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Component-resolved microarray analysis of IgE sensitization profiles to
Felis catus major allergen molecules in Russian cat-allergic patients
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ABSTRACT

We aimed to determine the profile of IgE reactivity to three major cat allergens, Fel d 1, Fel d 2 and
Fel d 4, in cat-allergic patients in the Moscow region in Russia. sIgE levels to recombinant proteins
expressed in Escherichia coli (Fel d 1 and Fel d 4) and to Fel d 2 protein purified from cat serum were
measured using a microarray method developed in our laboratory. Sera from 174 anonymous subjects
with a positive reaction (>0.351U/mL) to cat dander extract (e1, ImmunoCAP) and 56 negative controls
were used for IgE testing. Fel d 1 was recognized by 92.5%, Fel d 2 by 29.9% and Fel d 4 by 39.1% of
the tested patient sera. The sensitivity to these three proteins was approximately 98% compared to cat
dander extract (correlation coefficient to ImmunoCAP is 0.94 with PPV =0.99 and NPV =0.95). These
predictive values appeared to be even more statistically significant than the divergence between the
ISAC IgE test and the extract-based singleplex ImmunoCAP. The combination of the three investigated
proteins (Fel d 1, Fel d 2 and Fel d 4) is suitable for in vitro molecular (serological) diagnosis of cat
allergy in this region as a complement to cat dander extract. Moreover, with this method, we found
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distinction between Fel d 2 and other Feline slgEs formation.

Introduction

According to a survey conducted by the Levada Center, 57%
of Russian citizens have pets, and 37% of respondents have
cats. Considering this high prevalence of cats and the fact
that, worldwide, cat allergens are one of the most important
indoor allergens that often cause IgE-mediated allergic dis-
eases [1,2] the risk of developing cat allergy in Russia may
be as high as that in Northern Europe or in the USA, where
up to 15% of the population is sensitized to cat [3-7]. The
most common manifestations of cat allergy are rhinitis or
rhinoconjunctivitis; however, studies have shown that sensi-
tization to cat allergens is also a strong risk factor for
asthma development [8,9].

Thus far, no integrated study focusing on cat allergy and
covering all regions of the country and all population groups
has been conducted in the Russian Federation. Only limited
data from different parts of the country are available on this
topic. A study focusing on residents of the Republic of
Tatarstan demonstrated that more than half of all examined
subjects sensitized to animal epidermal allergens were sensi-
tized to cat fur [10]. Cat epidermal allergens were shown to
be the most common cause of allergic rhinitis (AR)
(8.2-11.6%) among residents of the Penza region [11]. In
addition, approximately 30% of children in Moscow
(7-18 years old) had a positive allergic history in one study;
6.6% reported symptoms of allergic rhinitis, with more than

half reporting the onset/intensification of allergy symptoms
after contact with pets (mainly cats) [12]. In Tomsk, every
third child with symptoms of allergic rhinoconjunctivitis
was sensitized to cat allergens [13]. A study conducted in
Kolomna (Moscow region) involving the analysis of 130
serum samples collected from patients with bronchial
asthma and/or AR identified specific IgEs (sIgEs) to cat epi-
dermal antigens in 46.7% of samples collected from children
and 42.8% of samples collected from adults [14]. Population
studies have shown that more than half of Russian asthmatic
patients are sensitized to cat allergens [15]. Thus, from avail-
able studies, it is evident that cat allergy is a frequent occur-
rence in the Russian population. The goal of this study was
to determine the profile of sIgE prevalence for the
three major cat allergens, Fel d 1, Fel d 2 and Fel d 4, in
cat-allergic patients living in the Moscow region of Russia.

Materials and methods
Patients and serum samples

Serum samples were collected at the Center of Molecular
Diagnostics of the Federal Budget Institution of Science
‘Central Research Institute of Epidemiology’ of The Federal
Service on Customers’ Rights Protection and Human Well-
being Surveillance in Moscow, Russia. The subjects with cat
allergy (n=174) were volunteers who reported developing
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allergy symptoms to cats and had serum levels of IgE to cat
dander extract (el) >0.35IU/mL determined wusing the
ImmunoCAP system (Phadia, Uppsala, Sweden). The mean
age of the overall patient group was 17.3 years, and a signifi-
cant difference in age was observed between genders (males:
14.33 £ 14.26 years; females: 21.23 +15.21 years; p =0.0019).
Serum samples from 56 subjects (32 females and 24 males;
average age 20years, range from 1 to 57years) that were
classified as 0 by ImmunoCAP (el) were used as a negative
control group. The use of anonymous sera was approved by
the local ethics committee.

Production of allergens

Fel d 1 was expressed in E. coli as a fusion protein of
two protein chains with the flexible linker GGSGGGG
SGGGGSGGG designed for the baculovirus system [16]. Fel
d 1 was digested with EcoRI/Xhol and ligated into the
pET24a vector with a GST-tag. Recombinant Fel d 4 was
produced from fragments by one-step PCR as described pre-
viously [17]. Recombinant allergens were expressed in E. coli
BL21 (DE3) and purified using Chelating Sepharose Fast
Flow (GE Healthcare, Uppsala, Sweden) and DEAE
Sepharose Fast Flow (GE Healthcare, Uppsala, Sweden). The
Fel d 4 and Fel d 1 proteins were obtained at final concen-
trations of 1.4mg/ml and 3 mg/ml, respectively, in buffer
containing 50 mM Tris/HCI, pH 8.0, 0.3 M NaCl and 10%
glycerol. Fel d 2 was purified as described elsewhere [18]
from pooled cat blood plasma obtained from The All-
Russian State Center for Quality and Standardization of
Veterinary Drugs and Feed. Aliquots of protein solutions of
interest were analysed using sodium dodecyl sulphate poly-
acrylamide gel electrophoresis (SDS-PAGE) in a 10% gel. All
allergens showed a single band with the expected molecular
weight.

Cat component-specific IgE measurement

Total IgE levels and serum sIgE levels to Fel d 1, Fel d 2
and Fel d 4 were measured using a special microarray
method developed in our laboratory [17]. The concen-
trations of Fel d 1-, Fel d 2- and Fel d 4 sIgEs were
interpolated from the obtained goat anti-human IgE anti-
body 4-parameter logistic curve. The use of this more com-
plex mathematical model improved the resolution of the
positive and the negative results for low values compared
with the use of polynomial quadratic regression [17]. Total
IgE levels were expressed in international units per unit vol-
ume (IU/ml, 11U equals 2.4 ng). Sensitization to Fel d 1, Fel
d 2 and Fel d 4 was considered significant when the sIgE
level was >0.351U/ml.

Statistical analysis

The correlations of the IgE antibody responses between dif-
ferent analytical systems were assessed using Pearson’s y’
test, and the correlations between total IgE and sIgEs were
assessed using both Pearson’s and Spearman’s tests. To cal-
culate 95% confidence intervals for the sensitivity, specificity,
PPA and NPA values, the two-sided Clopper-Pearson
method was used (assuming a beta distribution of the
respective probabilities). Statistical analysis was performed
using Minitab 17 and a significance level of 0.05.

Results
Prevalence of IgE reactivity to individual cat allergens

Most of the sensitized subjects had IgE responses to the
major cat allergen Fel d 1 (161 patients; 92.5%). Fel d 2 and
Fel d 4 sIgEs were found in 29.9% (52 serum samples) and
39.1% (68 serum samples) of cases, respectively (Figure 1).
The average level of sIgE was significantly higher for Fel d 1
and Fel d 2 than for Fel d 4 (1717, 1383 and 4791U/ml,
respectively). Moreover, very high anti-Fel d 1 IgE levels
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Figure 1. (A) Prevalence of individual cat allergen-specific IgEs (sIgEs) in serum samples from 174 patients determined by ImmunoCAP as having positive reactions
to cat dander extract. (B) Levels of sIgEs to the cat allergenic components Fel d 1, Fel d 2 and Fel d 4.
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(more than 4000 IU/ml) were detected in 59 samples (37%
of all Fel d 1-positive patients), while similarly high IgE lev-
els to Fel d 2 and Fel d 4 were obtained in 16 and 6 serum
samples, respectively.

Different combinations of immune responses to cat aller-
genic components were analysed (Figure 2). Among the
serum samples that were positive in the ImmunoCAP test,
exclusively anti-Fel d 1 IgE was detected in 47% (82 of 174);
only anti-Fel d 2 IgE was detected in 2% (4 of 174), and
only anti-Fel d 4 IgE was detected in <2% (3 of 174). In
16% of the serum samples (28 subjects), IgEs to all three
investigated proteins were detected. In 19% of the samples
(34 patients), a combination of anti-Fel d 1 and anti-Fel d 4
IgEs were detected, and 10% (17 patients) were responsive
to a combination of Fel d 1 and Fel d 2. Three of 10 sam-
ples negative for Fel d 1 had IgE reactions for both minor
proteins, Fel d 2 and Fel d 4.

Among all Fel d 1-positive patients (n=161), 51% had
anti-Fel d 1 IgE only, 17% also had anti-Fel d 2 IgE, 21%
also had anti-Fel d 4 IgE, and 17% had all three groups of
IgE. Among all Fel d 2-positive patients (n=52), 7% had
anti-Fel d 2 IgE only, 33% also had anti-Fel d 1 IgE, 6%
also had anti-Fel d 4 IgE, and 54% had all three groups of
IgE. Among all Fel d 4-positive patients (n=68), 5% had
anti-Fel d 4 IgE only, 50% also had anti-Fel d 1 IgE, 4%
also had anti-Fel d 2 IgE, and 41% had all three IgEs.

47%

(B) Feld 1

51%

Correlation between total IgE and specific IgEs to cat
allergenic components

As the data were not normally distributed, to identify corre-
lations between total IgE and sIgEs to cat allergenic compo-
nents, Spearman’s rank correlation test was used.
We observed a low positive correlation between total IgE
and sIgE to Fel d 1 (0.36; p <.0005) that was approximately
the same in both gender groups (0.396 for female, 0.349 for
male, p <.005). There was no significant correlation between
Fel d 2 sIgE and total IgE levels. The correlation coefficient
between Fel d 4 sIgE and total IgE levels was 0.25 (p <.05),
but a significant difference in this parameter was observed
between genders. Among females, the correlation coefficient
was 0.173 (p=.32), which is considered negligible, whereas
among males, the correlation coefficient was 0.36 (p <.05),
which is considered a low positive correlation. To confirm
the values, the data were reduced to a normal distribution
using a base natural logarithmic transformation to perform
Pearson’s test. The new calculations affirmed the results of
Spearman’s rank correlation test. No correlation of total IgE
levels and Fel d 2 sIgE was observed (0.23; p=.096). The
correlation coefficient was 0.36 for Fel d 1 (p <.0005) and
0.304 for Fel d 4 (p <.01).

The mean total and sIgE levels did not differ by sex or
age. We observed no correlation between Fel d 2 sIgE levels
and other feline antigens. There was a low positive correl-
ation (0.33, p=.0005) between Fel d 1 and Fel d 4 sIgE
levels.
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Figure 2. Combination of IgE responses to cat allergenic components. Circular diagrams representing the percentage of sIgE responses to different cat allergenic
components and their combinations. (A) All positive samples (174); (B) Fel d 1-positive samples (161); (C) Fel d 2-positive samples (52); (D) Fel d 4-positive

samples (68).
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Table 1. Prevalence of specific IgEs against Fel d 1, Fel d 2 and Fel d 4 in sera from patients with cat allergy in different countries.

Fel d 1 Fel d 2 Fel d 4 Country Year
95% 17% - The Netherlands Competitive RIA Positive RAST Result for cat dander [35]
100% 35% - Austria ELISA and Cat-allergic patients suffering from atopic [26]
immunoblotting dermatitis or from allergic
rhinoconjunctivitis
89% - 63% Australia DELFIA Allergic to cats with Asthma and/or [36]
rhinoconjunctivitis
95% - - Austria & Sweden ELISA Cat-allergic children with RC and/or asthma [37]
45% 7% 17% Australia DELFIA Asthma and/or rhinoconjunctivitis, positive [28]
SPT or ImmunoCAP
100% 4% 34% Sweden ImmunoCAP ISAC Children aged 6-18 years with severe or [38]
controlled asthma and positive
ImmunoCAP
84% 2% 31% Sweden ImmunoCAP ISAC Cat-allergic children (11-12 years) with >0.1 [22]
kUA/I
88% 22% 42% Spain ImmunoCAP Patients with rhinitis/asthma who were sen- [23]
sitized to cat
94% 25% 49% Poland ImmunoCAP Cat allergy [31]
74% 3% 14% Germany ImmunoCAP Positive SPT [24]
91% 6% 17% Positive SPT and positive anamnesis and/or
a positive nasal allergen challenge
~95% ~30% ~20% Sweden MeDALL chip BAMSE study, positive ImmunoCAP [32]
~90% ~11% ~37% Northern Sweden ImmunoCAP 19-year-olds, associations with asthma [29]
symptoms
93% 30% 39% Russia In-house microarray Positive ImmunoCAP This study

method

Diagnostic characteristics

The diagnostic sensitivity for various combinations of aller-
gens was determined compared with that of the
ImmunoCAP system. Fel d 1 showed the highest diagnostic
sensitivity, 0.93 (0.88; 0.96). The use of Fel d 1 in combin-
ation with Fel d 4 increased the sensitivity to 0.96 (0.92;
0.98), whereas the combination of Fel d 1 with Fel d 2
yielded a sensitivity of 0.97 (0.93; 0.99). The use of all three
allergens resulted in 0.98 (0.95; 1.00) diagnostic sensitivity
(171/174). Of 56 samples in the non-allergic group, 55 were
characterized as negative, corresponding to 0.98 (0.90;1.00)
diagnostic  specificity. Thus, when all three proteins
were used, the component-resolved test achieved diagnostic
characteristics comparable to those of ImmunoCAP with a
correlation coefficient of 0.94 and Fisher’s exact test p-val-
ue=.91. Moreover, according to Pearson’s chi-squared test
(%), the differences between the methods were not signifi-
cant, with positive predictive value PPV = 0.99 (0.97; 1.00)
and negative predictive value NPV = 0.95 (0.86; 1.00).

Discussion

The commonly used methods of allergy diagnosis are based
on the application of allergen extracts. The disadvantage of
allergen extracts is that the primary source of sensitization
cannot be differentiated from cross-reactivity to allergens
from different allergen sources [19]. Component-resolved
allergy diagnostics may represent a solution to these prob-
lems. Furthermore, the application of extracts in AIT treat-
ment also has a number of caveats. There is a high
probability that patients sensitized only to minor allergens
would be unable to receive sufficient amounts of allergen for
a successful outcome of allergen immunotherapy [20]. Thus,
molecular based-allergy diagnostics has the potential to be

performed before initiating treatment to prevent these prob-
lems in the future.

Cat dander extract consists of several allergens. Fel d 1 is
the major cat allergen [21]. Although Fel d 1 is responsible
for the majority of IgE reactivity in cat-allergic patients, add-
itional individual allergens should be used to increase the
sensitivity of in vitro diagnostics. Moreover, cosensitization
of different allergen molecules may serve as an indicator of
asthma (Fel d 1 and Fel d 4) [22,23] or atopic dermatitis
(Fel d 4 and/or Fel d 2) [24-26]. In the current study, we
investigated the patients’ sensitization profiles to the three
proteins of interest (Fel d 1; Fel d 2 and Fel d 4). The per-
centage of patients suffering from cat allergy that are sensi-
tive to other cat proteins is considerably lower than the
percentage of patients that are sensitive to these three. The
total prevalence of sensitization was 92.5% for Fel d I,
29.9% for Fel d 2, and 39.1% for Fel d 4 (Figure 1, Table 1).
The average IgE reactivity to Fel d 1 and Fel d 2 was signifi-
cantly higher than that to Fel d 4. However, there was no
strong correlation between total IgE and sIgEs to Fel d 1,
Fel d 2 and Fel d 4, in contrast to some other allergy types,
such as house dust mite allergy [27]. There was absolutely
no correlation between total IgE and sIgE towards Fel d 2
and a low positive correlation between Fel d 1 sIgE and total
IgE (0.36; p<.0005). An interesting pattern was observed
for the Fel d 4 protein. There was no obvious correlation
between Fel d 4 sIgE and the total IgE level (0.25; p <.05),
but the correlation increased to 0.36 when only males were
considered (p <.05). The apparent correlation in males but
not females is attributable not only to gender but also differ-
ences in age. The mean ages of the two groups differed sig-
nificantly, with values of 14 years for males and 21 years for
females (p=.0019), and the difference between the median
values was even larger (7 and 23years, respectively). The
correlation between sIgE levels for each protein was also
rather low. However, consistent with other component-
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resolving cat allergy studies, the best correlation was
between Fel d 1 and Fel d 4 sIgE levels, with a correlation
coefficient of 0.33 (p=.0005) (0.4 in [28]; 0.33 in [29]
studies).

Although we did not observe significant differences in
mean total and sIgE levels by sex or age, other studies have
shown that total IgE and sIgE levels increase with age until
a certain age and then slowly decrease, with specific trend
patterns for each allergen. For example, the maximum level
of sIgE to cat dander extract decreases from 15-30years of
age [30]. In addition, between 4 and 16years of age, levels
of sIgEs to the individual cat antigens Fel d 1, Fel d 2 and
Fel d 4 increase [31]. The sample sizes in these studies were
larger than that of the present study, and thus, our sample
size may have been insufficient to observe such a
correlation.

We identified IgE responses to different combinations of
cat allergens (Figure 2). Among positive samples in our
study, 47% contained only anti-Fel d 1 sIgE, consistent with
previous data (46.2%; [31]). The percentage of serum sam-
ples containing sIgEs to the single allergens Fel d 2 or Fel d
4 did not exceed 2%, and no more than 6% of samples con-
tained sIgEs to both Fel d 2 or Fel d 4 in the absence of Fel
d 1 sIgE, consistent with previous research [32]. Fel d 2 and
Fel d 4 sIgEs were more commonly identified together with
Fel d 1 sIgE. According to the literature, approximately 86%
of Fel d 4 sIgE-positive samples also contain sIgE to Fel d 1
[22,23], consistent with the value of 91% obtained in the
current study. Anti-Fel d 1 sIgE was found in combination
with anti-Fel d 4 IgE nearly twice as often as with anti-Fel d
2 (19% and 10%, respectively). sIgEs for all three antigens
were detected in 16% of the samples. These data will be use-
ful for future studies of the association between the compo-
nent-specific IgE profile and diagnosis of allergic disease.
The MeDALL chip study demonstrated that sIgEs to indi-
vidual cat allergen molecules in serum samples collected
from preschool- or school-age children are a more specific
predictive risk marker for the development of allergy to cat
at 16years of age than IgE to cat dander extract [32].

Our data indicate that the profile of sensitization to cat
dander components in Russia is quite similar to those
observed in studies conducted mainly in countries with tem-
perate climates and in which samples were collected from a
broad age range group rather than only from children and
adolescents (Table 1). In our study, we showed that Fel d 1
protein alone is far from optimal for high diagnostic sensi-
tivity, but the of all three allergens results in 98% sensitivity
(compared with ImmunoCAP) (Figure 2). According to sta-
tistics analysis, the differences between the diagnostic char-
acteristics of microarray method developed during this study
and the ImmunoCAP method were not significant, with
PPV = 099 and NPV = 0.95. These predictive values
appeared to be even more statistically significant than the
divergence between the ISAC IgE test and the extract-based
singleplex ImmunoCAP [33]. Seven of 56 patients with a
negative reaction to cats had a positive reaction to
dog (class > 1, ImmunoCAP). This result suggests a lack of
cat-dog cross-reactivity [34].

In conclusion, this demonstrates that the combination of
all three proteins (Fel d 1, Fel d 2 and Fel d 4) can be used
as a marker of sensitization to cat dander, and the diagnos-
tic value of this combination in in vitro molecular (sero-
logical) diagnostics is equivalent to that of cat dander
extract. This study is also the first to examine the sIgE
prevalence for the three individual cat allergens among
Russian cat-allergic patients sample. The component-
resolved approach used in this study provides an opportun-
ity to predict disease course and outcome and may also be
useful to prescribe adequate AIT treatment and for monitor-
ing patients undergoing immunotherapy in the future.
Moreover we found that total IgE production correlates with
sIgE anti Fel d 1 and Fel d 4 (only in male group) but not
with Fel d 2. So it is seems that there is distinction between
Fel d 2 and other Feline sIgEs formation.
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