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Exposure to cat allergen at school might exacerbate symptoms in
asthmatic children with cat allergy. To study this, we identified
410 children, 6–12 yr of age, who were being treated for asthma
(inhaled steroids and 

 

b

 

-agonists), were allergic to cats, and had no
cat at home. Peak expiratory flow (PEF), asthma symptoms, medi-
cation, fever and/or sore throat, and contact with furred pets
were recorded twice daily during the last week of summer holi-
days and the second and third weeks of school. The number of cat
owners in each class was recorded. Ninety-two children with asthma
reported no contact with furred pets. Among these, children who
attended classes with 

 

. 

 

18% (median value) cat owners reported
significantly decreased PEF, more days with asthma symptoms,
and increased use of medication after school started. Those in
classes with 

 

< 

 

18% cat owners reported no change. Children in
classes with many cat owners ran a 9-fold increased risk of exacer-
bated asthma after school start compared with children in classes
with few cat owners, after adjusting for age, sex, and fever and/or
sore throat. Thus, asthma symptoms, PEF, and the use of asthma
medication in children with cat allergy may be affected by indirect
cat exposure at school.

 

Individuals with asthma who are allergic to cats and are ex-
posed to cat at home show signs of bronchial hyperresponsive-
ness and have more asthma symptoms than cat-sensitized indi-
viduals with asthma without cats at home (1). This indicates
that direct exposure to allergen from cats and possibly all
furred pets is a health hazard to individuals sensitized to pets.
The effect of indirect pet exposure on children with asthma
has not been studied previously. However, the clinical impres-
sion is that asthma grows worse in children allergic to furred
pets when they return to school after summer holidays.

Pet allergens are the allergens most closely correlated with
asthma in Sweden and parts of the United States (2–4). Even
small doses of allergen may elicit an inflammatory response in
the airways of an allergic person (5, 6). Cat allergen is ubiqui-
tous in schools and day care centers where children spend
their days (4, 7–11). Cat allergen is transported to school in
the clothing of cat owners, and is subsequently dispersed in the
air (12–14). We have previously shown that there is a 5-fold
difference in the median levels of airborne cat allergen 

 

Fel d

 

 1
in classes with many and few cat owners, and that the levels
are significantly higher than the airborne levels found in
homes without a cat (12). It can therefore be assumed that the
respiratory health of children allergic to cats relates to the per-
centage of cat owners in the class.

The aim of this study was to examine whether children with
asthma and verified cat allergy suffer a worsening of their dis-
ease when they return to school after the summer holidays.
The study focused on the children who reported no direct con-
tact with furred pets, in order to examine whether asthma
symptoms and use of medication were related to indirect ex-
posure to cat in class.

 

METHODS

 

Study Design and Population

 

All children aged 6–12 yr with diagnosed asthma, asthma medication,
and cat sensitization (skin prick test 

 

>

 

 3 mm [15] or positive RAST
class 

 

>

 

 0.7 kU/ml) were identified from patient records at five pediat-
ric allergy outpatient clinics in Stockholm. Children receiving continu-
ous asthma medication (inhalation steroids and 

 

b

 

-agonists) and with-
out furred pets at home were asked to participate in the study (Figure
1). In August 1997, 410 children and their families received diary
forms (modified Pollution Effects on Asthmatic Children in Europe
[PEACE] study [16]) to fill in twice daily for 3 wk: the last week of the
summer holidays and the second and third weeks of school. The chil-
dren were instructed to practice using a peak flow meter before the
start of the study period.

To be included, 

 

. 

 

50% of the peak expiratory flow (PEF) record-
ings were required each week, and the child must have attended
school 

 

. 

 

50% of the week. Missing data on symptoms, medication, fe-
ver and/or sore throat, and contact with furred pets was interpreted as
a negative answer. Twenty-seven children who used bronchodilators
before the PEF recording more than two mornings a week were ex-
cluded.

Information about the number of cat owners and children in each
class was obtained through questionnaires to the teacher.

 

Respiratory Status and Medication

 

Four main indices of respiratory status and medication were calcu-
lated for the last week of summer holidays (Week 0, baseline week)
and for the second and third weeks of school: (

 

1

 

) weekly mean morn-
ing PEF (Tuesday through Saturday), (

 

2

 

) number of days per week
with asthma symptoms (Monday through Friday), (

 

3

 

) weekly average
of the number of puffs of 

 

b

 

-agonist per day, and (

 

4

 

) weekly average of
dose of inhaled steroids per day (Monday through Friday). The high-
est of the three PEF recordings was used, unless it was 

 

. 

 

20% higher
than the second highest PEF, in which case the latter was used.

 

Statistical Analysis

 

The effect of indirect cat exposure on week-specific individual aver-
age PEF, days with asthma symptoms, puffs

 

 

 

of 

 

b

 

-agonist, and dose of
steroids, was computed using a linear regression model including indi-
cator variables for indirect cat exposure groups, time period (weeks),
and interaction terms. The difference in the changes from baselines
for exposure groups was derived from the parameter estimates for the
interaction terms. Standard errors are corrected for within-subject
correlation by clustering observations within subjects and using the
robust Huber and White estimator of variance (17).

Because there is an interaction between lung function, symptoms,
and medication, an outcome variable called “decreased respiratory
health” (DRH) was defined as at least three of the following: lower
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PEF; more asthma days; increased 

 

b

 

-agonist use; increased steroid
use, all compared to the baseline week. The relation between DRH
and the variable “indirect cat exposure” was examined by logistic re-
gression adjusted for sex, age, and fever and/or sore throat. Analyses
were performed with Stata 6.0 (Stata, College Station, TX) and SPSS
10.0 (SPSS, Chicago, IL). Point estimates are presented along with
95% confidence intervals (CI) and p values.

Permission for the study was obtained from the Ethics Committee
of Karolinska Institutet (Stockholm, Sweden). Informed consent was
obtained from the parents.

 

RESULTS

 

In the entire study population (n 

 

5

 

 271), 179 children re-
ported direct contact with furred pets during the study, and 92
children denied any pet contact (Table 1). 

 

Children without Reported Direct Exposure
to Furred Pets (n 

 

5

 

 92)

 

The average age of children who were not directly exposed to
pets was 9.7 yr (range, 6–13 yr), and 87% were boys. The me-
dian percentage of cat owners in the classes was 18%. Chil-

dren in classes with 

 

. 

 

18% cat owners were on average 10.2 yr
old and those in classes with few cat owners were on average
9.1 yr old.

Among the children in classes with many cat owners, lung
function expressed as mean morning PEF decreased 3% from
Week 0 to Week 2 (Table 2). Days with asthma symptoms
were more than twice as frequent during Week 2 than during
Week 0. The children reported a doubling of the average daily
use of 

 

b

 

-agonists in Week 2. Simultaneously, the average daily
dose of steroids was 16% higher in Week 2 than in Week 0.
Among children in classes with few cat owners, no significant
change in PEF, symptoms, or medication was observed. For
PEF and asthma there was a significant difference in change
from baseline between the groups with many and few cat own-
ers (Figure 2).

The risk of decreased respiratory health (DRH) in the
group with many cat owners among their classmates was 9-fold
increased by Week 2 compared with those in classes with few
cat owners, after adjustment for sex, age, and fever and/or
sore throat (Table 3). Exposure to environmental tobacco
smoke was slightly higher in Week 0 than in Weeks 2–3. When
exposure to environmental tobacco smoke was included in the
logistic regression model the risk estimate increased slightly.

Fever and/or sore throat during Weeks 0 and 2 was reported
in 36% (17 of 47) of the children in classes with many cat own-
ers and in 16% (7 of 45) of the children in classes with few cat
owners. Stratified analysis for reported fever and/or sore
throat in Weeks 0 and 2 in the classes with many cat owners
only slightly changed the point estimate for the outcome vari-
ables. In the group without reported fever and/or sore throat,
the average PEF decrease was 6 L/min (compared with 9 L/
min in the whole group), from 327 L/min at baseline to 321 L/
min at Week 2. The average number of days with reported
asthma symptoms changed by 0.5 (compared with 0.81), from
0.73 to 1.23 at Week 2, and the use of 

 

b

 

-agonists increased by
0.11 (0.17 in the whole group), from 0.25 puffs at Week 0 to
0.34 at Week 2. The increase in steroid use was 40 

 

m

 

g (33 

 

m

 

g
for the whole group), from 200 

 

m

 

g at Week 0 to 240 

 

m

 

g at
Week 2. The results in Week 3 were similar (data not shown).
With the exclusion of children who reported fever and/or sore

Figure 1. Study design.

 

TABLE 1. DIRECT PET EXPOSURE AND INDIRECT CAT EXPOSURE
IN THE STUDY POPULATION

 

Total

Direct Pet Exposure

Any None

No. of children 271 179 92
No. of schools 182 101 81
No. of classes 253 162 91
Indirect cat exposure
Percent cat owners in class

Mean 21.5 22.5 19.5
SD 12.2 13.0 10.2
Median 19.2 20.0 18.2
IQR (q1/q3) 13.3/26.9 14.3/29.2 12.0/26.3
Range (min/max) 0/78.3 0/78.3 0/52.0
No. of obs. 

 

.

 

 md 137 88 47
No. of obs. 

 

,

 

 md 134 91 45

 

Definition of abbreviations

 

: IQR 

 

5

 

 interquartile range; max 

 

5

 

 maximum; md 

 

5

 

 me-
dian; min 

 

5

 

 minimum; obs. 

 

5

 

 observations.
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throat there were still 8 children with DRH of 47 in classes with
many cat owners and 1 of 45 in classes with few cat owners.

 

Children with Reported Direct Exposure
to Furred Pets (n

 

 

 

5

 

 179)

 

For the children who reported direct pet exposure during the
study period, the morning PEF decreased 1% from Week 0 to
Weeks 2 and 3 (Table 4). No significant change was seen in re-
ported asthma symptoms or use of 

 

b

 

-agonists. The average
daily steroid dose increased 6% from Week 0 to Week 2. The
median percentage of cat owners in these classes was 20%,
and no difference in risk of DRH was seen between classes
with many or few cat owners (Table 3). 

 

DISCUSSION

 

The main finding of this study is that indirect exposure to cats
at school may result in worsening of the asthma disease in chil-
dren sensitized to cats.

In the group of children with asthma who denied any con-
tact with furred pets outside school, those in classes with many
cat owners reported decreased morning PEF, more days with
asthma symptoms, and an increased use of 

 

b

 

-agonists after
school started. Their use of inhalation steroids increased over
the whole study period. The children in classes with few cat
owners reported no significant changes in lung function, symp-
toms, or medication.

The results also showed a 9-fold greater risk that asthma

 

TABLE 2. CHANGES IN RESPIRATORY SYMPTOMS AND MEDICATION IN CHILDREN WHO DENY DIRECT EXPOSURE TO FURRED PETS AND
ATTEND CLASSES WITH MANY OR FEW CAT OWNERS

 

Week

High Indirect Cat Exposure*
(

 

n 

 

5

 

 

 

47

 

)
Low Indirect Cat Exposure

 

†

 

(

 

n 

 

5

 

 

 

45

 

)

Difference in Change
from Baseline:

Change in High

 

2

 

Change in Low

Mean

Change from
Baseline
(95% CI) p Value Mean

Change from
Baseline
(95% CI) p Value Difference (95% CI) p Value

Morning PEF, Baseline 334 300
L/min 2 325

 

2

 

9 (

 

2

 

14, 

 

2

 

3)

 

, 

 

0.01 303 3 (

 

2

 

6, 12) 0.54

 

2

 

12 (

 

2

 

22, 

 

2

 

0.8) 0.04
3 326

 

2

 

8 (

 

2

 

14, 

 

2

 

1) 0.02 305 5 (

 

2

 

5, 15) 0.34

 

2

 

13 (

 

2

 

25, 

 

2

 

0.5) 0.04

Asthma, d/wk Baseline 0.66 0.96
2 1.47 0.81 (0.29, 1.32)

 

, 

 

0.01 0.78

 

2

 

0.18 (

 

2

 

0.49, 0.13) 0.26 0.99 (0.39, 1.59)

 

,

 

 0.01
3 1.09 0.43 (

 

2

 

0.05, 0.91) 0.08 0.84

 

2

 

0.12 (

 

2

 

0.40, 0.17) 0.44 0.55 (

 

2

 

0.02, 1.10) 0.06

 

b

 

-Agonist, Baseline 0.18 0.40
daily doses 2 0.35 0.17 (0.02, 0.31) 0.02 0.40 0.00 (

 

2

 

0.11, 0.11) 0.97 0.17 (

 

2

 

0.02, 0.35) 0.07
3 0.29 0.11 (0.04, 0.17)

 

, 

 

0.01 0.44 0.04 (

 

2

 

0.07, 0.15) 0.48 0.07 (

 

2

 

0.06, 0.20) 0.33

Steroids daily Baseline 205 206
dose, 

 

m

 

g 2 238 33 (

 

2

 

4, 70) 0.08 200

 

2

 

6 (

 

2

 

32, 20) 0.65 39 (

 

2

 

7, 84) 0.09
3 240 35 (1, 69) 0.04 211 5 (

 

2

 

36, 47) 0.79 30 (

 

2

 

24, 83) 0.28

* High, 

 

. 

 

18% cat owners in class.

 

†

 

 Low, 

 

< 

 

18% cat owners in class.

Figure 2. Changes from baseline to Weeks 2
and 3 for weekly average morning PEF (L/
min); number of days with asthma symp-
toms; daily doses of b-agonist; and daily ste-
roid dose (mg) for children in classes with
many and few cat owners. Columns repre-
sent the point estimate and error bars the
upper and lower limits of the 95% confi-
dence interval.
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would grow worse after school started if a child attended a
class with many cat owners than if the child attended a class
with few cat owners. These data apply to those who denied di-
rect contact with pets during the study period.

Approximately two of three children, however, reported
direct contacts with pets during the study weeks. There was a
trend toward exacerbated asthma also in this group, although
no effects of indirect exposure to cat allergen at school were
demonstrated. This finding raises the question of whether it is
more dangerous to be indirectly exposed to cat than to actu-
ally encounter one (18). A more likely explanation is that chil-
dren who reported contact with furred pets during the study
weeks had also been exposed during summer holidays to such
an extent that their condition did not deteriorate further when
they were indirectly exposed to cat at school. There may also
be a selection in which children who are highly allergic to cats
and other furred pets make an effort not to encounter them
(19). Such highly sensitive children might be more sensitive to
the relatively low levels of allergen found in classrooms.

The health effects of indirect allergen exposure have, to
our knowledge, not been studied previously. However, several
studies demonstrate an association between decrease in PEF
and exposure to furred animals, for instance, studies of occu-
pational health following exposure to rats (20, 21).

It has been shown that the number of children admitted to
hospital for asthma varies seasonally, with peaks in conjunc-
tions with respiratory infections after school holidays (22, 23).
In the PEACE diary form (16) the questions on fever and sore
throat are posed separately, whereas we chose to combine the

question in the diary form and therefore cannot tell whether
the children have had fever or sore throat or both.

We found that among those who did not report direct pet
contact, more children in the high-exposure group reported
fever and/or sore throat (17 of 47) than in the low-exposure
group (7 of 45). It may be that their allergy worsened because
of cat exposure, and that they reported their symptoms of al-
lergic inflammation in the mucous membranes as sore throat.
It may also be pure coincidence that they had more respira-
tory tract infections than the low-exposed children. One fact
speaks against this, namely that the 17 children attended 17
different classes in 16 different schools with a vast geographi-
cal spread: it is unlikely that there should have been a viral
epidemic only in classes with many cat owners. Children with
severe allergy may react to an infection more strongly than
do children with a mild allergy. However, children in low-
exposed classes had a tendency to have more asthma at base-
line than children in high-exposed classes, which speaks against
the reported fever and/or sore throat in the high-exposed
group being due only to viral infections. Exclusion of children
who reported fever and/or sore throat in the high-exposed
group only slightly changed the point estimates of the main
findings, and taking fever and/or sore throat into account in a
logistic regression model did not change the final results.

The use of PEF monitoring and daily diaries has been rec-
ommended in the management of asthma patients (24–26).
Our ambition was not to evaluate PEF variability, because it is
difficult to accomplish PEF recordings more than twice daily
in a group of children that attend school (26, 27). We chose to

 

TABLE 3. ADJUSTED ODDS RATIOS FOR INDIRECT CAT EXPOSURE ON DECREASED RESPIRATORY HEALTH* AFTER SCHOOL START
(WEEKS 2 AND 3) COMPARED WITH BASELINE BEFORE SCHOOL START (WEEK 0)

 

DRH
Indirect Cat

Exposure

Exposed Outside School (

 

n

 

 

 

5

 

 

 

179

 

)

 

†

 

Unexposed Outside School (

 

n

 

 

 

5

 

 

 

92

 

)

 

‡

 

Total (

 

n

 

 

 

5

 

 

 

271

 

)

 

§

 

n/Total %
Adjusted

 

i

 

OR (95% CI) n/Total %
Adjusted

 

i

 

OR (95% CI) n/Total %
Adjusted

 

i

 

OR (95% CI)

Baseline

 

<

 

 median 13/88 15 0.9 (0.4, 2.1) 2/45 4.4 9.4 (1.9, 46.5) 16/137 12 1.8 (0.9, 3.6)
to Week 2

 

.

 

 median 14/91 15 15/47 32 28/134 21

Baseline

 

<

 

 median 11/88 12 1.6 (0.7, 4.0) 2/45 4.4 6.4 (1.1, 35.4) 14/137 10 2.1 (1.0, 4.3)
to Week 3

 

.

 

 median 18/91 20 10/47 21 27/134 20

* DRH = Decreased respiratory health, defined as at least three of the following: lower PEF; more asthma days; more frequent 

 

b

 

-agonist use; more frequent steroid use.

 

i

 

 Adjusted for sex; age; and fever and/or sore throat (yes/no at baseline and comparison week).

 

†

 

 Median cat owners in class 

 

5

 

 20.

 

‡

 

 Median cat owners in class 

 

5

 

 18.

 

§

 

 Median cat owners in class 

 

5

 

 19.

 

TABLE 4. WEEKLY AVERAGES OF RESPIRATORY SYMPTOMS AND MEDICATION IN CHILDREN WITH AND WITHOUT DIRECT PET CONTACT

 

Week

Confirms Direct Pet Contact (

 

n

 

 

 

5

 

 

 

179

 

) Denies Direct Pet Contact (

 

n

 

 

 

5

 

 

 

92

 

) Total (

 

n

 

 

 

5

 

 

 

271

 

)

Mean
Change from

Baseline (95% CI) p Value Mean
Change from

Baseline (95% CI) p Value Mean
Change from

Baseline (95% CI) p Value

Morning PEF, Baseline 322 318 320
L/min 2 319

 

2

 

3 (

 

2

 

7, 2) 0.24 314

 

2

 

4 (

 

2

 

8, 2) 0.26 318

 

22 (26, 1) 0.11
3 317 25 (29, 21) , 0.01 316 22 (28, 4) 0.62 317 23 (27, 21) 0.02

Asthma, d/wk Baseline 1.05 0.80 0.97
2 1.13 0.08 (20.15, 0.31) 0.51 1.13 0.33 (0.01, 0.64) 0.04 1.13 0.16 (20.03, 0.35) 0.09
3 1.04 20.01 (20.22, 0.20) 0.92 0.97 0.17 (20.12, 0.45) 0.26 1.01 0.04 (20.12, 0.22) 0.58

b-Agonist, Baseline 0.30 0.29 0.30
daily doses 2 0.31 0.01 (20.04, 0.06) 0.62 0.38 0.09 (0.00, 0.18) 0.06 0.33 0.03 (20.01, 0.08) 0.10

3 0.33 0.03 (20.04, 0.08) 0.42 0.36 0.07 (0.01, 0.14) 0.03 0.34 0.04 (0.00, 0.09) 0.08

Steroids daily Baseline 192 205 197
dose, mg 2 203 11 (22, 24) 0.11 219 14 (29, 37) 0.23 208 11 (0, 23) 0.05

3 202 10 (28, 27) 0.27 226 21 (26, 47) 0.12 210 13 (21, 28) 0.07
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use morning PEF as an outcome variable because it was easier
to standardize than evening PEF. Time since last medicine in-
take the evening before was fairly constant, and because morn-
ing PEF was checked within a short time range, the effect of
the circadian rhythm on lung function was minimized (28, 29).

The children who did not respond to the questionnaire and
were subsequently excluded from the study have most likely
not affected the results, because each child constituted its own
control. The study was blinded in that the families could not
determine whether their child attended a class with many or
few cat owners.

We have previously shown that cat allergen is transported
in clothing and dispersed in air. The median levels of airborne
cat allergen Fel d 1 in classes with many (. 25%) cat owners
are approximately 3 ng/m3, which is 5-fold higher than the lev-
els found in classrooms with few (, 10%) cat owners (12).
The findings in the present study indicate that the few nano-
grams of Fel d 1 per cubic meter previously found in classes
with many cat owners may be sufficient to worsen or maintain
an allergic inflammation. On the other hand, they imply that
the levels found in classes with few cat owners are not higher
than in the community in general, and most likely do not con-
stitute a risk to aggravate asthma in children allergic to cats.
Thus, if the levels of cat allergen in school could be reduced to
those in classes with few cat owners, the health of many asth-
matic children with allergy to furred pets would improve.

In conclusion, our findings suggest that asthmatic children al-
lergic to cat suffer a worsening of their disease in relation to indi-
rect exposure to cat at school start. This is most likely the result
of significant exposure to allergens that give rise to airway in-
flammation after a period of nonexposure. It would be of consid-
erable interest to look into possible intervening measures, pref-
erably to take steps to minimize the amount of allergen brought
to school in cat owners’ clothing, a major source of cat allergen.
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