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Abstract

Dogs and cats are the most common pets worldwide. In Italy, the prevalence of allergic sensitization to cats and
dogs is 16% and 9% respectively. The limited standardization of allergenic extracts, especially for dogs,
emphasizes the importance of Component Resolved Diagnosis (CRD) for accurate diagnosis and subsequent
prescription of allergen immunotherapy (AIT).

However, this low standardization is the main factor contributing to the unsatisfactory clinical efficacy of
traditional AIT, AIT with modified allergens, and intralymphatic allergen-specific immunotherapy (ILAIT).
Emerging immunological approaches, particularly for controlling the primary cat allergen, show promise but are
hindered by high costs (e.g., use of anti-Fel d 1 monoclonal antibodies in humans) or by exclusively targeting
Fel d 1 produced by one's own animal (e.g., immunizing cats to induce neutralizing antibodies against Fel d 1 or
including an egg product with anti Fel d 1 IgY antibodies in feline diet). Further studies are imperative for
standardizing pet allergens, enhancing the efficacy of various AIT modalities, and exploring other
immunological approaches, to optimize the relationship between pets and their owners and prevent distressing
"forced removals."
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Impact statement: Further studies are urgent both as regards the standardization of pet allergens and the
improvement of the efficacy of the various modalities of the AIT and of other immunological approaches.

Background and General Aspects

Dogs and cats are the most prevalent pets globally. Recent data in Italy indicates that 44.7% of families own a
dog, while 35.4% have a cat at home (Eurispes 2022) (1). Beyond the emotional connection, common pets drive
substantial economic activities, including breeding, veterinary services, and new pet-related professions (e.g. pet
sitters, groomers, pet shop workers, military units) (2) and pet product industries (e.g. pet-food, accessories)



The recent Italian Multicenter Study by Liccardi et al. (3) showed that allergic sensitization frequency to cats and
dogs were 16% and 9% respectively. In Northern Europe and the US, higher pet ownership leads to much higher
sensitization frequencies (up to 50%) (4). Conversely, China exhibits sensitization frequencies similar to Italy
(14.9% for dogs and 9.3% for cats) (5). At present, both in dogs and in cats eight main allergens characterized by
different molecular weights, biochemical properties, and biological functions have been identified (6). Notably,
the primary cat allergen (Fel d 1) is responsible for over 90% of allergic sensitizations to cats, while dogs can
have various allergens involved, such as Can f 1, Can f 2, and Can f 5 (7, 8). The distinct roles of common pet
allergens in inducing sensitization underlie challenges in standardizing allergenic extracts and impact the clinical
efficacy of allergen immunotherapy (AIT). Notably, the recently identified dog prostatic allergen (Can f 5) has
become the most prevalent dog allergen in Italy (9) and globally (7,8). Furthermore, according to a previous
Italian multicenter study by Liccardi et al (10), it has been showed that owning a male dog significantly
increases the risk of mono-sensitization to Can f 5 compared to those exposed to female dogs or without direct
contact with either gender. Polysensitization to dog and cat allergen components is associated with a high
likelihood of allergic symptoms during exposure (11). Diagnosing dog allergies is particularly challenging due to
difficulties in obtaining diagnostically accurate extracts with well-defined allergen compositions (12). The
production of allergens (Can f 1-6) varies between dog breeds and anatomical sites, as well as between
individual dogs of the same breed, introducing variability in natural extracts in terms of source, sampling,
processing, and ultimately standardization and minimum allergen levels for accurate diagnosis and treatment
(12).

Importance of Molecular Diagnosis (Component Resolved Diagnosis - CRD)

The limited standardization of allergenic extracts, particularly for dogs, has underscored the importance of
molecular diagnostics (Component Resolved Diagnosis, CRD). It has been previously proposed that CRD is
valuable in predicting the risk of sensitization to less common mammals, such as hamsters, rabbits, and horses,
in individuals already sensitized to dogs or cats (13). Pre-existing sensitization to cats poses a lower risk due to
the characteristics of its allergens, while sensitization risk is higher in individuals sensitized to dogs, attributed to
cross-reactive allergens like lipocalins (13). Given the growing role of the dog-prostatic allergen (Can f 5) in
sensitization compared to the well-known Can f 1 and Can f 2, we advocate for CRD prior to AIT prescription
(14). If CRD reveals mono-sensitization to Can f 5, a common occurrence in dog-sensitized individuals (9, 10), a
dog AIT containing a mix of allergens may have limited clinical efficacy (14). The EAACI Molecular
Allergology User's Guide v.2 (15) has emphasized the importance of IgE anti Fel d 1 for identifying primary
sensitization in cat allergy cases, while IgE anti Can f 1, Can f 2, and Can f 5 indicate primary sensitization in
dog allergy cases. The presence of these allergens is considered crucial for an effective therapeutic response
during AIT. Schoos et al. (16) also provide similar guidance on primary sensitization to pet allergens,
recommending nasal challenge tests to refine the pet AIT, in cases of uncertain results. It is imperative that such
tests are conducted in controlled medical environments to address the potential occurrence of bronchial
obstruction, which can be common in asthmatic subjects (17).

Traditional Allergen Immunotherapy (AIT) and novel modalities of immunologic approach to cat / dog
allergic sensitization.

Traditional Allergen Immunotherapy (AIT)

Data on cat / dog AIT in Italy

To provide current insights into subcutaneous (SCIT) or sublingual (SLIT) AIT for dog/cat allergens in Italy, we
conducted an online survey encompassing both manufacturing companies and allergy centers evenly distributed
across the country. We inquired with the manufacturing companies about the inclusion of AIT extracts for
dogs/cats in their price lists, and gathered information from Italian allergists regarding the number of
prescriptions issued in the last decade, as well as the clinical efficacy in managing respiratory symptoms. Six
manufacturing companies and 30 allergy specialists from all Italian regions participated in the online survey. The




results are summarized in figure 1. As shown in figure 1 (B), one company does not manufacture allergenic
extracts for cat/dog AIT. Only 2 out of six produce extracts for dog AIT, while 5 out of six offer extracts for cat
AIT in their catalogues. Prescription trends over the last decade for pet AIT are highlighted in figure 1(A); they
are notably higher for cat sensitization compared to dog sensitization, particularly in northern Italy as opposed to
central and southern regions (likely influenced by reimbursement policies regarding AIT costs). Finally, figure 2
(C) illustrates that, in numerical terms, clinical efficacy is reported as more favorable in patients receiving cat
allergenic extracts than those receiving dog allergenic extracts.

Actual aspects of cat / dog AIT

While AIT for dog/cat epithelia has demonstrated positive outcomes in atopic dermatitis treatment (18), its
primary application is in respiratory allergy. AIT can be a potential add-on treatment option when conventional
management proves infeasible or ineffective, and when there is specific IgE sensitization combined with a clear
correlation between clinical symptoms and exposure to that particular allergen.

A pediatric-oriented EAACI Position Paper (19) and a Consensus Document on pet allergy (20)
comprehensively reviewed the available literature spanning from the early 1980s to the middle of the second
decade of the 2000s, affirming the actual clinical significance of AIT for cat/dog allergens. Alvaro-Lozano et al.
(19) noted limited high-quality evidence supporting AIT for furry animals in children, with insufficient data on
cost-effectiveness. Evidence for AIT in cat allergy is similarly limited, while data for its effectiveness in dog
allergy is notably absent, likely due to the lack of standardized extracts and variability in sensitization profiles.
Davila et al. (20) reported modest results concerning the clinical efficacy of AIT with dog extracts due to factors
like the use of low-quality extracts, variations in allergenicity, and the complexity of the allergenic profile of
dogs. In contrast, AIT with cat extracts showed both clinical and laboratory improvements. However, while there
are double-blind placebo-controlled randomized clinical trials (21, 22), not all have optimal designs, and the
patient cohorts tend to be limited. It's worth noting that each AIT product is distinct, making it unlikely that
results achieved with one product can be generalized to others in the market with the same allergen.

The reduction of wheal area observed through skin prick tests (SPT) towards the allergen of AIT is a common
finding after a suitable treatment period. In a preliminary report, it has been demonstrated that SLIT for dog
allergen, after a year of treatment, not only induced positive clinical responses but also significantly reduced the
areas of wheals assessed by SPT, not just against dog allergens, but also against those of other mammals like
rabbit, horse, mouse, rat, hamster, and cow (23).

More recently, Uriarte and Sastre (24) investigated the effects of AIT for dogs and cats using an ultrarush (4
hours) SCIT schedule administered via subcutaneous infusion pump in patients with rhinitis and/or asthma.
While no severe adverse reactions (ARs) were recorded, a greater number were noted compared to standard
protocols, although this number was similar to that of longer rush protocols when patients were premedicated
with antihistamine (25). The use of an infusion pump reduced the number of injections and could be applied
when indicated in real-life settings under appropriate medical supervision.

Subsequently, the same authors explored the use of high-dose SCIT in patients with allergic rhinitis and asthma
caused by exposure to cat and dog dander using real-life clinical practice extracts (Alutard SQ, Alk-Abello).
Allergenic extracts were administered via an infusion pump over 3 sessions as part of a rush protocol (24),
followed by monthly administration over 12 months, at the following concentrations of major allergens: Fel d 1,
15 pg/mL; Can f 1, 3.21 pg/mL; Can £ 5, 0.72 pg/mL (26). A significant improvement was observed in FEV1,
symptoms of rhinitis and asthma, Quality of Life (QoL), use of medication, Visual Analog Scale (VAS) score,
and Asthma Control Test score at 6 months and continued at 12 months. Clinical improvement with cat extract
was significantly better than with dog extract.

The safety profile of the rush up-dosing and maintenance phases was generally good, as reported in previous
studies (27).

Finally, Uriarte et al. (28) conducted a real-life study to assess clinical efficacy in terms of symptoms, QoL,
asthma control, and pulmonary function in patients undergoing SCIT with ultrarush up-dosing using the same
dog and cat extracts as in their previous studies (26). They compared the results and also evaluated the
immunologic changes caused by cat/dog specific AIT. A significant improvement was observed in rhinitis and
asthma symptoms and in QoL, use of medication, VAS, and ACT at 1 month; these improvements persisted at
month 6. Cat-allergic patients had a better response to SCIT than dog-allergic patients, as also seen in our
previous study (26). This finding may be attributed to the higher concentration of Fel d 1 relative to Can f 1 or
other dog allergens not contained in the extracts used.




Intralymphatic allergen-specific immunotherapy (ILAIT).

Intralymphatic immunotherapy (ILAIT) administers allergen extract directly to lymph nodes to induce rapid and
effective immunological tolerance. Three injections are provided at 12-week intervals, resulting in fewer
injections, a shorter treatment duration, a reduction of expense and noncompliance with therapy (29). However,
Park et al. (30) examined therapeutic efficacy and safety of ILAIT with L-tyrosine-adsorbed extracts of various
allergens including those of cat / dog in patients with allergic rhinitis. After 4 months of treatment, ILAIT with
L-tyrosine-adsorbed allergen extracts does not induce a significant therapeutic efficacy in allergic rhinitis but can
provoke moderate-to-severe systemic reactions and cause pain at the injection site.

AIT with modified allergenic extracts

Since increasing the concentration of allergens during standard AIT increases the risk of possible adverse
reactions, various strategies have been adopted, such as physical or chemical modifications of allergenic
materials which allow the administration of larger amounts, minimizing the risk of adverse reactions.

Sola et al. (31) developed a new allergoid cat dander extract (ACD) (Probelte Pharma S.L.U., Spain.) from a
native cat dander extract (NCD) by modification with glutaraldehyde, and the optimal process control was
determined by SDS-PAGE, DOT BLOT and determination of free amine groups. The ACD showed a significant
loss of allergenicity compared to NCD obtaining a good safety profile, while maintaining the I[gG-binding
capacity.

Calzada et al. (32) investigated a new dog dander allergoid (R&D Allergy & Immunology Unit, LETI Pharma,
Madrid, Spain) containing Can f 1 and Can f 5, it exhibited a low capacity to bind IgE and to activate basophils
in dog allergic patients. Furthermore, it showed potent activation of Th1 mediators and induction of tolerance
through Treg activation. This allergoid could offer a safer profile than the native extract and could be an
effective immunotherapy treatment for dog allergic patients.

Novel modalities of immunologic approach to cat / dog allergic sensitization

Use of anti-Fel d 1 monoclonal antibodies in humans

AIT has been utilized for over a century, yet the prevailing protective mechanism remains poorly understood.
One consistent observation is that increased allergen-specific IgG can competitively block allergen binding to
IgE (33). Orengo et al. (34) investigated the contribution of allergen-specific blocking IgG as the protective
mechanism of AIT using pre-selected monoclonal anti-allergen-blocking antibodies to suppress allergic
symptoms. To explore this fundamental point, they generated two fully human IgG4 antibodies, REGN1908 and
REGN1909, specific for Fel d 1, the major cat allergen. They reported that recombinant, allergen-specific
blocking IgG antibodies perform comparably to allergen-specific IgG isolated from patients who successfully
completed AIT. This effect translates to a rapid and sustained reduction in clinical symptoms in patients with cat
allergy thereby offering evidence that allergen-specific blocking IgG play an important role in the protective
mechanism of SCIT, and may be a potential new and more rapid treatment approach for allergies (34).

Shamje et al. (35) showed that a single subcutaneous prophylactic dose of a combination of two anti—Fel d 1
(Felis domesticus allergen 1) monoclonal antibodies (REGN1908-1909) reduced nasal symptoms in cat-allergic
patients challenged with cat allergen by suppressing FceRI-, FceRII-, and Th2-mediated allergic responses.
Finally, the efficacy of these therapies have been demonstrated also in asthmatic patients with cat allergy. It has
been suggested that passive administration of neutralizing mAbs targeting the predominant cat allergen Fel d 1
alone, but not Fel d 2, 4, 7, or &, can prevent cat allergen—triggered asthma responses and may inhibit type 1
immediate IgE-mediated responses (36). Notably, REGN1908/1909 was generally well tolerated, with profound
and rapid effects that can last for at least 85 days (36).



Immunization of cats to induce neutralizing antibodies against Fel d 1

Thoms et al. (37) within the “One Health” (http://www.onehealthinitiative.com) paradigm, propose to reduce or
prevent cat allergy in human subjects by immunizing cats against their own allergen. The rationale of this
method is based on the fact that the major cat allergen (Fel d 1) is recognized by over 90% of cat allergic patients
(38).

The authors conjugate vaccine consisting of recombinant Fel d 1 and a virus-like particle derived from the
cucumber mosaic virus containing the tetanus toxin—derived universal T-cell epitope tt830-843 (CuMVTT) was
used to immunize cats. Vaccinating cats against Fel d 1 induces specific antibodies capable of neutralizing the
molecule in situ (ie, in saliva or tears), making cats less allergenic to Fel d 1-sensitive human subjects (37). The
same authors demonstrate that allergic symptoms of cat allergic owners were alleviated after the immunization
of their cats (39). As a result of the owner being less burdened by their allergy, the QoL of their cat may be
improved. The ability of allergic cat owners to better tolerate and increase the duration of their interactions with
their pet can benefit the animal through better training and socialization and awareness of the animals’ overall
health. It is also important to note that, from a veterinary perspective, the overall health status of the cats was not
compromised by the induction of auto-antibodies against Fel d 1 (39).

Feline diet with an egg product containing anti Fel d 1 IeY antibodies

Satyaraj et al. (40) demonstrated that it is feasible to reduce the immunologically active Fel d1 allergen from cats
by incorporating anti-Fel d1 polyclonal IgY from chicken eggs into their diet.

In fact, it has been demonstrated the efficacy of a rabbit polyclonal and an allergen-specific chicken IgY to bind
to Fel d1 in cat saliva and block Fel d1-IgE binding and IgE-mediated basophil degranulation. These Fel d1
blocking antibodies present a novel approach for neutralizing cat allergens and potentially offer a safe and
noninvasive method to reduce cat allergenicity (41). The anti-Fel d 1 IgY is safe for cats, based on a
comprehensive safety study that fed an egg product ingredient with multiple levels of anti-Fel d 1 IgY, including
levels much higher than those used in efficacy studies (42). In addition, based on the principle of allergen load
reduction, complete elimination of Fel d 1 production is not necessary, as the approach described does not
neutralize 100% of the cat's Fel d 1. Essentially, it transforms moderate and high Fel d 1-producing cats to the
equivalent of low or moderate producers without altering the cat's overall production of the allergen (43).
However, it is important to underline that the benefits for cat allergic patients, deriving from the use of
monoclonal or IgY antibodies against Fel d 1, strictly concern the cat owned and in contact with the subject.
Obviously, these benefits do not extend to other cats the patient may encounter, nor do they address "passive
exposure" to cat allergens through various carriers such as clothing, hair, etc. (44, 45).

Concluding remarks

As shown in Figure 2 allergic sensitization to common pets, particularly dogs and cats, is a complex puzzle
influenced by many different factors related to individuals, living environments, modes of exposure, and the
animals themselves. The limited standardization of allergenic materials, especially for dogs, remains the primary
factor contributing to the unsatisfactory clinical efficacy of traditional AIT, AIT with modified allergens, as well
as ILAIT. While new immunological approaches, particularly for controlling the primary cat allergen such as the
use of anti-Fel d 1 monoclonal antibodies in humans, immunization of cats to induce neutralizing antibodies
against Fel d 1 and feline diet with an egg product containing anti-Fel d 1 IgY antibodies show great promise,
they have significant costs (e.g. monoclonal antibodies) or the limitation of exclusively targeting one's own
animal's Fel d 1.

The need for further studies is evident, encompassing both the standardization of pet allergens and the
enhancement of the efficacy of various AIT modalities. This is crucial to optimize the relationship between
animals and their owners and prevent the distressing necessity of "forced removals".
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Figure 1.

An overview on the state of Allergen Immunotherapy for cat / dog in Italy in terms of prescription (A),
manufacturers (B), and reported efficacy (C).
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Figure 2.
The “puzzle” of allergic sensitization to common pet allergens.
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