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ABSTRACT

Objective: Among children sensitised to cat dander, the impact of indoor exposure on nasal symptoms, asthma prevalence, and 
control remains unclear. In regions with many free-roaming cats, distinguishing the clinical effects of indoor versus outdoor exposure 
is particularly challenging. This study aimed to compare direct ownership with environmental exposure in respiratory allergies and 
evaluate the independent effects of indoor contact.

Materials and Methods: Between October 2024 and June 2025, children aged 6–18 years who presented with allergic rhinitis and 
had cat-specific sensitisation confirmed by skin prick testing (wheal ≥3 mm) or serum-specific IgE (≥0.35 kU/L) were retrospectively 
evaluated. Participants were classified as “indoor exposure” (household cat) or “outdoor exposure” (no household cat, outdoor contact). 
TNSS, physician-diagnosed asthma, c-ACT, pulmonary function, and laboratory findings were compared between groups. Potential 
confounders, including age, sex, and polysensitisation, were adjusted for using multivariable regression.

Results: A total of 97 children (median age: 12 years; 54% male) were included. The indoor exposure group had higher TNSS values 
(median: 8 vs. 7; p = 0.02), a greater prevalence of asthma (71% vs. 48%; OR = 3.30, 95% CI: 1.17–9.30, p = 0.024), and lower c-ACT/
ACT scores (median: 20 vs. 22; β = –0.376; B = –3.285, 95% CI: –5.806 to –0.765, p = 0.012) compared to the outdoor exposure group. 
In multivariable analyses, persistent rhinitis phenotype and moderate-to-severe rhinitis severity were the main determinants of TNSS. 
In contrast, indoor exposure was the primary factor associated with asthma and poorer asthma control.

Conclusion: Indoor cat exposure is an independent risk factor for asthma development and poor symptom control in children with cat 
dander allergy. TNSS is primarily associated with the rhinitis phenotype and disease severity. In managing children with cat allergy, not 
only pet ownership but also environmental exposure should be clinically considered when evaluating disease control.
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INTRODUCTION

Cat dander is a major allergen known to cause IgE-
mediated sensitisation in more than 10% of individuals 
worldwide. It is recognised as one of the most common 
triggers of allergic diseases such as allergic rhinitis (AR), 
conjunctivitis, and asthma (1). Among several identified 

cat allergens, Fel d 1 is the principal protein associated 
with sensitisation and symptoms. It can be detected not 
only in homes with cats but also in about one-third of cat-
free homes, as it adheres to small particles and disperses 
widely, thereby increasing exposure risk (2).
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In industrialised countries, rising pet ownership and 
energy-efficient building designs further amplify indoor 
Fel d 1 exposure. Allergen accumulation is facilitated by 
upholstered furniture and insulated environments, while 
Fel d 1 can also be transported via cat owners’ clothing 
into cat-free settings. Airborne Fel d 1 levels are regarded 
as the most reliable indicator of exposure, and moderate 
levels in children have even been linked to a greater risk of 
sensitisation compared with high levels (3, 4). This wide-
spread and difficult-to-control exposure contributes to 
symptom exacerbations, particularly in highly sensitised 
individuals, and limits the effectiveness of conventional al-
lergen avoidance strategies.

Studies in patients with confirmed cat allergy provide 
more clinically relevant insights than data from the gen-
eral population. In a controlled exposure study, asthmatic 
patients exhibited rhinitis, conjunctivitis, and both early- 
and late-phase asthmatic responses, with symptom sever-
ity increasing alongside exposure duration. Notably, rhi-
nitis severity was significantly associated with asthmatic 
responses, underscoring that exposure to cat allergen can 
trigger both upper and lower respiratory tract symptoms 
(5). The results suggest that in individuals with cat allergy, 
exposure can trigger not only upper but also lower respira-
tory tract symptoms.

While household cat ownership is a well-established 
risk factor in sensitised individuals (6), outdoor exposure 
may also contribute to symptoms in regions with a high 
density of free-roaming cats. A study from Turkey report-
ed that cat ownership in children with AR and confirmed 
cat allergy was associated with poorer rhinitis control and 
a higher prevalence of asthma (7). In İzmir, where the pre-
sent study was conducted, official data recorded 119,801 
registered cats in 2025; however, the actual outdoor popu-
lation is likely much higher when unregistered and stray 
cats are included (8).

Given that symptoms in sensitised children may be trig-
gered by both indoor and environmental exposure to cats, 
a comparative assessment of exposure types is clinically 
relevant. Therefore, this study retrospectively evaluated 
the impact of indoor cat ownership on nasal symptom se-
verity in children with AR and confirmed cat allergy, and 
secondarily compared indoor and outdoor exposure with 
respect to asthma prevalence, asthma control, pulmonary 
function, and laboratory markers of atopy (skin prick test 
(SPT) wheal diameter, specific IgE, total IgE, eosinophils).

MATERIALS and METHODS

Study Design

This retrospective, cross-sectional study was conduct-
ed by reviewing the electronic medical records (Probel 
system) of children aged 6-18 years who presented with 
AR symptoms to the Department of Pediatric Immunol-
ogy and Allergy between October 2024 and June 2025. 
Eligible patients reported worsening of rhinitis symptoms 
upon cat contact and had confirmed sensitisation to cat al-
lergen. The study was approved by the institutional ethics 
committee (Approval number: 2025/26-27) and carried 
out in accordance with the principles of the Declaration 
of Helsinki. Patients who were sensitised to cat allergen 
but did not report symptom exacerbation upon contact, 
or who had received systemic or local treatment for AR 
(nasal/oral corticosteroids, nasal antihistamines, oral anti-
histamines, or montelukast) within the preceding month, 
were excluded from the analysis (Figure 1). All data were 
entered into a standardised data collection form prior to 
analysis.

Clinical and Laboratory Assessment

The diagnosis and classification of AR were established 
according to the ARIA guidelines, based on symptom 
duration and severity (9). Nasal symptom severity was 
determined from medical records using the Total Nasal 
Symptom Score (TNSS), calculated by rating each of the 
following symptoms—nasal congestion, rhinorrhea, nasal 
itching, and sneezing—on a scale from 0 to 3, with a total 
possible score ranging from 0 to 12 (10).

Sensitisation to cat epithelium (Felis domesticus) was 
defined as a SPT result—wheal diameter ≥3 mm larger 
than the negative control—and/or a positive cat dander-
specific IgE level (≥0.35 kU/L; Thermo Fisher Scientific, 
Uppsala, Sweden). The SPT panel included additional 
aeroallergens: pollens (Poaceae, Artemisia vulgaris, Bet-
ula alba, Olea europaea, Fagus sylvatica, Alnus glutinosa, 
Phleum pratense), house dust mites (Dermatophagoides 
pteronyssinus, D. farinae), animal dander (Felis domesti-
cus, Canis familiaris), molds (Alternaria alternata, Asper-
gillus fumigatus, Cladosporium herbarum), and cockroach 
(Blattella germanica) (Lofarma S.p.A., Milan, Italy). Pa-
tients sensitised to only one aeroallergen were classified as 

“monosensitised,” whereas those sensitised to two or more 
distinct aeroallergens were classified as “polysensitised.”
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analysis, information on exposure (household cat own-
ership) and outcomes (asthma diagnosis, TNSS, c-ACT/
ACT scores, and pulmonary function) was abstracted 
from medical records documented at the same outpatient 
visit. Specifically, TNSS and asthma control scores were 
extracted from patient questionnaires routinely complet-
ed during visits, and pulmonary function test results were 
retrieved from standardised records.

Group Classification and Comparative Analysis

Patients were classified into two groups according to 
the type of exposure:

•	 Indoor exposure group: Patients who had a cat in their 
household.

Patients’ physical examination findings at presenta-
tion (allergic shiners, Dennie-Morgan crease, transverse 
nasal crease) and ocular symptoms (e.g., burning, itching, 
tearing) were retrospectively reviewed. Laboratory assess-
ments included absolute eosinophil count (/mm³) and 
percentage obtained from complete blood count, as well 
as total and cat-specific serum IgE levels (kU/L). Comor-
bid asthma was diagnosed according to the Global Initia-
tive for Asthma (GINA) 2025 guidelines (11). In patients 
with asthma, the treatment step at presentation, pulmo-
nary function test (PFT) parameters [FEV₁, FEV₁/FVC], 
and age-appropriate asthma control scores were recorded: 
the Childhood Asthma Control Test (c-ACT) for children 
aged 6-11 years (12) and the Asthma Control Test (ACT) 
for adolescents aged ≥12 years. For this retrospective 

Figure 1: Flowchart illustrating the patient selection process. Between October 2024 and June 2025, 652 children with AR were evaluated. 
Among them, 178 had confirmed sensitisation to Felis domesticus (defined as SPT wheal ≥ 3 mm or specific IgE ≥ 0.35 kU/L). After 
excluding patients without cat-related symptoms (n = 62) and those who had received medical treatment for rhinitis within the last 
month (n = 19), 97 patients with confirmed cat allergy were included. Based on exposure status, participants were categorised into 
indoor (n = 28) and outdoor (n = 69) exposure groups.
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were classified according to indoor cat ownership into an 
indoor exposure group (n = 28) and an outdoor exposure 
group (n = 69), and these groups were compared in terms 
of clinical findings and laboratory parameters (Table I). 
Notably, it was ascertained that none of the children in the 
outdoor exposure group had a history of prior cat owner-
ship, thereby minimising the risk of misclassification.

In patients with a household cat, the mean age at first 
cat contact was 10 ± 3.5 years, and the mean duration of 
exposure was 35 ± 24 months; 44% reported sleeping in the 
same bed as their cat. Compared with the outdoor group, 
the indoor group had a significantly higher TNSS (medi-
an: 8 vs. 7, p = 0.02), a higher prevalence of asthma (71% 
vs. 48%, p = 0.03), and lower median c-ACT/ACT scores 
(median: 20 vs. 22, p = 0.02). When applying validated cut-
offs for asthma control (c-ACT ≤19 for ages 6-11; ACT 
<20 for ≥12), uncontrolled asthma was observed in 72% 
of the indoor group and 58% of the outdoor group, with 
no significant difference between groups (p = 0.144). Al-
though obstructive patterns on PFT were more frequent in 
the indoor exposure group (30% vs. 9.4%), the difference 
did not reach statistical significance (p = 0.056). No sig-
nificant differences were observed in FEV₁ or FEV₁/FVC 
z-scores between the groups. Additionally, in patients 
with a household cat, neither longer duration of contact 
nor sleeping in the same bed was significantly associated 
with TNSS, ACT score, or asthma prevalence (p > 0.05).

Laboratory measurements revealed no significant 
differences between the groups in cat-specific IgE, total 
IgE, or eosinophil levels. Notably, patients in the outdoor 
group had larger cat SPT wheal diameters (p < 0.001), 
which correlated with cat dander-specific IgE levels (rs = 
0.253, p = 0.04).

In the multivariable linear regression analysis (F[6,88] 
= 5.991, R² = 0.290, p < 0.001), higher TNSS values were 
significantly and positively associated with the persistent 
rhinitis phenotype (β = 0.324, p = 0.001) and moderate-
to-severe rhinitis severity (β = 0.261, p = 0.007) (Figure 
2A). Indoor cat exposure, age, gender, and polysensitiza-
tion were not significantly associated with TNSS (p > 0.05).

In the logistic regression analysis assessing factors as-
sociated with asthma (Nagelkerke R² = 0.094), indoor cat 
exposure emerged as the only independent predictor (B 
= 1.194, OR = 3.30, 95% CI: 1.17-9.30, p = 0.024) (Figure 
2B). Age (p = 0.44), gender (p = 0.70), and the presence of 
polysensitization (p = 0.19) were not significantly associ-

•	 Outdoor exposure group: Patients without a household 
cat who reported symptom exacerbation upon contact 
with cats in outdoor environments.

The groups were compared in terms of clinical findings 
and laboratory parameters to directly assess the impact of 
household cat ownership versus outdoor-only exposure. 
In addition, within the indoor exposure group, the age 
at which the cat was acquired (years), duration of contact 
(months), and intensity of contact (e.g., sleeping in the 
same bed) were analysed in relation to symptom severity 
and asthma-related parameters.

Statistical Analysis

Statistical analyses were performed using IBM SPSS 
Statistics version 29.0 (IBM Corp., Armonk, NY, USA). 
The normality of continuous variables was assessed using 
both visual methods (histograms, Q-Q plots) and ana-
lytical tests (Kolmogorov-Smirnov test). For comparisons 
between two groups, the Independent Samples t-test was 
used for normally distributed variables, while the Mann-
Whitney U test and Kruskal-Wallis test were applied for 
non-normally distributed variables. Correlations between 
continuous variables were evaluated using Pearson or 
Spearman correlation analyses, depending on distribution 
characteristics. Descriptive statistics were presented as 
mean ± standard deviation for normally distributed vari-
ables, median (interquartile range, IQR) for non-normally 
distributed variables, and frequency (n) with percentage 
(%) for categorical variables. Multivariable linear regres-
sion analysis was performed to identify determinants of 
TNSS and c-ACT/ACT scores, while logistic regression 
analysis was used to determine factors associated with 
asthma. Potential confounders, including age, gender, ad-
ditional aeroallergen sensitisations, and indoor cat owner-
ship, were included in the regression models. A p-value 
<0.05 was considered statistically significant.

RESULTS

Of the 97 children included in the study, 54% were 
male, and the median age was 12 years. Most patients 
had moderate-to-severe and persistent rhinitis, and 70% 
reported ocular symptoms. The majority were polysensi-
tised, with pollen and mold allergens being the most com-
mon co-sensitisations. 

The primary analysis was a direct comparison between 
children with and without a household cat. All patients 
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DISCUSSION

In this study, the effects of indoor cat exposure on 
nasal symptom severity, asthma prevalence, and asthma 
control were comprehensively evaluated in children with 
confirmed sensitisation to cat dander. The indoor expo-
sure group had significantly higher TNSS scores, a greater 
prevalence of asthma, and lower c-ACT/ACT scores. Al-
though the association between TNSS and indoor expo-

ated with asthma. In the multivariable analysis of c-ACT/
ACT scores (R² = 0.238, p = 0.046), the independent effect 
of indoor cat exposure persisted (β = -0.376; B = -3.285, 
95% CI: -5.806 to -0.765; p = 0.012), with the median ACT 
score being 3.3 points lower than in the outdoor exposure 
group (Figure 2C). Other variables, including age (p = 
0.07), asthma treatment step (p = 0.39), polysensitization 
(p = 0.14), and gender (p = 0.19), had no significant effect 
on c-ACT/ACT scores.

Table I: Characteristics of the Study Population According to Cat Exposure Type

Indoor exposure (n=28) Outdoor exposure (n=69) General population (n=97) p
Age (years) 13 (10-16) 11 (8-14) 12 (9-14) 0.01
Gender, male (%) 43 58 54 0.18
Rhinitis severity (%)
• Mild
• Moderate-severe

21
79

38
62

33
67

0.12

Rhinitis duration (%)
• Intermittent
• Persistent

29
71

49
51

43
57

0.06

TNSS 8 (7-10) 7 (4-9) 8 (6-9) 0.02
Conjunctival symptoms (%) 77 67 70 0.24
Asthma (%) 71 48 55 0.03
Asthma treatment step 2 (2-3) 2 (2-3) 2 (2-3)  0.81
c-ACT/ACT score 20 (14-21) 22 (19-24) 21 (18-23) 0.02
Airway obstruction (%) 30 9.4 17 0.056
Lung function parameters
• FEV1 z-score
• FEV1/FVC z-score

0.5 ± 1.1
1.1 ± 1.7

0.1 ± 1.1
0.4 ± 1.7

0.1 ± 1.5
0.4 ± 1.6

0.99
0.58

Poly-sensitisation (%) 82 91 88 0.19
Other allergen sensitisations (%)
• Dust mite
• Pollen
• Mold
• Dog dander
• Cockroach

22
75
42
18
5

32
81
31
39
5.4

29
80
33
32
5

0.32
0.49
0.32
0.05
0.95

Laboratory parameters
Eosinophil
• Absolute count (/mm³)
• Percent (%)

500 (300-1100)
5 (4-10)

400 (200-600)
5 (3-7)

400 (300-600)
5 (3-8)

0.051
0.14

Total IgE (kU/L) 256 (91-838) 312 (146-686) 303 (131-730) 0.78
Cat-specific IgE (kU/L) 38 (11-100) 26 (8-100) 29 (10-100) 0.59
Cat SPT wheal size (mm) 4 (3-5) 5 (4-7) 5 (4-7) <0.001

TNSS: total nasal symptom score, c-ACT: childhood asthma control test, ACT: asthma control test, FEV₁ z-score: forced expiratory volume 
in 1 second, expressed as z-score, FEV₁/FVC z-score: z-score of forced expiratory volume in 1 second to forced vital capacity ratio, IgE: 
immunoglobulin E, SPT: skin prick test
*Continuous variables are presented as mean ± SD or median (IQR: 25th–75th percentile), as appropriate. Categorical variables are presented as 
number (%).
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sure lost significance in multivariable analyses, the effects 
on asthma and asthma control remained independent. 
Conversely, variables such as duration of exposure and 
sleeping in the same bed with the cat were not signifi-
cantly associated with symptom severity or disease con-
trol. These findings indicate that, while the contribution of 
environmental exposure cannot be overlooked, the pres-
ence of a household cat constitutes a notable risk factor for 
lower respiratory tract symptoms.

TNSS is a widely used measure of subjective effects of 
allergen exposure (13). In our study, although TNSS was 
higher in children with indoor cat exposure, this associa-
tion lost significance in multivariable regression analyses. 
The finding that persistent and moderate-to-severe rhini-
tis were the strongest determinants of TNSS suggests that 
symptoms are influenced not only by exposure but also 
by disease characteristics, consistent with previous reports 
(14). SPT wheal diameter was larger in the outdoor group, 
correlated only with cat-specific IgE, supporting the view 
that skin test size reflects sensitisation rather than clinical 
severity.

In regions with a high cat population, environmental 
exposure can be substantial even in the absence of a house-
hold cat. Indeed, a study conducted in İzmir demonstrated 
detectable levels of Fel d 1 allergen in house dust samples 
from homes without cats, with a reported cat sensitisa-
tion rate of 44.7% (15). Similarly, our findings indicate 
that outdoor exposure may play a non-negligible role in 
the development of clinical symptoms among sensitised 
individuals.

On the other hand, indoor cat exposure in our study 
was significantly associated with both asthma preva-
lence and disease control. Multivariable analysis showed 
that children with a household cat had an approximately 
threefold increased risk of asthma and lower c-ACT/ACT 
scores, independent of age, gender, treatment step, and 
polysensitisation. This supports the hypothesis that cat 
dander may promote lower airway inflammation and im-
pair asthma control in sensitised children.

Several studies have reported that cat sensitisation dur-
ing childhood is a strong predictor of asthma development 
in adolescence (16, 17). In contrast, others have found no 
association or even a protective effect of early-life expo-
sure (18-20). These contrasting findings highlight the role 
of timing. While early exposure may induce tolerance, the 

Figure 2: Forest plots illustrating the results of multivariate 
regression models assessing the association between clinical 
and demographic variables and (A) Total Nasal Symptom Score 
(TNSS), (B) asthma presence, and (C) asthma control test (ACT) 
in children with confirmed AR and cat dander allergy. Each 
model presents standardised beta coefficients and corresponding 
95% confidence intervals (CI) for the predictors. The vertical 
dashed line represents the null value (β=0). Statistically 
significant associations (p<0.05) were identified for persistent 
and moderate-severe rhinitis in the TNSS model (A), and for 
indoor cat exposure in both the asthma prevalence (B) and ACT 
(C) models.

A

B

C
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