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Abstract

Objectives: The development of allergic conditions is largely dependent on the interactions between genetic (individual genetic predisposition) and
environmental factors (exposure to risk factors). The aim of this study was an attempt to assess the influence of selected elements of the hygiene
theory in the development of allergic diseases such as allergic rhinitis and asthma. Material and Methods: The study group consisted of 5518 women
and 3868 men. The method that was used was the European Community Respiratory Health Survey II and International Study of Asthma and
Allergies in Childhood questionnaire validated and adapted to Central and Eastern European conditions. The project was conducted in 8 urban
areas (Gdansk, Wroctaw, Poznan, Katowice, Krakéw, Lublin, Bialystok, Warsaw) and 1 rural area (Krasnystaw county). This study had 2 stages;
the first stage involved grouping the 22 500 respondents based on their questionnaire responses with the use of a Personal Digital Assistant (PDA);
the second stage involved 7000 subjects, who underwent additional assessments: skin prick tests (birch, grasses/cereals, Dermatophagoides ptero-
nyssinus and Dermatophagoides farinae, molds [set I: Botrytis cinerea, Cladosporium herbarum, Alternaria tenuis, Curvularia lunata, Fusarium
moniliforme, Helminthosporium], molds [set II: Aspergillus fumigatus, Mucor mucedo, Penicillium notatum, Pullularia pullulans, Rhizopus nigricans,
Serpula lacrymans), cat, dog, molds Cladosporium herbarum, Alternaria tenuis) and spirometry tests. Results: The age at which children attend
the nursery school is critical to the development of allergic diseases; in allergic rhinitis, the risk of an IgE-dependent reaction is 2 times higher in
the second than in the first year of life (p = 0.00147, p < 0.05), while in asthma, having a large number of siblings increases the risk of developing
obstructive disease by almost 6 times (p = 0.00316, p < 0.05). Conclusions: The hygiene theory is particularly applicable and can explain the rela-
tionship of selected habits in the development of allergic diseases. Int ] Occup Med Environ Health. 2023;36(1):69-83
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INTRODUCTION

Allergic conditions constitute a significant public health
concern and are important from the point of view of clini-
cal practice. Nearly 40% of Poland’s population has been
estimated to suffer from an allergic condition. Twenty-
five percent of the general Polish population has been
diagnosed with allergic rhinitis (AR); 5% with asthma,
including 12% manifesting asthma symptoms; and 4%
with atopic dermatitis. Moreover, 6-8% of children and
1-2% of adults are affected with a food allergy [1]. Lit-
erature reports indicate many potential causative factors
(including environmental factors, lifestyle choices, diet,
lack of vitamin D, supplementation and genetic predis-
position) that may contribute to or exacerbate adap-
tive IgE-mediated reactions [2-5]. During the 1980s,
a causal relationship between the incidence of allergic
conditions and the number of children in the family and
exposure to bacterial, viral, or parasitic infections has
been observed [6]. These factors were shown to affect
the immune response in a way that lowered the risk of
developing allergies in the future [7]. This phenomenon
has been explained by the hygiene hypothesis, which is
based on the importance of well-balanced helper T-cell
type 1 and 2 (Th, and Th,) population sizes. Soon after
birth, when the baby is naturally exposed to pathogens,
Th, cells play an important role in maintaining T-cell
population balance, whereas an absence of antigen stim-
ulation (sterile living conditions) predisposes to allergy
development later in life. The factors playing a decisive
role in this protective effect, particularly in the case of
obstructive respiratory conditions, including asthma, are
the type of infection, duration of exposure, and the pres-
ence of other (e.g. genetic) factors.

The purpose of this study was to assess selected aspects of
the hygiene hypothesis that explain the effect of multiple
children in a family, the fact of attending a nursery/kin-
dergarten, exposure to farm animals, and drinking non-

pasteurized milk during childhood on the diagnosis rates

IJOMEH 2023;36(1)

of AR and asthma. The hygiene theory is already 30 years
old and many studies have confirmed the effect of certain
environmental factors on the development of allergic dis-
eases. It was the authors” intention to use the results of
a study involving a fairly large and varied group of adults
and children to confirm the hygiene hypothesis and to
emphasise the need to verify the hypothesis, as certain

results of this research contradict the hygiene theory.

MATERIAL AND METHODS

This study was conducted in individuals randomly select-
ed by the Polish Ministry of the Interior and Administra-
tion from the PESEL (Polish citizen identification number)
database. The study method involved the use of question-
naires adapted for Central and Eastern Europe based on
the European Community Respiratory Health Survey II
(ECRHS 1I) [8] and International Study of Asthma and
Allergies in Childhood (ISAAC) [9], which had been used
as part of a larger project, titled the Implementation of
a System for the Prevention and Early Detection of Aller-
gic Diseases in Poland (No. 6 PO5 2005 C/06572) [10].
The project was conducted in 8 urban areas (Gdansk,
Wroclaw, Poznan, Katowice, Krakow, Lublin, Biatystok,
Warsaw) and 1 rural area (Krasnystaw county).

This study had 2 stages. The first stage involved group-
ing the 22 500 respondents based on their questionnaire
responses with the use of a personal digital assistant (PDA).
The second stage involved 7000 subjects who underwent
additional assessments in an outpatient setting: skin prick
testing (birch; wormwood; grasses/cereals; Dermatopha-
goides pteronyssinus and Dermatophagoides farina; molds
[set I: Botrytis cinerea, Cladosporium herbarum, Alter-
naria tenuis, Curvularia lunata, Fusarium moniliforme,
Helminthosporium]; molds [set II: Aspergillus fumigatus,
Mucor mucedo, Penicillium notatum, Pullularia pullulans,
Rhizopus nigricans, Serpula lacrymans]; cat; dog molds
Cladosporium herbarum, Alternaria tenuis) with a control

solution of histamine.
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Clinical diagnoses of AR and asthma were verified based
on the Allergic Rhinitis and its Impact for Asthma (ARIA)
and Global Initiative for Asthma (GINA) diagnostic crite-
ria, respectively. Due to the variety of questionnaire items
assessing the symptoms of AR (questions: v176 “Do you
have any nasal allergies, including hay fever?”; v178
“Have you ever had a problem with sneezing, or a runny
or blocked nose when you did not have fever, a cold, or
the flu?”; v179 “Have you ever had a problem with sneez-
ing or a runny or blocked nose when you did not have
a cold or the flu in the last 12 months?”) and the symp-
toms of asthma (v136 “Have you had wheezing or whis-
tling in your chest at any time in the last 12 months?”;
v137 “Have you been at all breathless when the wheezing
noise was present?”; v138 “Have you had this wheezing
or whistling when you did not have a cold?”; v139 “Have
you woken up with a feeling of tightness in your chest at
any time in the last 12 months?”; v140 “Have you had an
attack of shortness of breath that came on during the day
when you were at rest at any time in the last 12 months?”;
v141 “Have you had an attack of shortness of breath
that came on following strenuous activity at any time in
the last 12 months?”; v142 “Have you been woken up by
an attack of shortness of breath at any time in the last
12 months?”) the questionnaire-based and declared res-
ponses (specificity and sensitivity) were analyzed with
respect to clinical diagnosis of AR or asthma.

The questionnaire item found to effectively verify and
diagnose AR was v176: “Do you have any nasal allergies,
including hay fever?” Correspondingly, the factor found
to be the most consistent with the diagnosis of asthma
was wheezing, with the odds ratio (OR) in respondents
with wheezing 5 times as high as in those who denied
wheezing. Therefore, the item considered in further
analysis was the one characterized by the highest chances
of accurately assessing the analyzed parameter, i.e., item
v136 “Have you had wheezing or whistling in your chest
at any time in the last 12 months?” (Table 1).

The research areas were selected intentionally rather than
on a random basis, while the selection of responders at
the centers was randomized. The random selection algo-
rithm was designed to ensure that the sample was rep-
resentative of the population. The selection process was
based on the PESEL resource which is a Polish govern-
ment-managed database of national identification num-
bers and contains details such as the forename, surname,
registered home address, age and sex of each person.
The questionnaire data were acquired using the com-
puter assisted personal interviewing (CAPI). Personal
digital assistants commonly known as palmtop comput-
ers, were used to make the survey takers’ work much
easier, as the software was designed to use automated
question filtering. The patients were diagnosed only and
exclusively on the basis of validated ECRHS and ISSAC
questionnaires. This is normal in the case of such epide-
miological studies. Other criteria for the clinical diagno-
sis of AR included those based on the international ARIA
and GINA guidelines. Additionally, skin prick tests and
spirometry tests were also used to verify the diagnosis
made by the allergist and/or the pulmonologist.

The study population was homogeneous in terms of age,
with the mean (M) age of women 31.9 years and the age
of men M = 31.3 years. Overall, women constituted 59%
(N = 5518) whereas men constituted 41% (N = 3868)
of the study population. Respondents from urban areas
(N = 8337) constituted 89% of the study population,
whereas respondents from rural areas (living in Krasnys-
taw county N = 1049) constituted a considerably smaller
proportion (11%).

Among respondents diagnosed with a single allergic con-
dition the most numerous were those with AR, followed by
those with asthma; the conditions in these patients have
been shown to be largely hereditary (Table 2). The pre-
disposition to allergies was decidedly more commonly
inherited from the mother, which was also observed in

siblings (Table 3). For comparison, as a control group the
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Table 1. Logistic regression analysis results for allergic rhinitis and asthma in 2 stage study conducted in 8 urban areas and areas (Gdanisk, Wroctaw, Poznar,
Katowice, Krakdw, Lublin, Biatystok, Warsaw) and 1 rural area (Krasnystaw county), Poland

Allergic rhinitis Asthma
Questionnaire item

OR 95% Cl p AUC OR 95% (I p AUC
v176 4.45 3.75-5.28 <0.001 0.67
v178 4.06 3.38-4.88 <0.001 0.67
v179 1.74 13-2.33 <0.001 0.54
v136 5.16 3.92-6.78 <0.001 0.66
v137 1.72 1.12-2.63 0.014 0.56
v138 234 1.49-3.65 <0.001 0.60
v139 3.67 2.66-5.07 <0.001 0.58
v140 3.1 2.17-4.41 <0.001 0.56
V141 3.24 2.46-4.26 <0.001 0.62
v142 4.87 3.37-7.03 <0.001 0.57

AUC - area under the curve.

v176“Do you have any nasal allergies, including hay fever?”; v178“Have you ever had a problem with sneezing, or a runny or blocked nose when you did not have a fever, a cold

or the flu?”; v179“Have you had a problem with sneezing or a runny or blocked nose when you did not have a cold or the flu in the last 12 months?”; v136“Have you had wheezing or
whistling in your chest at any time in the last 12 months?”; v137 “Have you been at all breathless when the wheezing noise was present?”; v138“Have you had this wheezing

or whistling when you did not have a cold?”; v139“Have you woken up with a feeling of tightness in your chest at any time in the last 12 months?”; v140“Have you had an attack of
shortness of breath that came on during the day when you were at rest at any time in the last 12 months?”; v141“Have you had an attack of shortness of breath that came on
following strenuous activity at any time in the last 12 months?”; v142 “Have you been woken up by an attack of shortness of breath at any time in the last 12 months?”

Bolded are the most significant results.

Table 2. Study group characteristics in 2 stage study conducted in 8 urban areas and areas (Gdarisk, Wroctaw, Poznan, Katowice, Krakéw, Lublin, Biatystok,
Warsaw) and 1 rural area (Krasnystaw county), Poland

Participants
(N=9386)
Variable with allergic rhinitis with asthma control group
(N=6713) (N =2508) (N=2403)
n % n % n %
Age
67 years 1705 254 868 34.6 699 29.1
13-14 years 1630 243 479 19.1 652 27.1
2044 years 3378 50.3 1161 46.3 1052 43.8
Sex
female 3538 527 1272 50.7 1324 55.1
male 3175 473 1236 49.3 1079 449
Area
urban 6243 93.0 2320 92.5 2107 87.7
rural 470 7.0 188 7.5 296 123

IJOMEH 2023;36(1)
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Table 3. Genetic predisposition and incidence of allergies in 2 stage study conducted in 8 urban areas and areas (Gdarsk, Wroctaw, Poznan, Katowice, Krakéw

Lublin, Biatystok, Warsaw) and 1 rural area (Krasnystaw county), Poland

Participants

(N =9386)
Genetic age sex area
predisposition 6-7 years 13-14 years 2044 years female male urban rural
(N=2534) (N=2347) (N =4505) (N=5518) (N =3868) (N=8337) (N'=1049)
n % n % n % n % n % n % n %
Allergic rhinitis
mother 411 241 408 25 449 133 686 194 584 184 1217 195 50 10.6
father 343 2001 248 152 250 7.4 40 16 49 135 818 131 23 49
sibling(s) 390 229 432 26.5 540 16 715 20.2 648 204 131N 21 51 10.9
grandparents
maternal 189 1.1 192 11.8 95 2.8 219 6.2 254 8 462 14 15 3.2
paternal m 6.5 77 47 61 18 127 3.6 17 37 237 38 n 23
Asthma
mother 199 22.9 119 24.8 145 12.5 224 17.6 239 19.3 450 19.4 14 7.4
father 155 17.9 70 14.6 75 6.5 155 12.2 145 1.7 290 12.5 n 5.9
sibling(s) 222 25.6 136 28.4 163 14 254 20 267 21.6 496 214 24 12.8
grandparents
maternal 00 115 60 125 35 3 86 6.8 108 8.7 188 8.1 6 32
paternal 65 15 20 4.2 22 1.9 52 4.1 54 4.4 104 45 2 1.1
Control group
mother 102 146 87 133 89 8.5 173 131 104 9.6 255 121 22 7.4
father 74 10.6 54 83 33 3.1 87 6.6 74 6.9 150 7.1 1 3.7
sibling(s) 126 18 123 189 130 124 M 159 169 157 339 161 39 132
grandparents
maternal 57 8.2 33 5.1 17 1.6 68 5.1 40 37 103 49 3 1
paternal 2 3.1 18 2.8 n 1 29 22 22 2 44 2.1 6 2

Bolded are the most significant results.

authors consider subjects without no diagnosed any aller-
gy diseases. The differences in the fractions in Table 3 did
not significantly differentiate the groups AR and asthma
the control group (p > 0.05, prop.test).

This study was approved by the Medical University of
Warsaw Institutional Review Board (KB/206/2005) and by
the Chief Inspector of Personal Data Protection. Statistical

analyses included frequency analysis, testing for equal-

ity of proportions (prop.test function in R), and a logis-
tic regression model for the individual variables, with
the use of the odds ratio and 95% confidence interval (CI)
(Tables 1, 4, 5). The area under the curve (AUC) was also
presented to assess for goodness of fit between the models
and the data (Table 1). Analyses were performed with
the use of R. The threshold of statistical significance was
adopted at p < 0.05.

1JOMEH 2023;36(1)

3



E. KRZYCH-FALTA ETAL.

ORIGINAL PAPER

0 0 0 0 Lau 6 0 0 0 0 66 L 0 0 0 0 §8 9 bop
0 0 0 0 66 L 0 0 0 0 66 L 0 0 0 0 44 3 (11383) spow
0 0 0 0 L'yl Ol 0 0 0 0 g8 9 0 0 0 0 44 3 (1325) spow
0 0 L g £gL €l 9 14 9 14 Lau 6 0 0 8T [4 g8 9 snujssuoiayd sapioboydojpwiiag
0 0 0 0 g8 9 0 0 0 0 06 L 0 0 0 0 9'G 14 poomuliom
44 3 8T [4 el 8 7'l L 0 0 6'6 L 0 0 'L L 7'l L S|ealdd / sasseid
0 0 0 0 0L g 0 0 7l L 7l L 0 0 0 0 8'C 4 yauq
pale [eIny
€0 [4 L 8 L9 44 90 14 ¥4 sl L'y LT €0 [4 L 8 8¢ 74 sinuaj pLpuIal|y
0 0 90 14 Sl 6 0 0 0 0 L'¢ 0C 0 0 4 L Ll Ll winipqiay wniiodsopoy)
€0 [4 0C Lo oL 0 0 L'l L 9Y 0¢ 0 0 0 0 41 X4 urejueyd jea| moLseu
L9 o7 8'G 8¢ 6'8 85 0C €l 6'C 6l Sl 6 90 14 9 Ll L€ 174 af1
L't i 0°g €€ €8 4] S0 € L't i 'S 13 4 L L'l L L'¢ 0C iapje
9Y 0¢ 8¢ 74 4 Ly S0 € 8 8l 'S 13 70 L 0C €l 41 4 [9zey
vy 6C 69 v €L ool S€ €t 7’9 44 '8 s L'l L £ 8 €8 4] avulipj sapioboydojpwiiaq
't 91 9Y 0¢  60L L 4} 8 ge €t L9 44 80 g 4} 8 L'y a4 1
€0 14 80 g cu 08 0 0 80 g 4 143 4 L 4 L LY LE bop
4 L 80 g 98 95 0 0 €0 [4 Lt 174 0 0 0 0 6'C 6l (11395) spow
80 g gl 0L 8’6 9 90 14 4} 8 €8 4] €0 [4 4} 8 r'e [44 (1395) spow
€9 84 L'8 € T8l 6Ll 6% € L9 44 L8 LS gl 0L 4 6C €8 4] snutssAuoiayd sapioboydojpwiiag
gl 4 €9 v gl L 4 L L'l Ll 6 09 €0 4 60 9 67 [43 poomwiom
98 99 L9 o7 €8 4] A3 oy 09 6¢ 99 134 Cl 8 S € vy 6C 5|eaa) / sasseid
0'g €€ 9Y 0¢ Sl 6 0C ¢l 4 sl LS L 80 S Cl 8 S € yauq
Bale ueqgin
% u % u % u % u % u % u % u % u % u
Ww 9= ww 6—¢ ww €= Ww 9= ww 6—¢ ww €= Ww 9= ww 6—¢ ww €=
(€6£1=N) (080L=N) (67LL=N) uabsa|y
s1eak -0 sieaf y1—¢€| s1eak /-9
(T00y =N)

31011531 ypud-unys aanisod yyim syuedpiyieg

puejod ‘(A1unod meysAusely) eaie [eins | pue
(MesIep “YolsAteIg “UljgnT ‘MoXely ‘DDIMO)LY ‘URUZO4 ‘MBPOIA “{SUBPD) Seale pue Seale Uegn § Ul pajanpuod Apnys abels 7 ur sajed 1sa) ypud-umys aAnIsod *p ajqelr

36(1)

12

IJOMEH 2023

74



ORIGINAL PAPER

THE HYGIENE HYPOTHESIS IN ALLERGY

su su 06'0-£C0  6V0 su U 9/0-8L'0 /€0 ¥6'0-8C0 190 su su su su 0/S
U U U U U U U U U U U SU c0-8L0 b0 Wb
su Su 9/0-¥S0  ¥90  SL0-S¥0 890  180-CS0  S90  080-¥S0 990  v8O0-L¥0 650  $80-9¢0  SSO 0/¢
su U 680-0L0 60  8L0-L50  [90  ¥60-LL0 T80 0/1 8.0 su U 8L0-6v0 790 0/¢
su SU $60-080 /80  L60-080 880  €60-9/0  ¥80 su SU 680890 80  S60-TL0 €80 0/1
SOCA
su SU 780-€S0 990  T6'0-LF0 990  080-9v'0 190  ¥90-LE0  6¥0 su su su su L/L
su U 980-090  TL0  L60-¥S0  TL0  €L0-9%0 850  S90-6£0 S0 su su su su L/9
su su L=£9°0 80 su U P60-L50 €0 €8°0-8¥0 €90 su su su su L/S
U < <u U < SU160-8S0  SL0 S60-S0 LU0 < <u U < b
U U U U U SU CE0-660  SL0  680-£S0 690 U U U U e
U U <u U U <u U SU9L0-T0 /S0 6L'S-TEL  SO0°T U su Uz
yOTA
sy d1613) |y
1 %56 40 1D %56 40 12 %56 40 1 %S6 40 1D %56 40 12 %56 40 1 %S6 40
(6v0L=N) (£€€8=N) (898 =N) (8LSS=N) (S0t =N) (L€t =N) (PEST=N)
[eany uegin 3jew 3ewsy s1eaf yH—07 sieaf 1 —¢| s1eaf /—9
eale X35 abe el
(98€6=N)
syuedpiyieq

pue|od ‘(Kunod mesAusesy) eaJe [eanJ | pue (Mmesiep “jolsAreig ‘uign moyely
‘DIMOY ‘UBUZO4 ‘MBPOIN “{SUBPD) SBAIR PUR SBAJR UBGIN § Ul pa3dNpuod Apnys abeys 7 ur dnoib |0.3u0d 3y ul pue ewiyise ‘siyuiyl d1bia]je pue sisayiodAy susibAy ayy Jo spadse papajas °g 3jqel

‘SupwADD| bindias ‘subaLbiu

sndozyy ‘supjnjnd puIINg Wn3pIOU WIdIUAY ‘0padntu Jodnyy ‘snvbiwny snjjibiadsy — || 19S UNLIOASOYIUILIA “QWOHIUOL WNLDSNY ‘DIDUN] DUDINAIN) “SINU) DUDUIRYY “Wnipgiay wniodsopo)) ‘vaiaup siAIog — 135

O O O O N O o o

O M e e e O O

0L
96
€Ll
96
§8
96
L6l
0L

g
14
8
14
9
14
14

—

g

O e O O — O O O

— N - - O O O —

O N N N O

—
—
O O O O O o o o

O O O O O O o o

O O O O O o o

-0 O O O O o o

96
7l
9¢
44
44
96
9¢
8¢

N o T - <

SInua} bUDUIAYY
winipgiay wniodsopo|)
uejued jea| molieu

31

pje

[9zey

avunpy saproboydoipuriaq
®

75

36(1)

’

1JOMEH 2023



E. KRZYCH-FALTA ETAL.

ORIGINAL PAPER

su su G80-1S0 990 86'0-S¥0 990 80-¢¥0 650  ¥L0-8E0 €50 su su su su L/S
su su980-¥50 890 su Su o 880-LF0  ¥90  ¥90-€€0 90 su su su su Ly
su su 160450 TL0 su Su 880-/F0 Y90 ¥L0-8€0 €50 su su su su L/€
su sU- €60-vS0  LLO su su /80-1l¥0 90 LL0-1€0  L¥'0 su su su su L/z
Y0TA
ewyisy
- - - - - - - SU 6L0-S00 60 - - - - 2007819
- su su - su su - su su - su su - su €00
- < - - < - - < - - < - - < 200
“9L9A
su U 160-850  €£0  ¥60-¥S0 L0 1-85°0 9,0  160-550 L0 su su su su L9pA
su su ¥60-90 S0  S80-8¥0 90 su su760-950 L0 su su su su 99tA
- Su 950-810  7h0 <u <u - <u <u - <u <u - <u S
70l 89l < - - < - - < - - < - - 0/
- su su SU /60-890 180 - su su - su su - su 0z
- U U - U U - SU 660-280 60 U U - U oL
7orA
- U <U - U SU8r0-/00 €70 <U - U <u - U 0L
su su S0-¥00  vL'0 980-0L'0 670  090-€00  ¥L°0 su su su su su su 0/9
- SU c60-190 80 8L0-6v0 790 - su su - su su - su 0/
63°0-8%'0  S9°0  180-990 €0 8/0-650 890  080-l90 L0  /[80-990 90 su su su su 0/t
su SU o 060-£L0 €80  880-€L0 80  €60-9/0  ¥80 1-€80 60 su su su su 0/1
£9%A
JU0D — SIUIY 1613y
1D %56 40 1D %56 40 1 %56 40 1D %56 40 1D %56 40 %56 40 1D %56 40
(6v0L=N) (LEE8=N) (898€ =N) (8LSS=N) (S0Sy=N) (Lret=N) (¥€ST=N)
[ean) uegin 3ew 3ewsy s1eak 7707 sieaf y1—€| sieaf /—9
eale X35 abe vl
(98€6=N)
syuediyeq

"Ju0d — dnoub 013u0d 3y} Ul pue ewyise ‘siiuyL J1613| e pue sisayrodAy 3uaibAy 3y Jo syadse papajas °g 3jqel

36(1)

12

IJOMEH 2023

76



ORIGINAL PAPER

THE HYGIENE HYPOTHESIS IN ALLERGY

'6L-SL°L
S'U

R4

LY
su

yoL-LL
9L-LTL
s'u
s'u
6L'v-LTL
8G°1-L0°L
110t

9LT-L0L

ySL-00L
6€'1-50°L

$6'0—8L°0

88°0-15°0
180-150

'l
vl
Ll

£9°0
¥9°0

vL1-8LL
81611
S'u
S'u
88'c-tl’'L
S'u

L80-C0°0
S'u

16'0—-8€°0
£6°0-97°0

&l
9l
s'u

650
£9°0

8G'L—Cl’L

§9'L-60L
S'U

§6'9-6€°L
su

SL1-s01
S'U

veT-e0l
0L1-¢0L
-0l

8CT-10L
96'0-59°0

6L°L1-LS'L
€6°0-LL0

S'u

L£0-6€°0

el

su
LL'E
su
9¢'L
su

SS9l
4y

(4
180

LTl
99°1-LL'L
€ES-CL

veTT-68'L
$6'0—CL0

v£0-8¢€°0
990-S€°0

9l
6¢'L

£9°C

su

$9
€80

€50
870

celel
&L
S'u

LCT=50'L
y9'L-€0°L

6L'v-10'L
90°8-vL'L

'l
€l

LTt
€0°¢

LETH0'L
9110l

8e'e-L0'L
8y e-10°'L

s8'L
6'L
S'u

L9pA
99pA
0/9 ¥9vA
0/y
0/¢
0/t
0/1
€9pA
0/¢
0/t
0/1
sozA
dnoib |013u0)
€00
200
“8L9A
L9pA
99%A
0/¢
0/1
PopA
0/9
0/y
0/t
£9%A
0/L
0/1
sozn
L/L
L/9

77

36(1)

’

1JOMEH 2023



E. KRZYCH-FALTA ETAL.

ORIGINAL PAPER

“S)|nsa1 JuedyIubis 1sow 3y} ale papjog

0 [3A3] 1230521 Y3 PaIR[Nd[ed SeM YO HOHA PUB E9FA ‘SOZA 104 ‘L [9A3] 13dS31 Y3 P3YRINd[Ed SeM YO $0TA 104

,iS1eak / pue ¢ Jo 3be 3y} U3IMIIQ YIM B SAWI) € 1Sea| I8 [YHDOA LUNSu0d 03 asn nok piq, €00 0Z9A*,iS1eak € Jo abe 3y} 310Jaq Y9am e Saw) € Isea| Je
14NHDOA dWNSU0d 03 3N noA pid, 00 0Z9A -,¢SIBAK / pue ¢ Jo 3be 3y} U3aMI3Q Y3 B ST € 15ea| 18 YI4T)/MNTIW IUNOS SLnsuod 03 asn nok piq, €00~ 8LIA*,;s1eak € Jo abe 3y} 10jaq Y9am e 3w} € 1sea| 18 YI4IN/NTIW
(134n0S dwinsuo 03 3sn noA piq, 700~ 8L9A,is1eak € pue | Jo abe 3y} uaamiaq Jeak e shep 7 (jo [e30} e) 03 dn suorye|nuoy 353y asn nok piq, €00 9L9A+,;4eak | Jo abe 3y} 310jaq Jeak e skep / (3o [e303 B) 03 dn suorejnuLI)

353y3 asn noA pia, 700~ 9194 -, iFoueubaid ayy buunp (fiynod Jo ‘da3ys ‘s3eob ‘sbid ‘1Ll *3°1) S|ewIUR W) Y3im 1IRIUO) UI (33M B U0 Ise3| 1e) A|1ejnbai saylow ok sep,, /oA, i1eak | Jo abe ayy aloaq (£13nod Jo

‘daays ‘syeoh ‘sbid ‘3312 “3°1) S|eWIUR LLLIRY YIIM 1DRIUOD U] (93M B 3DU0 15e3] 1) Ajuejnbal nok 313, 994A ¢, ianeY NoA Op S131SIS 40 S13Y10Iq YIDNNOA AUBLL MOH,, 91 ¢, i9NRY NO OP SI31SIS 10 SI3YI0IQ Y310 AUBW MOH,, E97A

!(buisnoy Ajwey-3buis Joy 3|qedrdde) ,;pjo s1eak G 313m noA 310J3q NOK YM Woos 3wes 3y} ul daa|s 03 pasn UIP|IYY J3Y10 AueL MOH,, SOTA *,¢K13sInu o ‘ualiebiapuny ‘jooys 03 ob 1siy nok pip abe 1eym 1y, 1OzA

- <u 71=90L ) <u <u T <u - <u <u - <u <00
- su su - su su - su L'-80L 107 su su - su 200
“09n
sy su <u sy su <u 1-C0L €€l <u sy Vel-LIL sy su €00
- - - - - - - - - - - - 0150 <0 200
“9L9A
dnoub jonuo)
1 %56 40 1D %56 40 12 %S6 40 1 %56 40 D %56 40 12 %S6 40 1 %56 40
(6¥0L=N) (L€€8=N) (98¢ =N) (8LSS=N) (S0t =N) (L€t =N) (PEST=N)
[eany uegin djew 3ewsy s1eaf -0 sieaf | —€| s1eak /-9
wa}
eaJe Xas abe !
(98€6=N)
syuediyeq

"Ju0d — dnoub 013u0d 3y} Ul pue ewyise ‘siiuyL J1613| e pue sisayrodAy 3uaibAy 3y Jo syadse papajas °g 3jqel

36(1)

12

IJOMEH 2023

78



THE HYGIENE HYPOTHESIS IN ALLERGY ORIGINAL PAPER

RESULTS

Positive skin-prick-test rates in the study population
Skin prick testing produced considerably greater reactions
in the urban area subpopulation, and the allergens pro-
ducing the most pronounced reactions were (in decreas-
ing order): house dust mite Dermatophagoides pteronys-
sinus and Dermatophagoides farinae, grass, wormwood,
cat, and dog allergens. The subgroups with the highest
positive reaction rates in the skin prick test were adoles-
cents (aged 13-14 years) and adults (Table 5).

The aspects of the hygiene hypothesis

relevant to allergic rhinitis and asthma

The risk of developing AR in the subgroup of 13-14-year-
olds was 2 times higher in those individuals who had
attended a nursery at the age of 2 years rather than
at 1 year (p = 0.00147, p < 0.05). Conversely, the risk of
developing AR in the adult subgroup was 2 times lower
if they had attended a nursery at the age of 2 years
(p = 0.000415, p < 0.05). The greater the number of per-
sons living in 1 household, particularly before the age
of 5 years, the lower the risk of developing AR. Having
numerous siblings has a protective effect against develop-
ing AR; the same protective effect was observed in house-
holds with a large number of people. Other analyzed fac-
tors, including exposure to livestock or non-pasteurized
milk consumption, were also shown to have a preventive
effect in AR. Interestingly, all the associations described
above were most prominent in the subgroup of urban
area residents (Table 5).

Conversely, in those diagnosed with asthma (particularly
in women residing in rural areas), coming from a family
with multiple siblings was observed to increase by over
5-fold the risk of developing an obstructive respira-
tory condition (p = 0.00316) (Table 5). The fact alone of
being from a family with a greater number of children
and being sent to kindergarten early reduced the risk of

developing asthma. The risk of asthma was nearly 2 times

higher in those respondents who had been exposed to
livestock in their childhood. Moreover, dietary supple-
mentation with kefir or non-pasteurized milk (up to
the age of 7 years) had no protective effect against devel-

oping asthma later in life.

DISCUSSION

Over the last 15 years, there has been a rapid increase in
the incidence of allergic conditions worldwide, particu-
larly in highly developed countries. In Poland, nearly 40%
of the population has been diagnosed with at least 1 aller-
gic condition [1]. The development of allergic conditions
is largely dependent on the interactions between genetic
(individual genetic predisposition) and environmental
factors (exposure to risk factors). The genetic makeup
may increase the risk of developing allergic conditions,
with environmental factors affecting gene expression and
modifying allergic inflammatory response. The eftect of
the environment on allergy development is multifacto-
rial. One important factor is exposure to inhalational and
food allergens, which reveal the inborn predisposition to
allergy development and initiate an immune response.
Infectious pathogens exhibit a dual effect on allergy
development, by sometimes inducing allergies and some-
times - in different circumstances — reducing the risk of
allergy. Nonspecific environmental factors, such as ciga-
rette smoke, exhaust fumes, and dust pollution facilitate
allergy development [11].

Already in the 1980s, there were attempts to establish
the cause of the increased prevalence of allergies. In 1989,
David Strachan reported that individuals from families
with many children who were raised along with their
older siblings showed a lower risk of developing AR and
eczema. Based on this observation, Strachan concluded
that increased incidence of allergic conditions is associ-
ated with lifestyle changes, reduced family size, better
living conditions, and increased hygiene levels. This

gave rise to the hygiene hypothesis in the development
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of allergic conditions [12]. The hypothesis is based on
the physiological dominance of Th, cell activity during
the fetal life. This is conducive to allergy development;
however, the subsequent natural microbiological stimu-
lation that leads to Th, cell activation has a protective
role, since it restores the Th /Th, balance. Living in nearly
sterile conditions hampers that natural Th1 stimulation,
thus contributing to allergy development [11]. It is now
known that the course of the immune response to infec-
tious agents depends on the nature of those agents, dura-
tion and extent of exposure, and the involvement of toll-
like and NOD-like receptors [11,13].

This study assessed selected environmental factors and
their effect on allergy development. The authors found
the most commonly sensitizing allergens to be house dust
mites (Dermatophagoides farinae and Dermatophagoides
pteronyssinus), grass and wormwood pollens, and aller-
gens of domestic animals (dogs and cats). The hygiene
hypothesis is based on the assumption that exposure
to inhalational allergens is an important risk factor for
allergy development. Over its natural course, an allergic
condition usually begins in the form of sensitization to
indoor allergens, even as early as in the first year of life,
with pollen sensitization developing somewhat later [11].
Miller [14] studied and confirmed the significant role
of sensitization to house dust mites in the development of
allergic conditions, including the phenomenon of cross-
reactivity. Exposure to house dust mite allergens showed
the strongest relationship with the development of
asthma, with the highest rates of allergy to Dermatopha-
goides farinae and Dermatophagoides pteronyssinus
observed among those affected with asthma [9,10,15,16].
Experts from the European Academy of Allergy and
Clinical Immunology (EAACI) emphasize the important
role of house dust mite sensitization in the pathogenesis
of asthma and recommend the use of specific immuno-
therapy [17]. Undoubtedly, house dust mite allergy is also

a major risk factor in the development of AR [18].

IJOMEH 2023;36(1)

This study showed a 2-fold higher risk of developing AR
in those 13-14-year-olds who had started attending kin-
dergarten at the age of 2, whereas the risk of developing
AR in the adult group was 2 times lower in those who had
begun attending kindergarten at the age of 2. Attending
kindergarten is associated with massive exposure to infec-
tious agents (viruses and bacteria). The authors findings
regarding the effect of infectious agents on allergy devel-
opment were inconclusive. Exposure to infections may
either protect against or induce allergy. To date, there is
no consensus as to the ultimate effect of these factors on
allergy development [19]. A study in Japanese children
showed positive tuberculin responses to be inversely pro-
portional to atopy. This indicates that subclinical expo-
sure to Mycobacterium tuberculosis may have a beneficial
effect on the balance of Th cell types and, thus, reduce
the incidence of allergies [17].

A study by Tantilipikorn [20] showed that viral infec-
tions may either promote AR or protect against it,
which is most likely dependent on the condition of the
individual’s adaptive and innate immunity and on the
virulence of the pathogen. The significance of viral infec-
tions in allergy development has been largely document-
ed with respect to asthma. Follow-up data collected over
many years show frequent recurrences of wheezing and
the development of allergy [21]. Of particular importance
are respiratory syncytial virus (RSV) infections, whose
harmful effect is due to destruction of respiratory epi-
thelium and stimulation of Th2 cells. Currently, asthma
development is being also attributed to rhinovirus infec-
tions. Such long-term effects of infections may be due to
the release of tissue-remodeling factors, such as tumor
growth factor B (TGF-P), epidermal growth factor, and
vascular endothelial growth factor (VEGF) [22].

This study showed a 2 times higher risk of asthma in
those who had been exposed to livestock in childhood.
This observation undermines the hygiene hypothesis,

which is based on the assumption that environmental
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exposures in early childhood sensitize the immune
system towards Th1 cell production, whereas a sterile
environment shifts the immune cell balance towards
Th, cells and induces allergy development. Therefore,
the results of this study show the need to reinvestigate
the accuracy of the hygiene hypothesis in light of the con-
siderable effect of interindividual genetic and epigenetic
differences in allergy development [23].

This study demonstrated that living together with numer-
ous people within 1 households, particularly before
the age of 5 years, reduces the risk of AR. Having a large
number of siblings was also shown to have a protective
effect against AR. Moreover, having many siblings and
attending kindergarten at an early age reduced the risk
of asthma. Conversely, the evaluated adult subgroup
showed a higher risk of asthma if they came from families
with many children. A number of studies demonstrated
that the incidence of atopy, AR, and asthma is inversely
proportional to the number and order of siblings. Fami-
lies with many children have lower rates of AR and
asthma [24]. The results of this study are partly consis-
tent with the hygiene hypothesis and partly cast doubt on
its tenets. This is probably due to epigenetic variations.
This study demonstrated a protective effect of exposure
to farm animals and non-pasteurized milk consumption
on AR, whereas no such effect was observed in the case
of asthma. There have been a number of studies attempt-
ing to assess the incidence of allergy in children residing
in rural areas in comparison with that in children from
urban areas. The evaluated factors included exposure to
farm animals (spending time in stables, cattle sheds, and
barns) and regular consumption of dairy products (milk,
butter, cheeses). The results indicated a reduced risk of
allergies [25]. Multicenter cohort studies conducted in
Europe evaluated the effect of prenatal exposure to envi-
ronmental factors (the PASTURE study) and the mecha-
nisms of early exposure to allergens (the EFRAIM study).

These studies showed a beneficial, allergy-protective

effect of maternal exposure to livestock during pregnancy
on the immune system in neonates [25].

The 30-year-old hygiene hypothesis has not been replaced
by other concepts, but its validity is continually being
challenged. The key arguments derive from the increas-
ing incidence of allergies despite an unchanged incidence
of infectious diseases, diagnosing allergies in adults, and
the cases of allergy in children with Th,-mediated disor-
ders. Recent years saw the hygiene hypothesis evolving
towards the microbial diversity hypothesis. The current,
modified, version of the hygiene hypothesis assumes that
the Western lifestyle limits not only the number of infec-
tions but also exposure to microorganisms. This disrupts
the development of the immune system, affects the devel-
opment and maintenance of immune tolerance, and alters
gut colonization, thus predisposing to allergy develop-
ment [26]. Another factor of great importance in allergy
development is epigenetics, which involves the associa-
tions between the environment and genes [23]. This study
has found that asthma was twice as frequent in patients
who were exposed to livestock and drank unpasteurized
milk in their childhood years. This contradicts the prin-
ciples of the hygiene hypothesis that the early childhood
environment makes the immune system more sensitive in
terms of the production of Th, lymphocytes (non-allergic
phenotype) whereas a sterile environment shifts the bal-
ance in favour of Th, lymphocytes and the development
of allergy. The results of this research show that it is nec-
essary to verify the hygiene hypothesis and to consider
the significant effect of interpersonal genetic variation on
the development of allergies. Interactions between genes
and the environment are clearly paramount to the devel-
opment of asthma and allergies. The best-researched
genetic associations with an asthma phenotype include
variants of the HLA-DQ and DB genes, variants of
enzymes and receptors of the routes of lipid mediators
derived from arachidonic acid: ALOX5, ALOX12, LTC4S,
CYSLTRI, CYSLTR2 and a variant of the CHI3LI gene
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promoter, which encodes the chitinase-3-like protein.
It seems that epigenetic mechanisms also play a major
role in the development of asthma. Oxidative stress in
cells may be caused by many environmental factors.
The DNA so damaged causes DNA methyltransferases
to malfunction. DNA methylation is affected by factors
such as air pollution, stress or smoking. This makes epi-
genetics a mechanism that acts an intermediary between

genetics, the environment and the disease [23].

CONCLUSIONS

The authors would like to conclude by emphasiz-
ing that our study confirms the role of hygiene theory
in the development of allergic diseases: the age at
which children attend the nursery school is critical to
the development of allergic diseases; in allergic rhinitis,
the risk of an IgE-dependent reaction is 2 times higher in
the second than in the first year of life while in asthma,
having a large number of siblings increases the risk of
developing obstructive disease by almost 6 times. On
the other hand, the results of this research (a 6-fold
increase in the risk of asthma developing in adults living
in large families and twice as many cases of asthma in
patients who were exposed to livestock in their child-
hood years) also show that it is necessary to verify
the hygiene hypothesis and to pay special attention to
the effect of epigenetic mechanisms on the development

of allergic diseases.
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