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IMPACT STATEMENT

It is evident the need for further studies encompassing

prevention aspects, standardization of pet allergens,
; enbancement of the efficacy of various AIT

. modalities as well as new immunological approaches.

Introduction

Dogs and cats are the most prevalent pets globally. Recent data
indicate that 44.7% of families own a dog, while 35.4% have a
cat at home in Italy (1), while allergic sensitization frequency to
cats and dogs is reported as 16% and 9%, respectively (2).

Summary

The aim of this contribution was to highlight the ‘favorable” and “unfavorable”
roles of domestic and non-domestic animals on airway sensitization processes
and on the type / severity of the clinical symptoms induced by their exposure.

We performed a literature research in MEDLINE for allergic manifestations
and animals.

Pets can be “allergy friends” through mechanisms related to hygiene hypothesis
and translational aspects, the dual role of IeG4 antibodies for pets, and their
promising role as healthcare service animals (dogs).

On the contrary, animals can be “allergy enemies” when inducing allergic sen-
sitization and respiratory symptoms (sometimes leading to severe reactions),
and also due to cross reactivity with other pets allergens, indirect exposure
and ubiquity of their allergens, cross reactivity between Can f5 and human
prostate-specific antigen (PSA). Moreover, in some cases they can trigger ana-
phylaxis, induce occupational asthma, and act as pests. Finally, we must out-
line the modest efficacy of allergen immunotherapy (AIT) for their allergens.

From a strictly allergological perspective, it is evident that the “negative” aspects
resulting from exposure to domestic | non-domestic animals outweigh the ‘pos-
itive” aspects. As a consequence, it is up to humans to seek new ways to bal-
ance the pros and cons by exploring research areas that can allow the best pos-
sible coexistence with subjects at risk of allergy with domestic and non-do-
mestic animals.

Beyond the emotional relationship with humans (including their
role in pet therapy), common pets drive relevant economic activ-
ities, including breeding, veterinary services, and new pet-related
professions (e.g., pet sitters, groomers, pet shop workers, military/
police units) and pet product industries (e.g., pet-food, accesso-
ries). Furthermore, the increasingly widespread habit of having
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exotic animals as pets has also increased the frequency of allergic
sensitization to these creatures (3, 4). In the strictly allergy con-
text, unlike other allergenic sources, animals can play a dual role
in the development of allergic sensitization, either inhibiting or
facilitating this process.

The aim of this contribution was to highlight the “favorable”
and “unfavorable” roles of domestic and non-domestic animals
on airway sensitization processes and on the type/severity of the
clinical symptoms induced by their exposure.

Data sources and study selections

We performed a literature research in MEDLINE for randomized
and non- randomized trials, systematic reviews and meta-analyses.
We selected studies according to the following key words: aller-
gic rhinitis, animals, bronchial asthma, cat, dog, horse, guinea
pig, pig, or mouse.

How pets can be “allergy friends”?

The controversial of early exposure to pets on the subsequent
development of allergy

Early exposure to animals on the development of allergic sensiti-
zation and asthma is a rather controversial topic as it is possible
to observe both a “preventive” and a “facilitating” effect on this
process. Furthermore, the “protective” effect appears to be more
significant in rural environments, compared to urban areas. The
rural lifestyle, characterized by contact with farm animals (includ-
ing cattle), greater presence of microorganisms, less pollution, ezc.,
constitutes a set of factors considered “protective” on the devel-
opment of allergic pathologies. On the contrary, the urban life-
style characterized by indoor living, high hygiene standards, and
significant pollution, represents several “facilitating” factors. This
theory is known as the ‘hygiene hypothesis’ (5).

In a recent review, Indolfi ez a/. (6) found a relationship between
the number of owned pets and a protective effect against allergy
and asthma. The likelihood of developing allergy and asthma
seems to be influenced by various factors in children, including
the genetic background and early exposure to different environ-
mental factors, including allergens that may interact with the gut
microbiota and the immune system. In fact, microbiota detected
in nasal fluids (7) and indoor dust (8) of individuals with pets
at home are likely to be associated to a reduced risk of allergic
sensitization. On the contrary, Park e al. (9) have found that
early-life exposure to dog reduces atopy but increases the risk
of nonatopic bronchial hyper-reactivitcy (BHR) and nonatopic
asthma at 7 years old.

Indolfi ez al. (6) and others (10) demonstrated that exposure to
pets during early infancy can also reduce the incidence of food
allergies.

Dual role of IgG4 antibodies in pet allergy

The clinical significance of IgG4 in allergic diseases is complex and
controversial. However, published data indicate that allergen-spe-
cific IgG4 plays a multifaceted role in allergic diseases that is pro-
tective or pathogenic depending on different allergens or expo-
sure conditions (11). In particular, acute allergen exposure may
lead to IgE-mediated histamine-induced hypersensitivity reactions
by high-affinity receptor FceRI whereas chronic allergen expo-
sure may induce IgG4 formation and allergen binding by IgG4.
The IgG4 binding to the inhibitory receptor FegRIIb prevents
hypersensitivity reactions and induces allergen tolerance (11).

Translational aspects

A better understanding of the pathophysiology of asthma in humans
by utilizing animal models of asthma is aimed at improving diag-
nostics and treatments. Depending on the research question and
budget, certain animal models of asthma may be more applicable
for use. For this purpose, various animals have been used such as
rodents, guinea pigs, rabbit, dogs, sheeps, cats, horses, non-human
primates. Naturally occurring animal models of asthma have the
benefit of investigating the aspect of chronicity, collecting longi-
tudinal data, and evaluating novel treatments (12).

Role as service animal in healthcare (especially dogs)
Although dogs can induce respiratory allergy, we would like to
cite the potential role of service dogs in certain clinical condi-
tions at high risk of anaphylaxis such as surgical interventions
in subjects with high allergic risk. Tew and Taicher (13) docu-
mented the first report of a service dog used to detect mast cell
mediator release in a patient with mastocytosis. This service dog
was used not only in a family-centered care model, but also as an
additional perioperative monitoring tool to predict the potential
occurrence of perioperative mediator release (13). We think that
this type of “service” provided by dogs towards subjects at high
risk of anaphylaxis should be strongly encouraged.

How pets can be “allergy enemies”?

Induction of allergic sensitization and cross reactivity of pet
allergens

At present, eight main allergens characterized by different molecu-
lar weights, biochemical properties, and biological functions have
been identified both in dogs and cats (14-17) (table I). Notably,
the primary cat allergen (Fel d 1) is responsible for over 90% of
allergic sensitizations to cats, while dogs can have various aller-
gens involved, such as Can 1, Can f 2, and Can {5 (18,19). In
Italy, the frequency of allergic sensitization to cats and dogs were
reported to be 16% and 9%, respectively (2). In Northern Europe
and the United States, a high frequency of pet ownership leads
to a much higher risk of sensitization (up to 50%) (20). Con-
versely, China exhibits sensitization frequencies similar to those
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in Italy (14.9% for dogs and 9.3% for cats) (21). As expected, it
has been shown that the poly-sensitization to dog and cat aller-
gen components is associated with a high likelihood of allergic
symptoms during pet exhibition shows (22).

Allergens from furry animals belong to a restricted number of pro-
tein families, mostly lipocalins, albumins, secretoglobins, lather-
ins or cystatin-A (4). Animal dander contains cross-reactive mol-
ecules and current efforts aim at defining species-specific aller-
gens with high diagnostic sensitivity (4).

The degree of cross-reactivity between animal allergens varies by
species. For example, dog-Can {1 and cat-Fel d 7 show a mod-
erate risk of cross-reactivity; dog-Can f 3, cat-Fel d 2, horse-Equ
¢ 3 and domestic pig-Sus s 1 have a high risk of cross-reactivity
with other serum albumin; dog-Can f 6, cat-Fel d 4, horse-Equ
c1, guinea pig-Cav p 6 and mouse-Mus m 1 demonstrate a mod-
erate cross-reactivity risk with some lipocalins; dog-Can f 8 and
cat-Fel d 3 pose a moderate risk; horse-Equ ¢ 6 and horse-Equ a
6 present a high risk (15). The cross-reactivity of animal allergens
causes important difficulties both from a diagnostic and thera-
peutic point of view, for example in the choice of the allergen to
treat with AIT. These problems can be mitigated using the Com-
ponent-Resolved Diagnosis (CRD), which allows to discriminate
genuine sensitizations from cross-sensitizations.

A particular condition is the pork-cat syndrome in which patients
who are allergic to cat epithelium develop symptoms of allergy
after the ingestion of pork meat. Primary sensitization is pre-
sumed to be caused by inhaled Fel d 2 (cat serum albumin), with

predominantly respiratory symptoms and subsequent reactions
to pork due to cross-reactivity between Fel d 2 and pork serum
albumin (Sus s 1) (23). Moreover, it has been shown that some
cat immunoglobulins carry alpha-GAL and are believed to play
a role in sensitization to this allergen (24, 25)

Mild to severe respiratory symptoms

Studies in cat allergy using controlled methodology of expo-
sure (e.g., natural exposure cat rooms, allergen exposure cham-
bers) have been very useful to demonstrate short- and long-term
effects of cat allergen inhalation, thereby providing a more holis-
tic representation of cat allergen-induced respiratory symptoms
(26). It is essential to underline that the percentage of pet aller-
gens carried on small particles (about 0.5-2 pm) becomes easily
airborne, under normal domestic ventilation, and it constitutes
the main material able to trigger respiratory symptoms, in sensi-
tized patients (27). In fact, Zeidler ez al. (28) demonstrated that
common exposure to cat allergens results in significant small air-
ways obstruction and hyperresponsiveness persisting for at least
23 hours. Beyond this timepoint, these changes were no longer
detected by conventional physiologic measures.

Sensitization to dog is also an important risk factor for asthma in
children. In fact, Kack ez al. (29) showed that polysensitization
to furry animal allergens and high IgE levels to the dog lipocalins
Can f 2, Can f 4, and Can f 6 are associated with asthma sever-
ity in dog dander sensitized children. Molecular allergy diagnos-

Table I - Main cat/dog allergens.

Allergens source Allergen Biochemical family Prevalence of specific IgE in patients (%) MW (kDa)
Cat (Felis domesticus) Feld 1 Secretoglobin > 90 18
Fel d 2 Serum albumin 14-23 69
Fel d 3 Cystatin 10 11
Fel d 4 Lipocalin 63 22
Fel d 5 Immunoglobulin 20-40 400
Feld 6 Immunoglobulin - 800-1,000
Feld 7 Lipocalin 38 17.5
Fel d 8 Latherin 19 24
Dog (Canis familiaris) Canfl Lipocalin 50-90 23-25
Can f2 Lipocalin 22-35 19
Canf3 Serum albumin 25-60 69
Can f4 Lipocalin 35-59 18-23
Canf5s Kallicrein 31-76 8
Canf6 Lipocalin 56 27-29
Canf7 Nieman Pick type C2 10-14 14
Canf8 Cystatin 10-14 14
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tics may thus help the clinicians to evaluate the impact of aller-
gic sensitization on asthma morbidity (29).

Ubiquity of pet allergens

Cat and dog allergens should be considered as ubiquitous because
they are found not only in indoor environments where these ani-
mals are kept, but also in other indoor private or public places
where they have never been kept (27). Public spaces include nurs-
eries, offices, hospitals, hotels, schools and means of public trans-
port (e.g., buses, cars, airplanes) (20). These indoor environments,
contaminated by pet allergens, are able to induce allergic sensi-
tization in susceptible individuals and trigger respiratory symp-
toms in already highly sensitized subjects (30). In fact, in these
contaminated environments, especially schools, the amount of
pet allergens is higher than threshold values generally recognized
as sufficient to induce sensitization (1 pg of allergen/g) or trig-
ger respiratory symptoms (8-10 pg of allergen/g) for dust (31).
In developed countries, the consequence of pet allergen ubiq-
uity is a persistent stimulation of airways like the one induced
by dust mite, that may increase the risk of allergic sensitization
either directly or by a cross-reaction mechanism involving albu-
mins and lipocalins (15, 32).

Indirect exposure

Accumulation of pet allergens in indoor environments without
animals has been demonstrated to correlate with the number
of visitors owning a pet or with those who are in regular con-
tact with these animals. Therefore, the higher the frequency of
pet ownership in a community, the higher the presence of pet
allergens in apparently pet-free spaces (33). We and others have
shown that clothing and other items, such as human hair, con-
stitute a means of transferring pet allergens into pet-free indoor
environments (34, 35).

As previously described, the percentage of pet allergens carried on
small particles (about 0.5-2 pm) becomes easily airborne under
common domestic ventilation and it constitutes the real risk either
for allergic sensitization or, in some circumstances, exacerbation
of symptoms in already sensitized patients (27). However, it has
been shown that the indirect modality of exposure to allergens
of domestic animals can also include other species, such as rab-

bits (36) or horses (37, 38).

Cross reactivity between Can 5 and human prostate-specific
antigen (PSA)

Can 5, a newly described dog allergen, is a prostatic kallicrein, an
androgen-regulated protein expressed in the prostate and detect-
able only in male dogs (39). Some studies have shown that the
frequency of a prevalent or exclusive allergic sensitization to Can
£5 is high, ranging from 37% to 52% (40). A high rate of allergic
sensitization to Can f 5 has been recorded in the North East of
Ttaly. Specifically, 69.02% of dog-sensitized patients showed IgE

against Can f 5, and 57.92% were exclusively sensitized to Can
f5 (41). Moreover, we have also shown that mono-sensitization
to Can f'5 is strongly associated to a prevelent esposure to male
dogs, compared to female dogs (42). A moderate potential for
cross-reaction between Can f 5 and human Prostate Specific Anti-
gen (PSA), contained in human semen, has been demonstrated,
and this cross-reaction may be clinically significant (although very
rare) after sexual intercourse in women allergic to dogs (43, 44).

Inducers of anaphylaxis

Pets have been reported to induce anaphylaxis after contact or
inhalation of allergens (45, 46), as well as following a bite (47,
48). Anaphylaxis is more frequent in the literature after laboratory
animals’ bites (mostly mice and rats), compared to pets (49, 50).
Recently, an anaphylactic shock due to a slow loris’ bite has been
described (51). Slow loris is a venomous monkey, sometimes kept
as a pet, that combines its brachial gland exudate (which serves as
a defensive tool) with saliva and bites to deliver the venom (51).
Interestingly, homology has been shown between this brachial
gland protein and the main allergen of cat dander (52). Labora-
tory data demonstrate that Fel d 1 may satisfy some criteria to be
considered a toxin and thus suggesting the possibility that cat-in-
duced reactions could also include a form of toxic reaction (53).
A similar model is provided by hymenoptera stings, possibly lead-
ing to allergic or non-allergic (e.g., toxic) severe reactions (54).

Occupational asthma

Allergies to common pets (or other furry animals) may also
occur in some occupational settings where workers are inten-
sively exposed to animal dander during most of their working
time (55, 56). We have also described a case of respiratory allergy
induced by an unusual occupational exposure to rabbit in a part-
time magician (57). In fact, a few minutes after the rabbit was
pulled out from the top hat, the patient experienced the onset
of upper and lower airway symptoms, and in some occasions, he
was forced to stop the show and to use short acting 3,agonists
and intramuscular steroids (57). In case of contact with domes-
tic and non-domestic animals, workers should apply prevention
measures to avoid the passive transport of allergens from work-
places to private homes, for the consequent risk of allergic sen-
sitization of family members (58).

Animals as pests

Among animals defined as “pests”, cockroaches and rodents (mouse
and rat) represent the most common cause of airway allergic sen-
sitization and bronchial asthma worldwide (2).

It has been shown that residence in poor and urban areas, expo-
sure to outdoor / indoor pollutants and tobacco smoke, poverty,
material hardship, poor-quality housing, and differences in health
care quality contribute to increase pest-related allergic sensitiza-
tion and asthma morbidity (2).
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Liccardi ez al. (59) found that, although their prevalence in Italy,
is lower compared with other countries, it is not negligible for
cockroaches (8%) while for mouse and rat is rather low (3%
and 1% respectively). The risk factors for sensitization to pests,
in Italy, are completely comparable to those found in other geo-

graphical areas (59).

Modest efficacy of Allergen Immunotherapy (AIT)

Liccardi ez al. (60) conducted an online survey encompassing
both manufacturing companies and allergy centers evenly dis-
tributed across Italy. The trends of pet AIT prescriptions, over
the last decade, were notably higher for cat allergy, compared to
dog. Clinical efficacy is reported as more favorable in patients
receiving cat allergenic extracts than those receiving dog aller-
genic extracts.

The limited standardization of allergenic materials, especially
for dogs, remains the primary factor contributing to the overall
unsatisfactory clinical efficacy of traditional AIT, AIT with mod-
ified allergens, as well as intralymphatic allergen-specific immu-

notherapy (ILAIT) (55, 56, 61).

Concluding remarks

The data presented in this review show that, from a strictly allergo-
logical point of view, the “negative” aspects resulting from exposure
to domestic / non-domestic animals outweigh the “positive” aspects
(figure 1). Different negative aspects (such as the transmission of
infectious agents, invasiveness due to overpopulation, ezc.) or posi-
tive ones (such as service or pet therapy animals, efc.) were obviously
not considered. It has been well established that allergic sensitization
to animals, particularly, but not only, to dogs and cats, is a complex
puzzle influenced by many different factors related to individuals,
living environments, modes of exposure, and the animals themselves.
Considering the high percentage of atopic subjects in the general
population and the importance of maintaining the human-ani-
mal relationship for ethical, behavioral, social, and psychologi-
cal reasons, among others, it is up to humans to seek new ways
to balance the pros and cons of pet relationship.

There is a clear need for further studies encompassing preven-
tion aspects, standardization of pet allergens, improvement of the
efficacy of various AIT modalities as well as new immunological

Figure 1 - Positive and negative role of domestic non-domestic animals in allergy.
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approaches (e.g., 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). We hope that the findings of these
research areas will allow the best possible coexistence between sub-
jects at risk of allergy and domestic and non-domestic animals.
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