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Abstract
Background: The prevalence of allergy to furry animals has been 

increasing. An important factor in induction of allergic inflammation 
is interleukin-33 (Il-33). Molecular based diagnosis of allergies is an 
important advancement in improving sensitivity and specificity.

Objective: The study included 51 children aged 5-18 years, allergic 
to cats, under the care of an allergy clinic. 

Method: The current child health status assessment was performed 
by an allergist. Children were evaluated for the presence of bronchial 
asthma, atopic dermatitis, allergic rhinitis. A questionnaire evaluating 
the occurrence of allergic symptoms after contact with the cat and dog 
was performed. All children were also assessed for the occurrence of the 
above-mentioned allergic symptoms after contact with the dog. Mothers 
also completed a questionnaire regarding cat and dog exposure: a) 
during pregnancy, b) later in life (in the first two years of the child’s life 
and over the age of 2 years).

From all children, a blood sample was taken to measure IgE serum 
levels to cat and dog epitopes and the level of Il-33 in the serum. IgE 
serum levels were determined to the following cat epitopes: Fel d (1,2,4), 
and dog components: Can f (1,2,3,5).

Results: We have shown that when cat and dog epitopes were present 
at the same time, there was a correlation with the level of Il-33: negative 
with cat epitopes (p = 0.027) and positive with dog epitopes (p<0.001). 
The presence of Fel d 2 and Can f 3 was associated with a lower level of 
Il-33, whereas the presence of Can f 5 significantly increased the level of 
Il-33. We demonstrated a positive correlation between the level of Il-33, 
and the number of dog epitopes (p = 0.004) but not with the number of 
cat epitopes (p = 0.814).

Conclusion: The identification of biomarkers of allergic diseases 
may be important for the diagnosis and treatment of the future.

Keywords: Children, Il-33, Cat sensitization, Epitopes.

Introduction
Dog and cat allergens are a common cause of allergic sensitization 

and triggering respiratory symptoms worldwide. In the ECAP study it 
was observed that in the Polish population allergy to cat allergens is on 
average 13.5%, and for a dog 9.7% [1]. According to the latest research, 
over half of Poles (52%) have any pet in their household. Most often it 
is a dog or a cat. Forty two percent of Poles declare that they have a dog, 
26% cat, and 5% other animals [2].
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Molecular based diagnosis of allergies is an important 
advancement in improving sensitivity and specificity [3]. 
The major cat allergen is Fel d 1, a uteroglobin [4]. It is 
produced in the skin and salivary glands [5,6] and is the 
sensitizing allergen in up to 95% [7]. Other allergens are 
serum albumin Fel d 2 [8], which is important for cross-
reactivity to serum albumins of other animals, and lipocalin 
Fel d 4 [9], which cross-reacts with lipocalin allergens from 
other animals [10]. Further cat allergens have also been 
characterized, such as cystatin Fel d 3 [11], cat IgA Fel d 5 
and IgM Fel d 6 [12], lipocalin Fel d 7 and latherin-like Fel d 
8 [13]. As dog allergens have been identified, seven proteins 
were designated serially as Can f 1 to Can f 7. Can f 1, Can f 
2, Can f 4, and Can f 6 are members of the lipocalin family, 
which is composed of various secretory lipid-transport 
proteins [14]. On the other hand, Can f 3, Can f 5, and Can f 
7 have been classified as serum albumin, urinary kallikrein, 
and epididymal secretory protein [15,16]. In allergology, 
lipocalins represent a significant protein group as major 
mammalian respiratory allergens from dogs, cats and mice 
belong to this family [17,18].  Of the lipocalin allergens, Can 
f 1 was reported as a major dog allergen, where no less than 
50–75% of dog-allergic subjects were sensitized [18].

The prevalence of allergy to furry animals has been 
increasing. An important factor in induction of allergic 
inflammation is interleukin-33 (Il-33), a member of the 
interleukin-1 (Il-1) cytokine family [19]. Il-33 is a tissue-
derived nuclear cytokine produced by endothelial cells, 
epithelial cells, fibroblast-like cells, and myofibroblasts. Il-33 
needs the specific receptor ST2 (membrane-bound receptor) 
and Interleukin-1 receptor accessory protein heterodimer 
for its binding, which instigates the production of different 
types of cytokines and chemokines that have crucial roles 
in the exacerbation of allergic diseases and inflammation 
[20,21]. Il-33 acts not only as a Th2-inducing cytokine, but 
also as a proinflammatory cytokine in various other immune 
responses [22-24]. 

The present study aimed to determine the relationship 
between interleukin-33 and IgE cat and dog components as 
well as clinical symptoms in children sensitive to cat allergen.

Patients and Methods 
Patients

The study included 51 children aged 5-18 years, 
Caucasian, allergic to cat, under the care of our allergy clinic. 
They were considered to have a cat allergy if they suffered 
from one or more of allergy symptoms during contact with 
the cat; sensitization to cat allergen was confirmed by skin 
prick tests or specific IgE. All patients were also tested for 
allergy to house dust mites, mold, pollen, and other animals 
by skin prick tests or specific IgE. The current child health 
status assessment was performed by an allergist at the study 
visit. Children were evaluated for the presence of bronchial 
asthma, atopic dermatitis, and allergic rhinitis. The definition 
of asthma used was based on the Global Initiative for Asthma 
(GINA) guidelines [25]. Atopic dermatitis was diagnosed 
according to the revised Hanifin and Rajka criteria [26]. The 
diagnosis of allergic rhinitis was performed according to 
ARIA guidelines [27]. 

Study design
There was one study visit. A questionnaire evaluating 

the occurrence of allergic symptoms, such as: eye symptoms 
(tearing, redness, pruritus), nasal symptoms (sneezing, 
nasal itch, runny nose), skin changes, symptoms from the 
side lower respiratory tract (cough, shortness of breath, 
wheezing) in children after contact with the cat and dog 
was performed. Mothers completed also a questionnaire 
regarding cat exposure: a) during pregnancy (permanently 
at home or periodically in other people who have a cat), 
b) having a cat at home in the first two years of the child’s 
life and over the age of 2 years. All children were also 
assessed for the occurrence of the above-mentioned allergic 
symptoms after contact with the dog. Mothers completed 
analogous questionnaires regarding contact with the dog 
during pregnancy and after childbirth. Information about 
having other animals at home was also collected and species 
of pet possessed (rabbit, hamster, guinea pig, fish, birds). At 
the study visit, from all children, a blood sample was taken 
to measure the IgE serum levels to cat and dog epitopes and 
the level of Il-33 in the serum. In all children IgE serum levels 
were determined to the following cat epitopes: Fel d 1, Fel d 
2, Fel d 4, and dog components: Can f 1, Can f 2, Can f 3, Can 
f 5.

Laboratory measurements
Commercial enzyme-linked immunosorbent assays 

(ELISA) were applied to measure serum levels of Il-33 
(Biorbyt, USA). The assay was conducted using the protocols 
recommended by the manufacturers (standard range: 15.6–
1000 pg/ml sensitivity: 4.14 pg/ml). 

IgE serum levels to cat and dog components above 0.35 
IU/ml were defined as a positive reaction. Serum samples 
were analysed for IgE antibodies using the ImmunoCAP® 
system according to the manufacturer’s guidelines (Phadia 
AB, Uppsala, Sweden). Serum samples from venous blood 
were used. The samples were stored at -20 °C. ImmunoCAP 
Specific IgE detects IgE antibodies in the range 0 to 100 
kUA /l, where A represents allergen-specific antibodies. 
The result is reported quantitatively. In clinical practice, 
0.35 kUA /l has commonly been used as a cut-off. Clinical 
performance is expressed as sensitivity, ranging from 84-95 
%, and specificity, ranging from 85-94%. 

The study was approved by the Ethical Committee of the 
Medical University, Lodz, Poland; RNN/39/14/KE; written 
consent was obtained from all the subjects before the study. 

Statistical analysis 
The numerical variables were described by way of 

measures of location – arithmetic or geometric mean; 
measures of dispersion – standard deviation, 95% confidence 
interval, and minimum and maximum values. The categorical 
variables were depicted through absolute numbers and 
percentages. Multivariate logistic regression models (for 
binary dependent variables such as e.g. allergy symptoms) 
were carried out in order to test statistical relationships. 
Generalized linear models with robust standard errors (i.e. 
sandwich estimators) were fitted for numerical dependent 
variables (e.g. Il-33 levels). Il-33 concentrations had been 
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natural log transformed prior to run the analyses. Some 
variables, which revealed the perfect prediction (i.e., when 
each study participant or none of them displayed a specific 
trait), were excluded from the regression equations. All 
the models were controlled for the studied patients’ age 
and gender. A level of P < 0.05 was deemed statistically 
significant. All the statistical computations were carried out 
by means of Stata/Special Edition, release 14.2 (StataCorp 
LP, College Station, Texas, USA).

Results 
Baseline characteristic of the studied patients is 

presented in Table 1.

We have shown that when cat and dog epitopes were 
present at the same time, there was a correlation with the 
level of Il-33: negative with cat epitopes (p = 0.027) (Figure 
1a), and positive with dog epitopes (p <0.001) (Figure 1b). 
The level of Il-33 significantly increased in children who 
had any dog epitope and contact with a dog, regardless of 
symptoms occurrence (p = 0.002). However, in patients 
with symptoms from the skin after contact with a dog - 
concentration of IL-33 was significantly higher (p <0.023) 
(Table 2). The presence of Fel d 2 and Can f 3 was associated 
with a lower level of Il-33, whereas the presence of Can f 5 
significantly increased the level of Il-33 (Table 3). A positive 
correlation between the IgE level for the Can f 5 epitope 
and the concentration of IL-33 was demonstrated (p = 0.009) 
(Figure 2). We demonstrated a positive correlation between 
the level of Il-33, and the number of dog epitopes (p = 0.004) 
(Figure 3) but not with the number of cat epitopes (p = 0.814).

There was no statistical relationship between the level of 
Il-33 and the occurrence of any symptoms after contact with 
the cat, both in children who had and did not have epitopes 
for the cat (4 from 51 children). There was no relationship 
between Il-33 concentration and any contact with cat or 
dog at home (either permanent or occasional) (Figure 3). 
We didn’t show a correlation between the level of Il-33, the 
number of epitopes for cat and dog, and the occurrence of 
asthma (p = 0.651) or atopic dermatitis (p = 0.274).

Discussion
Il-33 plays an important role in allergy, as it was shown 

to be a mediator of inflammation and fibrotic damage [28]. 
Recently, Il-33 has been considered as an emerging key 
factor in the development of allergic diseases [29]. Notably, 
Il-33 expression is up-regulated in the bronchial mucosa 
of asthmatic patients related to disease severity [30,31]. 
Many authors have shown higher levels of Il-33 in asthmatic 
patients [32-34]. Ravanetti et al. demonstrated that Il-
33 was necessary to drive asthma exacerbations [35]. In 
addition to promoting Th2 inflammation, Zoltowska et al. 
suggest a role for the Il-33/ST2 pathway for the induction of 
peripheral inflammation and mucus production that causes 
airway hyper responsiveness (AHR) in the peripheral lung 
in a house dust mite mouse model of asthma [36].

In our study the level of Il-33 significantly increased in 
children who had any epitope for a dog (p = 0.002), and also 
significantly decreased when these children experienced 
any symptoms after contact with the dog (p<0.001). 
Particularly noteworthy are symptoms from the skin after 

Investigated trait
Statistical parameter

M SD 95% CI Min. – max.
Age (years) 11,9 3,40 10,9-12,8 6-18
IL-33 (pg/ml) 137,7 195,5 82,8-192,7 6,7-952,6

Gender (F/M)
N % N %
18 35,3 33 64,7

Symptoms after contact with the cat (Y/N) 39 76,5 12 23,5
Symptoms after contact with the dog (Y/N) 26 51,0 25 49,0
Presence of other pets (Y/N) 7 13,7 44 86,3
Asthma (Y/N) 46 90,2 5 9,8
Allergic rhinitis (Y/N) 51 100,0 0 0,0
Atopic dermatitis (Y/N) 6 11,8 45 88,2

Table 1: Baseline characteristics of the studied patients (n = 51).

Symptoms after contact 
with dog/cat

Symptoms present Symptoms absent Level of 
statistical 

significance 
(p-value)**

M* SD 95% CI Min.-max. M* SD 95% CI Min.-max.

Cat – any 64,20 1,33 41,44-99,46 6,70-952,60 69,52 0,97 37,50-128,90 21,70-338,60 = 0,292
Cat – ocular 63,09 1,18 40,86-97,44 8,20-952,60 69,45 1,37 35,86-134,51 6,70-789,60 = 0,645
Cat – nasal 66,73 1,28 42,01-106,01 6,70-952,60 63,20 1,21 34,60-115,43 8,20-469,70 = 0,563
Cat – cutaneous 75,64 1,04 35,89-159,41 18,10-469,70 66,50 1,27 43,99-100,53 6,70-952,60 = 0,730
Cat – lower airways 58,63 1,29 25,75-133,49 11,30-952,60 67,75 1,25 44,98-102,04 6,70-789,60 = 0,729
Dog – any 73,97 1,41 30,27-180,76 11,40-952,60 62,96 1,21 42,31-93,67 6,70-789,60 = 0,497
Dog – ocular 79,24 1,76 N/A 16,10-952,60 64,36 1,22 44,84-92,36 6,70-789,60 = 0,336
Dog – nasal 78,71 1,50 19,60-316,15 11,40-952,60 63,50 1,22 43,66-92,36 6,70-789,60 = 0,454
Dog – cutaneous 131,72 0,74 N/A 63,80-370,5 60,54 1,27 41,32-88,72 6,70-952,60 = 0,023
Dog – lower airways 91,67 1,39 25,35-331,58 12,10-952,60 61,94 1,23 42,42-90,45 6,70-789,60 = 0,385
(*Geometric means were provided. ** Main effects were tested.)

Table 2: Blood concentrations of Il-33 (pg/mL) in the studied patients by presence of symptoms after contact with the cat and/or with the dog (n = 50) (presented as 
mean, standard deviation, 95% confidence interval, and min.-to-max. values).
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Epitope

Epitope present Epitope absent Level of 
statistical 

significance 
(p-value)**

M* SD 95% CI Min.-max. M* SD 95% CI Min.-max.

Fel d 1 65,25 1,27 44,57-95,51 6,70-952,60 67,19 1,15 N/A 11,30-206,60 = 0,342
Fel d 2 44,22 1,17 N/A 6,70-153,90 68,35 1,26 46,83-99,77 8,20-952,60 = 0,041
Fel d 4 55,44 1,34 23,71-129,60 6,70-552,40 68,96 1,23 46,02-103,32 8,20-952,60 = 0,682
Can f 1 97,51 1,37 46,88-202,81 6,70-789,60 54,24 1,15 36,25-81,15 11,40-952,60 = 0,138
Can f 2 93,59 1,42 21,00-417,13 12,10-552,40 62,32 1,23 42,88-90,59 6,70-952,60 = 0,516
Can f 3 37,21 1,13 11,38-121,73 6,70-153,90 70,67 1,25 48,28-103,45 8,20-952,60 = 0,012
Can f 5 144,97 1,20 74,61-281,69 6,70-552,40 47,38 1,13 31,97-70,23 8,20-952,60 = 0,030

(*Geometric means were provided. ** Main effects were tested.)

Table 3: Blood concentrations of Il-33 (pg/mL) in the studied patients by presence of selected epitopes  from the Fel d and Can f family (n = 50) (presented as mean, 
standard deviation, 95% confidence interval, and min.-to-max. values).

                     

ba

Figure 1: Correlation of natural log of the IL-33 level (pg/mL) and the number of IgE epitopes for cat (a) and dog (b) epitopes present 
at the same time in the studied patients.

Figure 2: Correlation of natural log of the IL-33 level (pg/mL) and Can f 5 epitope level in the studied patients. 
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contact with the dog - significantly affecting the increase 
in Il-33 concentration (p<0.001) with simultaneous strong 
dependence on the occurrence of dog epitopes (p<0.001). 
Our results suggest that higher serum Il-33 levels are not 
associated with asthma in dog allergic children compared 
to non-asthma children. Gasiuniene et al proved, that Il-
33 is increased in asthma patients, particularly in some 
phenotypes: allergic asthma and eosinophilic asthma [34]. 
Recently, Qiao and Chen demonstrated that the serum levels 
of Il-33 were significantly up-regulated in both allergic 
rhinitis and allergic asthma patients compared with normal 
individuals [37]. 

We found that the presence of Fel d 2 causes a reduction 
in the level of Il-33, the presence of Can f 3 also reduces the 
level of Il-33, whereas the possession of the epitope Can f 5 
increases the concentration of Il-33. 

Tsolakis et al demonstrated that levels of IgE to lipocalin 
(Fel d 4) and serum albumin (Fel d 2), but not to secretoglobin 
(Fel d 1) or cat extract, were independently associated 
with type-2 biomarkers and total IgE in young asthmatics 
[38]. Uriarte at al showed, that Can f 1 was associated with 
persistent rhinitis, Can f 2 with asthma diagnosis, Can f 3 with 
severity of rhinitis and asthma, and Can f 5 to both persistence 
and severity of rhinitis. Sensitization to several allergens in 
patients (1, 2, 3 or 4) was associated with persistent asthma 
or rhinitis, and with moderate severity. Direct contact with 
dogs was associated with both, persistency and severity 
of rhinitis [39,40]. Fel d 2 was associated with severity of 
rhinitis and asthma. Fel d 4 was associated with presence of 
asthma symptoms. Direct contact with cats was associated 
both with persistence and severity of rhinitis [41]. Bjerg et 
al. reported a higher prevalence of asthma in children co-
sensitized to Fel d 1 and Fel d 4 than in children sensitized 
to Fel d 1 alone [42]. They also saw a higher prevalence of 
reported asthma (55%) in patients with IgE reactivity, not 
only toward Fel d 1, but also toward Fel d 2 and/or Fel d 4.

Gent at al found that children sensitized and exposed to 
pet allergen were at significantly increased risk of wheeze 

(by 39% and 53% for Fel d 1 >0.12 µg/g, Can f 1>1.2 µg/g, 
respectively) [43]. The most frequent allergy symptoms of 
cat owners with a cat allergy during contact with their cats 
were rhinitis (sneezing, rhinorrhea, nasal congestion and 
itching, postnasal drip) (80.0%), followed by conjunctivitis 
(73.3%), cutaneous symptoms (skin itching, skin rash, 
angioedema, urticaria) (33.3%), and lower respiratory 
symptoms (sputum, dyspnea, chest discomfort and pain, 
wheezing) (13.3%). Dog owners with a dog allergy suffered 
from cutaneous symptoms more frequently than cat owners 
with a cat allergy (53.3% vs 33.3%), especially in terms 
of urticaria (35.9% vs 15.6%). Dog owners with a dog 
allergy also experienced lower respiratory symptoms more 
frequently than did cat owners with a cat allergy (33.3% vs 
13.3%), especially cough (23.3% vs 6.7%) [44]. Researchers 
found that Il-33 was significantly up-regulated in atopic 
asthmatic patients compared to healthy controls [45,46]. 
In our study, there is no statistical relationship between 
the level of Il-33 and the occurrence of any symptoms after 
contact with the cat, both in children who had and did not 
have epitopes for the cat. We did not show a correlation 
between the level of Il-33 and the number of epitopes for the 
cat and the dog and the occurrence of asthma (p = 0.651) or 
atopic dermatitis (p = 0.274).

Our study has some limitations, including the small 
number of subjects. On the other hand, all patients had 
the same ethnicity - Caucasian, which makes it more 
homogeneous with a small group of patients. It also lacks 
control group with children who are not sensitized to cat 
living and not living with cat. Therefore, it is very difficult 
to sort out the role of a single cytokine and its relationship 
to the environment in a real world setting, where the 
environmental exposures are based on retrospective history 
and numerous other confounding exposures exist. In our 
study, all children were diagnosed with allergic rhinitis, 
which is why the disease was not taken into account in the 
statistical analysis. Käck et al stated that, sensitization to 
an increasing number of  dog  allergen components and to 
lipocalins is associated with dog allergy. Our study showed 
a directly proportional dependence between the level of Il-
33 and the number of IgE epitopes for the dog (p = 0.004). 
In addition, we have shown that when having cat and dog 
epitopes at the same time, there is a relationship between 
the level of Il-33: inversely proportional to cat epitopes 
(p = 0.027) and directly proportional to dog epitopes (p 
<0.001). We didn’t find any relationship between the level 
of Il-33 and the number of IgE epitopes for the cat (p = 
0.814). Monosensitization to Can f 5 should not be regarded 
primarily as a marker for dog allergy [47]. Sensitization to 
Can f 5 was also recently highlighted among children with 
severe asthma who, compared with children with controlled 
asthma, had an IgE response to more than 3 animal-derived 
allergen molecules, of which Can f 5 was one [48,49].

Conclusion
Airway epithelial cells secrete Il-33 in response to the 

different allergens. Il-33 can be a useful biomarker to detect 
atopic asthma.  In our study, we demonstrated, a positive 
correlation between the level of Il-33, and the number of IgE 

Figure 3: Correlation of natural log of the IL-33 level (pg/mL) and the 
number of IgE epitopes for the dog in the studied patients.
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epitopes for the dog (p = 0.004). The presence of the epitope 
Can f 5 significantly increases the concentration of Il-33. 
However, we did not find any correlation between the level 
of Il-33 and the occurrence of cat epitopes.  Interleukin-33 is 
a unique cytokine that plays an essential role in regulating 
immune responses in allergic diseases. Mechanisms of 
the release, expression and regulation of IL‑33 in allergic 
diseases are not yet defined. Identification of biomarkers 
of atopic asthma may be useful in the future in diagnostics, 
determining the stage of advancement, and monitoring the 
treatment in various allergic diseases.
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