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ABSTRACT

Background: Over the last few decades, there was observed an increase of asthma and allergic
rhinitis cases caused by allergy to pets.

Objective: This study aimed to analyze molecular sensitization patterns to dog and cat allergens
in Lithuanian children who were experiencing allergy-like symptoms.

Materials and methods: A total of 574 children (0-18 years) were tested for allergen-specific
immunoglobulin E (sIgE) levels with ALEX? (ALEX?®, Allergy Explorer Test System). Positive sera
were further analyzed for sensitization to cat (Fel d 1, Fel d 2, Fel d 4, and Fel d 7) and dog (Can f 1,
Canf2,Canf3, Canf4, Canf5, and Can f 6) allergen components.

Results: Two hundred forty-seven children tested positive (sIgE >0.3 kUA/L) to at least 1 dog or cat
allergen component.There were 61.1% children sensitized to components from both sources, 29.2%
- exclusively to cat, and 9.7% - to dog components. The major sensitizers were Fel d 1 (84.8%) and
Can f 1 (59.4%). There were 42.9% patients sensitized to 3 or more different mammalian protein
families and 40.4% - to 3 or more lipocalins. There were 5.7% of children sensitized both to Feld 1 +
Feld4and Canf1/2 + Canf5, indicating the high risk of severe asthma. Monosensitization to Fel d 1
was the dominant pattern among Lithuanian children (26.3%).

Conclusion: The majority of children were cat/dog-polysensitized, although sensitization only to
cat allergens was most observed. Extensive molecular profiling can be an useful tool for accurate
true sensitization diagnosis and prognosis of disease severity.
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INTRODUCTION

In recent decades the number of allergic rhinitis
and asthma cases caused by pet allergens has
been increasing.”® Allergens from these sources

are among the most common inhalant allergens
that cause allergic diseases.* Furry animal
allergens affect not only pet owners but also
those around them through indirect exposure.
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The distribution of pet allergens depends on
factors, such as production, aero-dispersion, sedi-
mentation, and passive transport with clothes and
other items. These variables determine the pres-
ence of pet allergens in environments without pets
and those where furry animals have not been
present for a long time.®> That said, animal
allergens can be found in all furry animal-free en-
vironments. The amount of allergens in these en-
vironments may be sufficient to cause allergic
symptoms in susceptible individuals.” Furry animal
allergens can cause a great variety and severity of
symptoms, ranging from minor discomfort
associated with rhinitis and conjunctivitis to
severe asthma that can develop into a life-
threatening condition.

In Lithuania, more than half (52%) of the popu-
lation and 60% of families with children are pet
owners, most of which are dogs and cats. Such a
high prevalence of furry animal ownership is sug-
gestive of the high distribution of dog and cat al-
lergens in all, even furry animal-free, environments
and raises a question of the importance of sensi-
tization to cats and dogs in our population.

The diagnosis of allergy to furry animals
conventionally starts with a medical history, phys-
ical examination of the patient, and skin prick tests,
followed by detection of sIgE in the sera.

Allergen extracts used to diagnose sensitization to
cats and dogs have been used for decades. Still, they
are not capable of differentiating the primary sensi-
tization from cross-reactions; thus, they may lead to
false positive results.® Moreover, allergen extracts
may lack important allergen molecules, therefore
providing false negative results.” In recent years,
component resolved diagnostics proved to be
a valuable tool in diagnosing allergic diseases.®
Molecular  allergy  diagnosis  provides an
opportunity to  know the comprehensive
sensitization profile to pet allergens. Determination
of sensitizing molecules can reliably explain the
complex molecular background in polysensitized
patients, distinguishing between true sensitization
and cross-sensitization and providing physicians
with valuable information on the risk of disease
severity.”1°

Sensitization profiles to cat and dog allergen
molecular components have not yet been explored
in the Lithuanian population. This study aimed to

analyze the molecular sensitization patterns to dog
and cat allergens in Lithuanian children.

MATERIALS AND METHODS

A retrospective study of 574 children (0-18
years old) sIgE results, obtained via ALEX? (ALEX*®
Allergen Explorer Test System), (Macro Array Di-
agnostics GmbH [MADx], Austria) technology, was
conducted in Vilnius, Lithuania. The study partici-
pants were suspected of an atopic condition such
as atopic dermatitis, food allergy, allergic rhinitis,
or asthma. ALEX? Allergen Explorer was pre-
scribed to further investigate these suspicions by
the treating physician as a routine diagnostic
testing solution. Our study sample included all
sera samples that were tested in Vilnius University
Children’s Hospital outpatient clinics laboratory
during the 2019-2020 time period. No specialized
patient recruitment was conducted. The analysis of
the 574 study participants ALEX? Allergen Explorer
test results determined that 433 children’s samples
were positive for at least 1 allergen extract or any
allergen component. Samples were considered
positive if the sIgE level was >0,3 kUA/L. Data were
categorized according to age groups: 0-4, 5-9, 10-
14, and 15-18 years to enable sensitization pattern
analysis in different age groups.

All positive samples were then selected for
further analysis of patient sensitization patterns. The
ALEX? Allergy Explorer is a novel and powerful
multiplex slgE detection platform, enabling simul-
taneous detection of slgE antibodies against 117
allergen extracts and 178 molecular allergens. The
ELISA based macroarray is the most extensive slgE
detection test to date. That being said, the ALEX?
platform does notinclude cat and dog extracts. This
allowed us to perform sensitization pattern analysis
to the following allergens: cat allergen components
Fel d 1, Fel d 2, Fel d 4, and Fel d 7; dog allergen
components Canf1,Canf2,Canf3,Canf4,Cant5,
Canf 6, and Can fFel d 1 like.

Statistical analysis was carried out by SPSS 28.0
statistics program and Microsoft Excel. Baseline and
demographic characteristics were summarized by
standard descriptive summaries. Chi-square test
was used to identify statistically significant differ-
ences between age groups. Spearman’s correlation
analysis was used to identify possible trends of
sensitization frequency. Interferential test results
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were considered to be statistically signifficant with
confidence interval was observed at 95% (p < 0.05).
Our study did not involve any sensitive patient data
(such as names, anamnesis, suspected allergic dis-
ease type, etc), and did not require any additional
medical procedures; therefore, no specialized
consent from the guardians was required. The study
was approved by Vilnius Regional Biomedical
Research Ethics Committee.

RESULTS

Four hundred thirty-three (75%) of study par-
ticipants (age 0-18 years, 255 females and 178
males) were sensitized to at least 1 allergen
extract or any allergen component. A high sensi-
tization frequency to different inhalant allergens in
Lithuanian  children was observed: pollen
(n = 287; 66.3%), dust mites (n = 191; 44.1%),
and molds (n = 105; 24.3%). More than half of the
children (n = 247; 57%) were sensitized to dog
and/or cat allergens (146 M/101F). Children up to
4 years of age (aged 0-4 years) were more
frequently sensitized to cat and/or dog allergens
(n = 61; 41.8%) than to house dust mites (n = 23;
15.8%; p < 0.01) and molds (n = 25; 17.1%;
p < 0.01). One hundred seventy-five (70.85%) out
of 247 dog and/or cat sensitized children were
sensitized at least 1 of the dog molecular aller-
gens, and 223 (90.28%) were sensitized to at least
1 of the cat molecular allergens. Twenty-four
(9.71%) children were sensitized exclusively to
dog molecular allergens, 72 (29.14%) - to cat, and
the vast majority of patients (n = 151; 61.13%)
were sensitized to both cat and dog molecular
allergens (Fig. 1).

One hundred eighty-nine (84.8%) out of Fel
d positive children had elevated sIgE to Fel d 1 -
cat molecular component. Can f 1 dog molecular
allergen was present in 59.4% of the Can f positive
patients. Forty-seven (26.9%) children were inde-
pendently positive to Can 4,59 (33.7%) to Can f5,
57 (32.6%) to Can f 6, and 83 (37.2%) to Fel d 7.
The remaining allergens (Can f 2, Can f 3, Fel d 2,
and Fel d 4) were verified as minor allergens
(prevalence below 20%) in the whole study popu-
lation (Fig. 2).

Sensitization to dog allergen molecules Can f 2,
3, and 4 was found to be highest in the youngest
group of children 0-4 years (22.95%; 19.67%;
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allergic symptoms
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Fig. 1 Flow chart of the study design and sample sizes used as
denominators for sensitization pattern determination

24.59% respectively), compared to the 15-18 year-
old group (3.70%; 3.70%; 14.81% respectively).
Statistically significant differences between sensi-
tization rates in these age groups was found for
Can f 2 and Can f 3 allergens (p < 0.05). The dif-
ference between these groups in regards to
sensitization to Can f 4 was determined to be sta-
tistically insignificant (p = 0.3). In contrast, sensiti-
zation to Can f 5 molecular allergen increased with
age and reached 44.44% in the 15-18-year-old
group. A very weak, yet statistically significant
correlation (rho = 0.32, p < 0.01) was observed.
Although sensitization to Can f 5, Can f 2, Can f 3,
and Can f 4 varies with age group, we cannot
confirm that this variation is determined by age
and not by individual patient characteristics and
allergen exposure. This is an interesting observa-
tion in a retrospective study, but a prospective
cohort study is required to determine the associ-
ation of these allergens by age, especially for the
Can f 5 allergen.

Prevalence of individual molecular profiles in dog
and/or cat positive patients

In relation to the aggregation of allergens, the
repertoire of molecules recognized by sIgE was
widely pleomorphic for cat and dog allergens,
including 96 distinct profiles in 247 subjects. The
most frequently identified molecular profile (26.3%)
was monosensitization to Fel d 1 molecular allergen
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Fig. 2 Sensitization rates to cat and dog molecular allergens obtained from samples determined to be positive to Can f (n = 175) and Fel

d (n = 223)
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Fig. 3 Venn diagram of sensitization to cat and dog allergens
associated with more severe asthma. Section A means co-
sensitization to two cat allergens Fel d 1 and Fel d 4. Section B
means co-sensitization to dog allergens Can f 5 and Can f1/2.
Section C means co-sensitization to both cat and dog allergens

followed by sensitization to Fel d 1 and Can f 1 with
cross-reaction to Fel d 7 (4.5%). Third place was
taken by 2 quite different sensitization profiles:
sensitization to species specific Can f5 and Fel d 1
molecularallergens as well as sensitization to Canf 1
with cross-reaction to Fel d 7 was detected in 3.6%
of all catand dog sensitized individuals in our study.
It is worth noting that a great number of patients 88
(37.6%) displayed sensitization profiles that were
prevelant in <1% of the studied population, high-
lighting the pleomorphicity of sensitization profiles
to these allergens in our population. Out of all dog
sensitized patients, 17 (9.7%) were monosensitized
to Can f 5 molecular allergen. True sensitization to
dogallergens(positiveto Canf1and/or Canf5)was
observed in 122 (69.7%) children sensitized to dog
allergens. True sensitization to cat allergens (chil-
dren positive to Fel d 1) was observedin 189(84.8%)

patients. True sensitization to both cat and dog al-
lergens (positive to Can f 1 and/or Can f 5 and Fel
d 1) was detected in 89 (36%) children sensitized to
cat and/or dog allergens. Co-sensitization to Fel
d 1 + Fel d 4 was found in 38 (15.4%) children
sensitized to cat allergens. Co-sensitization to Can f
5 and Can f 1/2 was found in 34 (13.8%) children
sensitized to dog allergens. Interestingly, co-
sensitizationto Fel d 1 + Feld 4 + Can f5 + Can f
1/2 was observed in 14 (5.7%) children sensitized to
cat and dog allergens (Fig. 3).

The majority of all patients that were deemed to
be slgE positive (72.1%) were positive to 1 to 3
allergen components of cat and/or dog allergens
(average = 2.96). Sensitization to 3 or more
animal-derived components (kallikrein, lipocalins,
secretoglobins, and serum albumins) was found in
42.9% of our positive study population (Fig. 4).
One hundred forty-six (59.1%) children were
sensitized to lipocalins. Most mammalian-
sensitive patients (74.7%) were positive to 1 to 3
of the tested lipocalin components
(average = 2.52). Of those positive to lipocalins -
59 (40.4%) children were sensitized to 3 or more
cat and dog lipocalins (Fig. 5).

DISCUSSION

Although molecular allergy diagnostics has been
commercially available for quite some time, it is still
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finding its footing in the standard clinical practice.
Since the first commercial allergen component
testing became available, it has significantly
advanced the knowledge on differences of allergic
disease manifestation and its dependence on pa-
tient molecular sensitization profile, as well as
possible allergen immunotherapy (AIT) treatment
outcomes.®'” Critical observations were made on
regional differences in patient sensitization
profiles that allow physicians to take a more
targeted approach on patient diagnosis and
treatment algorithms.”” However, it is widely
accepted that even with all the recent advances in
knowledge and fast pace evolvement of the field
of molecular allergology, the data on regional
sensitization patterns, that would serve, at the very
least, as a starting point of gaining more in depth

understanding of the manifestation and evolution
of allergic disease for the upcoming years, is still
severely lacking.”® The Lithuanian population is
still one of the most understudied populations
from a molecular sensitization point of view, with
no published data on its molecular sensitization
patterns. Our research paper is the first one,
describing this understudied population, as well
as one of the few analyzing sensitization to such a
broad range of molecular pet allergens in a
pediatric population.

In this study, we investigated sensitization status
and molecular sensitization profiles of children
experiencing allergy-like symptoms. Our study was
focused on sensitization to pet allergens, such as
cats and dogs. The ALEX? Allergen Explorer
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multiplex allergy test system is a powerful diag-
nostic tool capable of simultaneously measuring
total IgE and sIgE to 295 allergens (117 allergen
extracts and 178 molecular components). This test
provides an opportunity to view each patient's
comprehensive sensitization profile in a clinical
setting, distinguishing true sensitization from
cross-reactions and giving much-needed insights
into population-specific sensitization patterns. This
test allowed us to analyze the frequency of sensi-
tization to animal allergens compared to sensiti-
zation to other allergens in our population, as well
as to identify the most common sensitization pro-
files to cat and dog allergens and determine the
frequencies of sensitization to particular cat and
dog allergen protein families.

It is common to assume that allergies to inhalant
allergens are more likely to develop in older chil-
dren.'” However, we have determined a high
sensitization rate to cat and/or dog allergens in
children during early childhood. There were
41.8% small children (aged 0-4 years) sensitized
to cat and/or dog allergens, and this sensitization
rate exceeded sensitization rates to other
important sensitizers such as mites and molds.
Sensitization to cat and/or dog allergens was
almost equivalent to sensitization to pollen
allergens (41.8% vs. 42.5% in the 0-4-year-old
group). Sensitization to cat and dog allergens
increased with age but did not exceed pollen
sensitization rates among older children. The
highest sensitization rate to cat and/or dog aller-
gens was observed in children in the 10-14-year-
old group (70.2%).

Sensitization profiles in different populations
vary, as sensitization to allergen components
depends on cultural differences, environmental
factors, rate of pet ownership, allergen source
materials used for testing, and detection
methods.'*13

Cat molecular allergens: sensitization rates and
patterns

Our study showed similar results of rates and
sensitization patterns to those observed in other
research studies. In a comprehensive population-
based study of animal component sensitization in
Swedish schoolchildren, sensitization rates to cat
and dog allergens were determined, and slgE to

Fel d 1 was detected in 83.7% of subjects, of which
67.8% were monosensitized."® Sensitization to Fel
d 1 was observed in 84.8% of children, but fewer
patients were monosensitized (26.3%) to this
allergen component. The discrepancy in the
results might be due to different numbers of cat
allergen components tested in these studies (Fel
d 1 and Fel d 4, versus Fel d 1, Fel d 2, Fel d 4,
and Fel d 7 in our study). Results of the
beforementioned study also showed a 31.3%
sensitization rate to Fel d 4.86.2% of those
sensitized to Fel d 4 displayed co-sensitization to
Fel d 1. Our results slightly differ from the ones of
Bjerg et al. Sensitization to Fel d 4 was observed
only in 19.3% of children, but a similar percentage
of these patients had Fel d 4 + Fel d 1 co-
sensitization (88.4%)."* Furthermore, our study's
sensitization rate to Fel d 4 was significantly
lower than the literature portrayed average of 61-
63%.* We cannot confidently speculate if such a
difference is seen because the portrayed average
was determined from more adult sensitization
studies, and analysis of Lithuanian adults would
show similar results, or if lower sensitization rates
to Fel d 4 reflect the uniqueness of the whole
Lithuanian population.

Dog molecular allergens: sensitization rates and
patterns

As with cat molecular allergens, our study’s dog
molecule sensitization rates and patterns also
shared similarities to those found by other
research groups. A Swedish study showed sensi-
tization frequency to Can f 1 to be 40.7%. We
observed a slightly higher sensitization rate to Can
f 1 in our children population (59.4%). Thus, our
study would suggest Can f 1 to be a major allergen
component. In contrast, in the above-mentioned
Swedish study, no single dog allergen compo-
nent reached a major allergen concept (preva-
lence more than 50%). There were 22% of
Sweden'’s child population sensitized to Can f 2.
Similar Can, f 2 sensitization frequency results were
determined in our study at 19.4%. In our study,
33.7% of patients were sensitized to Can f 5, while
the already discussed study found a rate of 46% in
a Swedish pediatric population.”®

Furthermore, an adult population study showed
the sensitization rate to Can f 5 to be as high as
70%.* Our study did show sensitization to Can f 5
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frequency rates increase with age. Studies showing
a significantly higher prevalence among adults
also support this theory.

However, we cannot confirm that this variation is
determined by age and not by individual patient
characteristics and allergen exposure. A prospec-
tive cohort study would be helpful to decide if Can
f 5 is genuinely a later-onset sensitization mole-
cule. Can f 5 is prostatic kallikrein isolated from the
urine of male dogs; this allergen is significant as it
can be associated with more severe symptoms of
the disease. Sensitization to Can f 5 is related to
symptoms of asthma and rhinoconjunctivitis and
may contribute to polysensitization in individuals
with slgE response to many animal allergen mol-
ecules. Due to cross-reactivity with prostate-
specific human sperm antigen, sensitization to
Can f 5 may lead to sexual dysfunction, such as
infertility or allergic symptoms, including local or
even anaphylactic reactions.”

Sensitization patterns as predictors of disease
severity

Over recent years, molecular sensitization
profiling has also been linked to disease severity.
Thatbeing said, extensive molecular profiling might
become an even more critical tool for physicians in
predicting possible disease development and the
need for preventive preclinical actions. A study
analyzing 294 children and adults with suspected
allergic rhino-conjunctivitis or asthma and sensiti-
zation to cats, dogs, and horses showed that the
clinical relevance of sensitization has increased with
the number of recognized dog allergens.’®
Progression of allergic sensitization, described as
detecting slgE to an increasing number of
molecular components from the same sensitizing
allergen source, has been shown to correlate with
disease severity."” Kick et al showed an
association between sensitization to an increasing
number of dog allergen components and a
positive nasal challenge result."® Nordlund et al
showed that polysensitization to 3 or more
mammalian protein families (kallikrein, lipocalins,
secretoglobins, and serum albumins) was
associated with severe asthma and increased
bronchial inflammation, and a trend toward more
courses of oral corticosteroid treatment.”® Our
study showed as many as 42.9% of our study
population to be sensitized to 3 or more animal-

derived molecular components. According to the
studies mentioned above, these 42.9% of patients
might be at an increased risk of developing asthma.
Later studies by Nordlund et al, where children were
recruited from the Swedish Nationwide Study on
severe childhood asthma, extended and refined
those results by exploring the sensitization pattern
exclusively in children allergic to furry animals. Ac-
cording to their research, sensitization to lipocalins
seemed to be associated with this cohort's most
severe disease exhibition. Polysensitization to 3 or
more lipocalins was more frequently detected in
patients with severe asthma.” Our study results
showed that 59 (40.4%) children were sensitized to
3 or more cat and dog lipocalins. It might be that
these patients are at higher risk for more severe
diseases. However, these speculations need
further prospective studies.

In assessing the risk of more severe allergic dis-
ease, some associations with the diagnosis of the
more severe disease have been observed with
molecular component co-sensitization cases. A
West Sweden Asthma Study of a random
population-representative sample of adults showed
that sensitization to furry animal allergen compo-
nentsis an essential predictor of asthma, rhinitis and
an indicator of disease severity. Polysensitization
patterns and clusters were associated with a sub-
stantially increased risk of asthma, rhinitis, and
concomitant asthma and rhinitis. Sensitization to Fel
d 1, Can f 1, Can f 2, and Can f 3 and poly-
sensitization were markers of asthma severity with
increased blood eosinophils, fractional exhaled ni-
tric oxide, and airway hyperreactivity.?® A recent
study reported that asthmatic children with
sensitization to Fel d 2 or Fel d 4 or Fel d 4 + Fel
d 7 were more likely to have persistent type 2
inflammation; on the other hand, sensitization to
Fel d 7 molecular allergen on its own has shown
no independent associations with inflammatory
outcomes.?" In our study population, 29 (13%) of
the patients had sensitization to Fel d 2, 43
(19.3%) to Fel d 4, and 26 (11.7%) had co-
sensitization to Fel d 4 4+ Fel d 7. As sensitization
to these allergens overlaps, susceptibility to Fel d 2
orFeld 4 orFel d 4 + Fel d 7 with a risk of persistent
type 2 inflammation has been identified in 61
(27.4%) individuals.

A study of 696 Swedish children allergic to cats
found that diagnosis of asthma and asthma
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symptoms after contact with cats was associated
with Fel d 1 + Fel d 4 co-sensitization."® In our
study, 38 (15.4%) children were identified as Fel
d 1 + Fel d 4 co-sensitized and might have an
increased risk of asthma based on this study. In the
same study, most dog-sensitized children were
sensitized to more than 1 dog component, and
Can f5 + Can f 1/2 co-sensitization conferred the
greatest risk for asthma.'® Our study results
revealed that 34 (13.8%) children that were co-
sensitized to Can f 5 and Can f 1/2 might have
an increased risk of asthma. Considering these 2
risk factors of co-sensitization, we believe that pa-
tients displaying sensitization to both of these
profiles may have an even greater risk of asthma.
Fourteen (5.7%) patients in our population were
co-sensitized Feld 1 + Feld4 + Canf5+ Canf 1/
2. Although currently, there is no literature data to
support or reject our theory, we believe it would
be worthwhile to investigate the severity of the
disease in patients with this particular sensitization
profile. After evaluating all the risk factors pre-
sented in the available literature, we found that an
average of 24.7% of our population might have an
increased risk of asthma among patients sensitized
to cat and/or dog allergens.

CONCLUSION

This is the first study examining cat and dog
molecular component sensitization patterns in the
Lithuanian population. To our knowledge, this is
also the first study in which sensitization to such a
broad spectrum of allergen components (Can f 1,
Canf2,Canf3,Canf5, Canfé, CanfFeld 1 like
Fel d 1, Fel d 2, Fel d 4, and Fel d 7) has been
analyzed in children. Our study shows a high rate
of children'’s sensitization to inhalant allergens, and
sensitization to dog and/or cat allergens to be
prevalent sensitizers. This study also supports the
need for broad-spectrum molecular allergen
sensitization testing, as the sensitization profiles of
our patients proved to be unique and wide-
scattered. In conclusion, in vitro molecular allergy
diagnostics is a fast pace evolving field. Such di-
agnostics might also prove itself to be a useful tool
of prediction of clinical disease severity develop-
ment, even in pre-clinical stages of sensitization;
however further studies are required before
implementing such predicatory measures in to
everyday clinical practice.
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