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Exposure to Animal Allergens	

Humans have coexisted with cats, dogs, 
and horses since the dawn of civilization. 
While their traditional roles in pest control, 
protection, and transportation have diminished 
with technological advancements, modern 
life has not reduced our contact with these 
animals. On the contrary, they have become 
increasingly integrated into our homes and 
daily lives. Developing with pets can contribute 
to a child’s self-esteem and confidence as well 

as developing non-verbal communication and 
empathy. Pet ownership rates vary in different 
parts of the world due to regional and cultural 
differences. Up to 50% of European households 
own a pet. Although the number of pet owners 
is one of the strongest predictors of increased 
allergen levels, high allergen levels have also 
been found in places where there are no pets (e.g. 
schools and public places). Animal allergens 
can become ubiquitous through passive 
transfer via human clothing or hair spread by 
pet owners.1 In addition, there are significant 
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ABSTRACT

Animal allergens, particularly those from cats, dogs, and horses, are significant risk factors for the development 
of allergic diseases in childhood. Managing animal allergies requires allergen avoidance and, when this is 
not feasible, specific immunotherapy. Patient history remains the cornerstone of diagnosis, providing the 
foundation for diagnostic algorithms. Extract-based tests, such as skin prick tests and specific IgE measurements, 
are essential for confirmation and screening. However, traditional extract-based diagnostic methods have 
notable limitations, as they are unable to distinguish between primary sensitization and immunological cross-
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Equ c 4, respectively. As a subsequent step, we propose a practical approach to determine primary allergen 
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animal allergies, we suggest that it may serve as a complementary marker when considered alongside cross-
reactive food allergen molecules.
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stray animal populations in many parts of the 
world, including the Eastern Mediterranean 
region. Stray animals shed allergens (e.g. 
hair, dander, saliva and urine) into the 
environment, resulting in widespread exposure 
in public and residential areas. Stray animals, 
in lesser quantities, contribute to widespread 
environmental exposure to allergens. Although 
adoption rates are low (5% for dogs and 14% 
for cats), the high number of stray animals in 
Turkey indicates a high level of exposure.2

Prevalence of Sensitization to Cats, Dogs and 
Horses

Although there are regional differences in 
sensitization to furry animals, there has been 
an increase in sensitization in recent years. 
Sensitization to cats and dogs was found in 26% 
and 27% of adults in Europe, respectively.3 In the 
United States, the prevalence of cat sensitization 
in subjects aged 6 years and older was 12.1%, 
whereas the incidence of dog sensitization was 
11.8%.4 

Horse sensitization is expected to be higher 
in those who have close contact with horses 
for professional or recreational purposes. In 
one study, horse sensitization was found to be 
4.3% in the general population compared to 
12.8% in grooms.5 However, indirect exposure 
is also important in the equine sensitization. 
Another study found that 5.4% of patients 
were sensitized to horses, although most of 
the patients did not have contact with them. 
There are several possible routes of exposure to 
equine allergens, including airborne dispersion 
and indirect exposure through clothing.6

The prevalence of sensitization is modified by 
the age of the subject, with an increase during 
childhood and adolescence.7 However, it 
should be emphasized that prevalence studies 
were carried out using extract-based tests. If the 
extract’s constituents or the strength changes 
over time, this could lead to an apparent 
difference in prevalence.8

Impact of Pet Allergens on Allergic Diseases

Allergens from cats, dogs and horses are major 
risk factors for the development of asthma and 
allergic rhinitis. Sensitization to some allergen 
molecules and higher levels of IgE to allergen 
molecules are associated with an increased risk 
of allergic diseases. For example, asthmatic 
children with cat allergy have higher Fel d 1 
sIgE levels than children with rhinitis alone.9 
One study reported that sensitization to Can f 2 
and Equ c 1 was more common in severe asthma. 
IgE levels to Equ c 1 -a horse allergen molecule- 
correlated with asthma control. Children with 
higher levels of IgE antibodies to cats, dogs and 
horses had severe asthma and more bronchial 
hyperresponsiveness.10 Sensitization to furry 
animal allergen molecules is an important 
predictor of asthma outcome and an indicator 
of severity.11 It was reported that sensitization to 
more components was associated with increased 
airway inflammation.11,12 One study reported 
that multi-sensitization towards lipocalin, 
kallikrein and secretoglobin molecules was more 
common among severe asthmatics compared to 
children with controlled asthma. These subjects 
also had higher blood eosinophils, higher 
fractional exhaled nitric oxide and increased 
bronchial hyperresponsiveness.13 

Treatment is based on identifying the allergens 
causing symptoms and counseling patients 
to avoid these allergens. Reducing allergen 
exposure often requires removing the cat or 
dog from the home, which underscores the 
importance of accurately identifying the true 
allergen causing clinical symptoms. However, 
in most cases, removing the animal is not 
feasible due to the emotional bond between the 
animal and the child, as well as the parents. In 
such cases, specific immunotherapy is a valid 
option, but it is critical to identify children 
who are most likely to benefit from this 
therapy. Due to complex cross-reactivity and 
polysensitization among mammalian allergens, 
determining the true allergen can often be 
challenging.8,14 In recent years, new strategies 
have been developed to neutralize Fel d1 at its 
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source. Since the biological function of Fel d 1 in 
cats is currently unknown, studies have focused 
on developing approaches that neutralize 
Fel d 1 after it is produced, without altering 
its natural production. Satyaraj et al showed 
that feeding cats a diet with an egg product 
ingredient containing anti-Fel d 1 IgY reduces 
environmental Fel d 1 levels and produces a 
significant improvement in the nasal and ocular 
symptoms cat-allergic humans.15 

Molecular Allergy Diagnostics for Animal 
Allergies

Patient history remains the cornerstone 
of diagnosis where diagnostic algorithms 
converge. Extract-based tests, such as skin 
prick tests and specific IgE measurements, 
are essential for confirmation and screening. 
Traditional extract-based diagnostics have major 
limitations. Firstly, there is no standardization 
of the allergens used as substrates. As a result, 
the concentration of allergens in extracts varies 
widely. Extract-based tests may sometimes 
lack certain allergens or be contaminated with 
irrelevant ones. This is likely to lead to false 
negative or false positive results, which could 
have a negative impact on the accuracy of 
the diagnosis of animal allergy. For example, 
patients with a history of allergy but no 
evidence of sensitization on extract-based tests 
may require molecular testing.14,16,17

One of the major diagnostic challenges in animal 
allergy is that in routine testing, up to 75% of 
subjects sensitized to animal dander are also 
sensitized to two or more different species.18 
Conventional allergy testing with whole extracts 
can detect polysensitization well but cannot 
differentiate between primary sensitization 
and immunological cross-reactivity. 
Polysensitization can be based on multiple 
independent sensitizations (co-sensitization) 
or cross-sensitizations between homologous 
allergens. This can lead to false positive results. 
Patients who are found sensitized to extract-
based tests but have no clear clinical symptoms 
or history of exposure to the detected allergen 

require further evaluation. The analysis and 
assignment of complex sensitization patterns 
are only possible with the growing availability 
of recombinant or purified native animal 
allergens for singleplex and multiplex testing. 
Therefore, in most cases, molecular allergology 
evaluation is necessary.16,17 

In addition, component resolved diagnostic 
tests provide insight into the severity and 
outcome of asthma and allergic rhinitis.11 
Nwaru et al investigated 1872 adults for cat, dog 
and horse allergen serum IgE levels. They used 
cluster analysis to derive distinct sensitization 
clusters and show their association with 
asthma, rhinitis and markers of asthma severity 
in adults. Sensitization to furry animal allergen 
components is an important predictor of asthma, 
rhinitis, and markers of asthma severity with 
increased blood eosinophils, fractional exhaled 
nitric oxide, and airway hyperreactivity.11

Allergen molecule sensitizations measured 
by singleplex arrays are generally preferred 
to multiplex arrays due to their ability to 
provide precise, quantitative sensitization 
data, although they are limited by the number 
of available animal allergens. While multiplex 
platforms offer several advantages, including a 
comprehensive view of sensitizations, reduced 
serum requirements, and cost-effectiveness 
when testing for more than 12 allergens, they 
also have drawbacks, such as lower analytical 
sensitivity-particularly at low total IgE levels-
semiquantitative sensitization data, and 
potential interference from IgG.19,20

Animal Allergen Molecules

The cat, dog, and horse allergen molecules 
identified to date, along with their respective 
groups, are listed in Table I. Fel d 1 is a 
glycoprotein belonging to the secretoglobin 
family. Fel d 1 is a thermostable protein that 
is found in the saliva, anal glands, sebaceous 
glands, skin and fur of cats. Fel d 1 spreads 
easily. Not all cats shed Fel d 1 at the same rate, 
hormonal status modifies its production. For 
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example, males have been shown to produce 
more Fel d 1 than females. In addition, neutered 
males produce less Fel d 1 than unneutered 
males.21 Fel d 1 is a major cat allergen. 
Fel d 1-specific IgE has been shown to be as 
reliable as IgE to cat extract for the diagnosis of 
cat allergy.9,22

Can f 4 is a major dog allergen from the 
lipocalin family. It is associated with true dog 
allergy which has been demonstrated in some 
studies.8 In a recent study23, it was reported 
that sensitizations to Can f 4 indicates genuine 
sensitizations to dogs. 

Can f 5 has been identified as the major dog 
allergen, a prostatic kallikrein expressed in 
the prostate gland and is consequently only 
present in male dogs. In addition, castration of 
male dogs has been shown to drastically reduce 
its production. Can f 5 is mainly found in the 
urine of male dogs, but also in extracts of dog 
hair and dander. Direct contact with the male 
dog is important for sensitization as it does not 
spread as easily as lipocalins.24 Recently, Schoos 
et al. showed that patients allergic to male 
dogs and monosensitized to Can f 5 tolerated a 
conjunctival challenge with female dog extract.25

Horses produce latherin, a highly surface 
active, non-glycosylated protein. Latherin was 
detected in horse skin and salivary glands.26 
Up to 77% of patients with horse allergy are 
sensitized to Equ c 4, a latherin protein.27 Equ c 4 
may be a specific marker for horse allergy but 
this needs to be further evaluated.8 In a recent 
study23 it was reported that sensitizations to 
Equ c 4 differed from other horse allergen 
molecule sensitizations, indicating genuine 
sensitizations to horses.

Fel d 1, a secretoglobin protein, is the primary 
cause of IgE-mediated reactions in cat-allergic 
individuals. While dogs do not produce 
Fel d 1, a structurally similar protein in dog 
hair extracts has been identified, which may 
explain dual sensitization to both cat and dog 
allergens.8 In a pediatric study23, sensitization 
to the Fel d 1-like protein was observed in only 
a subset of Fel d 1-sensitized individuals (38 of 
95), with more than 50% of these (22 of 38) not 
sensitized to other dog allergens. Quantitative 
analysis confirmed that Fel d 1 sensitization 
predominated in all dually sensitized 
individuals. The authors suggested that the 
Fel d 1-like protein in dogs likely results from 
cross-sensitization to Fel d 1 in cats. The clinical 
significance of Fel d 1-like protein sensitization 
warrants further investigation to elucidate its 
specific role in dog allergy.16,23,28 

Lipocalins are the most important group of 
inhaled animal allergens. They are small, 
secreted molecules that are easily spread in 

Table I. Cat, dog and horse allergen molecules 
according to Allergen Nomenclature by WHO/IUIS 
Allergen Nomenclature Sub-Committee (https://
www.allergen.org).
Allergen molecule Biochemical name
Cat
Fel d 1 Secretoglobin
Fel d 2 Serum albumin
Fel d 3 Cystatin-A
Fel d 4 Lipocalin
Fel d 5 Immunoglobulin A
Fel d 6 Immunoglobulin M
Fel d 7 Lipocalin
Fel d 8 Latherin
Dog
Can f 1 Lipocalin
Can f 2 Lipocalin
Can f 3 Serum albumin
Can f 4 Lipocalin
Can f 5 Kallikrein
Can f 6 Lipocalin
Can f 7 Niemann Pick type C2
Can f 8 Cystatin
Horse
Equ c 1 Lipocalin
Equ c 2 Lipocalin
Equ c 3 Serum albumin
Equ c 4 Latherin
Equ c 6 Lysozyme

https://www.allergen.org
https://www.allergen.org
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indoor environments. They are produced in 
the secretory glands or liver and are found in 
saliva, urine and hair dander. They share a 
characteristic tertiary structure with a central 
β-barrel formed by 8 anti-parallel β-strands. 
Lipocalin sequence identities between family 
members can be as low as 15%, while some 
lipocalins have much higher sequence identities, 
up to 67%. Due to pairs with high sequence 
identity, lipocalins may contribute to allergic 
cross-sensitizations between different species. 
Fel d 4 and Fel d 7 in cats, Can f 1, Can f 2, and 
Can f 6 in dogs, Equ c 1 in horses are allergen 
molecules belonging to the lipocalin family 
with cross-sensitization potential.8,29

Serum albumins are mainly respiratory 
allergens, but sensitization to serum albumins 
may be more complex and involve multiple 
routes of exposure. They are abundant in blood, 
but are also present in milk, saliva, dander 
and meat. It is highly likely that contact with 
aminal dander is the major source of health 
problems associated with serum albumin in 
humans. Serum albumins are considered minor 
allergens. Due to their high sequence similarity 
(up to 70%), cross-sensitization is one of the most 
important features of these allergens. In many 
cases, individuals allergic to serum albumin 
are polysensitized to different animals. Serum 
albumins are thermolabile proteins and their 
allergenicity is inactivated by heat. Bos d 6 in 
cattle, Can f 3 in dogs, Equ c 3 in horses, Fel d 2 in 
cats, Sus s 1 in pigs are examples of mammalian 
serum albumin allergens.8,30

There are other allergen molecules that belong to 
other allergen families in animals. For example, 
Fel d 3 and Can f 8 belong to the cystatin A 
protein family. Recently, Niemann-Pick type C 
proteins have been identified in both cats and 
dogs.8

Co-sensitization has to be distinguished 
from cross-sensitization. It is important to 
recognize that IgE-cross-sensitization may not 
always imply clinical cross-reactivity. When 
cross-sensitized lipocalin allergens have high 
sequence homology, patients may experience 

symptoms of all these allergen sources. Certain 
lipocalins (Can f 6, Fel d 4, Equ c 1; Fel d 7 
and Can f 1) share a high sequence identity 
and serve as markers of cross-sensitization. 
However, there is limited data on symptoms 
clearly related to cross-sensitized molecules as 
monosensitization to these allergen molecules 
seems to be rare.8,16

Many animal allergens are pan-allergens, 
and most lipocalins and serum albumins 
exhibit complex cross-sensitization patterns, 
contributing significantly to polysensitization. 
However, the interpretation of sensitizations 
in the diagnosis of cat, dog, and horse allergies 
remains a topic of debate. While there is general 
consensus among experts and guidelines on the 
diagnostic approach, inconsistencies remain in 
the recommendations.8,31-34

Regarding cat allergy, there is a consensus 
that Fel d 1 is the genuine allergen, and in 
most cases, detecting sensitization to Fel d 1 is 
sufficient for diagnosis. Typically, sensitization 
to Fel d 4 and/or Fel d 7 develops after 
Fel d 1 sensitization8,23 a phenomenon known as 
molecular spreading.35 However, in rare cases, 
sensitization to cat lipocalins may precede Fel 
d 1 sensitization. Current diagnostic algorithms 
do not clearly define when to consider cat 
allergy in the absence of Fel d 1 sensitization, 
even if sensitization to Fel d 4 and/or Fel d 7 is 
present, which cross-reacts with Equ c 1 and 
Can f 1, respectively.14,16,23,31,33,36,37

For dog allergy, guidelines consistently 
recognize Can f 5 as a marker of genuine 
sensitization to male dogs and Can f 1/6 as major 
contributors to dog sensitization.8,14,16,23,31,34,36-39 
While Can f 1 and/or Can f 6 sensitizations may 
indicate dog allergy in the absence of other 
lipocalin sensitizations, their association with 
dog allergy is inconsistent when other lipocalin 
sensitizations are present. Additionally, there 
is no consensus on which allergen molecule 
sensitizations should be investigated in the 
absence of Can f 5 sensitization. Given the 
high cross-sensitization within the animal 
lipocalin group, it may be logical to evaluate all 
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furry animal lipocalins (Fel d 4/7, Can f 1/2/6, 
Equ c 1) simultaneously to identify the primary 
sensitizer.

Regarding horse allergy, diagnostic algorithms 
consistently identify Equ c 1 as the major 
allergen.8,27 Recent findings suggest that 
Equ c 4 may be a genuine sensitizer for 
horses23 representing genuine sensitization 
that has not been widely recognized to date. 
Additionally, Equ c 3, a serum albumin, has 
limited information regarding its association 
with horse allergy. While serum albumins are 
known to exhibit high cross-reactivity among 
different animal species (Fel d 2, Can f 3, 
Equ c 3)8, the extent to which sensitization to 
Equ c 3 alone indicates a related animal allergy 
and the possibility of cross-sensitization with 
foods, particularly in children (Sus s 1, Bos d 5), 
has not been sufficiently studied.

These findings suggest that all furry animal 
lipocalin and serum albumin sensitizations 
should be evaluated simultaneously. Therefore, 
the diagnostic algorithm should not be restricted 
to a single animal allergy but should encompass 
a comprehensive evaluation of cross-reactive 
furry animals, including cats, dogs, and horses.

Further studies are needed to better understand 
the complex cross-sensitization properties 
utilizing multiplex assays and to accurately 
demonstrate patterns of polysensitization 
and disease-specific sensitization patterns.16 
With this aim, in a recent study23 conducted 
a comprehensive analysis of animal allergen 
molecules using correlation and hierarchical 
clustering techniques to elucidate the 
relationship between cat, dog and horse allergen 
molecules and to detect primary sensitization, 
cross-sensitization and co-sensitization. They 
suggested that a unified algorithm should be 
used to accurately assess cat, dog and horse 
allergy, prioritising identification of genuine 
allergen sensitization first and then elucidating 
lipocalin sensitization patterns. It was stated 
that sensitization to Fel d 1, Can f 4/5 and 
Equ c 4 indicated genuine allergen sensitization 
for cat, dog and horse allergy, respectively. 

Although serum albumin is less associated with 
genuine animal allergy, it has been suggested 
that it may serve as a complementary marker 
together with cross-reactive food allergen 
molecules. They suggested that focusing on the 
lipocalin and serum albumin groups followed 
by the assessment of allergy history in the 
assessment of primary sensitization.23 One of 
the most critical challenges is to identify the 
primary sensitizing allergen. A practical and 
effective approach involves determining the 
most reactive allergen molecule within the 
allergen group based on quantitative levels, 
while considering the coefficient of variation of 
the measurement method.31,40,41 Identification 
of the primary sensitizer strongly indicates 
an allergy to the specific animal in question, 
but it can also lead to secondary sensitizations 
due to molecular structural similarities. These 
secondary sensitizations may or may not 
represent a true allergic response like the 
primary sensitizer; therefore, it is essential to 
carefully consider exposure histories to the 
relevant animal. Given the need to examine a 
broad panel of allergen molecules to identify 
the primary sensitizer within the lipocalin and 
serum albumin groups, multiplex microarrays 
offer significant advantages, including cost-
effectiveness and reduced serum requirements. 
However, it should be noted that multiplex 
arrays provide semiquantitative data and are 
not as precise as singleplex assays.19

A New Algorithm is Required

Our proposed algorithm differs from previous 
ones in five key aspects (Fig. 1). First, we 
suggest a combined top-down and bottom-up 
approach. The bottom-up approach involves 
confirming allergies through extract-based 
assays in patients with a suggestive history of 
animal allergy. Additionally, the top-down 
approach emphasizes molecular allergology 
evaluation in most patients for a more precise 
diagnosis, particularly in patients with a clinical 
history but no sensitization through extract-
based assays, in patients with sensitization but 
no close contact or allergy history, in patients 
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requiring immunotherapy, and in patients 
needing recommendations regarding avoidance 
or keeping the animal. Second, it identifies Can 
f 4 and Equ c 4 as additional genuine sensitizers, 
alongside Fel d 1 and Can f 5. Third, it assumes 
that genuine and primary sensitizations are 
the underlying causes of the relevant animal 
allergies. Fourth, it evaluates cat, dog, and 
horse allergies within a unified framework, 
recognizing the presence of numerous allergen 
molecules with a high likelihood of cross-
sensitization. Fifth, it emphasizes the use of 
multiplex platforms, despite their limitations, 
due to the necessity of assessing sensitizations to 
a large number of allergen molecules. However, 
further studies may be needed to validate 
and enhance the utility of this algorithm. Its 
limitations include the exclusion of certain 
allergen sensitizations, reliance on assumptions 
not supported by clinical data but rather on 
hierarchical clustering of sensitizations, and the 
prioritization of primary sensitization based 
on quantitative levels, which may carry the 
potential risk of overdiagnosis.

Management of Cat, Dog and Horse Allergy

As with any allergic condition, the best course of 
action would be to avoid the offending animal 
completely. However, this has emotional 
consequences and is often not possible. There 
are also animal allergens in environments 
where animals are not present. There are some 
measures that focus on reducing exposure to 
allergens while keeping contact with the animal. 
These measures are less effective but may be 
more practical. Regular washing of the pet, 
keeping the pet out of the bedroom, air cleaning 
with HEPA filters, regular use and maintenance 
of high efficiency vacuum cleaners, application 
of topical lotions to the animal’s fur and a 
combination of these measures. However, the 
measures described do not ensure clinical 
benefit. The effects of neutering and spaying 
dogs and cats have been inconsistent, and no 
specific recommendations have been made in 
this regard.42

Allergen immunotherapy (AIT) is emerging 
as a potential alternative treatment. However, 

Fig. 1. Diagnostic algorithm for cat, dog, and/or horse allergy.
*: The presence of any allergen sensitization listed in the boxes indicates an allergy diagnosis to the corresponding animal.
**: The primary sensitization is defined as any allergen with the highest quantitative sensitization within the lipocalin group 
(Fel d 4/7, Can f 1/2/6, and Equ c 1).
***: The primary sensitization is defined as any allergen with the highest quantitative sensitization within the serum 
albumin group (Fel d 2, Can f 3, Equ c 3, Bos d 6, Sus s 1)
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there is no consensus in the literature regarding 
cat, dog or horse AIT. Evidence on the efficacy 
and safety of cat AIT is limited, with no high-
quality data on its cost-effectiveness. Some 
patients, particularly those with moderate-
to-severe disease inadequately controlled by 
allergen avoidance and pharmacotherapy, or 
those monosensitized to Fel d 1, may benefit 
from this treatment modality.43 The medical 
literature on dog extract immunotherapy shows 
inconsistent and conflicting results regarding 
clinical efficacy. These outcomes have been 
attributed to the poor-quality of extracts and the 
inherently complex profile of dog allergens.44 
Similarly, evidence on the safety and efficacy 
of horse immunotherapy is scarce. AIT with 
horse extract is not supported by experts, and 
no consensus has been reached regarding its 
benefits.27

Conclusion 

Animal allergens, particularly from cats, dogs, 
and horses, present significant diagnostic 
challenges due to complex cross-sensitization 
and polysensitization patterns. A stepwise 
approach, beginning with the identification 
of genuine sensitization and followed by the 
determination of the primary sensitizer through 
molecular allergen testing using multiplex 
microarrays, can enhance diagnostic accuracy 
and guide effective management strategies.
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