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Background: The prevalence of allergies has increased significantly in the past decade. 
Further research on allergic diseases caused by furry animals is of great importance for the 
clinical prevention, diagnosis and treatment of allergies.
Objective: To identify the sensitization profile and clinical association of various furry 
animal crude extracts and components based on component resolved diagnosis (CRD).
Methods: A total of 211 patients with allergic rhinitis with sensitivities to cats and/or dogs 
were recruited, and the specific immunoglobulin E (sIgE) against various furry animals (such 
as dog/cat extracts and their components, pigeon, parrot, duck, chicken, sheep, rat, mouse, 
goose, cow and horse extracts) were measured to analyze the sensitization profiles, cross- 
reactivity and clinical relevance with regards to allergies.
Results: A total of 91.67% of cat-sensitized patients were sensitive to Fel d 1, while only 
16.03% of cat-sensitized patients responded to Fel d 2. Can f 1 and Can f 5 were the major 
components of dogs, and the positive rates were 23.53% and 16.18%, respectively. 
Twenty percent of patients were sensitized to 10 other furry animals, and the positive rate 
was between 0% and 19.12%. There was a significant correlation between components (Can 
f 1–5 and Fel d 2) and 5 furry animals (mouse, sheep, Horse, rat, cow), especially between 
serum albumin (SA) (Can f 3, Fel d 2) and furry animals. Most of the animal crude extracts 
and components sensitization rates in patients who were SA-positive were significantly 
higher than that of patients who were SA-negative. In particular, for sensitization to mice, 
sheep, horses, rats and cows, more than 10-fold higher in patients who were SA-positive than 
in patients who were SA-negative. The VAS of symptoms and life of quality (LoQ) in the 
SA-sensitized patients was higher than that in unsensitized patients, and the patients with 
lipocalin sensitivities had a worse LoQ.
Conclusion: Serum albumin Fel d 2 and Can f 3, as minor allergens in cats and dogs, but 
not lipocalin or prostatic kallikrein, is associated with other furry animals presumably due to 
serum albumin cross-reactivity. Patients sensitized with serum albumin had a significantly 
higher risk of sensitization to other animals and had a higher rhinitis VAS score.
Keywords: serum albumin, furry animals, allergy rhinitis, component-resolve diagnosis, 
cross sensitization

Introduction
Over the past three to four decades, the morbidity of allergic diseases such as 
allergic rhinitis (AR) and asthma (AS) has increased globally, and allergic diseases 
have become a serious global health problem. Furry animals are major sources of 
indoor allergens and have been widely studied as a major risk factor for airway 
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allergic diseases.1–3 With the increasing frequency of pet 
ownership (especially cats and dogs), the risk of allergies 
is also increasing.4 More than half of the global population 
have a pet in their home. An international study from 22 
countries showed that in China, 25% of people own a dog 
and 10% of people own a cat in their household.5 Some 
studies found that individuals who are sensitized to cats 
and dogs have a higher risk of developing allergies to 
other furry animals,6 and this may aggravate allergic air-
way hyper-responsiveness and airway inflammation, low-
ering quality of life.7

The routine diagnosis of allergies to furry animals 
based on crude extracts is usually not sufficient to explain 
the poly-sensitization and clinical correlation. Component 
resolved diagnosis (CRD) allows for identification of 
cross-reactions and the investigation of clinical response 
at the molecular level.8 Immunoglobulin E (IgE)-mediated 
chronic airway allergic diseases caused by furry animals 
are becoming increasingly common. Many patients may 
also be sensitive to more than one furry animal; therefore, 
the detection of the components of furry animals is helpful 
in evaluating the clinical relevance and identifying risk 
markers for allergic symptoms.9

Allergen molecules in cats (Felis domesticus) and dogs 
(Canis familiaris) have previously been widely described. The 
lipocalin protein family is the most important aeroallergen in 
furry animals. Although some lipocalin allergens share only 
18–25% sequence identity, their 3-Dimensional structures are 
highly similar.10 It was reported that there is a cross-reaction 
among furry animal lipocalin proteins (such as Can f 1 and 2, 
Fel d 7 and 4, Equ c 1, Mus m 1 and Bos d 2).11–13 Some furry 
animals` serum albumin (SA), such as Can f 3 (dog), Fel d 2 
(cat), Bos d 6 (cow), Equ c 3 (horse), Cav p 4 (guinea pig), Sus 
s 1 (pig) and Gal d 5 (chicken), have been well identified and 
officially confirmed by the International Union of 
Immunological Societies (IUIS) allergen nomenclature sub-
committee [http://www.allergen.org].14 To verify the cross- 
reactivity between SA, the results of previous studies have 
demonstrated that SA in rats, mice, chickens and other animals 
can induce the release of histamine from basophils in patients 
with sensitivities to dog SA, and approximately 30% of 
patients who are allergic to cats or dogs can react with albumin 
from different furry animals (such as pig, cattle, horse, guinea 
pig, rabbit, etc).15,16 Can f 5, a prostatic kallikrein (PK) 
expressed in male dog prostates, has been identified as another 
major dog allergen.17

Although most people are tolerant to SA in mammals, 
there are still a few people who develop severe allergic 

reactions to SA. It has been reported for decades that there 
is an IgE cross-reaction among the SA of dogs, cats, 
horses, mice and cattle, which is associated with the clin-
ical symptoms and lung function of patients.16,18–20 At 
present, there have been some studies about allergic 
respiratory diseases caused by SA from cat and dog hair 
and dander. However, little research has focused on the 
cross-reaction and co-sensitization among furry animals 
(such as sheep, rats, mice, cows, horses, etc.) and the 
effects of this cross-reactions on the clinical symptoms 
of sensitized patients.

In the current study, 211 patients with AR and/or AS 
were enrolled to evaluate their visual analog scale (VAS) 
scores for symptoms and life of quality (LoQ). The spe-
cific IgE (sIgE) levels against various furry animal pro-
teins (such as dog/cat extracts and their components, and 
pigeon, parrot, duck, chicken, sheep, rat, mouse, goose, 
cow and horse extracts) were measured. We analyzed the 
sensitization profiles, cross-reactions and impact of AR in 
patients to provide reasonable recommendations for the 
prevention and clinical diagnosis of furry animal allergies.

Materials and Methods
Subjects
This study was conducted from January 2017 to 
December 2019 at the Department of Allergy and Clinical 
Immunology and the Department of Pediatrics at the First 
Affiliated Hospital of Guangzhou Medical University. 
Subjects who fulfilled all of the following criteria were 
enrolled: 1) AR with or without AS confirmed by experi-
enced clinicians according to the guidelines of Allergic 
Rhinitis and its Impact on Asthma (ARIA)21 and the 
Global Initiative for Asthma guidelines (GINA) (http:// 
ginasthma.org/gina-reports); 2) currently have symptoms 
related to rhinitis; 3) have sensitivities to cat and/or dog 
allergens as screened and confirmed by the EUROLINE 
system (sIgE ≥0.35 IU/mL); 4) all ages and genders were 
enrolled; 5) have been informed of the research purpose and 
voluntarily signed the informed consent form. The exclusion 
criteria were (1) history of specific allergen immunotherapy, 
(2) upper respiratory infection or chronic rhinosinusitis, (3) 
the use of concomitant medications (eg, antihistamines, 
intranasal corticosteroids) that could affect AR symptoms 
within 2 weeks before enrollment, and (4) pregnancy or 
lactation. The flow chart of this study is shown in 
Figure 1. A total of 211 patients with AR with or without 
AS were included. According to the sensitization of cat and 
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dog allergens, the patients were divided into cat-sensitized 
only (N=75), dog-sensitized only (N=55) and both cat and 
dog double-sensitized (N=81). Five milliliters of venous 
blood was collected from each patient, the blood was cen-
trifuged at 1000 xg for 10 min, and the serum was stored at 
−80°C until use.

Questionnaire
The VAS was proposed by the Joint Task Force on Practice 
Parameters and is a simple quantitative measure largely used 
to assess the symptom severity and LoQ of patients with 
AR.22 A VAS score of 0–10 was used to evaluate nasal 
(sneezing, rhinorrhea, nasal congestion, nasal itching, and 
loss of sense of smell) and ocular (eye itching, conjunctival 
redness, watery eyes, and eyelid edema) symptoms and LoQ 
(impact on sleep, impact on work life, impact on social life, 
and physical activities). A response of 0 was “no symp-
toms”, and 10 was “very severe symptoms”. Since we 
cannot confirm whether the patient’s nose symptoms are 
caused by furry animals through the provocation test (the 
local ethics committee forbids Allergen Challenge Test), we 
can only score the patients’ existing rhinitis symptoms with-
out exploring whether these symptoms are caused by furry 
animals

Measurement of Allergen-sIgE
SIgEs (major recombinant and natural extract) for the fol-
lowing allergen sources was measured by EUROLINE 
(EUROIMMUN AG, Lübeck) according to the manufac-
turer’s instructions: dog, cat, pigeon, parrot, duck, chicken, 
sheep, rat, mouse, goose, cow, and horse. SIgEs against cat 
and dog major allergen components were measured and 
included the allergen components Can f 1, Can f 2, Can 
f 3, Can f 4, Can f 5 and Fel d 1, Fel d 2. sIgE levels were 
expressed in international units per milliliter (IU/mL) with 
the following range: 0.35–100 IU/mL. Tests with sIgE level 
less than 0.35 IU/mL were defined as sIgE-negative, and 
tests with sIgE levels greater than or equal to 0.35 IU/mL 
were defined as sIgE-positive. SIgE-positive tests were cate-
gorized into the following 6 classes: class 1 (≥ 0.35 to < 0.70 
IU/mL), class 2 (≥ 0.70 to < 3.50 IU/mL), class 3 (≥ 3.50 to 
< 17.50 IU/mL), class 4 (≥ 17.50 to < 50 IU/mL), class 5 (≥ 
50 to < 100 IU/mL), and class 6 (≥ 100 IU/mL).

Statistical Analysis
Categorical data are reported as percentages which show the 
proportion of positive sIgE patients. Proportions were com-
pared between the groups using the chi-squared test (χ2), 
and the F-test was used to compare the variance of data 

Dog sensitized only
(N=55)

Cat sensitized only
(N=75)

Allergic rhinitis and / or asthma patients cat and/or dog crude
extract sensitization (sIgE≥0.35 IU/mL), N=211

Complete the questionaire about demographic
infomation and visual analog scale(VAS)

Complete the questionaire
about demographic infomation
and visual analog scale(VAS)

Serum sIgE of 12 furry animal crude extracts and 7 
cat and dog components detected by EUROLINE

Lipocalin (Can f 1, Can f 2, 
Can f 4) positive (N=47)

Serum albumin (Can f 3, 
Fel d 2) positve (N=26)

Prostatic kallikrein (Can f 5)
positive (N=24)

Difference in sensitization of other allergens, percentage of combined asthma
and VAS of diseasesin different sensitization profiles

Both cat and dog sensitization (N=81)

Figure 1 Research cohort recruitment flowchart. Patients who were clinically confirmed to have allergic rhinitis were screened for cat and dog allergen sensitivities, and 
a questionnaire about demographic information and visual analog scores (VASs) was given to each patient. After obtaining informed consent from all patients, serum samples 
from patients were used to further examine the sensitization profiles to common furry animals and cat/dog components. 
Abbreviations: Can f, Canis familiaris; Fel d, Felis domesticus.
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among the groups. Parametric quantitative data are pre-
sented as the mean ± standard deviation, and nonparametric 
quantitative data are presented as the median (interquartile 
range). The t-test or Mann–Whitney U-test was used to 
compare the distribution differences between the two 
groups, and a one-way ANOVA or Kruskal–Wallis H-test 
was used to compare the distribution differences between 
multiple groups. A hierarchical cluster test was used to 
classify all variables by analyzing the similarity or dissim-
ilarity of the data, and an optimal scale analysis was used to 
verify the correlation between allergen components. A Venn 
diagram was used to show the cross-sensitizations among 
multiple allergens. Statistical analyses were performed using 
Excel 2016 (Microsoft® Excel® 2016) and Statistical 
Package for the Social Sciences 22.0 (International 
Business Machines Corporation Corp., Armonk, NY). All 
p values were based on two-sided tests and were considered 
statistically significant at P <0.05.

Results
Characteristics of the Study Subjects
In the included patients, 85 (40.28%) were males and the 
median age was 14 (6, 24) years (median (IQR)). The ratio 

of adult to non-adult patients was 0.49 (69/142). There 
were 70 patients with AR and 141 patients with AR & AS. 
The VAS scores of symptoms and LoQ were 3.56 (3.00, 
4.28) and 5.25 (4.25, 5.75), respectively. In addition, the 
patients were divided into dog-sensitized only (N=55), cat- 
sensitized only (N=75), dog and cat double-sensitized 
(N=81) according to the sensitization of the patients to 
cat and dog extracts. There were no statistically significant 
differences in sex, age, asthma prevalence among the three 
groups (all P >0.05) (Table 1). On the other hand, the 
rhinitis symptom score of dog and cat double-sensitized 
patients was significantly higher than that of dog- 
sensitized only and cat-sensitized only patients (3.33 
(2.56, 4.00) vs 3.44 (2.89, 3.94) vs 4.00 (3.33, 4.56), 
P <0.01), and the LoQ score of dog and cat double- 
sensitized patients was significantly higher than that of 
dog-sensitized only patients. (4.50 (3.25, 5.50) vs 5.50 
(4.75, 6.00), P <0.01).

Sensitization Profile of Furry Animal 
Components and Crude Extracts
Among the dog-sensitized patients, Can f 1 had the highest 
positive rate of 23.53%, followed by Can f 5 (16.18%), 

Table 1 Demographic Characteristics of the Participants

Total Cohort Dog-Sensitized 
Only

Cat-Sensitized 
Only

Dog and Cat Double- 
Sensitized

P value*

N 211 55 75 81 -

Sex, n (%)
Male 85 (40.28) 35 (63.64) 43 (57.33) 48 (59.26) 0.765
Female 126 (59.72) 20 (36.36) 32 (42.67) 33 (40.74)

Age, n (%)
Median (IQR) 14 (6, 24) 10 (6, 18) 13 (9, 24) 9 (5, 26) 0.062
<18 years 142 (67.30) 41 (74.55) 46 (61.33) 55 (67.90) 0.281
≥18 years 69 (32.70) 14 (25.44) 29 (38.67) 26 (32.10)

Diagnosis, n (%)
Allergy rhinitis 70 (40.28) 17 (30.91) 23 (30.67) 30 (37.04) 0.642
Allergy rhinitis with 

asthma

141 (66.82) 38 (69.09) 52 (69.33) 51 (62.96)

VAS score, median 
(IQR)

Symptom 3.56 (3.00, 4.28) 3.33 (2.56, 4.00) 3.44 (2.89, 3.94) 4.00 (3.33, 4.56) <0.001
Life of quality 5.25 (4.25, 5.75) 4.50 (3.25, 5.50) 5.25 (4.38, 5.75) 5.50 (4.75, 6.00) <0.001

Notes: Proportions were compared between the groups using chi-squared test (χ2), and for nonparametric quantitative data, the Kruskal–Wallis H-test was used for 
comparison between groups. *P value refers to the comparison among the three groups of dog-sensitized only, cat-sensitized only, dog and cat double-sensitized. If the 
difference between groups is statistically significant, use bold fonts. 
Abbreviation: VAS, visual analog scale.
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and Can f 4, Can f 2 and Can f 3 all had the same positive 
rate of 11.76%. The positive rates of Fel d 1 and Fel d 2 in 
cat-positive samples were 91.67% and 16.03%, respec-
tively. The positive rate of Can f 1, 2, 4 and 5 in dog- 
sensitized only and double-sensitized patients was signifi-
cantly higher than that in cat-sensitized patients, while the 
positive rate of Fel d 1 in cat-sensitized and double- 
sensitized patients was higher than that in dog-sensitized 
patients (P <0.05). In addition, we noticed that the positive 
rate of SA (Can f 3 and Fel d 2) in patients with double- 
sensitized was significantly higher than that in dog- or cat- 
sensitized only patients (P < 0.01) (Figure 2A).

For chicken, sheep, rat, mouse, cow, horse extracts, the 
positive rates in double-sensitized patients were significantly 
higher than that of dog- or cat-sensitized only patients. Their 
positive rates in double-sensitized patients were cow 
(27.16%) >sheep (23.46%) > Rat (20.99%) >mouse 
(19.75%) >horse (16.05%) >chicken (7.41%), while their 
positive rates were all low (all <8%) in dog-or cat- 
Sensitized only patients (Figure 2B). In addition, the positive 
rate of parrot and duck in the three groups was all 0%, and 
pigeon and goose were detected positive samples only in 
dog-sensitized patients, 3.64% and 1.82% respectively.

Analysis of Potential Associations with 
Multiple Allergens
Because the crude extracts of duck and parrot were all 
negative in all 211 patients enrolled, these allergens were 
excluded from follow-up analysis. Hierarchical cluster and 
optimal scale analyses were performed for the 10 furry 
animal extracts and the 7 components of cats and dogs to 
explore potential relationships. The results of hierarchical 
cluster analysis (Figure 3A) showed that there were strong 
potential relationships among Can f 3, mouse, sheep, Fel 
d 2 and horse, rat, and cow allergens. Moreover, the results 
of optimal scale analysis (Figure 3B) also showed that all 
components of dogs (Can f 1, Can f 2, Can f 3, Can f 4, 
Can f 5) and Feld 2 were potentially associated with furry 
animals such as mice, sheep, horses, rats and cows.

Plot the Venn Diagram
Based on the above results of hierarchical cluster and 
optimal scale analyses, we hypothesized that the 5 furry 
animals (mouse, sheep, horse, rat, cow) cross-reacted with 
the components of cat/dog, and we plotted the Venn dia-
gram. First, we analyzed the positive crossover of Can f 3 
and Fel d 2 (Figure 4A) because they all belong to SA, and 

18 (69.2%) cases reacted to both Can f 3 and Fel d 2. For 
lipocalin (Can f 1, Can f 2, Can f 4), 7 (14.9%) cases were 
positive for all three components, and 19 (40.4%) cases 
reacted to two or more components (Figure 4B). There 
was no obvious cross-reaction between SA, lipocalin and 
PK because 64.6% of sera were monovalently sensitized to 
one of these three proteins (Figure 4C).

Moreover, we plotted the Venn diagram to reflect the 
intersection and union of the extracts from 5 furry animals 
and one of the three proteins (Figure 4D–F). There was con-
siderable overlap in IgE binding to SA, with 48.5% of sera 
reacting to one or more of the 5 furry animal extracts and 
36.4% of sera that were cross-sensitized by SA and all 5 furry 
animal extracts. However, for lipocalin and PK, only 13.8% 
and 5.7% of sera overlapped with the extracts from 5 furry 
animals.

Sensitization Profile Based on the Above 
Three Proteins
Furthermore, we divided the patients into subgroups accord-
ing to whether one of the above three proteins was sensi-
tized, and analyzed the sensitization rates of other crude 
extracts and components (Table 2). In the patients who 
were SA-positive, the sensitization rate of most of the animal 
crude extracts and components was significantly higher than 
that of the patients who were SA-negative, except for can f 5, 
pigeon and goose. It is worth noting that the OR values of 
mice, sheep, horses, rats and cows were all more than 10.

Compared with lipocalin-negative patients, allergens 
such as Can f, SA, PK, sheep, rat, mouse, and horse had 
significantly higher sensitization rates in positive patients, 
and their OR values ranged from 1.35 to 7.56. The sensi-
tization rates of lipocalin, sheep, mice, and horses were 
higher in PK-positive patients (P <0.05), with OR value 
ranging from 2.60 to 4.68.

Clinical Characteristics Based on the 
Above Three Proteins
A higher positive rate was observed in patients sensitized to 
three proteins, especially SA, and we investigate the associa-
tion between these proteins and the clinical characteristics of 
the patients. The proportion of asthma among the 211 AR 
patients enrolled in this study ranged between 60% and 80%, 
regardless of whether patients were sensitized to SA, lipoca-
lin, or PK protein, and there was no significant difference 
between the positive group and the negative group (all P > 
0.05). (Data not displayed).
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However, the VAS score of symptoms in the SA- 
sensitized patients was 4.17 (3.56, 4.78), which was higher 
than that (3.44 (2.89, 4.22)) in unsensitized patients (Mann– 
Whitney U = 1245, P <0.001) (Figure 5A). Meanwhile, the 
VAS of LoQ was also higher in SA-sensitized patients (5.75 
(5.50, 6.50) vs 5.00 (4.00, 5.75), P < 0.01) (Figure 5B). There 
was no significant difference in the VAS of symptoms 
between the lipocalin-positive and lipocalin-negative patient 

groups, but the LoQ score was higher in the sensitized 
patients (5.75 (5.00, 6.00) vs 5.00 (4.00, 5.75), P <0.01). 
There was no significant difference in VAS scores for either 
symptoms or LoQ for PK proteins.

Discussion
The prevalence of allergies has increased significantly in 
the past decade. Allergies caused by furry animals, 
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Figure 2 Distribution of positive rates of the components (A) and other furry animal crude extracts (B) in dog-sensitized only, cat-sensitized only and both dog and cat 
double-sensitized patients. Kruskal–Wallis H-test was used to compare the proportion differences between multiple groups. The color shades refers to the percentage of 
sIgE class 1–5. 
Abbreviations: Can f, Canis familiaris; Fel d, Felis domesticus.
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especially cats and dogs, affect 7% to 25% of allergy 
patients.23 Further research on allergic diseases caused 
by furry animals is of great importance for the clinical 
prevention, diagnosis and treatment of allergies. In this 
study, 211 patients with allergic rhinitis sensitized to cats 
and/or dogs were recruited to analyze the sensitization 
profiles and clinical associations of various furry animal 
crude extracts and components based on CRD.

We observed that the positive rate of SA and 5 furry 
animals (including cow, sheep, rat, mouse, horse and 
chicken) in double-sensitized patients were significantly 
higher than that in dog- or cat-sensitized only patients, 
suggesting that double-sensitized to cat and dog and multi-
ple sensitized to uncommon animals were closely related 
to SA, so we speculated that SA may play a significant 
role as cross-reacting allergens in individuals sensitized to 
dander of multiple animal species, which was consistent 
with previous studies.24,25

The hierarchical cluster and optimal scale analysis 
results showed that there were significant correlations 
between components (Can f 1–5 and Fel d 2) and the 5 
furry animals (mouse, sheep, Horse, rat, cow), especially 
between SA (Can f 3, Fel d 2) and the 5 furry animals. 
Guinea pig SA has been shown to be highly homologous 
in protein sequence identity (70–75%) compared to other 
mammalian pet SA and exhibits a strong IgE cross- 
reaction in the SA family.15 Feline SA (Fel d 2) is best 
known for its cross-reactivity with porcine albumin and its 
involvement in pork-cat syndrome.26 The first studies from 
France highlighted the possible occurrence of pork allergy 
in individuals sensitized to cat dander (the so-called pork- 

cat syndrome),27 and the potential cross-reactivity between 
cat and pig SAs was confirmed years later.28

Both Can f 3 and Fel d 2 belong to the SA family, and 
the Venn diagram showed a high degree of overlap (nearly 
70%). Can f 1, 2 and 4 all represent lipocalins but 
sequence identities between them are very low (<30%). 
Each of them actually represents a completely independent 
allergen.1 =. Meanwhile, there was only a slight overlap 
among SA, lipocalin and prostatic kallikrein. The results 
of the Venn diagram also indicated that SA had a strong 
potential cross-reaction with mouse, sheep, horse, rat and 
cow due to considerable overlap for IgE binding to SA, 
with 48.5% of sera reacting to one or more of 5 furry 
animals, and 36.4% were cross-sensitized by SA and all 5 
furry animals. Lipocalin and prostatic kallikrein, on the 
other hand, had only 13.8% and 5.7% overlapped with the 
5 furry animals. SAs represent a group of minor allergens 
in mammals. In some cases, they have been well identified 
(including Fel d 2 in cats, Can f 3 in dogs, Equ c 3 in 
horses), but SAs have also been found to be sensitizing 
agents in rats, mice, and rabbits. There is a wide range of 
cross-reactions between SA from different furry animals.29 

Prostatic kallikrein Can f 5 is an androgen-regulated pro-
tein expressed in the prostate and hence is present only in 
male dogs, and there is no strong cross-reactivity between 
Can f 5 and the extracts from other furry animals.24,30 

Lipocalins, as an important sensitizing protein in animals, 
can often predict the development of IgE cross reactions 
based on sequence identity,29 Previous studies have also 
shown that cross-reactivity occurs only between those 
lipocalins with a high degree of homology.11,31 However, 
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Figure 5(A, B) Differences in VAS scores for symptoms and quality of life in patients with rhinitis. VAS- visual analog scale for serum albumin positive patients means Can 
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f 5 positivity. Mann-Whitney U test was used to compare the distribution difference between the two groups, and P <0.05 was considered statistically significant.
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since only a limited panel of lipocalin components of cat 
were detected in this study, and no more lipocalin compo-
nents of other furry animals were commercially available 
for detection, it may lead to the differences between the 
results of lipocalin in this study and previous studies. 
Liccardi et al pointed out that the risk of developing 
sensitization to furry animals is higher in cat/dog sensi-
tized individuals. Specifically, patients sensitized to cat/ 
dog allergens have a 14-fold higher risk of developing 
sensitization to other furry animals, such as horses, rabbits, 
rats, mice, guinea pigs, hamsters, and cows.6 In this study, 
the sensitization rate of most of the animal crude extracts 
and components in patients who were SA-positive was 
significantly higher than that of the patients who were SA- 
negative. Especially for mouse, sheep, horse, rat, and cow, 
which OR values were more than 10. Studies have shown 
that there is a significant cross-reaction between SAs in 
cats, dogs, horses and pigs,28,32 and our research further 
extends these to furry animals. On the other hand, higher 
positive rates of other furry animals extracts were also 
observed in patients with lipocalin-sensitized, but it is 
necessary to detect the lipocalin components of more 
other animals to determine whether it is caused by lipoca-
lin cross reaction.

Among the 211 AR patients enrolled in this study, the 
proportion of asthma was between 60% and 80%, regard-
less of whether patients had sensitives to SA, lipocalin and 
prostatic kallikrein, and there was no significant difference 
between the positive group and the negative group. 
A pediatric population-based study from northern 
Sweden reported that sensitizations to SA was uncommon 
and not associated with asthma.33 However, more studies 
support that sensitization to furry animals is associated 
with severe and persistent respiratory diseases, especially 
in the case of sensitizations to multiple animal 
components.20,33 Therefore, we further analyzed the symp-
toms and LoQ scores of patients with allergic rhinitis. 
A study showed that sensitizations to cat, dog and horse 
SA were associated with more severe respiratory 
symptoms,34 and it may be speculated that type-2 inflam-
mation could be activated by the exposure to furry animal 
SA. Sensitizations to lipocalins have been shown to be 
related to airway hyperresponsiveness.7 The VAS of symp-
toms and LoQ in the SA-sensitized patients was higher 
than that in unsensitized patients, and patients with lipo-
calin-sensitivities had a worse LoQ.

One of the limitations of this study is that there are no 
other commercially available sIgE reagents for rare furry 

animals. In addition, the allergic rhinitis patients recruited in 
this study were sensitized to cats and/or dogs, and it could 
not be confirmed that the patients were truly allergic to cats 
or dogs because the ethics committee of our unit could not 
ethically approve animal allergen challenge tests in patients. 
The study also did not collect some important clinical infor-
mation in patients, such as pulmonary function indicators, 
FeNO, eosinophils and so on, which would have allowed us 
to better explain how SA causes more severe symptoms.

In conclusion, Serum albumin Fel d 2 and Can f 3, as 
minor allergens in cats and dogs, but not lipocalin or prostatic 
kallikrein, is associated with other furry animals presumably 
due to serum albumin cross-reactivity. Patients sensitized 
with serum albumin had a significantly higher risk of sensi-
tization to other animals and had a higher rhinitis VAS score.
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