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atopy; Background: The aim of the study was to evaluate total immunoglobulin E (IgE), IL-13, and IL-33
asthma; serum level in people with bronchial asthma and atopy, and in healthy control group depend-
farm; ing on their exposure to farm animals currently and in the first year of life.

IL-13 1L-33 Methods: The study included 174 individuals living in rural areas and in a small town.

Standardized questions from the International Study of Asthma and Allergy in Childhood and
The European Community Respiratory Health Survey (ECRHS) questionnaires were used to
define asthma. Atopic status was verified by skin prick tests. Rural exposure including contact
with livestock was verified by adequate questionnaire. Total serum IgE, IL-13, and IL-33 levels
were assessed by ELISA (enzyme-linked immunosorbent assay) tests.

Results: Participants with atopy and bronchial asthma were characterized by high level of
immunoglobulin E. Tendency to lower serum IgE level was observed among people reporting
present contact with farm animals. Also, among those having contact with livestock in their
first year of life, the analogous tendency was noticed. No difference in serum IL-13 levels in
participants with asthma and atopy, and controls was observed, and there was no effect of
exposure on farm animals on the concentration of IL-13. The highest IL-33 level was found in
the atopic group, and the lowest in the control group. Participants currently exposed to farm
animals were predisposed to have lower IL-33 serum level.

Conclusion: Exposure of farm animals currently and in first year of life may result in a lower
level of total IgE. Correlation between IL-13 and IL-33 serum levels and contact with livestock
was not confirmed.
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Introduction

The increase in the prevalence of allergic diseases, includ-
ing asthma, was well documented in many epidemiological
studies over the past years.' Genetics is a strong determi-
nant of allergy development, but such rapid increase in
disease prevalence is most likely explained by environmen-
tal factor changes like household environment, infectious
agents, medications, and allergen exposure.? It was found
that growing up on the farm could be a protective factor
in the development of asthma and other allergic diseases.?
The significant reduction in the rates of asthma and atopic
diseases in farm residents has been shown in European
(ALEX, GABRIELA, and PASTURE surveys) and American
studies.*> Consumption of unpasteurized farm milk, expo-
sure to livestock and stables, and bacterial diversity in
home dust contributes to this protective effect.*® Regular
exposure to microbes and endotoxins modulate the human
immune system preventing hypersensitivity.’

However, the biomarkers associated with protection
from allergy development are not fully understood. Early
life immunoprogramming and typical cytokine pattern of
immune cells may be different in people exposed and not
exposed to livestock.* IL-33 acts as an epithelial and endo-
thelial alarmin in allergic and inflammatory diseases being
rapidly released into the airway after allergen exposure.
This cytokine activates group 2 innate lymphoid cells (ILC2)
to produce Th2-type cytokines like IL-4, IL-5, IL-9, and IL-13.
IL-13 is critical for IgE synthesis, eosinophil tissue accu-
mulation, goblet cells hyperplasia, mucus secretion, and
it additionally supports dendritic cells migration (favoring
antigen presentation to naive Th cells) and macrophages
polarization toward M2 leading to fibrosis.®® Despite such
a wide range of action in allergy and atopy, the role of
these two cytokines is not well understood in protection
against the diseases with allergic background and even less
is known about their action in rural populations. This is
why we decided to have a closer look at IL-13 and IL_33 in
our study.

This study was designed to identify the associations of
farm exposures (currently and in the first year of life) with
total IgE and cytokine serum levels (IL-13 and IL-33) in the
groups of asthmatics and atopics.

Patients and Methods
Patients

Hundred and seventy four participants, all above 5 years of
age, were recruited from citizens of a small town and nearby
villages in lower Silesia, south-west Poland based on the
previous cross-sectional epidemiological study described
elsewhere.® All of them after providing written informed
consent responded to the questionnaire and underwent a
skin prick test. Blood samples were also obtained and serum
portions were frozen after centrifugation.

Study subjects included 58 asthmatics (22 with atopic
asthma and 36 with non-atopic asthma), 58 patients with
atopy, and 58 healthy controls. All three groups were
similar not only in terms of sociodemographic charac-
teristics (sex and age) but also the place of residence
(village-city) and the frequency of contacts with farm
animals. The subgroups according to sex, age (under and
above 57), and dwelling were also created. The mean
age of the whole population was 44.3 + 19.1 years (range
9-75 years) and males and females were 74 and 100,
respectively.

The characteristic of study participants has been pre-
sented in Tables 1 and 2. In the group of asthmatics 14 peo-
ple (24.1%), in the group of atopics 15 people (25.9%), and
in the control group 18 people (31%) had current contact
with farm animals. In the first year of life such contact had
40 asthmatics (67%), 36 atopics (62.1%) and 45 health con-
trols (77.6%). Unfortunately, only few of the study partic-
ipants had contact with cows, sheep, or horses. A larger
number of respondents reported poultry handling and egg
collection.

The study was approved by the Bioethics Committee at
the Medical University in Wroctaw (No. KB 105/2019/2019).

Diagnosis of asthma and atopy

The questionnaire used in this study was based on the
International Study of Asthma and Allergy in Childhood
(ISAAC) questionnaire.”® Qualified nurses assisted in filling

Table 1 Characteristics of surveyed population at the time of collecting data.
All Asthmatics Atopics Control group ANOVA p value

Female sex, no. (%) 100 (57.5) 33 (56.9) 33 (56.9) 34 (58.6) 0.977
Age (y), median (range) 45 (9-75) 48 (10-74) 37 (9-74) 49 (10-75) 0.233
Place of residence—village, no. (%) 101 (58.0) 33 (56.9) 34 (58.6) 34 (58.6) 0.977
Live on a farm?, no. (%) 50 (28.7) 14 (24.1) 17 (29.3) 19 (32.8) 0.587
Contact with cows 4 (2.3) 2 (3.4) 1(1.7) 1(1.7) 0.404
Contact with pigs 17 (9.8) 7 (12.1) 6 (10.3) 4 (6.9) 0.909
Contact with poultry 39 (22.4) 11 (19) 15 (25.9) 13 (22.4) 0.472
Contact with sheep or goat 4 (2.3) 1(1.7) 2 (3.4) 1(1.7) 0.404
Contact with horses 1 (0.6) 0 (0.0) 0 (0.0) 1(1.7) 0.734
Milking cows 3(1.7) 1(1.7) 1(1.7) 1(1.7) 0.734
Cleaning barns or stables 15 (8.6) 7 (12.1) 5 (8.6) 3(5.2) 0.361
Collecting eggs 32 (18.4) 10 (17.2) 10 (17.2) 12 (20.7) 0.398
Any contact with farm animals 47 (27) 14 (24.1) 15 (25.9) 18 (31) -
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Table 2 Characteristics of surveyed population in the first year of life.

Live on a farm?, no. (%) 90 (51.7) 29 (50.0) 24 (41.4) 37 (63.8) 0.051
Contact with cows 84 (48.3) 31 (53.4) 22 (37.9) 31 (53.4) 0.155
Contact with pigs 92 (52.9) 32 (55.2) 24 (41.4) 36 (62.1) 0.076
Contact with poultry 97 (55.7) 33 (56.9) 25 (43.1) 39 (67.2) 0.032
Contact with sheep or goats 35 (20.1) 17 (29.3) 6 (10.3) 12 (20.7) 0.039
Contact with horses 51 (29.3) 15 (25.9) 12 (20.7) 24 (41.4) 0.039
Any contact with farm animals 121 (69.5) 40 (67) 36 (62.1) 45 (77.6) -

Table 3 Medians and lower and upper quartiles of immunological parameters’ concentration.

All, median Asthmatics, median Atopics, median Control group, median P value, median
[Q; Ql [Q; Ql [Q; Q] [Q; Q] [Q; Ql
IgE (ng/mL) 67 [34; 111] 108 [48; 136] 88 [66; 123] 28 [18; 53] <0.001
IL-13 (pg/mL) 10 [4; 19] 11 [6; 23] 11 [3; 19] 7 [3; 15] 0.297
IL-33 (pg/mL) 29 [16; 63] 32 [16;76] 34 [17; 83] 22 [14; 44] 0.049
the form and in the case of children under 15 the answers (MicroSoft). Pearson’s chi-squared test of indepen-

were provided by their mothers.

Bronchial asthma was diagnosed based on the ques-
tion: Has a doctor ever told you (about your child) that you
(vour child) have bronchial asthma?

Atopy was diagnosed in participants with positive skin
prick test results for at least one out of four tested aller-
gens (house dust mites, cat, a mixture of grass pollen, a
mixture of tree pollen) chosen according to the local epi-
demiological data. The wheel diameter at least 3 mm
greater than that of the negative control was considered as
a positive result.

Measurement and analysis of serum IgE and
cytokine levels

Sera were stored at a monitored temperature of
—20 degrees Celcius. Levels of IgE, IL-13, and IL-33 were
measured by enzyme-linked immunosorbent assay. Total
serum IgE level was determined in all subjects by the
Elabscience QuickKey Human IgE (Immunoglobulin E) ELISA
Kit, catalog No: E-TSEL-H0016.

LEGEND MAX Human IL-13 ELISA Kit with Pre-coated
Plates (catalog No: 435207) and LEGEND MAX Human IL-33
ELISA Kit with Pre-coated Plates (catalog No: 435907) were
used to assay serum cytokines. Standards and samples
were incubated sequentially with the antibody coated on
strip well plate, bioinylated detection antibody, Avidin-HRP
B Solution, and with Substrate Solution F. The reaction was
stopped with the addition of Stop Solution and absorbance
at the 450 nm wavelength was read. A logarithmic curve
was plotted showing IL-13 or IL-33 concentration on the
y axis and absorbance on the x axis.

Statistical analysis

The data were statistically analyzed using Statistica
v.13 (TIBCO Software Inc.) and the EXCEL spreadsheet

dence was used to assess the strength of the relationship
between two qualitative variables. For quantitative fea-
tures, a non-parametric U Mann-Whitney test was used.
Comparisons were performed with ANOVA and post hoc
tests. A P-value less than 0.05 was considered statistically
significant in all analyses.

Results

Participants with asthma and atopy had higher IgE con-
centrations than the control group regardless of gender,
age, and place of residence (p < 0.001) (Table 3). There
were no differences of total IgE within the group of atop-
ics, asthmatics, and control in terms of sex, gender, and
place of living. We were not able to show significant asso-
ciations between farming and IgE levels but a tendency
for lower IgE levels in farm residents with asthma than in
asthmatics living out of the farm was observed. Exposure
to farm animals was connected with lower serum IgE lev-
els both in the entire study population (57 in farmers vs.
74 ng/mL in non-farmers, p = 0.151) and among asthmatics
and atopics (80.6 vs 110.7 ng/mL, p = 0.241 and 73.4 vs
92.5 ng/mL, p = 0.172, respectively). There was no corre-
sponding trend in the control group (Table 4). In the entire
study sample, people reporting contact with farm animals
in their first year of life had lower total IgE concentra-
tion than in participants without such exposure (64 vs.
90 ng/mL, p = 0.053). The difference was less expressed in
the group of only atopics (81.6 vs 93.1 ng/mL, p = 0.181).
In asthmatics and in the control group, there were no such
differences (107.7 vs 106.6 ng/mL, p = 0.373 and 30.1 vs
23.8 ng/mL, p = 0.305, respectively) (Table 5). The lev-
els of IgE were independent of different contact fre-
quencies with particular species of animals: cows, pigs,
poultry, sheep, and horses, and performing specific tasks
on the farm like milking cows, cleaning stables, or col-
lecting eggs. Subjects declaring contacts with poultry or
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Table 4 Medians of immunological parameters’ concentration depending on contact with farm animals at the time of

collecting data.

All Asthmatics Atopics Control group
Contact with farm animals Yes No Pvalue Yes No P value Yes No Pvalue Yes No P value
IgE (ng/mL) 57 74 0.151 80.6 110.7  0.241 73.4 925 0.172 34.8 25.2 0.410
IL-13 (pg/mL) 11 10 0.910 8.6 9 1.0 11.1 8.1 0.702 4.5 7.5 0.275
IL-33 (pg/mL) 25 32 0.094 31.6 3441 0.507 291 389 0.303 15.2 22.6 0.275

Table 5 Medians of immunological parameters’ concentration depending on contact with farm animals in the first year of life.

All Asthmatics Atopics Control group
Contact in with farm animals Yes No P value Yes No P value Yes No Pvalue Yes No P value
IgE (ng/mL) 64 90 0.053 107.7 106.6 0.373 81.6 93.1 0.181 301 23.8 0.305
IL-13 (pg/mL) 9 1 0.681 7.7 14.5 0.204 8.6 79 0.890 7.5 5.5 0.400
IL-33 (pg/mL) 31 27 0.871 3241 38 0.687 424 313 0.860 23.8 18.7 0.222

Table 6 Medians and lower and upper quartiles of

immunological parameters’ concentration within
asthmatics with and without atopy.

Atopy, median  No atopy, median
Asthmatics [Q; Q] [Q; Q] P value
IgE (ng/mL) 118.0 [97.7; 158.0] 76.1 [41.6; 123.5] 0.018
IL-13 (pg/mL) 16.6 [7.2; 26.2] 8.6 [6.3; 14.2] 0.092
IL-33 (pg/mL) 39.1 [16.1; 87.0] 31.8 [15.3; 73.9] 0.432

harvesting eggs (sometimes or often) had a tendency to
lower IgE level.

Serum IL-13 levels were comparable between groups
of asthmatics, atopics, and controls (Table 3). When sub-
groups were separated, the levels were lower in the
control group than in atopics and asthmatics among
males, people younger than 57, and those living outside the
farm (p = 0.081, p = 0.062 and p = 0.168, respectively).
The diagnostic value of IL-13 concentration as a test for
the presence of asthma and atopy was unsatisfactory. For
IL-13 concentration > 7.98 pg/mL, the sensitivity of the test
was 64.0%, specificity 55.7%, and the likelihood ratio LR +
= 1.43. The concentration of IL-13 in the serum of partici-
pants with atopic asthma was higher than in patients with
non-atopic asthma (16.6 vs 8.6 pg/mL; p = 0.092) (Table 6).
In the entire study group, IL-13 levels were not related to
present contact with farm animals as well as in the first
year of life (11 vs. 10 pg/mL; p = 0.910 and 9 vs. 11 pg/mL;
p = 0.681). In the atopic group, there was no correlation
between serum IL-13 levels and livestock contacts both
in the first year of life and at present (8.6 vs 7.9 pg/mL,
p = 0.890 and 11.1 vs 8.1 pg/mL, p = 0.702). Also healthy
controls had comparable IL-13 concentrations regardless of
exposition on livestock both in the first year of life and at
present (7.5 vs 5.5 pg/mL, p = 0.400 and 4.5 vs 7.5 pg/mL,
p = 0.275). Among patients with asthma, the level of IL-13

was lower in people reporting a contact with farm ani-
mals in the first year of life (7.7 vs 14.5 pg/mL, p = 0.204)
(Tables 4 and 5).

Serum IL-33 level was higher in people with atopy or
asthma than in the control group (p = 0.049) independently
of sex and place of residence (Table 3). The correlation was
the strongest in patients under 57 years of age (p = 0.006).
We have observed IL-33 levels above 46.5 pg/mL to be a
significant test for the presence of atopy. For IL-33 concen-
tration >46.5 pg/mL, the test sensitivity is 41.4%, specific-
ity 81.0%, and the likelihood ratio LR + = 2.18. Comparable
serum IL-33 levels were detected in atopic and non-atopic
asthmatics (Table 6). Responders living on a farm had
decreased concentration of IL-33. In the entire study pop-
ulation, exposure to livestock was associated with lower
serum IL-33 levels (25 vs. 32 pg/mL; p = 0.094), whereas
exposure to livestock in the first year of life did not affect
serum IL-33 levels (31 vs 27 pg/mL; p = 0.871). No significant
associations were seen separately in groups of asthmat-
ics, atopics, and healthy controls according their contacts
with farm animals in the first year of life—serum IL-33
levels were comparable regardless of exposition ( 32.1 vs
38 pg/mL; p=0.687;42.4vs 31.3 pg/mL; p=0.860and 23.8 vs
18.7 pg/mL; p=0.222, respectively). We also did not observe
correlations between serum IL-33 levels in this groups and
present contacts with animals living on the farm (31.6 vs
34.1 pg/mL, p = 0.507; 29.1 vs 38.9 pg/mL, p = 0.303 and
15.2 vs 22.6 pg/mL, p = 0.275, respectively) (Tables 4
and 5). Among people reporting contacts with particu-
lar animals (cows, horses, sheep, pigs, poultry) and farm
activities, there was also no significant difference in the
concentration of IL-33.

Age up to 60 years, IgE level > 44.8 ng/mL and IL-33
> 22.7 pg/mL were found to be independent predictors of
atopy (Table 7). The lack of contact with animals in child-
hood increased the incidence of atopy (41.5% vs. 29.8%,
p = 0.180). IgE level > 93.56 ng/mL was the only risk factor
for asthma (Table 8).
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Table 7 Adjusted odds ratios and 95% Cls for associations
between atopy and potential risk factors.

OR,;. 95% Cl
Lack of current contact with 0.98 0.47-2.04
farm animals
Lack of contact with farm 1.31 0.65-2.66
animals in the first year of life
Age up to 60 years 2.63 1.20-5.77
Male sex 0.92 0.48-1.77
Living in the village 0.98 0.51-1.88
Living on the farm 1.08 0.53-2.20
IgE > 44.79 ng/mL 9.01 3.34-24.3
IL-33 > 22.7 pg/mL 2.55 1.27-5.12
IL-13 > 11.12 pg/mL 1.42 0.70-2.91

Table 8 0Odds ratios and 95% Cls for associations between
asthma and potential risk factors.

ORad,; 95% Cl
Lack of current contact with 0.91 0.42-1.96
farm animals
Lack of contact with farm 0.92 0.34-2.49
animals in the first year of life
Age above 60 years 1.29 0.56-2.99
Male sex 1.07 0.56-2.07
Living in the town 0.83 0.38-1.81
Living on the farm 0.67 0.25-1.80
IgE > 93.56 ng/mL 5.90 2.72-12.8
IL-33 > 30.81 pg/mL 1.30 0.60-2.81
IL-13 > 5.4 pg/mL 1.75 0.71-4.31
Discussion

The protective effect of farm exposure in the develop-
ment of atopic diseases has been proved in several studies.
However, the respective immunological mechanisms still
remains unclear.* In this study, we demonstrated differ-
ences in serum IgE and interleukin 33 levels in patients
with asthma, atopy, and in healthy controls. Accordingly,
IgE and IL-33 levels turned out to be independent predic-
tors of atopy. We also found that early exposition to live-
stock influenced serum IgE levels and present contacts
with farm animals were related to serum IL-33 levels. No
clear association of interleukin 13 with livestock contact
was found.

We have shown that serum IgE level is higher in people
with asthma and atopy, which is consistent with the obser-
vations of other authors like Burrows et al. and Momen
et al."""? It was demonstrated that the concentration of
total serum IgE was lower in people with a farming life-
style. Similarly, participants of a Dutch study living close
to farms (<327 meters) were less likely to achieve serum
IgE levels above 100 IU/mL compared to those living more
than 527 meters from the nearest farm. Also, the density
of farms close to home has been shown to be associated
with atopy.®

We have analyzed the concentration of IgE in individuals
differing in the frequency of contacts with farm animals
and farm activities and we did not observe any significant
associations. Quite remarkably, few people had contact
with cows, sheep, or horses. Only handling poultry and col-
lecting eggs were reported by a larger number of respon-
dents. When we considered only these groups, there was
a tendency toward higher serum total IgE levels in peo-
ple who did not report contact with poultry and collect-
ing eggs. Gautam et al. studied the immune response in
people working on chicken farms. Chicken breeders had a
threefold higher serum IgE level, but statistical significance
was not reached.™

Farming lifestyle in the first year of life was associ-
ated with decreased serum IgE concentration. Other study
assessing total IgE levels in the serum of Danish agricul-
tural school students showed significantly lower levels of
this immunoglobulin in those who spent their childhood on
a farm, both compared to farm residents growing up out
of farm and those from the countryside who never lived
on a farm." There were also similar observations involving
residents of Western Europe' and North America" but the
direct comparison of studies is challenging due to specific—
not total—IgE measurements (to airborne allergens) in for-
mer studies. von Hertzen et al. studying the populations
of Finland and Russia based on two generations, showed
that the parents’ farming lifestyle in the first year of child’s
life has a protective effect on the development of atopy.'"®
In parallel, Ojwang et al. have not shown associations
between exposure to livestock or visits to farm buildings
during the first year of life and the risk of asthma or aller-
gies."” Early life exposure protection can last a lifetime and
affect the course of allergic diseases.?

IL-13 plays a pivotal role in the evolution and mainte-
nance of allergic inflammation by promoting IgE produc-
tion, secretion of leukotrienes, bronchial hyper-reactivity,
overproduction of mucus, and fibrosis. IL-13 is involved in
the process of macrophages and monocytes adhesion and
directly affects eosinophils by activating them, directing
to the inflamed area, and prolonging their survival. Lung
tissue fibroblasts are regulated by IL-13, which induces
remodeling and fibrosis.”

Patients with asthma have significantly higher sputum
IL-13 levels?? and reveal an increased IL-13 mRNA expression
in bronchoalveolar lavage (BAL) cells.?* Moreover, the skin
upregulation of IL-13 (and IL-4) is a key feature in atopic
dermatitis. Increased serum concentrations were found
in AD versus healthy individuals, and they correlated with
SCORAD and were reduced with treatment.?* Tralokinumab,
a human IL-13 neutralizing 1gG4 monoclonal antibody, is an
approved drug for the treatment of moderate-to-severe
atopic dermatitis?® and showed great improvement in FEV1
in a study with patients with uncontrolled moderate-to-
severe asthma.?

In our study, there was no difference in serum IL-13 lev-
els in asthmatics, atopics, and the control group. Davoodi
et al. reached similar conclusions, also not finding a statis-
tically significant difference between the control group and
asthmatics.?” On the other hand, Dimitrova et al. observed
positive association between bronchial asthma and ele-
vated serum IL-13 levels.® We can assume that differences
in the results are related to different patients’ qualification
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criteria. Dimitrowa et al. recruited people with severe and
moderate asthma only, excluding those with mild asthma.

Among patients with atopic asthma, serum IL-13 con-
centration was higher comparing to those with non-atopic
asthma. Similar results are found in work of Hussein et al.?

In our population, contact with farm animals was not
related to the serum IL-13 level. Interestingly, a trend for
lower IL-13 concentrations was observed in people report-
ing contact with poultry or harvesting eggs. It has also
been found that frequent contact predisposes to lower
IL-13 concentrations than occasional contact. Gautam et
al. measured interleukin 13 secreted by peripheral blood
mononuclear cells. The spontaneous production of this
cytokine did not differ between the group of farmers and
office workers. After stimulation, a greater increase was
observed in the nonfarmer group.' The results of this study
are only partially consistent with ours; it seems that the
main problem is the small size of study groups.

Also, farming lifestyle in the first year of life does not
correlate with serum IL-13 levels. Identical conclusions were
drawn by Yu et al., who studied the cytokines of mononu-
clear cells, although blood did not come from infants in the
first year of life, but was obtained from the umbilical cord
during childbirth, and the exposure concerned pregnant
women. There were no significant differences in the secre-
tion of 1L-13.3°

IL-33 receptor complex is present on a range of innate
and adaptive immune cells. IL-33 was shown to act as an
epithelial and endothelial alarmin in allergic and inflam-
matory diseases produced in response to infectious or
environmental factors. Inhibiting antiviral immunity and
the cytotoxic reaction and affecting dendritic and epithe-
lial cells IL-33 amplifies hyperresponsiveness and airway
inflammation.

A genome-wide association study (GWAS) proved the
existence of multiple single nucleotide polymorphisms
(SNPs) in the IL-33 gene that are involved in susceptibility
to asthma.?? In a mouse model, it was shown that increased
IL-33 levels remain in the lung tissue in a state of lasting
inflammation and progressive remodeling.® IL-33 levels
have been found to be elevated in induced sputum, bron-
chial biopsies, and serum of patients with asthma com-
pared with nonasthmatic controls®*** and the increase
of IL-33 could be related to their allergic status.® The
monoclonal antibody targeting IL-33—Itepekimab improved
asthma control and quality of life, as compared to placebo
in patients with moderate-to-severe asthma.*

In our study, serum IL-33 levels were significantly higher
in atopics than in asthmatics and healthy volunteers. IL-33
levels above 46.5 pg/mL proved to be a significant test for
the presence of atopy. Voloshyna et al. reached similar con-
clusions obtaining higher concentrations of IL-33 in the serum
of atopics than in the control group.*” However, some studies
have proved that asthmatics are characterized by increased
serum IL-33 levels’?; in our study, it was just a trend.

We have observed that farming lifestyle was inversely
related to serum IL-33 levels (p = 0.094). There was no dif-
ference in IL-33 concentration in people reporting differ-
ent frequencies of contacts with particular animals (cows,
horses, sheep, pigs, poultry) and farm activities (p > 0.05).
Contacts with livestock during the first year of life did not
affect serum IL-33 levels.

A few important aspects of the study require consid-
eration. Although testing the serum interleukins 13 and 33
levels is widely used and analyzed in various diseases, it
seems difficult to take into consideration all variables that
may influence these levels. When analyzing the available
literature, it can be concluded that it would be valuable
(especially for the IL-13 evaluation) referring the measure-
ments to the degree of advancement and activity of the
disease. Unfortunately, we did not have such patients’
data. It should also be noted that testing the concentration
of these cytokines in the serum is only one of the meth-
ods of assessing their production in the body. The available
publications often indicate that it is worth paying attention
to their level, for example, in BAL or the lung tissue. The
fact that our study group was relatively small and reported
frequent contacts only with poultry (contacts with other
animals were rare) limited our ability to show clearer cor-
relations between exposures and allergy outcomes. The
precision of laboratory measurements may be also signif-
icant, the sensitivity and specificity of available tests are
sometimes questionable.3®

The strengths of the study include access to a well-
defined atopy and asthma group with well-characterized
rural exposures in the first year of life and currently.
According to the author’s knowledge, it is the first study of
its kind in the Polish population.

Conclusions

Lower serum IgE levels in individuals exposed to farm ani-
mals may confirm relation between farm exposure and its
protective effect on the development of asthma and atopy.
The correlation was even stronger when contacts occurred
in the first year of life. Our data also support the hypoth-
eses that IL-33 is involved in the pathogenesis of asthma
and atopy—serum concentrations of this cytokine were
higher in both patients with atopy and asthma in compari-
son to healthy controls. Lower serum IL-33 levels in people
exposed to livestock is an interesting observation, but its
meaning should be further studied. The described research
did not confirm differences in serum IL-13 levels depending
on asthma or atopy and also did not confirm the impor-
tance of rural exposure on the production of interleukin 13
in the studied population. It can be assumed that informa-
tion about the severity and activity of the disease and the
parallel study of cytokines in other body fluids and tissues
could contribute to more precise conclusions. Furthermore,
larger-scale studies are needed to better explore the
impact of livestock contacts on IL-13 and IL-33 production.
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