
Page 1/14

The effect of passive exposure to tobacco smoke
on the immune response in children with asthma 
Agata Wawrzyniak  (  awawrzyniak@wim.mil.pl )

Military Institut of Medicine https://orcid.org/0000-0003-3255-7623
Agnieszka Lipinska-Opalka 

Military Institut of Medicine
Boleslaw Kalicki 

Military Institut of Medicine
Malgorzata Kloc 

Houston Methodist Research Institute

Research article

Keywords: environmental tobacco smoke, cytokines, astma, immunology, T-regulatory cells

Posted Date: May 15th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-28878/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Substance Use & Misuse on January 10th,
2021. See the published version at https://doi.org/10.1080/10826084.2020.1869263.

https://doi.org/10.21203/rs.3.rs-28878/v1
mailto:awawrzyniak@wim.mil.pl
https://orcid.org/0000-0003-3255-7623
https://doi.org/10.21203/rs.3.rs-28878/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/10826084.2020.1869263


Page 2/14

Abstract
Introduction

There are a few publications about the impact of tobacco smoke on the children’s immune system.

Material and Methods

The study group consisted of 43 children with asthma.. The control group consisted of 37 healthy
children. The exposure to tobacco smoke was assessed by the presence of the cotinine in the urine.

Results

The group of children with asthma exposed to tobacco smoke had signi�cantly higher levels of the IL-1
and lower levels IL-4 than children not exposed to the passive smoking. The children from the control
group exposed to tobacco smoke had a signi�cantly higher concentration of IL-4 than unexposed
children. In the whole analyzed population, there was a signi�cant correlation between the presence of
cotinine and the concentration of IL-1 and CRP.

Conclusion

In this study we found that the passive exposure to tobacco smoke has the immunomodulatory effects
on the immune system.

Introduction
Asthma is a multifactorial disease determined by genetic and environmental factors. An impact of the
environment on the course of allergic diseases is extremely important. The environmental component is
potentially a modi�able factor, which enables effective primary and secondary prevention.

The GOAL study (Gaining Optimal Asthma ControL) showed that 70% of patients with asthma, treated
with properly selected drugs, can control asthma disease [1]. In addition to the pharmacological
intervention, many of the Rother elements in�uence the control of asthma. According to the current
guidelines, the identi�cation of the risk factors of asthma exacerbations is one of the crucial therapeutic
goals [2]. When asthma is well-controlled, the presence of even one of these factors increases the risk of
future exacerbations. Tens of factors have been described which worsen the course of the asthma
disease. Some of these factors such as age, sex, atopy, and ethnicity are unmodi�able, but some can be
potentially modi�ed, thus their identi�cation is very important for the therapeutic practice.

An extremely important problem in the pediatric population is passive tobacco smoking, also called the
environmental tobacco smoke (ETS). About 80–94% of ETS represents exposure to the lateral stream of
tobacco smoke, and only 6–20% is the mainstream exposure [3].
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Exposure to tobacco smoke worsens the lung function and it is particularly dangerous for children with
chronic respiratory diseases. There are several mechanisms responsible for the negative impact of ETS
on lung function. Many studies suggest that tobacco smoke promotes neutrophilic in�ammation in the
respiratory tract and the synthesis of the proin�ammatory cytokines IL-2 and TNFα [4]. Some studies
proved that tobacco smoke may be a direct factor leading to the development of asthma [5]. However,
there are only a few publications about the impact of tobacco smoke on the children’s immune system.

Aims
The aim of the study was to assess the impact of passive exposure to tobacco smoke on the immune
response in children with asthma.

We evaluated the phenotype of the peripheral blood lymphocytes (CD3, CD4, CD8, CD19, CD16 / 56, CD3
anti HLA-DR), the percentage of natural T-regulatory lymphocytes (CD4 + CD25highCD127-FoxP3 +), and
the concentration of the proin�ammatory (IL-1, IL-2, IL-6, IL-17A, IL-22, TNFα, IFNγ) and anti-in�ammatory
cytokines (IL-4, IL-10, TGF-β).

Materials And Methods
The study group consisted of 43 children, 6–18 years old, with asthma, hospitalized in the Department of
Paediatrics, Nephrology and Allergology Military Institute of Medicine in Warsaw. The diagnosis of
asthma was based on the GINA 2016 criteria. All children had positive skin test results with the common
airborne and/or food allergens, which con�rmed the atopic source of the disease. During the study, the
patients had not presented any symptoms of respiratory tract infection. The gap between testing and
exacerbation was no less than 30 days. The control group consisted of 37 healthy children, 6–18 old,
without any history of the allergic disease.

All children were subjected to physical examination. The medical interview included information about
the exposure to tobacco smoke in the household environment. The concentration of the cotinine in the
urine was used as an objective marker to assess the exposure to tobacco smoke.

All parents and patients over 16 years of age gave written informed consent for the participation in the
tests.

Exposure to tobacco smoke
The exposure to tobacco smoke was assessed by the presence of the metabolite of nicotine (cotinine) in
the urine. A minimum of 20 ml of the urine sample was collected in a standard 100 ml container from
each patient at the �rst day of hospitalization in the Clinic. The samples were stored at -20° C until further
analysis. Cotinine Elisa Kit (Abnova, Taiwan) was used to determine the cotinine concentration according
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to the manufacturer protocol. The limit of detection was 1.0 ng/ml. The cotinine value above ≥ 
500 ng/ml was the evidence of active smoking. A value above ≥ 5 ng/ml suggested passive smoking.

Evaluation of the immunological parameters
The analysis was carried out as described before [6]. To assess the phenotype of the peripheral blood
lymphocytes, the antibodies from the IMK plus test were added to the appropriate cytometric tubes (IMK
Test, BD Biosciences, Poland): A - CD45 / CD14, B - isotype control, C - CD3 / CD19, D - CD4 / CD8, E - CD3
/ anti-HLA-DR, F - CD16 / 56 / CD3. After adding the erythrocytes lysis solution, the samples were rinsed
with buffered saline and subjected to the cytometric analysis.

To characterize natural T-regulatory lymphocytes, cells were stained with antibodies against CD4-PerCP,
CD25-APC, CD127-FITC and FoxP3 PE molecules (BD Bioscience, Poland). Cells were collected by �ow
cytometry. The percentage of nTreg cells (FoxP3 +, CD25high, CD127) was estimed in the CD4 + cell
population.

To analyze the cytokines, the 50 µl beads, 50 µl tested serum and 50 µl detection reagent were added to
the cytometric tubes. The samples were incubated for 3 hours at room temperature, in dark.
Subsequently, each sample was rinsed and centrifuged, and the supernatant was collected and washed
with 300 µl of washing buffer. The cytokine level was analyzed using a FACS Calibur �ow cytometer.

The measured cytokines were divided into the pro-in�ammatory or anti-in�ammatory category:

• pro-in�ammatory: IL-1, IL-2, IL-6, IL-17A, IL-22, TNFα, IFNγ,
• anti-in�ammatory: IL-4, IL-10, TGF-β.

Statistical analysis
The results were statistically analyzed using the StatSoft software, Inc. software (2014) STATISTICA. The
analyzes were initially veri�ed using the normality diagram of the distribution, and the Kolmogorov
normality test of Smirnov and Liliefors. The Student's T-test was used to evaluate variables with a normal
distribution. For the selected variables inconsistent with the normal distribution, the non-parametric tests,
which do not require normality of distribution (U-Mann-Whitney test) were used for the statistical
evaluation. A correlation was calculated for variables lacking the normal distribution using the Spearman
rank factor. Correlation for the variables with the normal distribution was calculated using Pearson's
correlation factor. The p -value < 0.05 was considered as a statistically signi�cant.

Results

Exposure to tobacco smoke
In the study group 9 parents declared their nicotinism (21%) and 34 parents denied smoking in the
household. In the group of healthy children, all parents denied smoking. The presence of the cotinine,
which indicated exposure to the cigarette smoke was found in 15/42 (36%) children from the study group
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and in 9/37 (24%) children from the control group. Statistically signi�cant difference was observed
between the results of the interview of nicotinism of people cohabiting with the child and the result of the
urine cotinine test.

Median of cotinine concentrations in the group of children with asthma exposed and not exposed to the
passive smoking were 22.07 ng/ml (q25–9.85, q75–28.00) and 0.20 ng/ml (q25–0.00; q75–0.34). In
children from the control group, these values were similar - in people exposed to ETS, the median of
cotinine concentration was 26.14 ng/ml (q25–15.23; q75–31.79), while in children not exposed to ETS − 
0.12 ng/ml (q25–0.00, q75–1.19).

The in�uence of tobacco smoke on the immune system
The group of children exposed to tobacco smoke had signi�cantly higher levels of the pro-in�ammatory
IL-1 and lower levels of the anti-in�ammatory IL-4 than children not exposed to the passive smoking
(0.41 pg/ml ± 0.58 vs 0,0.9 pg/ml ± 0.24, p = 0.02 and 0.68 pg/ml ± 0.77 vs. 1.19 pg/ml ± 0.72, p = 0.04).
There was no statistically signi�cant difference in the range of other analyzed immunological parameters
(Table 1).
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Table 1
Immunological parameters in children with asthma exposed and not exposed to

tobacco smoke.
Immunological parameters Study Group ETS(+)

(mean ± SD)

Study Group ETS(-)

(mean ± SD)

p

CD3 [%] 63.04 ± 5.77 66.01 ± 6.67 0.16

CD19 [%] 17.38 ± 5.20 15.78 ± 4.64 0.31

CD4 [%] 32.77 ± 5.60 34.39 ± 6.53 0.42

CD8 [%] 28.51 ± 6.07 29.98 ± 5.19 0.41

CD16/56 [%] 14.48 ± 5.32 12.75 ± 5.68 0.34

NKT [%] 3.34 ± 2.09 2.99 ± 1.83 0.58

CD3 anty-HLADR [%] 5.88 ± 2.75 5.45 ± 2.65 0.63

Treg [%] 0.68% ± 0.31 0.69% ± 0.42 0.95

IL-1 [pg/ml] 0.41 ± 0.58 0.09 ± 0.24 0.02*

IL-2 [pg/ml] 2.34 ± 1.64 1.82 ± 1.39 0.59

IL-6 [pg/ml] 2.72 ± 1.04 2.83 ± 2.95 0.89

IL-17A [pg/ml] 7.10 ± 7.05 7.00 ± 7.06 0.97

IL-22 [pg/ml] 12.18 ± 22.63 14.51 ± 24.56 0.84

TNFα [pg/ml] 1.68 ± 0.45 1.71 ± 1.58 0.16

IFNγ [pg/ml] 0.71 ± 1.20 0.54 ± 0.67 0.76

IL-4 [pg/ml] 0.68 ± 0.77 1.19 ± 0.72 0.04*

IL-10 [pg/ml] 2.65 ± 2.57 2.21 ± 1.03 0.48

TGFβ [pg/ml] 574.77 ± 447.49 453.20 ± 169.95 0.21

The children from the control group exposed to tobacco smoke (ETS+) had a signi�cantly higher
concentration of IL-4 than unexposed (ETS-) children (4.84 pg/ml ± 8.9 vs. 1.53 pg/ml ± 0.8, p = 0.05).
There was no signi�cant difference in the range of other analyzed parameters of the immune response
(Table 2).



Page 7/14

Table 2
Elements of the immune response in the group of healthy children exposed and not

exposed to tobacco smoke.
Immunological parameters Control Group ETS(+)

(mean ± SD)

Control Group ETS(-)

(mean ± SD)

p

CD3 [%] 64.54 ± 6.35 59.54 ± 14.7 0.16

CD19 [%] 16.32 ± 5.13 14.21 ± 4.8 0.31

CD4 [%] 33.65 ± 6.49 33.79 ± 6.7 0.42

CD8 [%] 27.38 ± 6.33 30.02 ± 8.2 0.41

CD16/56 [%] 12.82 ± 4.75 12.45 ± 6.8 0.34

NKT [%] 2.98 ± 3.07 3.07 ± 2.9 0.58

CD3 anty-HLADR [%] 6.25 ± 4.06 6.12 ± 4.0 0.63

Treg [%] 0.93 ± 0.38 1.02 ± 0.4 0.52

IL-1 [pg/ml] 0.38 ± 0.73 0.28 ± 0.8 0.74

IL-2 [pg/ml] 1.39 ± 1.00 3.93 ± 7.9 0.10

IL-6 [pg/ml] 4.97 ± 9.43 2.31 ± 1.0 0.36

IL-17A [pg/ml] 7.09 ± 7.0 5.33 ± 4.2 0.50

IL-22 [pg/ml] 12.18 ± 22.6 8.37 ± 15.4 0.67

TNFα [pg/ml] 1.68 ± 0.4 3.08 ± 5.3 0.31

IFNγ [pg/ml] 0.71 ± 1.2 0.79 ± 0.8 0.86

IL-4 [pg/ml] 1.53 ± 0.8 4.84 ± 8.9 0.05*

IL-10 [pg/ml] 2.65 ± 2.6 1.85 ± 0.3 0.36

TGFβ [pg/ml] 574.77 ± 447.49 536.75 ± 277.3 0.58

In the whole analyzed population, there was a signi�cant correlation between the presence of cotinine
and the concentration of IL-1 and CRP (Fig. 1–2).

Discussion
The interactions between the immune cells play a role in the control of asthma and determine the
therapeutic effect of medications. It is believed that the primary function in coordinating the allergic
reaction is played by the CD4 + lymphocytes, which are the important source of the Th2 cytokines [7]. The
Th2 lymphocytes activate and stimulate the production of the IgE-class antibodies by the B-lymphocytes.
The prevalence of the Th2 lymphocytes over the Th1 lymphocytes (responsible for the proin�ammatory
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processes) has become the basis for the "hygienic hypothesis". Here, were assessed the
immunophenotype of the peripheral blood lymphocytes and the serum cytokine levels. Due to the
decisive effects of the interaction between the immune cells on the trajectory of asthma, there has been
an increased interest in the agents, which in�uence the stages of allergic reactions. Here we evaluated the
impact of the passive exposure to tobacco smoke (ETS) on the immunological parameters of children
with asthma.

In our study, the exposure to tobacco smoke was established by the presence of cotinine in the urine and
the interview response of the people cohabiting with a child. We observed that, frequently, the cotinine
test indicated the ETS exposure, while the parents declared nonsmoking in the household. The cigarette
smoking was declared by 21% of parents from the study group and none of the parents from the control
group. The analysis of cotinine in children’s urine indicated ETS exposure in 36% of children with asthma
and 24% of healthy children. The mean cotinine concentration in the urine of children with asthma
exposed to tobacco smoke (22.07 ng/ml) and healthy children exposed to tobacco smoke (26.15 ng/ml)
were not statistically different. These values corresponded to the 10 cigarettes smoked daily by parents
[8]. The lack of a statistically signi�cant difference in the cotinine concentrations indicated that the level
of exposure to tobacco smoke was the same in the group of children with asthma and the group of
healthy children.

The fact that cotinine was found in children from the non-smoking families demonstrates the prevalence
of exposure to tobacco smoke in the living environment. According to the data of the Main Sanitary
Inspectorate, the passive exposure to tobacco smoke in public places is a relatively frequent
phenomenon, in particular in the children playing areas (4%), state o�ces and institutions (3%), schools
(3%), and cultural facilities (2% ) [9].

The harmfulness of smoking is unambiguous. While the negative effect of smoking on the development
of cardiovascular, respiratory and cancer diseases is well known, its effect on the immune system
response remains vague. The dualistic effect of the tobacco smoke on the immune cells of the innate
and acquired responses had been described; cigarette smoking is associated with both the production
and inhibition of pro- and anti-in�ammatory cytokines [10]. Tobacco smoke causes more than a
hundredfold increase in the exposure to lipopolysaccharide (LPS), which promotes the allergic reaction.
Exposure to LPS increases the risk of sensitization to allergens in the air and food, which may lead to the
development of atopic diseases and the airway hyperreactivity [11]. Thacher et al. [12] attempted to
assess the impact of passive smoking on the development of sensitization to the common food and
inhalation allergens and the presence of allergy symptoms; the 3316 newborns from the birth cohort were
quali�ed for the study and observed for 16 years. This study proved that the exposure to ETS in infancy,
without previous exposure in fetal life, was associated with a higher risk of food allergy and atopic
eczema in children under the age of 4. The surprising result was the lack of increased risk of allergy in the
children of smoking pregnant mothers. One of the possible explanations for this phenomenon, proposed
by the authors, is the immunosuppressive effect of pregnancy, preventing the development of
sensitization. On the other hand, Hancox et al. [13] suggested that exposure to tobacco smoke of the
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parents of allergic children was associated with a lower risk of developing atopy, which was assessed by
the positive skin test in response to the common inhalant allergens. In the studies of Hancox et al. [13]
the observation period of the birth cohort was longer and lasted 32 years. The results of these prospective
studies indicate the need for a more detailed explanation of the impact of passive smoking on the
development and course of allergic sensitization. Our study did not show the effect of ETS on the
phenotype of peripheral blood lymphocytes in children with asthma exposed and not exposed to tobacco
smoke. However, a statistically signi�cant higher concentration of the pro-in�ammatory cytokine IL-1 and
a lower concentration of anti-in�ammatory IL-4 was observed in children with asthma exposed to
tobacco smoke in comparison to children not exposed to ETS. IL-4 is the main cytokine involved in the
process of allergic in�ammation. It is responsible for promoting Th2 cell responses, thus contributing to
the increased production of antigen-speci�c IgE, and eosinophil and mast cell activation [14]. IL-1 is, in
turn, the pro-in�ammatory cytokine, which affects both the acute and chronic phases of in�ammation as
well as the innate and acquired response. It also acts as a factor activating T and B lymphocytes, which
leads to the increased production of IgE [15]. Also, IL-1, which promotes a Th2-dependent response, may
potentiate IgE-mediated degranulation of the mast cells, which indicates its pathogenic effect in asthma
[16]. The experimental studies in mice suggested the association between the IL-1 and the increased
neutrophil in�ux to the in�ammatory focus [17]. Considering the above, the results of our study indicate
that passive tobacco smoking in children with asthma is associated with the reduction of the eosinophilic
type of in�ammation in favor of the neutrophilic type of in�ammation.

The relationship between nicotinism and elevated IL-1 concentration was also observed by Fu et al. [18].
The study involved 50 adults with asthma, who were divided into two groups depending on the severity of
in�ammation assessed by the CRP and IL-6 levels. Patients with elevated rates of in�ammation were
characterized by a positive history of nicotinism, reduced lung function parameters, and neutrophilic type
of in�ammation in the airways. Microarray analysis has identi�ed over 449 genes that differed in the
expression between the groups. Among them, the expression of genes involved in the IL-1, TNF-α and
nuclear NF-κB pathways, responsible for the development of neutrophilic in�ammatory reaction, was
altered. The latest review of the data on the mechanisms of development of neutrophil in�ammation in
asthma indicates that the increase in IL-1 is associated with exposure to tobacco smoke and air pollution
[19].

Well-documented data from the literature point to the importance of IL-4 in the development of allergic
in�ammation [20]. IL-4 induces a change of the Th0 phenotype towards Th2, and changes the production
of antibodies from IgG towards IgE, which are the key factors in the allergic cascade. In our study, we
observed that the healthy children exposed to tobacco smoke had a higher concentration of IL-4 than the
children not exposed to ETS. This may indicate a tendency to develop allergic in�ammation in the non-
atopic children who are passive smokers. These results are consistent with the reports from other
laboratories. Merghani et al. [21] have demonstrated that tobacco smoke exposure is associated with
increased levels of IL-4 in the serum. Their study was conducted on a group of 135 healthy children who
were randomly selected from the three primary schools. Exposure to tobacco smoke was found in 69 of
these children. The higher concentration of IL-4 and TNF-α was observed in the serum of children who
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were passive smokers. Moreover, the concentration of cytokines correlated with the degree of ETS - the
higher the exposure to ETS, the higher the concentration of cytokines. Also, the meta-analysis, which
assessed the impact of ETS on the development of sensitization, indicated a signi�cant correlation,
especially in younger children, between passive smoking and the allergy [22]. The results of our study
suggest that exposure to tobacco smoke promotes allergic reactions in children of all ages.

The results of our study also suggest that the passive smoking is associated with the promotion of a
neutrophilic type of in�ammation in children with asthma. It is believed that the in�ammation other than
the eosinophilic airway in�ammation is associated with the more severe course of asthma disease,
increased risk of exacerbations, and it is unmanageable by a classic treatment [23]. O'Brien et al. [24]
observed that in the group of children with severe and persistent asthma, the dominant type of
in�ammation in the airways was the neutrophilic in�ammation. Just et al. [25] reported that the
neutrophilic asthma is the most serious form of the disease in the pediatric population. In this group of
children, corticosteroids do not change the natural trajectory of the disease and may not prevent a
gradual decrease in lung function [26]. Despite the lack of response to the treatment with
glucocorticosteroids, the neutrophilic asthma responses to the macrolide antibiotics [27]. The positive
effect of beta-2-agonists as a potential therapeutic method used in this type of in�ammation is also
being investigated. Reid et al. [28], showed that the addition of the long-acting salmeterol to the
inhalation therapy with corticosteroids positively in�uenced the stabilization of asthma by reducing
neutrophil activity. Considering the above, appropriate treatment should be considered for children with
asthma exposed to tobacco smoke and vitamin D de�ciency. Due to possibllity of worse prognosis, these
children should be under special care and may require more frequent follow-up visits.

Conclusion
In this study we found that the passive exposure to tobacco smoke has the immunomodulatory effects
on the immune system. In children with asthma, the passive exposure to tobacco smoke may be a main
factor leading to the neutrophilic in�ammation associated with the presence of IL-1. On the other hand,
passive exposure to tobacco smoke in the population of healthy children may cause an eosinophilic
in�ammation associated with the presence of IL-4.
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Figures

Figure 1

Correlation between cotinine concentration and CRP.
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Figure 2

Correlation between cotinine concentration and IL-1.


