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ARTICLEINFO ABSTRACT
 

 

Background:
dehydration of the airways. EIB is characterized by a very common inflammatory condition in athletes. Therefore, 
the present study aims to assess the variation
before and after EIB in a population of endurance athletes. 
athletes (23.56 ± 3.55 years, 171.62 ± 6.81 cm and 60.68 ± 5.53 kg). To determine t
subjects were subjected to a laboratory stress test that consisted of a continuous treadmill run from 7.5 Km.h
with an increment of 1.5 Km .h
carried o
before exercise, immediately after exercise and at 2 hours after exercise, and EIB diagnosis was based on a 
reduction in blood pressure of at least 10% of 
pre-exercise value. Subjects who presented this criterion were determined as sensitive to bronchospasm and 
formed the EIB (+) group. Subjects who were not identified as such were considere
the EIB (
concentrations were determined using an IL
significant mean d
that in the EIB (
were recorded immediately after exertion, and those 
> 0.05) in EIB (+) athletes, whereas in EIB (
immediately after exertion were significantly higher (p < 0.05) than those recorde
group, the mean concentrations of total granulocytes, neutrophils, eosinophils, basophils and IL
immediately after exertion were increased significantly (p < 0.05) compared to those measured before the effort . 
The mean leukocyte values recorded at 2 hours after exercise were significantly higher than those obtained before 
exercise in EIB (+) athletes. In the EIB (+) group, the mean value of the lymphocytes observed at 2 hours after 
exercise and the value recorde
) group, the average value of lymphocytes obtained at 2 hours after exertion was significantly lower than the value 
recorded before exercise. The mean concentrations of 
observed at 2 hours after exercise were significantly increased (p < 0.05) compared with those obtained before 
exercise in EIB (+) athletes. 
significant increase in inflammatory cells and IL
EIB is strongly solicited.
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INTRODUCTION 
 
Exercise-induced bronchospasm (EIB) is a sudden constriction 
of the airway that occurs in sensitive subjects at the end of 
exercise in response to dehydration of the airways. The 
severity or severity of this response reflects the sensitivity of 
bronchial smooth muscle cells to inspired air quality, inspired 
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ABSTRACT 

Background: Exercise-induced bronchospasm (EIB) is a constriction of the bronchi that occurs in response to 
dehydration of the airways. EIB is characterized by a very common inflammatory condition in athletes. Therefore, 
the present study aims to assess the variations in circulating inflammatory cells and interleukin
before and after EIB in a population of endurance athletes. Materials and Methods:
athletes (23.56 ± 3.55 years, 171.62 ± 6.81 cm and 60.68 ± 5.53 kg). To determine t
subjects were subjected to a laboratory stress test that consisted of a continuous treadmill run from 7.5 Km.h
with an increment of 1.5 Km .h-1 every 3 minutes until exhaustion. Respiratory functional explorations were 
carried out before and at 5 minutes after the effort using a Spirobank G spirometer. Blood samples were taken 
before exercise, immediately after exercise and at 2 hours after exercise, and EIB diagnosis was based on a 
reduction in blood pressure of at least 10% of the first-second forced expiratory volume (FEV1) in relation to the 

exercise value. Subjects who presented this criterion were determined as sensitive to bronchospasm and 
formed the EIB (+) group. Subjects who were not identified as such were considere
the EIB (-) group. Inflammatory cell counts were performed using an Elite3 automated system, and IL
concentrations were determined using an IL-6 ELISA kit. Results: The prevalence of EIB was 37.5%. A 
significant mean decrease in the post exercise FEV1 of 16.31% was observed in the EIB (+) group compared with 
that in the EIB (-) group, confirming EIB in these individuals. For leukocytes and lymphocytes, the mean values 
were recorded immediately after exertion, and those obtained before exertion showed no significant difference (p 
> 0.05) in EIB (+) athletes, whereas in EIB (-) athletes, the mean values of leukocytes and lymphocytes observed 
immediately after exertion were significantly higher (p < 0.05) than those recorde
group, the mean concentrations of total granulocytes, neutrophils, eosinophils, basophils and IL
immediately after exertion were increased significantly (p < 0.05) compared to those measured before the effort . 
The mean leukocyte values recorded at 2 hours after exercise were significantly higher than those obtained before 
exercise in EIB (+) athletes. In the EIB (+) group, the mean value of the lymphocytes observed at 2 hours after 
exercise and the value recorded before exercise did not show a significant difference (p > 0.05), while in the EIB (
) group, the average value of lymphocytes obtained at 2 hours after exertion was significantly lower than the value 
recorded before exercise. The mean concentrations of total granulocytes, neutrophils, eosinophils, and basophils 
observed at 2 hours after exercise were significantly increased (p < 0.05) compared with those obtained before 
exercise in EIB (+) athletes. Conclusion: The occurrence of exercise
significant increase in inflammatory cells and IL-6 levels. Therefore, the immune system of athletes sensitive to 
EIB is strongly solicited. 

This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 
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induced bronchospasm (EIB) is a constriction of the bronchi that occurs in response to 
dehydration of the airways. EIB is characterized by a very common inflammatory condition in athletes. Therefore, 

s in circulating inflammatory cells and interleukin-6 (IL-6) levels 
Materials and Methods: The study involved 16 

athletes (23.56 ± 3.55 years, 171.62 ± 6.81 cm and 60.68 ± 5.53 kg). To determine the prevalence of EIB, the 
subjects were subjected to a laboratory stress test that consisted of a continuous treadmill run from 7.5 Km.h-1 

1 every 3 minutes until exhaustion. Respiratory functional explorations were 
ut before and at 5 minutes after the effort using a Spirobank G spirometer. Blood samples were taken 

before exercise, immediately after exercise and at 2 hours after exercise, and EIB diagnosis was based on a 
second forced expiratory volume (FEV1) in relation to the 

exercise value. Subjects who presented this criterion were determined as sensitive to bronchospasm and 
formed the EIB (+) group. Subjects who were not identified as such were considered non susceptible and formed 

) group. Inflammatory cell counts were performed using an Elite3 automated system, and IL-6 plasma 
6 ELISA kit. Results: The prevalence of EIB was 37.5%. A 

ecrease in the post exercise FEV1 of 16.31% was observed in the EIB (+) group compared with 
) group, confirming EIB in these individuals. For leukocytes and lymphocytes, the mean values 

obtained before exertion showed no significant difference (p 
) athletes, the mean values of leukocytes and lymphocytes observed 

immediately after exertion were significantly higher (p < 0.05) than those recorded before exercise. In the EIB (+) 
group, the mean concentrations of total granulocytes, neutrophils, eosinophils, basophils and IL-6 observed 
immediately after exertion were increased significantly (p < 0.05) compared to those measured before the effort . 
The mean leukocyte values recorded at 2 hours after exercise were significantly higher than those obtained before 
exercise in EIB (+) athletes. In the EIB (+) group, the mean value of the lymphocytes observed at 2 hours after 

d before exercise did not show a significant difference (p > 0.05), while in the EIB (-
) group, the average value of lymphocytes obtained at 2 hours after exertion was significantly lower than the value 

total granulocytes, neutrophils, eosinophils, and basophils 
observed at 2 hours after exercise were significantly increased (p < 0.05) compared with those obtained before 

The occurrence of exercise-induced bronchospasm mobilizes a 
6 levels. Therefore, the immune system of athletes sensitive to 
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air conditions (Burnett etal, 2016; Messan et al., 2017; Bonini, 
2018; Mahmoud et al., 2013; Robson-Ansley et al., 2012; 
Larsson et al., 1993) and under hot and humid air conditions 
(Mahmoud et al., 2013; NSOMPI et al., 2018; Ouattara et al., 
2012; Messan et al., 2011). Ambient air pollutants are present 
in sports venues, where athletes are chronically exposed 
(Rundell et al., 2018; (Mohammadreza Modaresi et al., 2015). 
During training or competitions, endurance athletes face high 
levels of intensity. Indeed, these athletes are subject to a 
training volume of at least 5 hours per week and a maximum 
oxygen consumption of up to 65 mL. min-1. kg-1 (Schild et al., 
2016). This large amount of air frequently ventilated by 
endurance athletes under unfavorable environmental 
conditions is likely to cause respiratory tract damage. In 
addition, the micro lesions generated by hyperventilation are 
responsible for cell permeability to Na+, Cl-, K+ and Ca2+ ions. 
These aberrations induce the release of chemical mediators 
involved in the initial inflammatory process of EIB (Hallstrand 
et al., 2013; Kippelen et al., 2010). Studies have indicated that 
histamine, cysteinyl leukotrienes and prostaglandins are 
chemical mediators responsible for the occurrence and 
development of EIB in the airways (Hallstrand et al., 2013; 
Hallstrand et al., 2005).  
 
These chemical mediators are released by inflammatory cells, 
including mast cells, eosinophils, and neutrophils (Hallstrand 
et al., 2005; Joshi et al., 2013). EIB is the consequence of 
bronchoconstriction and transient bronchial inflammation in 
response to exercise, but conversely, exercise can be viewed as 
the exacerbation of hyper reactivity and bronchial 
inflammation in sensitive people. Bonini and Silvers (2018) 
reported that exercise is a causative factor of airway 
inflammation. EIB is a functional disruption of the body that 
involves the immune system. Our hypothesis was that in a 
seizure situation, the immune system is much more involved in 
EIB-sensitive athletes than in non susceptible athletes. 
Therefore, the present study aims to assess the circulating 
inflammatory cell and circulating IL-6 variations observed 
before and after EIB in the runner population. 

 
MATERIALS AND METHODS 
 
Framework of the study: This study is a prospective study 
conducted in June 2018 among Congolese athletes residing in 
Brazzaville, the political capital of the Congo located in 
Central Africa. The study was conducted in the weight room of 
the national football training center "STADE MASSAMBA 
DEBAT". The laboratory analyses were carried out at the 
"Louis Pasteur" National Laboratory in Brazzaville. 
 
Topics of the study: The study population consisted of cross-
country runners, all male. The anthropometric characteristics 
of the subjects are presented in Table 1. These athletes 
regularly take part in national and international competitions in 
the 5000-meter race, 10000-meter race and international half 
marathon organized each year by the Congolese Athletics 
Federation. The target population is composed of athletes 
whose performances are among the top 10 in each event 
category. The subjects of the study must be holders of a license 
from the Congolese Federation of Athletics and reside in the 
city for at least 5 years. Athletes who did not agree by 
providing signed informed consent and those whose 
spirometry results did not meet the criteria were excluded from 
the study.  

Similarly, athletes recognized as smokers or those who had 
symptoms of asthma and respiratory conditions duly noted by 
clinical examinations were excluded. 
 

Sampling: The top 10 performances in each long distance race 
category (5000 meters, 10000 meters and half marathon) 
constituted a preselection of 50 athletes, 16 of whom were 
selected on the basis of the regularity of their best 
performances. 
 

Equipment: A Stanley tape measure, graduated from 0 to 200 
cm, was placed against a support in the vertical plane to 
measure the size of the subjects standing barefoot; a SECA 
brand bathroom scale with a flat dial scale calibrated in 
kilograms and placed in a perfectly horizontal plane was used 
to determine the body mass of the subjects. At the beginning of 
the evaluation, the scale was calibrated using a mass of one 
kilogram to ensure the reliability of the measurements. The 
measurement range of the scale ranged from 0 to 150 
kilograms, and the measurement accuracy was plus or minus 
10 grams. Respiratory functional exploration was performed 
using a CE Spirobank G portable spirometer, a product of 
"Medical International Research (MIR)" (volume accuracy: ± 
3% or 50 ml, flow accuracy: ± 5% or 200 ml / s) and using 
single-use nozzles. The Spirobank G spirometer is composed 
of a central unit, a monitor, a turbine and WinspiroPRO 
software installed on the central unit. The "RS232" cable 
transmits in real time to the central unit and instantly displays 
on the monitor, the results of the subject's respiratory 
explorations in terms of volume flow curve. Next, a Matrix 
treadmill (model: T-3X-04-C S / N: CTM 523140306138) was 
used to submit the subjects to stress tests. 
 

Experimental protocol: In the first phase of the experiment, 
the selected athletes completed the individual information 
sheets and signed the informed consent forms. Body mass and 
height were measured. In the second phase, measurements of 
volumes and pulmonary flow were performed after the subject, 
while standing, blew into the turbine, and the blood samples 
were obtained in a sitting position. The subject then carried out 
the exercise test on a treadmill with a brisk walk at the 
beginning and then trotting along at a speed of the mat set at 
7.5 Km.h-1, followed by an incremented stroke of 1.5 Km.h-1 
every 3 minutes until exhaustion. At the end of the test, breath 
tests were performed after 5 minutes, and the blood samples 
were collected immediately after and at 2 hours after the test. 
 

Modalities of functional exploration tests: Functional 
respiratory tests (FRT) were performed under the supervision 
of a medical technician. After the acquisition of height, body 
mass, age, sex and race, the spirometer central unit 
automatically calculates the theoretical values of each 
respiratory parameter. During the respiratory functional 
explorations (RFE), the subject, while standing, with pinched 
nose and holding the turbine between two hands, breathes 
naturally and calmly through the mouthpiece connected to the 
device of the spirometer. The athlete is then instructed to fill 
his lungs as much as possible by inhaling air and then 
emptying the air into the turbine as quickly as possible in a 
continuous and complete manner for a maximum of 6 seconds. 
At the end of the test, the best test was selected from three 
reproducible results that have been validated according to the 
spirometer algorithms. Peak volumes and flow rates were 
recorded. 
 

Prerequisites for the stress test: Participants in this study 
were advised to abstain from all sports for 48 hours prior to 
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testing and to avoid consuming alcohol, coffee or medication 
on the day of testing. 
 

Stress test: The exercise test consisted of continuous treadmill 
exercise at a speed that was increased every 3 minutes by 1.5 
Km.h-1 from 7.5 Km.h-1 until exhaustion. Exhaustion was 
noted by the inability of the subject to maintain a speed 
consistent with that of the mat. The race was conducted 
without prior warm-up. All subjects performed stress tests 
without encouragement and under the supervision of three PSE 
teachers and a doctor with his two assistants. A defibrillator 
was available in cases of cardiac malaise. Due to possible 
influences on the performance of the subject, all stress tests 
were performed in the mornings between 7:30 and 9:30, and 
food intake was not allowed before and during this time 
period. The resuscitation unit of the hospital was informed of 
the experimentation. The present study was authorized by the 
Scientific Council of the Higher Institute of Physical and 
Sports Education (HIPSE) of the Marien Ngouabi University 
of Congo-Brazzaville in accordance with the 1975 Helsinki 
Declaration on Ethics. 
 

Sampling and Analysis of Whole Blood and Plasma 
Samples: Venous blood from the forearm of each subject was 
collected into a tube containing EDTA as anticoagulant and 
then transferred to the laboratory within 2 hours for analysis. 
Examination of the blood count was performed by automaton 
(Elite 3, China). To isolate the plasma, the blood in the EDTA 
tubes was centrifuged at 5000 rpm (revolution per minute) for 
5 minutes using a centrifuge (UNIVERSAL 320, Hettich). The 
collected plasma was transferred to 2 ml cryotubes previously 
identified under the hood. The cryotubes were then placed in 
the boxes and stored at -20 °C. The collected plasma 
supernatant was used for the quantification of IL-6 using a 
human IL-6 ELISA kit (Aviva Systems Biology, San Diego, 
USA) according to the manufacturer's instructions. 
 

Variables studied: The diagnosis of bronchospasm in a 
subject was positive if the post exercise FEV1 decreases by at 
least 10% from the resting value by applying the formula Delta 
FEV1 (%) = [(FEV1 postexercise x 100) / (VEMS rest)] - 100. 
At the end of the exercise test, the mean post exercise FEV1 of 
the EIB (+) group was compared with that of the EIB (-) 
group. The status of each subject in relation to his sensitivity to 
EIB [EIB (-) or EIB (+)] and the timing of the measurements 
(pre-effort and post exercise) constituted independent 
variables. Inflammatory cells and IL-6 levels were dependent 
variables. 
 

Statistical analysis: Descriptive statistics were used to 
generate the means and standard deviations of the sensitive 
group [EIB (+)] and no susceptible group [EIB (-)] samples. 
The Mann-Whitney test was used to compare mean values. 
Anthropometric, respiratory, physical fitness level and mean 
values of inflammatory cells and pre-exercise IL-6 levels 
between the EIB (+) group and the EIB (-) group. The 
nonparametric Wilcoxon test compared the mean values of the 
inflammatory cell and IL-6 variables recorded before exercise 
and after exercise. The variables were recorded and processed 
using Stat View 5 software (version 5) from Abacus Concepts 
Inc. (Berkeley, CA, USA). The significance was set at p < 
0.05. 
 

RESULTS 
 
The anthropometric, respiratory and performance results of the 
EIB (-) and EIB (+) group runners are presented in Table 1.  

Of the 16 athletes, 6 were found to be sensitive to 
bronchospasm, with a 37.5% prevalence of EIB. A significant 
mean fall in post exercise FEV1 of 16.31% was observed in 
EIB (+) compared with EIB (-) athletes (Table 1). The mean 
values of inflammatory cells and IL-6 levels recorded before 
exercise in the BIE (-) group did not differ significantly from 
those obtained before exercise in the EIB (+) group (Table 2). 
This result reflects the equivalence of the two groups with 
respect to the dependent variables. For leukocytes and 
lymphocytes, the mean values recorded immediately after 
exertion and those obtained before exertion showed no 
significant difference (p > 0.05) in EIB (+) athletes, whereas in 
EIB (-) athletes, the mean values of these same immune 
parameters observed immediately after exertion were 
significantly higher (21.38% and 36.94%, respectively) than 
those recorded before exercise (Table 3).  
 
The average value of monocytes obtained immediately after 
exercise and that recorded before exercise did not show a 
significant difference (p > 0.05) in the athletes of the two 
groups. In the EIB (+) group, the mean concentrations of total 
granulocytes, neutrophils, eosinophils, basophils, and IL-6 
observed immediately after exertion were significantly higher 
(13.14%, 13.14%, 9. 09%, 12.76% and 24.77%, respectively) 
than those obtained before exertion, while in the EIB (-) group, 
the average concentrations of these same immune parameters 
recorded immediately after exertion and those obtained before 
exertion were not significantly different (p > 0.05) (Table 3).  
The average value of leukocytes recorded at 2 hours after 
exertion was significantly higher (22.96%) than that obtained 
before exertion in EIB (+) athletes, whereas in EIB (-) athletes, 
the average value of leukocytes obtained at 2 hours after effort 
and that recorded before exercise did not show a significant 
difference (p > 0.05) (Table 4). In the EIB (+) group, the mean 
value of the lymphocytes observed at 2 hours after exercise 
and that recorded before exercise did not show any significant 
difference (p > 0.05), whereas in the EIB (-) group, the mean 
value of the lymphocytes obtained at 2 hours after exertion was 
significantly lower (29.23%) than that recorded before exercise 
(Table 4). The mean concentrations of total granulocytes, 
neutrophils, eosinophils, and basophils observed at 2 hours 
after exercise were significantly higher (55.87%, 55.86%, 
54.54%, and 48.93%, respectively) than those obtained before 
effort in EIB (+) athletes, whereas in EIB (-) athletes, the 
average concentrations of these same immune parameters 
recorded at 2 hours after effort and those obtained before 
exercise did not show a significant difference (p > 0.05) (Table 
4). 
 

DISCUSSION 
 

The aim of this work was to assess the systemic variations of 
inflammatory cells and IL-6 mobilized after bronchospasm is 
induced by a bronchial stress provocation test performed in 
runners. The prevalence of runners diagnosed with EIB [EIB 
(+) group] was 37.5%, a value similar to that observed in a 
survey of Ivorian athletes that estimated the prevalence of EIB 
(+) at 42.6% (Ouattaraet al., 2012). In this study, the 
competition intensity levels were high, and the estimated 
maximum oxygen uptake (VO2 max) was 58.51 ml. kg-1. min-

1. This value indicates a large volume of air during training and 
competition, and the airways are progressively exposed to 
bronchial hyperosmolarity. During exercise periods, water is 
lost to the surface of the respiratory tract by evaporation, 
which dehydrates airway surfaces and triggers the events 
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 leading to the contraction of bronchial smooth muscle (Weiler 
et al., 2016). A mast cell-mediated release of prostaglandins 
(prostaglandin D2), leukotrienes, histamine and tryptase 
occurs. These signaling molecules mediate the contraction of 
airway smooth muscle and increase mucus production and 
sensory nerve activation, and their release is considered to be 
the main stimulant of bronchospasm (Caggiano et al., 2013; 
Weiler et al., 2016; Cavaleiro Rufo et al., 2018; Kurowski et 
al., 2018). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Exercise-induced hyperventilation causes bronchial epithelial 
microlysis, resulting in an influx of eosinophils and neutrophils 
into the Broncho alveolar lavage fluid (Del Giacco et al., 
2015). In addition, the micro lesions generated by 
hyperventilation are responsible for cell permeability to Na+, 
Cl-, K+ and Ca2+ ions (Messan et al., 2017; Colbey et al., 
2018). These aberrations induce the release of chemical 
mediators involved in the initial inflammatory process of EIB 
and EIA.  

Table 1. Comparison of anthropometric, respiratory and performance characteristics between BIE (-) and BIE (+) subjects 
 

 Total Group 
(n = 16) 

EIB (-)  
(n = 10)  

EIB (+) 
(n = 6)   

(C) 
Statistical test 

(D) 
Delta 

 Mean ± SD Mean ± SD Mean ± SD p value  % 
Age (an) 23,56 ± 3,56 23,50 ± 3,92 23,67 ± 3,20 p > 0.05 0,71 
Height (cm) 171,63 ± 6,81 173,00 ± 6,46 169,33 ± 7,34 p > 0.05 -2,12 
Weigiht (kg) 60,69 ± 5,53 62,20 ± 4,39 58,17 ± 6,71 p > 0.05 -6,48 
BMI (kg/m2) 20,62 ± 1,71 20,81 ± 1,39 20,31 ± 2,25 p > 0.05 -2,37 
FEV1_(Before) (L) 3,65 ± 0,53 3,70 ± 0,54 3,57 ± 0,55 p > 0.05 -3,43 
FEV1_(After) (L) 3,52 ± 0,57 3,75 ± 0,51 3,14 ± 0,46* p > 0.05 -16,31 
Duration (min) 26,01 ± 2,95 26,33 ± 3,37 25,48 ± 2,26 p > 0.05 -3,25 
VO2 max (ml / min / kg) 58,51 ± 3,37 58,21 ± 4,04 59,02 ± 2,04 p > 0.05 1,40 

BMI: Body Mass Index; FEV1_ (Before): Forced expiratory volume per second before exercise (mean values); FEV1_ (After): Forced expiratory 
volume per second after exercise; EIB (-): subjects whose FEV1 has not decreased by at least 10% of the baseline; EIB (+): subjects whose FEV1 
decreased by at least 10% compared to baseline; (C) Test: comparison of mean values between BIE (-) and EIB (+); (D) Delta%: Percentage change in 
EIB (+) group values compared to EIB (-) group values; VO2 max: Maximum oxygen consumption. * : p< 0.05 
 

 

Table 2. Comparison of the circulating inflammatory cells and IL-6 average concentrations recorded  
before exercise between EIB (-) and EIB (+) subjects 

 

 EIB (-) (n = 10)  EIB (+) (n = 6)    Statistical test 

 Mean ± SD Mean ± SD p value  
Leukocytes (103 / µL) 4,961 ± 1,146 4,593 ± 2,2796 0,33 
Lymphocytes (103 / µL)  2,244 ± 0,797 2,403 ± 1,374 0,70 
Monocytes (103 / µL) 0,597 ± 0,410 0,615 ± 0,472 0,66 
Granulocytes (103 / µL) 2,120 ± 0,899 1,575 ± 0,561 0,29 
Neutrophils (103 / µL) 2,099 ± 0,890 1,559 ± 0,556 0,29 
Eosinophils (103 / µL) 0,015 ± 0,006 0,011 ± 0,004 0,29 
Basophils (103 / µL) 0,006 ± 0,003 0,005 ± 0,002 0,29 
IL-6 (pg / ml) 0,115 ± 0,036 0,109 ± 0,018 1,00 

EIB (-): Group of "no sensitive" subjects to exercise-induced bronchospasm; EIB (+): Group of "sensitive" subjects with exercise-induced bronchospasm; T: Mann 
Whitney test. P values > 0.05. 
 

Table 3. Comparison of leukocyte and IL-6 blood concentrations recorded before and after exercise in  
EIB (-) group (n = 10) and EIB (+) group (n = 6) 

 

 Before Stress test After Stress test Statistical test Delta 

 Mean ± SD Mean ± SD p value    % 
Leukocytes (103 / µL)         
EIB(-) 4,961 ± 1,146 6,022 ± 1,426 0,019* 21,38 
EIB(+) 4,593 ± 2,2796 5,662 ± 1,967 0,075 23,27 
Lymphocytes (103 / µL)         
EIB(-) 2,244 ± 0,797 3,073 ± 1,350 0,0218* 36,94 
EIB(+) 2,403 ± 1,374 3,265 ± 1,203 0,116 35,87 
Monocytes (103 / µL)         
EIB(-) 0,597 ± 0,410 0,724 ± 0,4828 0,213 21,27 
EIB(+) 0,615 ± 0,472 0,618 ± 0,4228 0,500 0,48 
Granulocytes (103 / µL)         
EIB(-) 2,120 ± 0,899 2,223 ± 1,019 0,126 4,85 
EIB(+) 1,575 ± 0,561 1,782 ± 0,642 0,0277* 13,14 
Neutrophils (103 / µL)         
EIB(-) 2,099 ± 0,890 2,201 ± 1,009       0,126 4,85 
EIB(+) 1,559 ± 0,556 1,764 ± 0,636 0,0277* 13,14 
Eosinophils (103 / µL)         
EIB(-) 0,015 ± 0,006 0,016 ± 0,007 0,126 6,66 
EIB(+) 0,011 ± 0,004 0,012 ± 0,004 0,0277* 9,09 
Basophils (103 / µL)         
EIB(-) 0,006 ± 0,003 0,007 ± 0,003 0,126 16,66 
EIB(+) 0,005 ± 0,002 0,005 ± 0,002 0,0277* 12,76 
IL-6 (pg / ml)         
EIB(-) 0,115 ± 0,036 0,125 ± 0,034 0,575 8,69 
EIB(+) 0,109 ± 0,018 0,136 ± 0,026 0,046* 24,77 

EIB (-): Subjects of the non sensitive group to exercise-induced bronchospasm; EIB (+): Subjects of the sensitive group to exercise-induced bronchospasm; IL-6: 
Interleukin – 6; Delta%: Percentage change in values obtained immediately after exercise compared to values recorded before exercise in EIB (-) and EIB (+). * : p < 
0.05. 
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Physical exercise is a stress that causes the triggering process 
of airway inflammation and systemic inflammation. 
Inflammation induces an increase in inflammatory cells and 
pro- and anti-inflammatory cytokines by activating the innate 
and adaptive immune system. 
 

After the Stress Test: In this study, intragroup comparisons of 
the results were performed. In EIB (+) subjects, a significant 
increase of 13.14% granulocytes, 12.95% neutrophils, 9.09% 
eosinophils and 12.76% basophils was observed immediately 
after exercise compared to the pre-exercise values, whereas in 
EIB (-) subjects, a significant increase of 21.38% leukocytes 
and 36.94% lymphocytes was observed immediately after 
exercise compared to the pre-effort values  (Table 3). These 
results revealed granulocytosis, neutrophilia, eosinophilia and 
basophilia at the end of the effort in EIB (+) subjects and 
leukocytosis and end-of-effort lymphocytosis in EIB (-) 
subjects. Through these results, we found that in response to 
physical effort, the variations in the inflammatory cells tested 
were different in the subjects of the two groups. The result in 
EIB (+) subjects could be explained by the presence of EIB 
initiated by inflammation. According to Hallstrand et al. 
(2013), Del Giacco et al. (2015) and Caggiano et al. (2017), 
the activation of inflammatory cells, including neutrophils, 
eosinophils, and mast cells, is observed during EIB. Activation 
of these inflammatory cells results in the release of 
inflammatory mediators, such as cysteinyl leukotrienes, 
prostaglandin, and histamine. In addition, EIB occurs during or 
shortly after exercise and is usually at peak levels at 5 to 10 
minutes after full exercise and usually ceases at approximately 
60 minutes thereafter (Aggarwal et al., 2018; Holzer et al., 
2006). In EIB (-) subjects, however, the significant increase in 
mean leukocyte concentrations can be explained by the number 
of total lymphocytes in circulation and the significant increase 
in mean concentrations of lymphocytes was mediated by 
catecholamines (Hansen et al., 1991; Bishop, 2006). In 
addition, Ostrowski et al. (1999) showed that intense and 
prolonged exercise induces systemic inflammation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In addition, intense training dramatically increases IL-6 up to 
100-fold, and the peak level of IL-6 is reached at the end of 
exercise or shortly thereafter, at approximately 30 minutes 
after exercise (Fischer, 2006; Leggate et al., 2010; Pedersen 
and Febbraio, 2012). This fact has already been demonstrated 
in response to endurance exercise (Schild et al., 2016; Scherr 
et al., 2011; Nieman et al., 2007; Perry et al., 2013) and high 
intensity interval exercise (Meckel et al., 2009; Zweetsloot et 
al., 2014). However, our work has shown a significant increase 
of 24.77% in the average level of IL-6 observed immediately 
after exercise compared to the average pre-exercise rate in EIB 
(+) athletes, whereas in their EIB (-) counterparts, the IL-6 
variations observed between the mean value immediately after 
exertion and that before exertion did not show a significant 
difference (Table 3). These results also show that significant 
changes in plasma levels of IL-6 immediately after physical 
exertion occurred only in EIB-sensitive athletes. 
 
Thus, in EIB (+) athletes, would EIB-induced inflammation in 
response to physical exertion be responsible for the post 
exercise increase in plasma IL-6? Would exercise-induced 
systemic inflammation be the source of the increase in plasma 
IL-6 at the end of the effort? Would exercise-driven muscles 
be the source of the post exercise increase in IL-6 plasma 
levels? Notably, physical exercise, by type, intensity, and 
duration (Cruzat et al., 2014; Bruunsgaard et al., 1997), causes 
micro muscle damage, triggering local and systemic 
inflammation with the release of pro- and anti-inflammatory 
cytokines (Karalaki et al., 2013). In addition, there is an 
interaction between muscle lesions and increased levels of IL-
6, and Toigo et al (2006) and Croisier et al (1999) showed a 
correlation in the evolution of IL-6 and creatine kinase. In 
addition, the circulating post exercise changes in IL-6 mainly 
correspond to the increase in the net release of IL-6 by muscle 
(Bernecker et al., 2013) and depend on the duration, intensity 
and mode of the exercise (Fischer, 2006; Febbraio and 
Pedersen, 2002; Scott et al., 2011).  

Table 4. Comparison of total blood leukocyte and plasma IL-6 concentrations recorded before and 2 hours after exercise in  
EIB (-) (n = 10) and EIB (+) groups (n = 6) 

 
 Before Stress test 2 hours After Stress test Statistical test Delta 

 Mean ± SD Mean ± SD p value  % 
Leukocytes (103 / µL)         
EIB(-) 4,961 ± 1,146 4,837 ± 1,173 0,959 -2,49 
EIB(+) 4,593 ± 2,279 5,648 ± 1,998 0,046* 22,96 
Lymphocytes (103 / µL)         
EIB(-) 2,244 ± 0,797 1,588 ± 0,635 0,0129* -29,23 
EIB(+) 2,403 ± 1,374 2,502 ± 1,336 0,846 4,11 
Monocytes (103 / µL)         
EIB(-) 0,597 ± 0,41 0,614 ± 0,62 0,767 2,84 
EIB(+) 0,615 ± 0,472 0,693 ± 0,413 0,240 12,68 
Granulocytes (103 / µL)         
EIB(-) 2,120 ± 0,899 2,635 ± 1,307 0,203 11,45 
EIB(+) 1,575 ± 0,561 2,455 ± 1,181 0,0277* 55,87 
Neutrophils (103 / µL)         
EIB(-) 2,099 ± 0,890 2,609 ± 1,294 0,203 24,29 
EIB(+) 1,559 ± 0,556 2,430 ± 1,170 0,0277* 55,86 
Eosinophils (103 / µL)         
EIB(-) 0,015 ± 0,006 0,018 ± 0,009 0,203 20,00 
EIB(+) 0,011 ± 0,004 0,017 ± 0,008 0,0277* 54,54 
Basophils (103 / µL)         
EIB(-) 0,006 ± 0,003 0,008 ± 0,004 0,203 33,33 
EIB(+) 0,005 ± 0,002 0,007 ± 0,004 0,0277* 48,93 
IL-6 (pg / ml)         
EIB(-) 0,115 ± 0,036 0,106 ± 0,025 0,475 -7,82 
EIB(+) 0,109 ± 0,018 0,125 ± 0,140 0,141 14,67 

EIB (-): Group of no sensitive subjects to exercise-induced bronchospasm; EIB (+): Group of sensitive subjects to exercise-induced bronchospasm; 
 T: Wilcoxon test;  Delta% : percentage change in the values observed 2 hours after effort compared to the values obtained before effort in EIB (-)  
and EIB  (+). * p < 0.05 
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In our study, EIB-mediated inflammation was thought to play 
an important role in increasing plasma levels of IL-6 observed 
immediately after exercise in EIB (+) subjects. 
 
Two Hours after the Stress Test: In EIB (+) subjects, 
significant increases of 22.96% leukocytes, 55.87% 
granulocytes, 55.86% neutrophils, 54.54% eosinophils and 
48.93% basophils were observed at 2 hours after the effort 
compared to the values obtained at pre-effort, whereas in EIB 
(-) subjects, a significant decrease of 29,23% lymphocytes was 
recorded at 2 hours after effort compared to the average value 
obtained before exercise, while the mean leukocyte 
concentrations observed at 2 hours after exercise returned to 
baseline (Table 4). These results revealed leukocytosis, 
granulocytosis, neutrophilia, eosinophilia and basophilia in the 
EIB (+) group and lymphopenia in the EIB (-) group. In the 
EIB (+) group, the late increase in leukocytes observed at 2 
hours after physical exertion is mainly due to circulating 
neutrophils (McCarthy et al., 1991; Natale et al., 2003; 
Rowbottom and Green., 2000). Granulocytes, neutrophils, 
eosinophils and basophils continued to increase for up to 2 
hours after physical exertion in EIB (+) subjects. These results 
could also be explained by EIB-induced inflammation in 
response to physical exertion. In contrast, in EIB (-) subjects, a 
significant decrease in lymphocytes or lymphopenia was 
induced by cortisol (Bishop, 2006). Lymphopenia was 
observed at 2 hours after exercise and showed a decrease in 
lymphocyte function in EIB (-) runners.  
 
Thus, it has been suggested that the temporal decline in the 
function of immune variables creates a "niche" favorable to a 
decline in the protection of the body known as the "open 
window", during which viruses, bacteria and air pollutants can 
become established, increasing the risk of developing an 
infection (Pedersen and Bruunsgaard, 1995; Gleeson, 2013; 
Walsh et al., 2011). The significant decrease (29.23%) in the 
number of lymphocytes observed at 2 hours after physical 
effort in EIB (-) runners would be in agreement with the "open 
window" theory. Our results corroborate those of Kakanis et 
al. (2010), Sellami et al. (2018), Borges et al. (2018) and 
Fortunato et al (2018). A comparison between the plasma 
concentrations of IL-6 recorded at 2 h after exercise and those 
obtained before exercise did not show a significant difference 
in the athletes of either group (Table 4). In EIB (+) athletes, a 
return to baseline plasma levels of IL-6 was observed.  
 
This result is consistent with previous studies (Fischer, 2006; 
Leggate et al., 2010; Pedersen and Febbraio, 2012). In this 
study, the results showed that inflammatory cells and IL-6 
were mobilized according to the susceptibility of the subjects 
to bronchospasm in response to exercise. It should be noted 
that before effort, the measured inflammatory cell and IL-6 
concentrations showed no significant difference (p > 0.05) 
between the EIB (+) and EIB (-) groups (Table 2). Similarly, a 
comparison of the anthropometric parameters, the duration of 
the exercise test and the maximum oxygen consumption did 
not show a significant difference (p > 0.05) (Table 1). Thus, 
what is the mechanism to explain this divergence of immune 
responses given that the athletes in both groups [EIB (+) and 
EIB (-)] were subjected to the same exercise test? Notably, 
physical exercise has an anti-inflammatory effect (Gleeson et 
al., 2011), and physical activity seems to attenuate the 
inflammatory response favoring an anti-inflammatory 
environment (Gleeson et al., 2011; Ahmed et al., 2012; 
Radom-Aizik et al., 2009).  

Therefore, the results of this study suggest that the 
inflammatory state observed in the athletes of both groups is 
due to different inflammatory processes between the anti-
inflammatory actions of exercise and those of inflammatory 
cells invoked by bronchospasm. The results of this study 
showed that in a crisis situation, the immune system of athletes 
sensitive to EIB is strongly solicited. 
 
Conclusion 
 
In this study, circulating total granulocytes, neutrophils, 
eosinophils, basophils and IL-6 levels were significantly 
increased in EIB (+) athletes at the end of the effort, whereas 
in EIB (-) athletes only leukocytes and systemic lymphocytes 
were significantly increased at the end of physical exertion. 
The occurrence of exercise-induced bronchospasm mobilizes a 
significant increase in inflammatory cells and interleukin-6. 
Therefore, the immune system of athletes sensitive to 
bronchospasm is strongly solicited. 
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