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Percentage of people living with pets (survey of >27,000 internet users in 22 countries)(2)

Setting the standard in allergy diagnostics

Introduction 

Furry mammals kept as pets are important allergen sources, 
and the prevalence of sensitization to dander from various 
ani mals appears to be increasing worldwide. Several mamma-
lian allergens from diverse species and distinct protein 
families have been characterized, and some are available for 
component- resolved diagnostics (CRD). This review presents 
an overview of mammalian respiratory allergens with a focus 
on cat, dog, and horse. The potential of CRD in fine-tuning 
the diagnostic work-up following traditional methods based 
on whole extracts and before immunotherapy are discussed. 
Finally, the review highlights the clinical utility of CRD, par-
ticularly as a marker/predictor of increased asthma risk and 
disease severity.  

Background  
Domesticated furry animals are among the most common 
sources of respiratory allergens, causing development of 
sensitization and respiratory allergic diseases. Symptoms of 
pet allergy range in severity from the discomfort associated 
with rhinitis and conjunctivitis to potentially life-threatening 
asthmatic episodes(1). 

An international survey of over 27,000 participants estimated 
that 57% of the population have at least one pet at home, 
most commonly dogs (33%) and cats (23%)(2) (Figure 1). 
Allergy to cat and dog is considered a major risk factor for the 
development of asthma and rhinitis, and is associated with 
severe childhood asthma(3). 

A study of almost 13,000 German children reported a sen-
sitization rate of 12.6% to animal danders. The prevalence 
increased with age from 5.7% in 3–6 year olds to 11.5% in 
7–10 year olds, and reached 17.2% in 14–17 year olds(4). A 
Swedish birth cohort study of over 4,000 children reported a 
similar increase in sensitization rates to horse, cat, and dog 
from 4–16 years, respectively reaching 10.6%, 19.0%, and 
22.6%(5, 6). Increased prevalence of sensitization to common 
airborne allergens, including from cat and dog, has also been 
observed in adults(7), although prevalence rates are lower and 
monosensitization is more frequent(8). In Brazil, sensitization to 
furry animals, especially to dog, increased dramatically among 
allergic children and adolescents between 2004 and 2016, 
seemingly reflecting a sedentary “indoor lifestyle”(9).  
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This increase is worrying, because sensitization to cat and 
dog is a risk factor for the development of asthma and rhinitis, 
as reported in a study that showed that sensitization to key 
pet components was observed in young children before the 
development of respiratory symptoms(10). 

Geographic variation in the prevalence of allergic sensitization 
to furry animals has been attributed to cultural differences, 
environmental factors, and rate of pet ownership(11, 12). A large 
international multicenter study in adults reported 8.8% (range, 
1.2%–22.4%) sensitization to cat as measured by skin tests(13) 
and the sensitization rate for dog was 20.4% among adult 
Korean subjects(14). Approximately 26% of European adults 
coming to the clinic for suspected allergy to inhalant allergens 
are sensitized to cat and 27% to dog, according to anoth-
er large patient-based study of skin prick testing (SPT) for 
aeroallergens (Global Asthma and Allergy European Network 
[GAL2EN])(12, 15).  

A number of pet animal allergen components, mostly pro-
duced as recombinant proteins, are now available for compo-

nent-resolved diagnostics (CRD), offering improved diagnostic 
work-up (Figure 2), particularly in patients with polysensitiza-
tion and/or severe asthma(16, 17).

Allergens and sensitization phenotypes 
Allergy diagnosis is supported by the detection of allergen -
specific IgE (sIgE) antibodies using whole extracts from animal 
dander, or individual allergenic proteins. The use of CRD 
provides a tool to identify sIgE responses to specific molec-
ular targets, which may represent species-specific or cross- 
reactive sensitizations(18, 19).  

Allergens from pet animals are mainly present in their fur, 
saliva and urine and are spread into the environment through 
shedding of hair and dander(17). A study reported that all of 
831 sampled homes in the United States contained dog al-
lergen and most contained cat allergen, even those that have 
never had an animal in the house(20). 

The World Health Organization/International Union of Immu-
nological Societies (WHO/IUIS, available from www.allergen.
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Figure 2.
Suggested test profile: Suspicion of allergy to furry animals



3

org) lists 36 allergens from mammals (excluding milk allergens, 
Table 1). Major mammalian-derived respiratory allergens can 
be classified into the following protein families: lipocalins, se-
cretoglobins, serum albumins, kallikreins, and latherins(17, 21). 
 

Lipocalins

The most important group of mammalian respiratory aller-
gens are lipocalins. These allergens are produced in secretory 
glands and are present in skin, urine, saliva, sweat and se-
bum. At least one allergen from the lipocalin protein family has 
been identified in each species, such as major allergens Can f 
1 in dog and Equ c 1 in horse (Table 1)(22).  

IgE reactivity to cat lipocalin Fel d 4 has been observed in up 
to 63% of cat-allergic subjects (23) and high levels of IgE anti-
bodies to Fel d 4 have been associated with atopic dermatitis 
(AD) in children with cat allergy(24). IgE reactivity to Fel d 7 has 
been reported in 38% of subjects with cat allergy(25). Fel d 7 
has 62% amino acid identity with Can f 1(22).  

Among dog allergic patients, 50%–90% have antibodies to 
Can f 1, 20%–33% to Can f 2(3, 26, 27) and 35% to Can f 4(28). 
Sera from 56%(18/32) of children with dog allergy reacted with 
Can f 6(29). 

Two horse lipocalins, Equ c 1 and Equ c 2, have been identi-
fied. Up to 76% of patients with horse allergy react to Equ c 
1(30). Sensitization to Equ c 1 has been associated with severe 
childhood asthma(16). In a population of 85 horse allergic indi-
viduals, 53 (62%) were sensitized to Equ c 2 with an IgE level 
≥0.1 kUA/L(31).  

The lipocalins comprise a diverse protein family with specific 
patterns of cross-reactivity among certain of its members, 
for example between Can f 6, Fel d 4 and Equ c 1(32-34), Mus 
m 1(30) and Rat n 1(35), Equ c 1, and Fel d 7 and Can f 1(36). 
Lipocalin allergens Equ c 1, Fel d 4, Can f 6, Cav p 6, Ory c 4, 
Rat n 1 and Mus m 1 show sequence identities between 47% 
and 69% (Figure 3a)(5). 

Secretoglobins

Two mammalian allergens have been categorized as members 
of the secretoglobin protein family, namely Fel d 1 from cat 
and Ory c 3 from rabbit(32). Sequence identity between both 
allergens is very low and no IgE cross-reactivity has been 
observed(37). Fel d 1 is mainly produced in sebaceous and 
salivary glands and is transferred to fur by grooming(38). 

Fel d 1 is the most important allergen in cat allergy, shown to 
react with IgE from 90% of cat-sensitized individuals, and to 
account for up to 90% of IgE reactivity to cat dander(1). 

Serum albumins

According to the WHO/IUIS allergen nomenclature database, 
seven mammalian serum albumin allergens have been 
identified, including Bos d 6 (domestic cattle), Can f 3 (dog), 
Cav p 4 (guinea pig), Equ c 3 (domestic horse), Fel d 2 (cat), 
and Sus s 1 (domestic pig). 

Serum albumins are highly abundant proteins, present in 
blood, dander, milk and other secretions, and are considered 
minor allergens. However, high levels of IgE antibodies to Fel d 
2 have been associated with AD in children with cat allergy(24). 
Serum albumins remain relevant, because they are responsi-
ble for species cross-reactivity due to high sequence identity 
(up to 82%)(21), for example between cat and pig (Figure 3b). 
In a group of 39 highly sensitized cat-allergic patients, 23% 
had sIgE to Fel d 2 (cat) and more than half had sIgE to  
Sus s 1 (pig)(39).  

Monosensitization to serum albumins seems rare. Sensi-
tization to serum albumins is in the vast majority of cases 
observed in combination with sIgE directed against major 
allergens(32). Serum albumins may play a significant role as 
cross-reacting allergens in individuals sensitized to dander 
of multiple animal species, in association with lipocalins(40). 
Indeed, because of cross-reactivity, children with persistent 
milk allergy and bovine serum albumin sensitization show an 
increased risk of allergy to animal dander with symptoms of 
rhinoconjunctivitis and asthma(41).

Kallikrein

Can f 5 is so far the only identified allergen from the kallikrein 
protein family. The protein was isolated from the urine of a 
male dog, and was shown to be present in dog dander(42). 
Among patients allergic to dogs, 31–70% showed IgE reactivi-
ty to Can f 5, and 19.5–42.2% of these patients were mono-
sensitized to Can f 5(42-46). Can f 5-sIgE also been reported as 
the most common dog component sensitization in a Swedish 
adult population(8). 

The Can f 5 amino acid sequence shows no significant simi-
larity to any known animal dander or urinary allergen(17). There-
fore, monosensitization to Can f 5 could be a highly specific 
marker for allergy to male dogs(47). Of note, Can f 5 cross-re-
acts with prostate-specific antigen of human seminal plasma 
(HSP), as suggested by several reports worldwide(48-50). A 
study in women sensitized to Can f 5 found that 8/27 patients 
reported allergic symptoms to HSP during intercourse(51).

Latherins

Two allergens belonging to the latherin protein family, name-
ly Equ c 4 and Fel d 8, have been identified. Equ c 4 is an 
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Bos d 
23k

Bos 
d 2

Mus 
m 1

Equ 
c 2

Equ 
c 1

Fel d 7 Fel d 4 Can f 6 Can f 4 Can f 2 Can f 1

Can f 1 22 26 21 23 28 63 26 26 24 24 100

Can f 2 24 20 26 26 26 23 25 24 26 100

Can f 4 37 32 28 35 29 23 27 26 100

Can f 6 28 27 47 30 57 24 69 100

Fel d 4 28 31 50 31 68 20 100

Fel d 7 21 23 21 23 26 100

Equ c 1 28 33 47 34 100

Equ c 2 46 32 28 100

Mus m 1 27 30 100

Bos d 2 33 100

Bos d 23k 100

Sus s 1 HSA Fel d 2 Equ 
c 3

Cav 
p 4

Can f 3 Bos 
d 6

Bos d 6 79 76 78 74 70 76 100

Can f 3 78 80 87 76 73 100

Cav p 4 72 72 76 72 100

Equ c 3 76 76 78 100

Fel d 2 79 82 100

HSA (human 
serum albumin)

75 100

Sus s 1 100

Figure 3.
Amino acid sequence identity (adapted from(5)).

B. Serum albumins

A. Lipocalins

abundant protein constituent in sweat, saliva and dander of 
horse(52). An IgE binding frequency to Equ c 4 of 77% (17/22 
sera from horse-sensitized subjects) has been reported(53). 

Fel d 8 has been characterized from the salivary glands of 
cats. However, with an IgE binding frequency of 19% among 
cat allergic individuals, it is not considered a major cat  
allergen(25).

Clinical utility of component-resolved diagnostics 
Component-based IgE testing can distinguish a primary 
sensitization from a cross-sensitization to a higher extent than 
whole allergen extracts(5). While the possibility of using single 
components to replace whole extracts in daily diagnostic 

practice has been widely debated(54, 55), a dominating view is 
that extracts are still needed as first line testing to ensure the 
detection of patients sensitized to components other than 
those that are available for CRD.  
The availability of tests with allergen components has driven 
new epidemiological studies to analyze the prevalence and 
clinical relevance of sIgE directed against individual allergens. 
Thus, CRD may be useful in detecting atypical sensitiza-
tion profiles that involve minor allergen components, and in 
describing patient-specific IgE profiles to establish predic-
tive risk markers and to develop strategies for therapeutic 
intervention(1, 32). When clinical history and investigations are 
inconclusive, molecular allergology can add valuable clinical 
information in the diagnostic work-up (Figure 2)(56).
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Animal Component Protein type

Domestic cattle Bos d 2 Lipocalin

Bos d 3 S100 calcium-binding protein A7

Dog Can f 1* Lipocalin

Can f 2* Lipocalin

Can f 3 Serum albumin

Can f 4* Lipocalin

Can f 5* Arginine esterase, prostatic kallikrein

Can f 6* Lipocalin

Can f 7 Epididymal Secretory Protein E1,  
or Niemann Pick type C2 protein

Guinea pig Cav p 1 Lipocalin

Cav p 2 Lipocalin

Cav p 3 Lipocalin

Cav p 4 Serum albumin

Cav p 6 Lipocalin

Donkey Equ a 6 Lysozyme

Domestic horse Equ c 1* Lipocalin

Equ c 2 Lipocalin

Equ c 3* Serum albumin

Equ c 4 Latherin

Equ c 6 Lysozyme

Cat Fel d 1* Secretoglobin (Uteroglobin, chain 1)

Fel d 2* Serum albumin

Fel d 3 Cystatin 

Fel d 4* Lipocalin

Fel d 5w Immunoglobulin A

Fel d 6w Immunoglobulin M

Fel d 7* Lipocalin (Von Ebner gland protein)

Fel d 8 Latherin-like protein

Golden hamster Syrian hamster Mes a 1 Lipocalin

Mouse Mus m 1* Lipocalin/ urinary prealbumin 

Rabbit Ory c 1 Lipocalin

Ory c 3 Secretoglobin (Lipophilin)

Ory c 4 Lipocalin

Siberian hamster Phod s 1 Lipocalin

Rat Rat n 1 Alpha-2u-globulin/ Lipocalin 

Domestic pig Sus s 1 Serum albumin

Table 1.
Pet allergen components (www.allergen.org)

*Mammalian allergens currently available for CRD.
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Improved clinical sensitivity and specificity

Component-resolved diagnostics may prove useful in terms of 
improved clinical sensitivity in cases where a relevant allergen 
is scarcely represented in the natural allergens extract, as is 
the case of PR-10 allergens in certain plant foods such as 
fruits and nuts. Superior clinical specificity of component IgE 
testing compared to whole extract testing has been demon-
strated for allergies to several foods, including peanut(57), 
hazelnut(58, 59), and cashew nut(60, 61). 

Markers of increased asthma risk and disease severity

Component-resolved diagnostics could provide markers 
of increased asthma risk, since asthmatic children with cat 
allergy have been shown to have higher Fel d 1-specific IgE 
levels than children with rhinitis only(62). A study of 696 cat 
allergic Swedish children found that asthma symptoms upon 
contact with cat were significantly associated with sIgE to cat 
allergens Fel d 1 and Fel d 4 in cat-allergic children(45). Among 
dog-sensitized children, the majority were sensitized to more 
than one dog component, and co-sensitization to Can f 5, 
Can f 1, and Can f 2 conferred the greatest risk for asthma(45). 
The study further confirmed that asthma was associated 
with higher levels of component sensitization. Progression of 
allergic sensitization over time has been shown to involve IgE 
recognition of an increasing number of components from the 
sensitizing allergen source, forming the basis for the concept 
of molecular spreading, in which sensitization to a greater 
number of components from the same allergen source cor-
relates with disease severity(63). A recent study reported that 
asthmatic pediatric patients with IgE to Fel d 2 serum albumin, 
Fel d 4 and Fel d 7 lipocalins were more likely to have persis-
tent type-2 inflammation(64). A cross-sectional cohort study in 
269 children found that asthma was significantly associated 
with sensitization to members of the lipocalin protein family(65).  
 
The relationship between sensitization to specific allergen 
components and disease has been investigated by Simpson 
et al., who identified patterns of response to allergen compo-
nent groups and investigated associations with asthma in chil-
dren. Sensitization to a group that included 27 components 
of plant, animal, and fungal origin from 12 protein families was 
most strongly associated with asthma and decreased lung 
function (lower FEV1, p <0.001)(66). Similar results have been 
reported in several subsequent studies(67, 68). In another study, 
multisensitization to three or more animal-derived components 
(lipocalins, kallikrein, and secretoglobin) was associated with 
severe asthma, increased bronchial inflammation, and a trend 
towards more courses of oral corticosteroid treatment(69). Sim-
ilar findings were recently reported in a study of dog sensitized 
children(56). 

A small early study comparing children with severe asthma vs. 
controlled asthmatic children demonstrated that those with 
severe asthma had higher levels of IgE antibodies towards 
cat, dog, and horse components(16). The use of allergen 
components compared with whole extracts as predictors of 
disease severity was evaluated by Asarnoj et al. in a large 
cross-sectional and longitudinal population-based pediatric 
study. Sensitization to Fel d 1 and Can f 1 at 4 years of age 
and molecular polysensitization to cat or dog components 
predicted allergy to cat and dog at 16 years of age signif-
icantly better than did IgE to whole cat or dog extracts(68). 
In comparing allergen extract vs. component sensitization, 
Patelis et al. showed that adults sensitized to both cat extract 
and one or more of cat components Fel d 1, Fel d 2 and Fel d 
4 had higher exhaled nitric oxide (FeNO) (p=0.008) and more 
bronchial responsiveness (p=0.002) than subjects sensitized 
the extract but not to any of the cat components tested(54). 
Further, subjects that were sensitized to the tested cat com-
ponents were more likely to develop asthma (p=0.005) and 
rhinitis (p=0.007) over a 12-year period than those that were 
not, highlighting the value of CRD in predicting disease severi-
ty(54). Another adult study identified sensitization to furry animal 
allergen components, sensitization patterns and clusters 
as associated with a substantially increased risk of asthma, 
rhinitis, and concomitant asthma/rhinitis. Sensitization to Fel 
d 1, Can f 1, Can f 2, and Can f 3, polysensitization, and 
multisensitized cluster were further associated with increased 
FeNO and eosinophil levels. Thus, sensitization to furry animal 
allergen components appears to be a predictor of asthma 
outcome and an indicator of severity(70).   

Taken together, available data indicate that measuring com-
ponent-specific IgE offers insights into the progression and 
severity of allergy. 

Allergen components in allergen immunotherapy

Treatment options for individuals who are allergic to furry 
animals include allergen avoidance, medications, and allergen 
immunotherapy (AIT)(5). The ability of components to distin-
guish primary sensitization from cross-sensitization is impor-
tant when immunotherapy is envisaged, in order to determine 
if immunotherapy is applicable and to choose the primary 
sensitizing allergen source for therapy. The availability of CRD 
has raised the possibility of better targeted AIT, the only treat-
ment able to change the natural course of allergic disease. 

Future perspectives 
Generally speaking, CRD allows detailed analysis of the 
patient’s sensitization profile, and may ultimately facilitate 
individualized treatments and patient management options. 
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Some questions remain to be answered on the clinical utility 
of CRD in patients with allergy to furry animals(3). For the time 
being, CRD should be considered complementary to extract 
based testing rather than a replacement (Figure 2). The role 
of allergenic molecules as markers and predictors of disease 
severity needs to be further explored, and whether CRD could 
identify patients who are most likely to respond to AIT. Com-
ponent-resolved diagnostics may also have a role in monitor-
ing treatment responses following immunotherapy. 

Overall, CRD has a role in developing patient-tailored treat-
ment that could reduce healthcare costs, save time for 
patients, reduce adverse effects, and improve patient quality 
of life.  
 

Product list

ImmunoCAP Allergen e5, Dog dander, ImmunoCAP Allergen

e101, Allergen component rCan f 1 Dog, ImmunoCAP Aller-

gen e102, Allergen component rCan f 2 Dog, ImmunoCAP 

Allergen e221, Allergen component nCan f 3 Dog serum  

albumin, ImmunoCAP Allergen e229, Allergen component  

rCan f 4, Dog, ImmunoCAP Allergen e226, Allergen compo-

nent rCan f 5, Dog,   ImmunoCAP Allergen e230, Allergen 

component rCan f 6, Dog. ImmunoCAP Allergen e1, Cat 

dander, ImmunoCAP Allergen e94, Allergen component  

rFel d 1 Cat, ImmunoCAP Allergen e220, Allergen compo-

nent rFel d 2 Cat serum albumin, ImmunoCAP Allergen e228, 

Allergen component rFel d 4, Cat, ImmunoCAP Allergen e231, 

Allergen component rFel d 7, Cat. ImmunoCAP Allergen e227, 

Allergen component rEqu c 1, Horse. 
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