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While it has been indicated that exposure to second-hand smoke (SHS)
can cause a local in vivo response, limited evidence exists on its possible
systemic eﬀects from population-based levels of exposure. We investigated into a possible systemic response in the immune parameters
and lymphocyte subsets, i.e. B cell (CD19+), T cell (CD4+CD45RO+,
CD4+CD45RA+, CD3+CD45RO+, CD3+CD45RA+) and natural killer (CD3+CD16CD56+) lymphocyte subsets relative to exposure to SHS. Blood was drawn from healthy, veriﬁed non-smoker,
adolescent subjects (n = 68, mean age 14.2) and analysed for cotinine,
antioxidants and lymphocyte immunophenotyping. SHS exposure was
assessed using serum cotinine. Biomarker quantiﬁed exposure to SHS
was correlated with a linear dose–response reduction in the percentages
of memory CD4+CD45RO+ (p = 0.005) and CD3+CD45RO+ Tcell subsets (p = 0.005 and p = 0.003, respectively) and a linear increase in the percentage of naı̈ve CD4+CD45RA+ and
CD3+CD45RA+ T-cell subsets (p = 0.006 and p = 0.003, respectively). Additionally, higher exposure to SHS was associated with a
higher CD4+CD45RA+ count (532 vs. 409 cells/ml, p = 0.017).
Moreover, after controlling for age, gender, body mass index and
plasma antioxidants, SHS exposure was found to be associated with the
percentage of circulating naı̈ve and memory CD4+ and CD3+ T-cell
subpopulations, as revealed through a linear regression analysis. These
ﬁndings indicate a systemic immunological response in healthy adolescents exposed to population-based levels of SHS exposure and imply an
additional biological pathway for the interaction between exposure to
SHS and its adverse eﬀects on human health.
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Exposure to second-hand smoke (SHS) is one
of the largest threats to global public health
and a signiﬁcant cause of preventable death.
These ramiﬁcations of SHS exposure on global
health are veriﬁed by the fact that currently
700 million children are exposed daily to SHS
(1). SHS is a potent mixture of carcinogens,
volatile toxins and chemicals (2). Substantial
scientiﬁc evidence has veriﬁed the relationship
between exposure to SHS and cancer,
cardiovascular disease, respiratory illness, asthma exacerbation (1–8). These detrimental
eﬀects of SHS exposure on human health are
not limited to chronic exposure as even acute
exposure to SHS has been proven to modify
vascular function and cause a marked increase
in circulating inﬂammatory cytokines (5, 9, 10).
Cigarette smoking inﬂuences lymphocyte
activity resulting in an impaired immune
response. There are three major types of
lymphocytes, (NK cells, T cells and B cells)
each with a signiﬁcant pathophysiological role
in disease development. Among these subsets, T
cells are subsequently subdivided according to
the existence of a cellular marker into
subgroups such as CD4+ T cells, CD3+ T
cells and CD8+ T cells, each with a speciﬁc
role in human immune response. Among the
above, circulating CD4+ T-cell lymphocytes
have been suggested as the major target cells
for smoking. In particular, memory CD4+ Tcell lymphocytes have been found to be selectively and dose-dependently increased by active
smoking, which is stimulated through the
chronic procedure of habitual smoking (11).
Recent evidence indicates that self-reported
exposure to SHS can lead to an alteration of
CD4+ T-cell lymphocyte subsets, and selfreported measures of exposure to SHS can be
subjectively perceived (12, 13). To our knowledge, there is no existing information on the
ability of biomarker quantiﬁed, exposure to
SHS to induce a systemic immunological doseeﬀect response among healthy adolescents.
Thus, the aim of this study was to investigate
whether exposure to SHS (using serum cotinine
as the main metabolite of nicotine) can
induce a systemic dose-eﬀect immunological
response in healthy adolescent subjects focusing on their circulating B cell (CD19+), T-cell
(CD4+CD45RO+, CD4+CD45RA+, CD3+
CD45RO+, CD3+CD45RA+) lymphocyte
subsets and natural killer cells (CD16+56+),
after controlling for possible confounding
factors that could alter their levels, such as
age, gender, antioxidant capacity and body
weight.
2

Methods
Study design – setting and participants

The HELENA study is a European Unionfunded multi-centre collaborative study conducted among European adolescents and is a
randomized multi-centre investigation of the
nutritional and lifestyle status of adolescents in
10 European cities. European adolescents of
both sexes aged 12.5 up to 17.5 were randomly
selected centrally, while adolescents were recruited at schools in a city-based sample. Both
the selection of schools and adolescents followed a central randomization procedure with
both genders equally distributed over the diﬀerent grades. In Crete, 400 adolescents were
randomly selected and contacted, out of which
341 agreed to participate, of which 311 were
within the valid age range (77.8% response
rate). Blood samples were collected from a
sample of 111 adolescents (of the 142 randomly
selected, 78.2%), with complete biochemical,
immunological, descriptive and toxicological
data available from 68 non-smoking adolescents
of the HELENA participants from Heraklion.
Further information on the HELENA study
procedures and methodology can be found
elsewhere (14).
The study was approved by the Research
Ethics Committee of the University of Crete,
while written informed consent was obtained
from the parents of the adolescents and the
adolescents themselves (15). The mean age of the
participants was 14.3 ± 1.1 yrs, of which 48.9%
were men and 51.1% women. Demographic,
descriptive, anthropometric and smoking statistics of the study population were collected. Early
morning venous blood was drawn from the
participants after a 12-h overnight fast, subsequently centrifuged and serum stored at )80C
until analysis.
Assessing SHS exposure

Exposure to SHS was measured using serum
cotinine levels. Cotinine, the main metabolite of
nicotine in the human body, has a half-life
of approximately 16–20 h, depending on age
and smoking status and therefore represents
recent exposure to SHS, and non-smoker status
was cross-evaluated by both self-report
(adolescents who had reported that they did
not smoke a cigarette in the past month)
and biomarker status, with the cut-oﬀ cotinine
level of smokers and non-smokers designated
at 15 ng/ml (16, 17). A detailed elaboration of
the analytical approach that was used to
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assess the cotinine concentrations can be found
elsewhere (18). The populations mean
serum cotinine level was calculated at 1.60 ±
2.18 ng/ml and ranged between the level of
quantiﬁcation and the cut-oﬀ for active
smokers.
Immunoassay preparation

Immunophenotyping was performed to diﬀerentiate CD3+ (T-mature cells), CD4+ (T-helper
cells), CD8+ (T-cytotoxic/suppressor cells),
CD19+ (B cells) and CD16+56+ (natural killer
cells). The CD3, CD4 and CD8 T-cell subsets
examined included the CD45 RA and RO
isoforms, representing naive and memory cells,
respectively.
Whole blood was collected in EDTA tubes
and aliquoted in one Eppendorf, diluted 1:1
with Cytochex Reagent (Streck Laboratories,
Omaha, NE, USA). All samples were analysed
within 7 days after blood withdrawal. The
logistics of the sampling, transportation and
methodology have been previously described
(19). Brieﬂy, blood samples were incubated
with
monoclonal
antibodies
purchased
from BD Biosciences (San Jose, CA, USA) for
30 min at room temperature. After red blood
cells lysis, lymphocytes were gated by forward
and side scatter and pan-leucocyte marker
expression (CD45) by four staining procedures
(CD3+/CD16+56+/CD45+/CD19+, CD3+/
CD8+/CD45+/CD4+, CD45RA+/CD45RO+/
CD4+/CD3+ and CD45RA+/CD45RO+/
CD8+/CD3+). All samples were analysed at
Consejo Superior de Investigaciones Cientiﬁcas
in Madrid by ﬂow cytometry (Facscan; BD,
Sunnyvale, CA, USA).
Plasma antioxidants

Antioxidative nutrients (vitamins A, E and C)
were analysed by high-performance liquid chromatography (Sykam, Gilching, Germany) using
ultraviolet detection (UV-Vis 205; Merck,
Darmstadt, Germany). For vitamin C analysis,
heparin whole blood was centrifuged for 5 min
at 1700 g at 4C. For protein precipitation,
400 ll of heparin plasma was mixed with 400 ll
ice cold precipitation reagents [meta-phosphoric
acid with 6% (w/w) perchloric acid]. This
mixture was centrifuged for 10 min at 3000 g
at 4C. The supernatant was injected in a HPLC
system (Sykam), consisting of a S 1100 solvent
delivery system, HPLC controller, an autoinjector Triathlon (Spark, Emmen, Netherlands)
with a 20-ll loop and a UV-Vis detector

(Merck). Separation was carried out on a
LiChrosper Si 100 RP-18 column (125 mm ·
4 mm, 5 lm; Merck) and an isocratic mobile
phase. The mobile phase consisted of 0.045 mm
sodiumdihydrogen-phosphate1-hydrate
buﬀer
adjusted at pH 2.0 with ortho-phosphoric acid
(14%, w/w). The ﬂow rate was 1 ml/min, and
the detection was carried out at an UV wavelength of 243 nm.
EDTA plasma was used for retinol, alphatocopherol and Teac measurements. For retinol
and tocopherol analysis, EDTA plasma was
mixed with ethanol (1:1) for 2 min; afterwards,
200 ll of n-hexane was added and mixed again
for 2 min and centrifuged at 3500 g for 3 min.
For the determination on HPLC, 50 ll of
the supernatant was used. Separation was carried
out on a LiChrosper Si 100 RP-18 column
(125 mm · 4 mm, 5 lm; Merck) and with an
isocratic mobile phase. The mobile phase consisted of hexane/isopropanol (98/2; wt/wt). The
ﬂow rate was 2 ml/min, and the UV wavelength
for detection was 325 nm for retinol and 292 nm
for tocopherol.
Plasma antioxidant capacity was measured
by the Trolox equivalent antioxidant capacity
(TEAC). Phosphate buﬀer saline (PBS) buﬀer
(400 lm, 506 ll), 36 ll metmyoglobin (70 lm)
and 300 ll 2,2-azinobis(3-ethylbenzothiazoline6-sulphonic acid (500 lm) were added to 8.4 ll
EDTA plasma, mixed well and incubated inside
the photometer (Uvikon Kontron, Zurich, Switzerland) for 3 min. Afterwards, 150 ll H2O2
(450 lm) was added and mixed again; after a
reaction time of 3 min, the measurement was
commenced.
Statistical analysis

All analyses were stratiﬁed for non-smoker
adolescents. All p-values are based on two-sided
tests and a signiﬁcance level of <5%. The
normality of the distribution of cotinine and all
other haematological variables was examined
with the Kolmogorov–Smirnov test and the use
of QQ plots, and cotinine levels were log transformed. During the investigation into the possible correlations between SHS exposure and the
immunological response, two-sided Pearson
correlations were initially performed, while
two-sided t-tests were used to investigate the
diﬀerences in the indicated variables according to
low (under 25th percentile) vs. high (over 75th
percentile) cotinine levels and thus lower and
higher relative exposure. Finally, backward
linear regression analyses were performed to
investigate the factors that inﬂuence CD3+
3

Vardavas et al.
Table 1. Descriptive immunological, haematological and exposure characteristics of the sample population of healthy, non-smoker* adolescents

Mean
Leucocytes (10 · 3/ll)
Lymphocytes (10 · 3/ll)
Monocytes (103/ll)
Neutrophils (10 · 3/ll)
Basophils (10 · 3/ll)
Eosinophils (10 · 3/ll)
Lymphocyte subsets (%)
CD3+
CD3+CD45RA+
CD3+CD45RO+
CD4+
CD4+CD45RA+
CD4+CD45RO+
CD8+
CD8+CD45RA+
CD8+CD45RO+
B lymphocytes (CD19+)
NK cells (CD16+56+)
CD4+/CD8+ (ratio)
CD3+/CD19+ (ratio)
Haematological-antioxidants
Vitamin C (mg/l),
TEAC (mm),
Alpha-tocopherol (lg/ml),
Retinol (ng/ml)
Environmental
Cotinine (ng/ml)

Standard
deviation

Minimum

1.37
0.53
0.16
1.12
0.04
0.23

3.60
1.10
0.30
1.3
0.0
0.0

10.00
3.70
1.20
6.6
0.1
1.8

69.68
57.86
41.70
39.29
55.30
44.32
25.81
67.65
32.44
12.76
13.22
1.59
6.22

6.02
9.72
9.99
6.35
10.64
10.78
5.25
9.67
10.67
4.28
5.13
.45
2.69

56.1
31.3
22.7
23.8
16.4
23.6
16.1
42.9
15.5
4.1
3.1
0.69
2.52

81.0
77.0
68.7
61.6
76.0
83.6
39.8
83.9
67.5
25.7
32.0
2.98
19.46

9.63
1.59
9.58
311.22

3.54
0.84
2.07
77.29

1.308
1.38
5.66
127.54

20.19
1.81
14.21
549.45

LOQ

<15

0.69–1.13

TEAC, Trolox equivalent antioxidant capacity.
*Non-smoking adolescents verified by self-report and cotinine levels <15 ng/
ml and over the level of quantification (LOQ) of 0.1 ng/ml.
Adolescents with a WBC count over 10,000 ll were excluded.
Cotinine results in geometric mean and 95% confidence interval, minimum
(LOQ) and maximum (cut-off).

and CD4+ lymphocyte subpopulations. The
statistical analysis was completed with the statistical package spss 16.0 (Social Sciences, SPSS,
Inc, IL, USA).
Results

The descriptive immunological characteristics of
the study population are shown in Table 1. The
mean white blood cell count was 6.78 (10 · 3/ll)
after applying the cut-oﬀ of 10.0 (10 · 3/ll)
white blood cells, so as to exclude any
adolescents with an ongoing infection that
could possibly alter their lymphocyte subsets,
which lead to the exclusion of ﬁve adolescents.
Furthermore, the absolute number of cells
(cells/ml) was as follows: CD3+: 1541 ± 419;
CD4+: 860 ± 276; CD8+: 579 ± 220; CD16
CD56+: 291 ± 141; CD19+: 281 ± 125; CD3+
CD45RA+: 899 ± 316; CD3+CD45RO+:
632 ± 196; CD4+CD45RA+: 480 ± 200; CD4+
CD45RO+: 374 ± 136.
4

Immunological variable

N

Correlation
coefficient

p-Value

CD3+ (%)
CD3+CD45RA+ (%)
CD3+CD45RO+ (%)
CD4+ (%)
CD4+CD45RA+ (%)
CD4+CD45RO+ (%)
CD8+ (%)
CD8+CD45RA+ (%)
CD8+CD45RO* (%)
B lymphocytes (CD19+) (%)
NK cells (CD16+56+) (%)
CD4+/CD8+ (ratio)

68
68
68
68
68
68
68
67
67
68
68
68

0.147
0.350
)0.353
0.173
0.332
)0.337
)0.066
0.178
)0.226
0.080
)0.158
)0.166

0.232
0.003
0.003
0.159
0.006
0.005
0.595
0.148
0.066
0.516
0.199
0.177

Maximum

6.74
2.22
0.58
3.72
0.03
0.19

0.88

Table 2. Correlations between exposure to second-hand smoke (log cotinine
levels) and immunological characteristics among healthy non-smoker*
adolescents

*Non-smoking adolescents verified by self-report and cotinine levels <15 ng/
ml.
Numbers differ to the different subsets for which complete data were
available.
p-Values based on two-sided Pearson correlation tests.
Bold values indicates the statistically significant differences.

During the analysis, log-transformed serum
cotinine values were subsequently correlated
with the immunological proﬁle of the adolescents (Table 2). Cotinine levels were signiﬁcantly correlated with an increase in naı̈ve
CD3+ and CD4+ subsets (correlation coeﬃcient of 0.350, p = 0.003 and 0.332, p = 0.005,
respectively) and also with a decrease in the
circulating memory CD3+ and CD4+ subsets
(correlation coeﬃcient of )0.353, p = 0.003
and )0.337, p = 0.006, respectively). Furthermore, with regard to the absolute numbers of
subsets,
the
absolute
number
of
CD4+CD45RA+ cells was found to be statistically correlated with serum cotinine levels
(correlation coeﬃcient 0.247, p < 0.05). No
other correlation indicated a statistically significant response.
When we compared (Table 3) the immunological proﬁle of the participants in the ﬁrst quartile
of exposure to SHS (lower exposed/control
group) with those in the fourth quartile of
exposure (higher exposed), we found that the
latter
had
a
higher
percentage
of
CD3+CD45RA+ (62.93% vs.
53.72%,
p = 0.004) and CD4+CD45RA+ (60.22% vs.
50.37%, p = 0.004) and a lower percentage of
CD3+CD45RO+ (36.49% vs.
45.98%,
p = 0.004) and CD4+CD45RO+ T-cell subsets
(39.31% vs. 49.41%, p = 0.004), indicating a
strong dose–response relationship with the noted
changes in T-cell lymphocyte subsets as the
percentages increased and decreased, respectively
(for naı̈ve and memory subsets), in line with the

Immunological response to passive smoking
Table 3. Differences in the immunological response of healthy non-smoker* adolescents in regard to their level of exposure to second-hand smoke
1st quartile of cotinine levels

Leucocytes (10 · 3/ll)
Lymphocytes (10 · 3/ll)
Monocytes (10 · 3/ll)
Neutrophils (10 · 3/ll)
Basophils (10 · 3/ll)
Eosinophils (10 · 3/ll)
Lymphocyte subsets (%)
CD4+ (%)
CD8+ (%)
CD3+ (%)
CD16+56+ %
CD19+ (%)
CD3+CD45RA %
CD3+CD45RO %
CD4+CD45RA %
CD4+CD45RO %
CD8+CD45RA %
CD8+CD45RO %
CD4+/CD8+ (ratio)
CD3+/CD19+ (ratio)

4th quartile of cotinine levels

N

Mean

Standard deviation

N

Mean

Standard deviation

p-Value

19
19
19
19
19
19

6.57
2.17
0.55
3.64
0.03
0.16

1.44
0.52
0.20
1.30
0.05
0.16

20
20
20
20
20
20

6.50
2.18
0.57
3.52
0.04
0.19

1.14
0.54
0.16
0.97
.049
0.15

0.851
0.995
0.769
0.740
0.826
0.670

17
17
18
18
18
18
18
18
18
18
18
17
18

38.88
25.72
68.32
14.28
12.41
53.72
45.98
50.37
49.41
65.41
36.17
1.59
6.86

6.00
5.10
6.92
5.51
5.35
10.45
10.54
11.22
11.31
10.21
12.88
0.47
4.02

19
19
19
19
19
18
18
18
18
18
18
19
19

41.62
25.16
70.78
12.24
12.98
62.93
36.49
60.22
39.31
68.99
30.51
1.71
5.82

5.01
4.16
5.62
3.74
3.12
7.40
7.58
7.73
7.71
10.66
10.86
0.39
1.76

0.145
0.719
0.240
0.195
0.694
0.004
0.004
0.004
0.004
0.310
0.163
0.414
0.314

*Non-smoking adolescents verified by both self-report and cotinine levels <15 ng/ml.
Numbers differ to the different subsets for which complete data were available.
p-Values based on two-sided student t-test statistics.
Bold values indicates the statistically significant differences.

increase in serum cotinine levels. No signiﬁcant
diﬀerences were noted in CD4+, CD3+,
CD8+, CD19+ and CD16CD56+ total percentages nor in CD4+/CD8+ and CD3+/
CD19+ ratios. Moreover, the absolute number
of CD4+CD45RA+ cells (cells/ml) was found
to diﬀer according to quartiles of exposure, with
those more heavily exposed found to have a
higher absolute CD4+CD45RA+ count (532
vs. 409 cells/ml, p = 0.017). There was also an
increase
in
the
absolute
number
of
CD3+CD45RA+ cells (955 vs. 796 cells/ml)
and a decrease in the absolute number of
CD3+CD45RO+ cells (555 vs. 662 cells/ml)
and CD4+CD45RO+ cells (347 vs. 408 cells/
ml) but these diﬀerences although notable were
not statistically signiﬁcant.
Finally, a backward linear regression model
was applied, using the immunological factors
that were correlated to cotinine levels in the
initial correlations and controlling for the participants age, gender, BMI and serum antioxidant concentrations (alpha-tocopherol, TEAC,
vitamin C, retinol). According to the results of
the analysis shown in Table 4, in all instances,
serum cotinine levels were found to mediate the
naı̈ve and memory circulating CD3+ and
CD4+ T-cell subpopulations. Speciﬁcally,
serum cotinine was found to induce higher

Table 4. Multivariate backward linear regression analysis* of the factors that
influence the percentage of circulating naive and memory CD3+ and CD4+
lymphocyte subpopulations among non-smoking, healthy adolescents
95% CI
Immunological
characteristics
CD3+CD45RA %
CD3+CD45RO %
CD4+CD45RO %
CD4+CD45RA %

Variable

Beta
coefficient

Lower
bound

Upper
bound

p-Value

TEAC (mm)
Cotinine
Age
Cotinine
Age
Cotinine
BMI
TEAC (mm)
Cotinine

33.798
6.596
2.861
)6.604
3.433
)6.495
)0.653
44.874
5.989

29.802
2.014
2.718
)10.660
2.025
)10.625
)1.159
37.278
1.458

37.794
11.177
3.004
)2.548
4.841
)2.366
)0.146
52.469
10.521

<0.001
0.005
<0.001
0.002
<0.001
0.003
0.012
<0.001
0.010

*Backward linear regression model with the participants age, gender, BMI,
alpha-tocopherol (lg/ml), TEAC (Trolox equivalent antioxidant Capacity) (mm),
vitamin C (mg/l), retinol (ng/ml) and log-transformed cotinine, entered in step
1.
Non-smoking adolescents verified by both self-report and cotinine levels
<15 ng/ml and over the level of quantification of 0.1 ng/ml.

percentages of CD3+CD45RA+ and CD4+
CD45RA+ subsets (p = 0.005 and p = 0.01,
respectively) and lower percentages of
CD3+CD45RO+
and
CD4+CD45RA+
subsets (p = 0.002 and p = 0.003, respectively), after controlling for possible confounding factors.
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Discussion

According to our results, acute or elevated
exposure to SHS can aﬀect T-cell lymphocyte
subsets and is associated with a dose–response
systemic immunological reaction among healthy
adolescents. This alteration is noted through a
reduction in the circulating CD3+ and CD4+
memory cells and an increase in the circulating
naı̈ve CD3+ and CD4+ subsets and absolute
CD4+CD45RA+ cell count, even after controlling for demographics, anthropometrical characteristics and plasma antioxidants. To our
knowledge, this is the ﬁrst study to indicate such
a systemic immunological dose-eﬀect response
using biomarker exposure to real-life SHS exposure.
Nakata et al. (12) had hypothesized that
exposure to SHS might cause a systemic immunological response among adults and indicated
an increase in both naı̈ve and memory CD4+
subsets among those who were self-reportedly
exposed to SHS at home or at work. Selfreported measures though, such as the above,
provide an indication but not a clear insight into
the actual level of exposure as self-reported
exposure to SHS is greatly misclassiﬁed. In
comparison, we have found that serum cotinine
levels are correlated with an increase in the
circulating naı̈ve T-cell subsets and a decrease in
the memory T-cell subsets, with this diﬀerence
found to be greater between those with limited
exposure and among those with higher cotinine
levels. Hockertz et al. (20) in 1995 investigated
the role of SHS on the immune system by also
measuring serum cotinine from subjects who had
been experimentally exposed to SHS but did not
ﬁnd any diﬀerences in the immunological
response, and also they did not investigate
whether or not plasma antioxidants may be
aﬀected by this exposure. These null results could
be because of their study design and the fact that
they were not able to investigate diﬀerent levels
of exposure and thus a possible dose-eﬀect
response, which we were able to do using a study
based on real-life exposure among adolescents
drawn from the population.
Previous research has demonstrated that active
smoking does cause an increase in the total
CD4+ lymphocyte populations, with an emphasis on memory CD4+ subsets, a biological
change hypothesized to be promoted by the
chronic exposure to the tobacco constituents in
the lung (11). It is possible that this acute
increase in the percentage of naı̈ve T-cell subpopulations could be a consequence of cellular
recruitment or redistribution as part of physio6

logical response against the damaging agents
present in the inhaled tobacco smoke. This would
lead to the redistribution of T cells from the
bronchial lining to the periphery. Similar results
have also been found with regard to circulating
CD4+ and CD3+ cells among fey active
smokers (21). Passive smoking may induce the
increase in naı̈ve T-cell lymphocyte populations
as a systemic response to the inhaled toxins,
carcinogens and chemicals, which would explain
the higher naı̈ve CD4+CD45RA+ and
CD3+CD45RA+ lymphocyte populations in
those with higher cotinine levels (an indicator of
either heavier or more recent exposure). Active
smoking on the other hand increases the CD4+
T-cell count, especially the CD4+ memory cells
because of its more chronic and heavier character
of exposure (11).
Our ﬁndings indicate a possible mechanism
that could explain how exposure to SHS inﬂuences disease predisposition and development.
Atherosclerotic lesions in coronary heart disease
have been found to accumulate CD4+ T lymphocytes and can contribute to lesion progression and remodelling (22). The rupture of these
lesions and the subsequent thrombus formation
are the dominant mechanisms for acute coronary
events (23). Additional research among mice
exposed to side-stream SHS has also provided
evidence that long-term exposure to SHS can
cause a state of permanent inﬂammation, inﬂuencing pro-inﬂammatory and cell-mediated responses and produce cytokines that further
activate antibody-producing T cells and so activating a cascade of reactions in response to the
oxidative stress of SHS (24). As SHS is a potent
source of oxidative stress, it is plausible that a
higher serum antioxidant status could act protectively and act as a buﬀer against the increased
free radical production, antioxidant depletion
and oxidative stress caused by exposure to SHS
(25). The implications of the inﬂammatory
response to SHS exposure are not only limited
to the systemic response through T-cell production but also can lead to a localized reaction and
sequestration of neutrophils in pulmonary microvasculature and cause tissue damage through the
release of toxic and chemotactic mediators, and
thus predisposition to lung disease and inﬂammation (26). The ﬁnding that serum TEAC
concentrations were independently associated
with the increase in CD4+CD45RA+ and
CD4+CD45RA+ subsets percentages indicates
its possible interactive role in mediating the
antioxidant capacity and immunological reaction
in response to SHS exposure.

Immunological response to passive smoking

While this study has some limitations mainly
because of its cross-sectional design, the use of
the main metabolite of nicotine, serum cotinine,
as a means of measuring SHS exposure allows us
to interpret with conﬁdence the noted dose-eﬀect
controlling for oxidative stress, a scope of
investigation untouched so far in the scientiﬁc
literature. Furthermore, it is important to
highlight that the noted change in the percentage
of lymphocyte subsets was also in the same
direction of the alteration of the absolute cell
count. Further research is warranted to
investigate other possible systemic immunological markers that expedite the reaction to
SHS and the dietary factors, such as vitamin and
antioxidant intake that might attenuate the
immunological response to SHS exposure among
youth.
Elevated exposure to SHS was found to be
associated with a systemic immunological doseeﬀect response and to alter the naı̈ve/memory
CD3+ and CD4+ T-cell subpopulations among
health adolescents. This alteration in circulating
T-cell subpopulations indicates a possible underlying mechanism of disease initiation and exacerbation among populations exposed to SHS and
provides further evidence in support of the
necessity for the adoption of smoke-free environments for the protection of children and
youth.
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