M, Bustamante M, Gutierrez I, Hanson LA,
Strannegdrd I, Karlberg J. The prevalence of childhood
asthma in Costa Rica. Clin Exp Allergy 1994;24:1130-6.

7. Bjorkstén B. Risk factors in early childhood for the
development of atopic diseases. Allergy 1994;49:400-7.

8. Duff AL, Gelbert, Deuell B, et al. Development of inhalant
allergy in early childhood: association with asthma and
atopic dermatitis [Abstract]. J Allergy Clin Immunol
1992:89:15.

9. Gelber L, Seltzer L, Pollart S, et al. Specific IgE antibody
and exposure to cat and cockroach allergens as risk factors
for acute asthma [Abstract]. J Allergy Clin Immunol
1991;87:233.

10. O’Hollaren M, Yunginger J, Offord K, et al. Exposure to
an aeroallergen as a possible precipitating factor in
respiratory arrest in young patients with asthma. N Engl
J Med 1991;324:359-63.

11. Peat JK, Woolcock AJ. Sensitivity to common allergens:
relation to respiratory symptoms and bronchial hyper-
responsiveness in children from three different climatic
areas of Australia. Clin Exp Allergy 1991:21:573-81.

12. Platts-Mills TAE, Chapman MD. Dust mites: immunology,
allergic disease and environmental control. J Allergy Clin
Immunol 1987,80:755-75.

13. Sporik R, Holgate ST, Platts-Mills TAE. Exposure to
house dust mite allergen (Der p 1) and the development of
asthma in childhood: a prospective study. N Engl J] Med
1990;323:502-9.

14. Eriksson NE. Allergy screening with Phadiatop and CAP
Phadiatop in combination with a questionnaire in adults
with asthma and rhinitis. Allergy 1990:45:285-92.

15. Zetterstrom O. Applying the Phadiatop principle to a new
test for in vitro diagnosis of atopy in asthma and rhinitis
[Abstract]. N Engl Reg Allergy Proc 1988:9:424.

16. Nielsen JP, Ostergaard PA, Harris RI, et al. Comparison of
CLA with BPT, SPT and RAST in children with asthma.
Allergy 1992:47:30-4.

17. Constable DW, Harris R, Gandebon MA. Statistical



18.

20.

21.

22.

problems in assessing the true value of a new in vitro
diagnostic test with special reference to the chemilumi-
nescence assay (CLA, MAST). J Investig Allergol Clin
Immunol 1991;1:69-78.

Fernandez Caldas E, Baena-Cagnani, Lopez M, et al.
Cutaneous sensitivity to six mite species in asthmatic
patients from five Latin American countries. J Investig
Allergol Clin Immunol 1993;3:245-9.

. Platts-Mills TAE, de Weck AL. Dust mite allergens and

asthma. A worldwide problem. J Allergy Clin Immunol
1989;83:416.

Vargas M, Mairena H. House dust mites from the
metropolitan area of San José, Costa Rica. Int J Acarol
1991;17:141-4.

Morris E, Smith T, Kelly L. Cockroach is a significant
antigen for inner city children. J Allergy Clin Immunol
1986:77:206.

Bock SA. Prospective appraisal of complaints of adverse

24,

26.

27.

Allergen sensitization of schoolchildren

reactions to foods in children during the first 3 years of life.
Pediatrics 1987:79:683-8.

. Duff AL, Platts-Mills TAE. Allergens and asthma. Pediatr

Clin North Am 1992;39:1277-91.
Metcalfe D. Diseases of food hypersensitivity. N Engl J
Med 1989;321:255-7.

. Dreborg S, Munir A, Einarsson R. The level of Fel d 1 in

school dust is sufficiently high to induce symptoms in
asthmatics. J Allergy Clin Immunol 1992:89:15.

Schou C, Hansen G, Linther T, et al. Assay for the major
dog allergen, Can f 1: investigation of house dust samples
and commercial dog extracts. J Allergy Clin Immunol
1991;88:847.

Weiss ST, Gold R. Gender differences in asthma. Pediatr
Pulmonol 1995;19:153.

. Soto-Quiros ME, Stdhl A, Calderon O, Sanchez C,

Hanson LA, Belin L. Guanine, mite, and cockroach in
Costa Rican homes. Allergy 1998;5:499-505.

147



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.





