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Introduction: Cesarean section affects the process of colonization by bacteria transferred from the mother’s skin
and hospital bacteria, which in turn contributes to development of allergic conditions.

Aim: To assess selected risk factors, including the mode of delivery, parity, and the role of genetic factors for the
development of allergic rhinitis and bronchial asthma.

Material and methods: The study was conducted in 18,617 respondents aged 6-7, 13-14, and 20-44 years who
completed the ECRHS Il and ISSAC questionnaires. Thirty percent of the study population underwent complementary
assessments in the form of skin-prick tests, serum IgE levels, lung function tests, and peak nasal inspiratory flow
(PNIF). The study is a part of the Epidemiology of Allergic Disorders in Poland (ECAP) study conducted in 8 areas in
Poland (Warsaw, Lublin, Bialystok, Gdansk, Poznan, Wroclaw, Katowice, Krakow, and two rural areas — Zamosc and
Krasnystaw counties).

Results: Respondents diagnosed with allergic rhinitis were at a significantly higher risk of inheriting the allergic
condition if their mother (OR = 2.17; 95% Cl: 1.98-2.39, p = 2.00 x 107%) or father (OR = 2.20; 95% Cl: 1.96-2.47;
p = 2.00 x 107%) suffers from this allergy. Conversely, in the group diagnosed with bronchial asthma, the highest
risk of an inherited allergy was observed in situations where maternal (OR = 2.00; 95% Cl: 1.57-2.55; p = 1.69 x
107°) or paternal (OR = 1.94; 95% Cl: 1.42-2.66; p = 3.61 x 10~°) grandparent was affected. Moreover, the risk of
developing allergic rhinitis depended on the mode of delivery: i.e. it was higher for a Cesarean section (OR = 1.20;
95% Cl: 1.01-1.43; p = 0.04) than vaginal delivery (OR = 0.88; 95% Cl: 0.78-0.99; p = 0.03). The higher the number
of siblings, the lower the risk of allergic rhinitis.

Conclusions: Allergy risk factors, especially those predisposing to allergic rhinitis, include not only genetic factors

but also the mode of delivery: vaginal delivery or Cesarean section.
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Introduction

Due to their impact on public health, allergic disor-
ders are a serious concern in modern medicine. Estimat-
ed 40% of the general population in Poland is affected
with an allergy; with 25% diagnosed with allergic rhini-
tis (AR); 5% with bronchial asthma (BA) including 12%
of those manifesting asthma-like symptoms; 9% diag-
nosed with atopic dermatitis; 2.1-6.7% with urticaria,
and 13% with a food allergy [1]. The common AR, defined

as “a clinically overt disorder of the nose, developing fol-
lowing an allergen exposure as a result of IgE-mediated
nasal mucosal inflammation” [2], results in a lower qual-
ity of life, contributes to sleep disturbances, and lowers
the work/school productivity. The risk of concomitant
conditions such as conjunctivitis, otitis, sinusitis, or BA
generates additional costs for the healthcare system.
The following have been implicated in the development
of allergic conditions: environmental factors, hereditary
transfer of atopy, and a role of other factors enhancing
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inflammatory reaction, such as history of infections, es-
pecially during childhood (Strachan’s hygiene hypothesis
[3]) or the mode of delivery. Unlike vaginal delivery, Cesar-
ean section deprives the child of exposure to Lactobacil-
lus and Bifidobacterium, as well as Bacteroides, Clado-
sporium, and Eubacterium spp. [4, 5], which measurably
regulate intestinal microbiota in the early period of the
child’s life, and thus affects the development of the new-
born’s immune system. Delivery via Cesarean section af-
fects the process of colonization by bacteria transferred
from the mother’s skin and “hospital” (non-physiological)
bacteria, which results in a disrupted balance between
Thl and Th2 cells and inflammatory response stimula-
tion, which in turn contributes to development of allergic
conditions, including AR and BA [5-7].

Aim
The purpose of this study was to assess selected risk

factors, including the mode of delivery, parity, and the
role of genetic factors in AR and BA development.

Material and methods

Research project No. 6 PO5 2005 C/06572 “Imple-
mentation of the system for prevention and early diag-
nosis of allergic disorders in Poland” (ECAP) evaluated
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a population of adults aged 20-44 years (ECRHS stan-
dard), children aged 6-7 years, and adolescents aged 13-
14 years (ISAAC standard) residing in eight largest Polish
metropolitan areas: Gdansk, Wroclaw, Poznan, Katowice,
Krakow, Lublin, Bialystok, and Warsaw, as well as rural
regions — Zamosc and Krasnystaw counties (Figure 1).
The ECAP study was conducted in two stages of field
research: based on translated and validated ECRHS and
ISAAC questionnaires and a clinical examination con-
ducted in 25% of ECAP questionnaire respondents. A to-
tal of 20,454 subjects took part in the first (main) stage,
18,617 of whom passed the final quality testing. These
were 10,011 (53.8%) females, including 2,218 (49.2%)
6-7-year-olds, 2,275 (48.2%) 13—-14-year-olds, and 5,518
(58.8%) adults, as well as 8,606 (46.2%) males, including
2,292 (50.8%) 6-7-year-olds, 2,446 (51.8%) 13-14-year-
olds, and 3,868 (41.2%) adults. The study was conducted
in 8 Polish regions (Warsaw, Lublin, Bialystok, Gdansk,
Poznan, Wroclaw, Katowice, Krakow, and rural areas —
Zamosc and Krasnystaw counties). Subject distribution
was similar across the evaluated regions (Bialystok n =
3,411 (18.3%), Katowice n = 2,434 (13.1%), Lublin n = 1,317
(7.1%), Warsaw n = 2,281 (12.3%), Zamosc and Krasnys-
taw counties n = 2,055 (11.0%), Gdansk n = 1,837 (9.9%),
Krakow n = 1,642 (8.8%), Wroclaw n = 1,317 (7.1%),
Poznan n = 1,218 (6.5%)). The second stage involved di-
agnostics based on the uniform criteria for BA diagnosis
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Ch1 - children aged 6-7 years, Ch2 — children aged 13-14 years, Ad — adults.

Figure 1. Study group demographics: A — gender, B — place
of residence, C — years of old
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(Global Initiative for Asthma, GINA), AR (Allergic Rhinitis
and its Impact on Asthma, ARIA). Accessory clinical ex-
aminations were as follows lung function testing, skin-
prick testing (Allergopharma) for birch, grasses/cereals,
wormwood, Dermatophagoides pteronyssinus and Der-
matophagoides farinae, molds (group 1); Botrytis cinerea,
Cladosporium herbarum, Alternaria tenuis, Curvularia
lunata, Fusarium moniliforme, Helminthosporium, and
molds (group Il); Aspergillus fumigatus, Mucor mucedo,
Penicillium notatum, Pullularia pullulans, Rhizopus nigri-
cans, Serpula lacrymans, dog, cat, hazel, alder, rye, ribleaf
(Plantago lanceolata), Cladosporium herbarum, Alternaria
tenuis) and negative and positive (histamine) controls,
peak nasal inspiratory flow (PNIF), immunological tests
according to case-report-form (CRF)-based guidelines.

Ethical aspects

The study was approved by the Ethics Committee/
Institutional Review Board at the Medical University of
Warsaw.

Statistical analysis

The statistical analysis used a logistic regression
model to assess significant risk factors in the BA and AR
subgroups. Based on this, OR and Wald-type 95% con-

600
500
400
300
200
100

600
500
400 -
300
200 =
100

3-5mm 6-8 mm

Negative

fidence intervals were calculated. The statistical signifi-
cance of regression parameters was established via Wald
testat p = 0.05.

Results
Allergic rhinitis and bronchial asthma

AR has been found to affect nearly 23.6% of the
subject population aged 6-7 years, 24.6% of 13-14-year-
old adolescents, and 21.0% of adults. Bronchial asthma
was found to affect a considerably lower proportion of
children aged 6-7 years (4.4%), adolescents (6.2%) and
adults (4.0%). The risk of concomitant AR and BA was
found to be considerably lower at 2.4% for 6—7-year-
olds, 3.9% for adolescents, and 2.2% for adults out of all
subjects. Moreover, both AR and BA were observed to be
more common among males (AR — OR = 1.17, 95% Cl:
1.10-1.26, p = 5.04 x 105, BA—OR = 1.36, 95% Cl: 1.18—
1.55, p =1.10 x 107).

The most common allergy triggers in subjects diag-
nosed with AR were Dermatophagoides pteronyssinus
and Dermatophagoides farinae (Figure 2). The least com-
mon positive tests were due to mold allergens: Alternaria
tenuis and Cladosporium herbarum. Positive skin-prick
tests were considerably less common among subjects
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Figure 2. Skin-prick tests in the group diagnosed with allergic rhinitis

Ch1 - children aged 5-6 years, Ch2 - children aged 13-14 years, Ad — adults, Wheal; 604-001 (control), 604-002 (histamine), 604-003 (birch), 604-004 (grasses/
cereals), 604-005 (wormwood), 604-006 (D. pteronyssinus), 604-007 (molds 1), 604-008 (molds 11), 604-009 (dog), 605-001 (cat), 605-002 (D. farinae), 605-002
(hazel), 605-003 (alder), 605-004 (rye), 605-005 (ribleaf), 605-006 (Cladosporium), 605-007 (Alternaria), Erythema; 606-001 (control), 606-002 (histamine), 606-
003 (birch), 606-004 (grasses/cereals), 606-005 (wormwood), 606-006 (D. pteronyssinus), 606-007 (molds 1), 606-008 (molds Il), 608-009 (dog), 607-001 (cat),
607-002 (D. farinae), 607-002 (hazel), 607-003 (alder), 607-004 (rye), 607-005 (ribleaf), 607-006 (Cladosporium), 607-007 (Alternaria).
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Figure 3. Skin-prick tests in the group diagnosed with bronchial asthma

Chl1 - children aged 5-6 years, Ch2 — children aged 13-14 years, Ad — adults, Wheal; 604-001 (control), 604-002 (histamine), 604-003 (birch), 604-004 (grasses/
cereals), 604-005 (wormwood), 604-006 (D. pteronyssinus), 604-007 (molds 1), 604-008 (molds I1), 604-009 (dog), 605-001 (cat), 605-002 (D. farinae), 605-002
(hazel), 605-003 (alder), 605-004 (rye), 605-005 (ribleaf), 605-006 (Cladosporium), 605-007 (Alternaria); Erythema; 606-001 (control), 606-002 (histamine), 606-
003 (birch), 606-004 (grasses/cereals), 606-005 (wormwood), 606-006 (D. pteronyssinus), 606-007 (molds 1), 606-008 (molds 1), 608-009 (dog), 607-001 (cat),
607-002 (D. farinae), 607-002 (hazel), 607-003 (alder), 607-004 (rye), 607-005 (ribleaf), 607-006 (Cladosporium), 607-007 (Alternaria).

diagnosed with BA than among those diagnosed with
AR (Figure 3).

Selected risk factors for allergic rhinitis
and bronchial asthma

Subjects with AR were found to be at a significant-
ly higher risk of inheriting an allergic condition if their
mother (OR = 2.17, 95% Cl: 1.98-2.39, p = 2.00 x 107
or father (OR = 2.20, 95% Cl: 1.96-2.47, p = 2.00 x 107%)
suffers from an allergy. The rates of AR are higher if the
subject’s siblings are diagnosed with an allergy (OR =
1.54, 95% Cl: 1.41-1.69, p = 2.00 x 107¢), maternal grand-
parents (OR = 1.65, 95% Cl: 1.65-1.42, p = 1.55 x 107%)
and paternal grandparents (OR = 1.44, 95% Cl: 1.17-1.79,
p = 6.68 x 10%). The highest risk of hereditary allergies in
the group of subjects diagnosed with BA were recorded
when maternal grandparents (OR = 2.00, 95% Cl: 1.57—
2.55, p = 1.69 x 107) or paternal grandparents (OR = 1.94,
95% Cl: 1.42-2.66, p = 3.61 x 107°) were diagnosed with
an allergy, and a lower risk when those diagnosed with
an allergy were the mother (OR = 1.72, 95% Cl: 1.44-2.05,
p =1.82 x 107), the father (OR = 1.69, 95% Cl: 1.37-2.07,
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p =7.02 x107), or siblings (OR = 1.31, 95% Cl: 1.11-1.56,
p =156 x 107).

The mode of delivery was found to be a factor indi-
rectly determining the development of AR; with Cesarean
section increasing the risk of allergy in comparison to
vaginal delivery (Table 1). The ratio of Cesarean sections
(n = 802) to vaginal deliveries (n = 2,811) was roughly
3:10 = 802 vs. n = 2811. Interestingly, in rural areas
(18.7% of Cesarean sections versus vaginal deliveries
while in urban areas this proportion is 22.7%), a Cesar-
ean section increases the risk of AR nearly two-fold (OR =
1.85, 95% Cl: 1.04-3.27, p = 0.004) while in urban areas
a vaginal delivery proved to be a decidedly preventive
factor (OR = 0.87, 95% Cl: 0.76-0.99, p = 0.03).

A twin pregnancy (whether homozygous or hetero-
zygous) does not play any important role as an allergy
predictor or preventive factor. The greater the number
of children in a family, the lower the risk of AR in each
child, while being the only child increases the risk of al-
lergies, especially AR; OR = 1.27 (95% Cl: 1.16-1.39, p =
8.17 x 10°%). However, the development of BA seems to be
unaffected by the means of delivery or a relatively higher
number of children (more than 2) in the family.
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Table 1. Selected risk factors in allergy development

Risk factor OR 95% Cl P-value

Allergic rhinitis
Mode of delivery; vaginal 0.88 0.78-0.99 0.03
Mode of delivery; Cesarean section 1.20 1.01-1.43 0.04
Number of children: 1 1.27 1.16-1.39 8.17 x 10°®
Number of older siblings: 1 0.87 0.81-0.95 < 0.001
Number of older siblings: 2 0.74 0.66-0.83 4.48 x 1077
Number of older siblings: 3 0.81 0.68-0.98 0.02
Number of older siblings: 4 0.77 0.54-1.04 0.09
Number of older siblings: 5 0.60 0.37-0.98 0.04
Number of older siblings: 6 0.27 0.10-0.76 0.01

Bronchial asthma
Number of older siblings: 1 0.84 0.72-0.72 0.03
Number of older siblings: 2 0.68 0.54-0.87 < 0.001
Number of older siblings: 3 0.76 0.52-1.10 0.15
Number of older siblings: 4 0.76 0.41-1.39 0.37
Number of older siblings: 5 0.46 0.14-1.44 0.18
Number of older siblings: 6 0.77 0.19-3.18 0.72

Discussion

Depending on the degree of kinship, a potential risk
of allergic conditions is 25-30%. Interestingly, this study
demonstrated a two-fold higher risk of inheriting atopy
from the mother and father in the case of AR, and from
both maternal and paternal grandparents in the case
of BA. We showed that the effect of environmental fac-
tors on developing atopic conditions differs significantly
depending on genetic predisposition. Here, a particu-
larly important role is attributed to mutations of filag-
grin (amino acid precursor of 35-37 kDa; a component
of natural moisturizing factor), especially mutations
2282del4 and R501X. Ponifska et al. in a study on the role
of filaggrin (2282del4) in allergic condition inheritance
in a population of 3,802, estimated the risk of concomi-
tant atopic dermatitis (AD) (OR = 2.01, 95% Cl: 1.20-3.36;
p = 0.007), AR (OR = 1.69, 95% Cl: 1.12-2.54, p = 0.011),
atopic asthma (OR = 2.22, 95% Cl: 1.24-3.96, p = 0.006)
with the presence of filaggrin and no involvement of IgE-
dependent allergic reaction (sIgE) [8].

One particularly interesting factor predisposing to the
allergic condition development is the mode of delivery.
According to the World Health Organization guidelines,
only 10-15% of all deliveries should be via Cesarean
section when medically indicated. Currently, in affluent
countries of Europe and North America, 20-30% of all

Advances in Dermatology and Allergology 3, June / 2018

deliveries are performed via Cesarean section. The pro-
portion of Cesarean sections in Poland is approximately
30% of all deliveries, which is consistent with the mean
proportion in Europe. The proportion of preterm labor in
Poland is approximately 7% of all deliveries [9]. Currently,
according to a resolution by the Head of the Polish Na-
tional Health Fund (NFZ) on June 30, 2016, the cost of
a vaginal delivery and that of Cesarean section within
Diagnosis-Related Groups (DRG) was assigned to group
No. NO1: “Delivery” and equals 33 points. At the same
time, based on the resolution mentioned above, preterm
labor was classified as DGR No. NO2: “Multiple or preterm
labor” and estimated at 46 points. This point estimate
seems to be important because of the reports, which
follow, on the importance of preterm labor in terms of
the risk of bronchial asthma in children under 3 years of
age, whereas a delivery via Cesarean section can increase
the risk of asthma symptoms. The data on preterm labor
rates suggest a greater burden on the healthcare sys-
tem for two reasons: higher costs incurred by the NFZ
resulting from the course of preterm labor (hence, the
13-point higher estimate in comparison to that of a vagi-
nal delivery) and, what is more important, further costs
constituting long-term burden on the Polish healthcare
system resulting from treatment of people affected with
allergic conditions (including BA), which is due to both
preterm labor and Cesarean section.
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A review of the literature revealed particularly salient
(for the purpose of this discussion) reasons for the theory
documenting the increasing allergy rates associated with
this group of risk factors, due to qualifying Cesarean sec-
tion as a “marker of sterile environment” [10]. According
to the hygiene hypothesis, the effect of sterile environ-
ment, especially during the first years of life, negatively
affects the Thl and Th2 lymphocyte balance [11]. The
preventive effect suggested by the hygiene hypothesis
is more pronounced in families with negative history of
allergies. Undoubtedly the effect of and colonization by
physiological bacteria, which are transferred from the
mother to the child during a vaginal delivery affects the
intestinal balance of the newborn child. The COPSAC, |
(Copenhagen Prospective Studies on Asthma in Child-
hood,,,) cohort study by Stokholm et al. in a group of
700 children (12% born via a Cesarean section due to
medical indications and 9% elective) demonstrated
colonization of the gastrointestinal tract by Citrobacter
freundii, Clostridium species, Enterobacter cloacae, En-
terococcus faecalis, Klebsiella oxytoca, Klebsiella pneu-
moniae, and Staphylococcus aureus already on the first
day of life, whereas the children born via a vaginal de-
livery exhibited colonization by Escherichia coli. At the
same time, there were no significant differences in terms
of the process of bacterial colonization of the respira-
tory system in newborns born via a vaginal delivery vs.
Cesarean section. The authors suggested a correlation
between disturbances in bacterial colonization, espe-
cially in the gastrointestinal tract, and the development
of the immune system, the mode of delivery and the risk
of developing allergic conditions depending on the age
of the study population reported in the relevant literature
often corresponds with the ‘allergic march’ [12]. A cohort
study by Papathoma et al. in a group of 233 individuals
demonstrated that factors, such as Cesarean section
(OR = 3.15; 95% Cl: 1.14-8.70), atopic dermatitis (OR =
3.01; 95% Cl: 1.18-7.80), positive family history of atopic
conditions (OR = 4.33; 95% Cl: 1.73-12.1), and mother’s
age during pregnancy (OR = 1.57; 95% Cl: 1.07-2.37) are
significant risk factors for food allergy development [13].
This is consistent with the findings by Edwards et al.,
who evaluated a group of 545 preterm children (born in
37-38 week of gestation) versus term infants and dem-
onstrated a significant effect of Cesarean section on the
development of bronchial wheezing [14]. Huang et al. es-
timated the potential risk of developing BA in a group of
children born via Cesarean section on a statistically sig-
nificant level (OR = 1.16; 95% Cl: 1.14-1.29) [15]. Whereas,
Wang et al. estimated the risks of developing BA with
respect to a number of complex risk factors, the most
important of which was preterm labor (OR = 1.72; 95% Cl:
1.42-2.08), which increases the risk of BA in children
under the age of 3 years. In the group of children aged
3-5 years, it was sex (OR = 1.18; 95% Cl: 1.03-1.35), low
birth weight (OR = 1.69; 95% Cl: 1.17-2.44), and Cesarean
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section (OR = 1.26; 95% Cl: 1.10-2.45) that significantly
increased the risk of asthma symptoms [16].

Reports on the effects of the mode of delivery on the
development of conditions such as AR are contradictory.
Freitas et al. estimated a nearly 5-fold higher risk of rhini-
tis in a group of children born via Cesarean section (OR =
5.2,95% Cl: 1.2-21.9) [17]. This study also demonstrated
a significant effect of this mode of delivery on the de-
velopment of symptoms associated with AR. Conversely,
a study in a group of Korean children (n = 279) aged up
to 16 years, 179 (62.6%) of which were born via vaginal
delivery and 100 (37.4%) via Cesarean section demon-
strated no significant differences in terms of allergic
conditions: BA: 0.76 (0.37-1.57); AR: 1.14 (0.61-2.10), or
AD: 1.01 (0.59-1.71) [18]. Moreover, epidemiological stud-
ies showed a reverse correlation between atopic diseases
and the number of children in the family. Undoubtedly,
a higher number of siblings corresponds with higher
rates of infections transferred via various routes, which
have a protective effect against the development of al-
lergic conditions [3]. These findings are consistent with
those of Karmaus et al. who demonstrated a preventive
effect against allergic diseases, which increased with the
number of older siblings, with OR values 0.44 for hay fe-
ver, 0.66 for atopic eczema, and 0.72 for asthma [19].

Conclusions

Factors predisposing to the development of allergies,
especially AR, included hereditary transmission of atopy
and the means of delivery. Unlike vaginal deliveries, Ce-
sarean-section deliveries increases the risk of asthmatic
symptoms in the child. The larger the family, the lower
the risk of allergies, especially AR in each child. Having
one sibling (a brother or a sister) “equalizes” the effect of
the means of delivery in terms of the risk of developing
AR and AB (Table 1).
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