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  Abstract
  Gut microbes have a substantial influence on systemic immune function and allergic sensitisation. Manipulation of the gut microbiome through prebiotics may provide a potential strategy to influence the immunopathology of asthma. This study investigated the effects of prebiotic Bimuno-galactooligosaccharide (B-GOS) supplementation on hyperpnoea-induced bronchoconstriction (HIB), a surrogate for exercise-induced bronchoconstriction, and airway inflammation. A total of ten adults with asthma and HIB and eight controls without asthma were randomised to receive 5·5 g/d of either B-GOS or placebo for 3 weeks separated by a 2-week washout period. The peak fall in forced expiratory volume in 1 s (FEV1) following eucapnic voluntary hyperpnoea (EVH) defined HIB severity. Markers of airway inflammation were measured at baseline and after EVH. Pulmonary function remained unchanged in the control group. In the HIB group, the peak post-EVH fall in FEV1 at day 0 (−880 (sd 480) ml) was unchanged after placebo, but was attenuated by 40 % (−940 (sd 460) v. −570 (sd 310) ml, P=0·004) after B-GOS. In the HIB group, B-GOS reduced baseline chemokine CC ligand 17 (399 (sd 140) v. 323 (sd 144) pg/ml, P=0·005) and TNF-α (2·68 (sd 0·98) v. 2·18 (sd 0·59) pg/ml, P=0·040) and abolished the EVH-induced 29 % increase in TNF-α. Baseline C-reactive protein was reduced following B-GOS in HIB (2·46 (sd 1·14) v. 1·44 (sd 0·41) mg/l, P=0·015) and control (2·16 (sd 1·02) v. 1·47 (sd 0·33) mg/l, P=0·050) groups. Chemokine CC ligand 11 and fraction of exhaled nitric oxide remained unchanged. B-GOS supplementation attenuated airway hyper-responsiveness with concomitant reductions in markers of airway inflammation associated with HIB.
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 Asthma is a heterogeneous disease that affects approximately 235 million people worldwide(

1

). It is characterised by intermittent reversible bronchoconstriction, chronic airway inflammation and respiratory symptoms such as wheezing, dyspnoea, chest tightness and cough. The immunopathology of asthma is predominantly orchestrated by T-helper 2 (TH2) cells and their pro-inflammatory cytokines and chemokines, which recruit secondary effector cells including IgE-activated mast cells, macrophages, basophils and eosinophils(
Reference Holgate
2

). Exercise-induced bronchoconstriction (EIB) is a phenotype of asthma, which is characterised by transient airway narrowing during and/or after exercise(
Reference Wenzel
3

,
Reference Hallstrand, Altemeier and Aitken
4

). EIB is ascribed to airway drying and changes in airway osmolality, which result in degranulation of inflammatory cells and release of inflammatory mediators(
Reference Hallstrand, Altemeier and Aitken
4

). Inhaled corticosteroids and short- and long-acting β
2-agonists provide effective therapy for asthma, but they are not curative nor do they modify disease progression(
Reference Barnes
5

). Furthermore, long-term inhaled corticosteroid use has undesirable side-effects and adherence is poor, whereas chronic β
2-agonist use results in tolerance(
Reference Barnes
5

). The development of therapies that modulate the immunopathology of asthma without adverse side-effects is therefore desirable.

 Gut microbes have a substantial influence on systemic immune function and allergic sensitisation(
Reference Roberfroid, Gibson and Hoyles
6

–
Reference Hansel, Johnston and Openshaw
8

); thus, it is possible that manipulation of the gut microbiome may provide a potential strategy to influence the immunopathology of asthma. The observation that allergic asthma patients display lower levels of Bifidobacterium adolescentis supports this concept(
Reference Hevia, Milani and López
9

). Moreover, in humans, 4 weeks of supplementation with Bifidobacterium breve M-16V combined with a prebiotic (non-digestible carbohydrate that enhances the growth and/or activity of beneficial indigenous gut bacteria) improved peak expiratory flow (PEF) and attenuated serum IL-5 after bronchial allergen challenge(
Reference Van De Pol, Lutter and Smids
10

).

 Prebiotic galactooligosaccharides are derived from the action of the enzyme β-galactosidase. Bimuno-galactooligosaccharide (B-GOS) is especially potent in selectively increasing the growth and/or activity of bifidobacteria(
Reference Depeint, Tzortzis and Vulevic
11

–
Reference Vulevic, Juric and Walton
15

), which has been shown to elicit beneficial immunomodulatory effects in both elderly and overweight adults(
Reference Vulevic, Drakoularakou and Yaqoob
12

,
Reference Vulevic, Juric and Tzortzis
14

). In mice exposed to house dust mites, dietary galactooligosaccharides prevented the development of airway hyper-responsiveness and airway eosinophilia and reduced TH2-related cytokine IL-13 and chemokines (chemokine CC ligand 17 (CCL17), chemokine CC ligand 5 (CCL5)) in the lungs(
Reference Verheijden, Willemsen and Braber
16

). The effects of B-GOS on asthma in humans are currently unknown.

 In humans, TH2-driven inflammation can be monitored using biomarkers such as the chemokine CC ligand 11 (CCL11) and CCL17, along with IgE, TNF-α, C-reactive protein (CRP) and fraction of exhaled nitric oxide (FENO)(
Reference Wenzel
3

,
Reference Szefler, Wenzel and Brown
17

). Eucapnic voluntary hyperpnoea (EVH) causes a highly reproducible hyperpnoea-induced bronchoconstriction (HIB) (a surrogate for EIB) in adults(
Reference Williams, Johnson and Hunter
18

), which makes this an excellent challenge test to evaluate the effects of B-GOS supplementation on airway hyper-responsiveness.

 Therefore, the aim of this study was to test the hypothesis that B-GOS supplementation in adults with asthma attenuates the severity of HIB and that this is associated with reduced systemic concentrations of TH2-driven inflammatory markers.


 Methods


 Participants and study design

 A total of ten participants (five males) formed a HIB group, and eight participants (five males) with no history of asthma formed a control group (Fig. 1; Table 1). All participants were non-smokers. Inclusion criteria for the HIB group were physician diagnosis of asthma, a baseline forced expiratory volume in 1 s (FEV1)>65 % of the predicted(
Reference Williams, Johnson and Hunter
18

) and a ≥10 % fall in FEV1 following an initial EVH screening test(
Reference Parsons, Hallstrand and Mastronarde
19

). Participants in the HIB group were on steps 1–3 of the global initiative for asthma stepwise approach to asthma control(
Reference Boulet, FitzGerald and Reddel
20

).






Fig. 1 Participant flow diagram. HIB, hyperpnoea-induced bronchoconstriction; B-GOS, Bimuno-galactooligosaccharides.






Table 1 Anthropometric data, baseline pulmonary function and medication (Numbers and percentages of predicted; mean values and standard deviations)











 HIB, hyperpnoea-induced bronchoconstriction; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; PEF, peak expiratory flow; M, male; S, salbutamol; BUD, budesonide; /, in combination with; FORM, formoterol; F, female; Sm, salmeterol; BEC, beclomethasone.









 This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures were approved by the Nottingham Trent University Human Ethics Committee (Approval no. 229; Clinical Trial no. ISRCTN15022880). All participants provided their written informed consent. The present study adopted a randomised (block randomisation), double-blind, placebo-controlled, cross-over design over 8 consecutive weeks. Participants were randomly assigned to receive 5·5 g/d of either B-GOS or placebo (maltodextrin) (Clasado Ltd) for 3 weeks. Thereafter, participants followed a 2-week washout period(
Reference Depeint, Tzortzis and Vulevic
11

) (normal diet) before commencing the alternative supplement for the remaining 3 weeks (Fig. 1). The supplements were identical in taste and colour, and double blinding was completed by Clasado Ltd. The B-GOS dose used in the present study has been shown to consistently increase the number of bifidobacteria within the gut(
Reference Depeint, Tzortzis and Vulevic
11

–
Reference Vulevic, Juric and Walton
15

).

 At day 0 and day 21 of each treatment, baseline FENO was measured and an EVH test was performed at Nottingham Trent University. Before and after EVH, pulmonary function was assessed, and venous blood samples were collected for analysis of inflammatory markers. HIB participants were permitted to use their medication as required but stopped taking it before each EVH test (see below).




 Fraction of exhaled nitric oxide, pulmonary function and eucapnic voluntary hyperpnoea test

 Baseline FENO was measured (NIOX MINO; Aerocrine) according to American Thoracic Society/European Respiratory Society (ATS/ERS) guidelines(
Reference Dweik, Boggs and Erzurum
21

) in the HIB group only, as it is elevated in asthma patients but not in healthy controls(
Reference Alving, Weitzberg and Lundberg
22

). In accordance with ATS/ERS guidelines(
Reference Miller, Hankinson and Brusasco
23

), pulmonary function (forced vital capacity (FVC), PEF and FEV1) was assessed in triplicate at baseline and in duplicate at 3, 6, 10, 20 and 30 min after EVH. The highest values recorded were used for analyses. Whole blood (20 ml) was collected at baseline and 15 min, 60 min and 24 h after EVH. The EVH test comprised 6 min of EVH using a dry gas mixture at a target minute ventilation 




${\rm (}\dot{V}_{E} )$


 of 85 % of the predicted maximum voluntary ventilation (30×baseline FEV1)(
Reference Williams, Johnson and Hunter
18

,
Reference Anderson, Argyros and Magnussen
24

). Participants avoided exercise for 24 h before each EVH test, and participants in the HIB group stopped taking their medication (inhaled corticosteroids: 4 d; inhaled long-acting β
2 agonists: 2 d; inhaled short-acting β
2 agonists: the day of the test)(
Reference Anderson, Argyros and Magnussen
24

). On EVH test days, participants abstained from caffeine and alcohol and arrived at the laboratory >2 h postprandially(
Reference Williams, Johnson and Hunter
18

,
Reference Anderson, Argyros and Magnussen
24

).




 Analysis of inflammatory markers

 Concentrations of serum chemokines CCL11 and CCL17 were determined using multiplex analysis (Bio-Plex 200; Bio-Rad Laboratories Limited) and Luminex screening assay plates (R&D Systems) as previously described(
Reference Sutavani, Bradley and Ramage
25

). ELISA was used to determine concentrations of TNF-α (R&D Systems), CRP and IgE (Universal Biologicals). The TNF-α ELISA does not cross-react with human IL-1β, IL-1α, IL-2-13 or TNF-β and is specific for the measurement of natural and recombinant human TNF-α. For TNF-α, the intra- and inter-assay variation was <10 % and the minimum detectable level of the assay was 0·60 pg/ml, which all samples exceeded. For CRP and IgE, the minimum detectable levels of the assays were 0·25 ng/ml and 0·29 KU/l, respectively, which all samples exceeded.




 Statistics

 The average minimum perceptible improvement in FEV1 in adults with asthma is 230 ml(
Reference Santanello, Zhang and Seidenberg
26

), whereas the within-participant standard deviation for the fall in FEV1 after EVH is 100 ml(
Reference Williams, Johnson and Hunter
18

). An a priori sample size calculation revealed that with power=0·90 and α=0·05, a sample size of seven would be required to detect a 230-ml change in the fall in FEV1 after EVH.

 Pulmonary function data and serum TNF-α concentrations were analysed using repeated-measures ANOVA and Bonferroni-adjusted paired t tests. CCL11, CCL17, CRP and IgE were analysed using non-parametric Friedman’s repeated measures and Wilcoxon’s signed-rank tests. Between-group differences in IgE were analysed using the Kruskal–Wallis test. The AUC of the percentage fall in FEV1 during the 30-min period after EVH (%ΔFEV1AUC0–30) was calculated using trapezoidal integration. Statistical significance was set at P<0·05. Data are presented as mean values and standard deviations unless otherwise indicated.






 Results


 Pulmonary function

 In the control and HIB groups, there were no between-day differences in baseline FEV1. Pooled baseline FEV1 tended to be lower in the HIB group compared with the control group (P=0·066) (Table 1).

 For the peak fall in FEV1 after EVH, three-way, repeated-measures ANOVA revealed a treatment×day×group interaction (P<0·001). In the control group, the peak fall in FEV1 after EVH was unchanged after placebo and B-GOS (pooled data: −3 (sd 3) %). In the HIB group, the peak fall in FEV1 after EVH was unchanged from day 0 (−880 (sd 480) ml) to day 21 (−840 (sd 430) ml) of placebo. Conversely, following B-GOS, the peak fall in FEV1 after EVH was attenuated by 40 % from day 0 (−940 (sd 460) ml) to day 21 (−570 (sd 310) ml) (mean difference=370 (sd 290) ml; 95 % CI 166, 575 ml, P=0·004) (Fig. 2 and 3). In the control group, the overall severity of HIB, as determined by %ΔFEV1AUC0–30, was unchanged after placebo and B-GOS (pooled data: −48 (sd 53) ml). In the HIB group, %ΔFEV1AUC0–30 was unchanged from day 0 (−530 (sd 384)) to day 21 (−523 (sd 366)) of placebo, whereas a 41 % reduction was observed from day 0 (−583 (sd 404)) to day 21 (−345 (sd 267)) of B-GOS (mean difference=−237 (sd 263); 95 % CI −425, −48, P=0·019).






Fig. 2 Peak fall in forced expiratory volume in 1 s (FEV1) after eucapnic voluntary hyperpnoea. Values are means and standard deviations represented by vertical bars. * Bimuno-galactooligosaccharides (B-GOS) day 0 v. B-GOS day 21 (P=0·004). 
, Placebo day 0; 
, placebo day 21; 
, B-GOS day 0; 
, B-GOS day 21.










Fig. 3 The individual data and mean values and standard deviations for the peak fall in forced expiratory volume in 1 s (FEV1) after eucapnic voluntary hyperpnoea in hyperpnoea-induced bronchoconstriction participants only. Individual participants are represented by the same symbols in both the placebo and B-GOS figures. B-GOS, Bimuno-galactooligosaccharides.




 In the control and HIB groups, there were no between-day differences in baseline FVC and PEF. Baseline FVC and PEF were not different between control and HIB groups (Table 1). The peak fall in FVC after EVH was greater in the HIB group (−18 (sd 16) %; −78 (sd 54) ml) than in the control group (−3 (sd 2) %; −14 (sd 12) ml) (P=0·005), but was unchanged in both groups after placebo and B-GOS. The peak fall in PEF after EVH was greater in the HIB group (−27 (sd 12) %) than in the control group (−9 (sd 6) %) (P=0·007) and was unchanged after placebo in both groups and after B-GOS in the control group. Conversely, after B-GOS in the HIB group, the peak fall in PEF after EVH was reduced from day 0 (−28 (sd 14) %) to day 21 (−17 (sd 10) %) (mean difference=11 (sd 13) %; 95 % CI 1·8, 20·9 %, P=0·024).




 Serum TNF-α


 At day 0, baseline TNF-α was higher in the HIB group (2·64 (sd 0·81) pg/ml) than in the control group (1·37 (sd 0·37) pg/ml) (P=0·001). A four-way, repeated-measures ANOVA revealed an intervention×day×time×group interaction (P=0·036). Subsequent within-group, three-way, repeated-measures ANOVA revealed an intervention×day×time interaction in the HIB group only (P=0·042). In the HIB group, TNF-α increased by 29 % after EVH at day 0, and this response was unchanged after placebo. Conversely, after B-GOS, baseline TNF-α was reduced (mean difference=0·50 (sd 0·61) pg/ml; 95 % CI 0·02, 0·96 pg/ml, P=0·04) and the 29 % increase in TNF-α after EVH was completely abolished (P=0·002) (Fig. 4).






Fig. 4 TNF-α concentration at baseline and after eucapnic voluntary hyperpnoea (EVH) in hyperpnoea-induced bronchoconstriction (a) and control (b) groups. Values are means and standard deviations. Post-EVH values were averaged for statistical analysis. Significant difference: B-GOS day 0 v. B-GOS day 21 (* P=0·04; ** P=0·002). ●, Placebo day 0; ○, placebo day 21; ▲, Bimuno-galactooligosaccharides (B-GOS) day 0; Δ, B-GOS day 21.







 Serum chemokines, C-reactive protein and IgE

 In control and HIB groups, serum CCL11, CCL17, CRP and IgE were unchanged after every EVH test; therefore, subsequent analyses were performed on baseline data only. In the control group, baseline CCL11 and CCL17 were unchanged after both interventions. In the HIB group, baseline CCL11 was unchanged after placebo and B-GOS, and CCL17 was unchanged after placebo. Conversely, a priori Wilcoxon’s signed-rank tests revealed a reduction in baseline CCL17 after B-GOS (P=0·005; effect size=−0·88) (Fig. 5).






Fig. 5 Baseline concentrations of the chemokine CC ligand 17 (CCL17) and chemokine CC ligand 11 (CCL11) and C-reactive protein (CRP). Values are means and standard deviations represented by vertical bars. Significant difference: Bimuno-galactooligosaccharides (B-GOS) day 0 v. B-GOS day 21 (* P=0·05; ** P=0·015; *** P=0·005). 
, Placebo day 0; 
, placebo day 21; 
, B-GOS day 0; 
, B-GOS day 21.




 In control and HIB groups, baseline CRP was unchanged after placebo, whereas a priori Wilcoxon’s signed-rank tests revealed a reduction in CRP in control (P=0·050; effect size=−0·49) and HIB (P=0·015; effect size=−0·57) groups after B-GOS (Fig. 5). Baseline IgE was higher in the HIB group (pooled data: 37 (sd 17) KU/l) than in the control group (pooled data: 14 (sd 8) KU/l) (P=0·006) and no changes were observed after placebo or B-GOS.




 Fraction of exhaled nitric oxide

 In the HIB group, baseline FENO (pooled data: 45 (sd 30) ppb) was unchanged after placebo and B-GOS.






 Discussion

 The main finding of this study was that supplementation with B-GOS in adults with asthma attenuated the fall in pulmonary function after EVH (reduced peak falls in FEV1 and PEF) and the overall severity of bronchoconstriction (%ΔFEV1AUC0–30). Furthermore, B-GOS reduced baseline concentrations of CCL17, CRP and TNF-α and abolished the EVH-induced increase in TNF-α. These findings suggest that B-GOS can potentially mediate the underlying immunopathology of asthma, and thereby attenuate the airway hyper-responsiveness associated with HIB/EIB.

 The 40 % (370 ml) improvement in the post-EVH fall in FEV1 after B-GOS supplementation exceeds the minimum perceptible change of 230 ml(
Reference Santanello, Zhang and Seidenberg
26

), and is therefore clinically relevant. Prophylactic use of β
2-agonists for EIB prevention/protection is common because of their efficacy. For example, salbutamol (200 µg) and salmeterol (50 µg) delivered before exercise reduced the fall in FEV1 by approximately 78 and 61 %, respectively(
Reference Anderson, Lambert and Brannan
27

,
Reference Anderson, Rodwell and Du Toit
28

). Comparatively β
2-agonists therefore offer greater protection than B-GOS; however, they are not curative, and some individuals with EIB either do not respond to β
2-agonists or experience a reduction in severity but not symptoms(
Reference Anderson, Caillaud and Brannan
29

). Furthermore, chronic use of β
2-agonists causes tolerance or β
2-receptor desensitisation with associated symptom exacerbation(
Reference Anderson, Caillaud and Brannan
29

). B-GOS is well tolerated(
Reference Vulevic, Drakoularakou and Yaqoob
12

,
Reference Vulevic, Juric and Tzortzis
14

), and the mechanisms of action may modify the underlying immunopathological features of asthma(
Reference Verheijden, Willemsen and Braber
16

,
Reference Sagar, Vos and Morgan
30

).

 The mechanisms by which prebiotics ameliorate airway hyper-responsiveness remain unclear. Previous studies report that B-GOS robustly supports the growth of bifidobacteria in the human gut(
Reference Depeint, Tzortzis and Vulevic
11

–
Reference Vulevic, Juric and Walton
15

) and these microbes may interact with the intestinal mucosal immune system to enhance immunomodulatory effects. Dendritic cell sampling of bifidobacteria and lactobacilli may alter naïve T-cell differentiation by promoting an increase in regulatory T-cells expressing Forkhead box protein P3 (Foxp3) and, subsequently, increased production of anti-inflammatory cytokines IL-10 and TGF-β
(
Reference McLoughlin and Mills
31

). Suppression of effector T-cell formation may partially explain the observed changes in TNF-α, which is released by mast cells, neutrophils, eosinophils and airway epithelial cells and causes airway hyper-responsiveness. The HIB group had a higher baseline TNF-α concentration than the control group, which concurs with previous reports of raised TNF-α in athletes with EIB(
Reference Mickleborough, Murray and Ionescu
32

). In the HIB group, B-GOS supplementation reduced baseline TNF-α and, remarkably, abolished the EVH-induced increase in TNF-α. Interestingly, reduced baseline TNF-α concentration after B-GOS supplementation was previously observed in the elderly(
Reference Vulevic, Drakoularakou and Yaqoob
12

). Consequently, the reduced severity of HIB observed after B-GOS supplementation may be explained by modulation of the immune system by the gut microbiota, which results in an attenuated inflammatory response to increased osmolarity of the airway surface liquid during/following EVH.

 Allergic asthma and EIB are characterised by increased TH2 cell infiltration, which is partly controlled by the release of CCL11, CCL17 and CCL5 from airway epithelium and bronchial smooth muscle cells(
Reference Ying, O’Connor and Ratoff
33

,
Reference Holgate
34

). Baseline serum CCL17 concentration was similar to that reported previously in individuals with allergic asthma(
Reference Machura, Rusek‐Zychma and Jachimowicz
35

) and tended to be higher in the HIB group than in the control group. The reduction in CCL17 following B-GOS supplementation in the HIB group further indicates reduced systemic chemokine expression, which may lower infiltration of TH2 lymphocytes into the airways.

 Serum CRP is associated with airway inflammation, obstruction and bronchial hyper-responsiveness in individuals with asthma(
Reference Takemura, Matsumoto and Niimi
36

). Consistent with previous reports in the elderly(
Reference Vulevic, Drakoularakou and Yaqoob
12

), we observed a reduction in CRP in both HIB and control groups after B-GOS. Conversely, FENO and serum IgE were unchanged after B-GOS. FENO is a marker of eosinophilic airway inflammation that is raised in individuals with asthma(
Reference Szefler, Wenzel and Brown
17

). However, because of the heterogeneity of the FENO and IgE measures in the current cohort, a detectable reduction may require a longer duration of B-GOS supplementation.

 Faecal samples were not collected in the present study to verify that B-GOS increased the numbers of bifidobacteria. However, we are confident that this was the case, as the prebiotic index of B-GOS, which measures the increase in the number of beneficial bacteria (Bifidobacterium and Lactobacillus–Enterococcus) compared with the reductions in less-favourable bacteria (Bacteroides–Prevotella and Clostridium perfringens–histolyticum), was 0·40 (sd 0·13)(
Reference Depeint, Tzortzis and Vulevic
11

), and previous studies have consistently reported an increase in the number of bifidobacteria within the gut after B-GOS supplementation in humans(
Reference Depeint, Tzortzis and Vulevic
11

–
Reference Vulevic, Juric and Walton
15

).

 In conclusion, B-GOS supplementation reduced the severity of HIB, and this was associated with reduced systemic concentrations of TH2-driven inflammatory markers. These findings suggest that B-GOS, through its impact on the gut microbiota, has the potential to modulate the underlying immunopathology of asthma, and thereby attenuate the airway hyper-responsiveness associated with HIB/EIB. The precise mechanisms by which B-GOS modulates immune function and reduces airway inflammation remain unclear and warrant further exploration.







 Acknowledgements

 In-kind support of the B-GOS supplement was provided by Clasado Research Services, but the funder was not involved in the design of the study.

 N. C. W., M. A. J., D. E. S., G. R. S. and K. A. H. designed the study; N. C. W., M. A. J., G. R. S. and K. A. H. conducted the study; N. C. W., J. V. and I. S. provided essential reagents and conducted analysis of blood samples; N. C. W., M. A. J. and G. R. S. analysed the data; N. C. W., M. A. J., G. R. S. and K. A. H. wrote the paper; N. C. W., M. A. J., D. E. S., I. S., J. V., G. R. S. and K. A. H. contributed to reviewing and approval of the final manuscript.

 J. V. is employed by Clasado Research Services who supplied the supplement but were not involved in the design of the study. None of the other authors had personal or financial conflicts of interest.







   
 References
  
 
1

 1.
World Health Organization (2013) Asthma, WHO factsheet. http://www.who.int/mediacentre/factsheets/fs307/en/ (accessed December 2015).Google Scholar


 
 
2

 2.
Holgate, ST (2008) Pathogenesis of asthma. Clin Exp Allergy
38, 872–897.Google Scholar


 
 
3

 3.
Wenzel, SE (2012) Asthma phenotypes: the evolution from clinical to molecular approaches. Nat Med
18, 716–725.Google Scholar


 
 
4

 4.
Hallstrand, TS, Altemeier, WA, Aitken, ML, et al. (2013) Role of cells and mediators in exercise-induced bronchoconstriction. Immunol Allergy Clin North Am
33, 313–328.Google Scholar


 
 
5

 5.
Barnes, PJ (2010) New therapies for asthma: is there any progress?
Trends Pharmacol Sci
31, 335–343.Google Scholar


 
 
6

 6.
Roberfroid, M, Gibson, GR, Hoyles, L, et al. (2010) Prebiotic effects: metabolic and health benefits. Br J Nutr
104, S1–S63.CrossRefGoogle ScholarPubMed


 
 
7

 7.
Kukkonen, K, Savilahti, E, Haahtela, T, et al. (2007) Probiotics and prebiotic galacto-oligosaccharides in the prevention of allergic diseases: a randomized, double-blind, placebo-controlled trial. J Allergy Clin Immunol
119, 192–198.Google Scholar


 
 
8

 8.
Hansel, TT, Johnston, SL & Openshaw, PJ (2013) Microbes and mucosal immune responses in asthma. Lancet
381, 861–873.CrossRefGoogle ScholarPubMed


 
 
9

 9.
Hevia, A, Milani, C, López, P, et al. (2016) Allergic patients with long-term asthma display low levels of Bifidobacterium adolescentis
. PLOS ONE
11, e0147809.Google Scholar


 
 
10

 10.
Van De Pol, MA, Lutter, R, Smids, BS, et al. (2011) Synbiotics reduce allergen‐induced T‐helper 2 response and improve peak expiratory flow in allergic asthmatics. Allergy
66, 39–47.Google Scholar


 
 
11

 11.
Depeint, F, Tzortzis, G, Vulevic, J, et al. (2008) Prebiotic evaluation of a novel galactooligosaccharide mixture produced by the enzymatic activity of Bifidobacterium bifidum NCIMB 41171, in healthy humans: a randomized, double-blind, crossover, placebo-controlled intervention study. Am J Clin Nutr
87, 785–791.CrossRefGoogle ScholarPubMed


 
 
12

 12.
Vulevic, J, Drakoularakou, A, Yaqoob, P, et al. (2008) Modulation of the fecal microflora profile and immune function by a novel trans-galactooligosaccharide mixture (B-GOS) in healthy elderly volunteers. Am J Clin Nutr
88, 1438–1446.CrossRefGoogle ScholarPubMed


 
 
13

 13.
Silk, D, Davis, A, Vulevic, J, et al. (2009) Clinical trial: the effects of a trans‐galactooligosaccharide prebiotic on faecal microbiota and symptoms in irritable bowel syndrome. Aliment Pharmacol Ther
29, 508–518.Google Scholar


 
 
14

 14.
Vulevic, J, Juric, A, Tzortzis, G, et al. (2013) A mixture of trans-galactooligosaccharides reduces markers of metabolic syndrome and modulates the fecal microbiota and immune function of overweight adults. J Nutr
143, 324–331.CrossRefGoogle ScholarPubMed


 
 
15

 15.
Vulevic, J, Juric, A, Walton, GE, et al. (2015) Influence of galacto-oligosaccharide mixture (B-GOS) on gut microbiota, immune parameters and metabonomics in elderly persons. Br J Nutr
114, 586–595.Google Scholar


 
 
16

 16.
Verheijden, KA, Willemsen, LE, Braber, S, et al. (2015) Dietary galacto-oligosaccharides prevent airway eosinophilia and hyperresponsiveness in a murine house dust mite-induced asthma model. Respir Res
16, 17.CrossRefGoogle Scholar


 
 
17

 17.
Szefler, SJ, Wenzel, S, Brown, R, et al. (2012) Asthma outcomes: biomarkers. J Allergy Clin Immunol
129, S9–S23.CrossRefGoogle ScholarPubMed


 
 
18

 18.
Williams, NC, Johnson, MA, Hunter, KA, et al. (2015) Reproducibility of the bronchoconstrictive response to eucapnic voluntary hyperpnoea. Respir Med
109, 1262–1267.Google Scholar


 
 
19

 19.
Parsons, JP, Hallstrand, TS, Mastronarde, JG, et al. (2013) An official American Thoracic Society clinical practice guideline: exercise-induced bronchoconstriction. Am J Respir Crit Care Med
187, 1016–1027.Google Scholar


 
 
20

 20.
Boulet, LP, FitzGerald, JM & Reddel, HK (2015) The revised 2014 GINA strategy report: opportunities for change. Curr Opin Pulm Med
21, 1–7.Google Scholar


 
 
21

 21.
Dweik, RA, Boggs, PB, Erzurum, SC, et al. (2011) An official ATS clinical practice guideline: interpretation of exhaled nitric oxide levels (FENO) for clinical applications. Am J Respir Crit Care Med
184, 602–615.Google Scholar


 
 
22

 22.
Alving, K, Weitzberg, E & Lundberg, JM (1993) Increased amount of nitric oxide in exhaled air of asthmatics. Eur Respir J
6, 1368–1370.CrossRefGoogle ScholarPubMed


 
 
23

 23.
Miller, MR, Hankinson, J, Brusasco, V, et al. (2005) Standardisation of spirometry. Eur Respir J
26, 319–338.CrossRefGoogle ScholarPubMed


 
 
24

 24.
Anderson, SD, Argyros, GJ, Magnussen, H, et al. (2001) Provocation by eucapnic voluntary hyperpnoea to identify exercise induced bronchoconstriction. Br J Sports Med
35, 344–347.CrossRefGoogle ScholarPubMed


 
 
25

 25.
Sutavani, RV, Bradley, RG, Ramage, JM, et al. (2013) CD55 costimulation induces differentiation of a discrete T regulatory type 1 cell population with a stable phenotype. J Immunol
191, 5895–5903.Google Scholar


 
 
26

 26.
Santanello, N, Zhang, J, Seidenberg, B, et al. (1999) What are minimal important changes for asthma measures in a clinical trial?
Eur Respir J
14, 23–27.CrossRefGoogle ScholarPubMed


 
 
27

 27.
Anderson, SD, Lambert, S, Brannan, JD, et al. (2001) Laboratory protocol for exercise asthma to evaluate salbutamol given by two devices. Med Sci Sports Exerc
33, 893–900.Google Scholar


 
 
28

 28.
Anderson, S, Rodwell, L, Du Toit, J, et al. (1991) Duration of protection by inhaled salmeterol in exercise-induced asthma. CHEST
100, 1254–1260.Google Scholar


 
 
29

 29.
Anderson, SD, Caillaud, C & Brannan, JD (2006) β2-agonists and exercise-induced asthma. Clin Rev Allergy Immunol
31, 163–180.Google Scholar


 
 
30

 30.
Sagar, S, Vos, AP, Morgan, ME, et al. (2014) The combination of Bifidobacterium breve with non-digestible oligosaccharides suppresses airway inflammation in a murine model for chronic asthma. Biochim Biophys Acta
1842, 573–583.Google Scholar


 
 
31

 31.
McLoughlin, RM & Mills, KH (2011) Influence of gastrointestinal commensal bacteria on the immune responses that mediate allergy and asthma. J Allergy Clin Immunol
127, 1097–1107.CrossRefGoogle ScholarPubMed


 
 
32

 32.
Mickleborough, TD, Murray, RL, Ionescu, AA, et al. (2003) Fish oil supplementation reduces severity of exercise-induced bronchoconstriction in elite athletes. Am J Respir Crit Care Med
168, 1181–1189.Google Scholar


 
 
33

 33.
Ying, S, O’Connor, B, Ratoff, J, et al. (2005) Thymic stromal lymphopoietin expression is increased in asthmatic airways and correlates with expression of Th2-attracting chemokines and disease severity. J Immunol
174, 8183–8190.Google Scholar


 
 
34

 34.
Holgate, ST (2012) Innate and adaptive immune responses in asthma. Nat Med
18, 673–683.Google Scholar


 
 
35

 35.
Machura, E, Rusek‐Zychma, M, Jachimowicz, M, et al. (2012) Serum TARC and CTACK concentrations in children with atopic dermatitis, allergic asthma, and urticaria. Pediatr Allergy Immunol
23, 278–284.Google Scholar


 
 
36

 36.
Takemura, M, Matsumoto, H, Niimi, A, et al. (2006) High sensitivity C-reactive protein in asthma. Eur Respir J
27, 908–912.Google Scholar




 

  
View in content
 

 Fig. 1 Participant flow diagram. HIB, hyperpnoea-induced bronchoconstriction; B-GOS, Bimuno-galactooligosaccharides.
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 Table 1 Anthropometric data, baseline pulmonary function and medication (Numbers and percentages of predicted; mean values and standard deviations)
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 Fig. 2 Peak fall in forced expiratory volume in 1 s (FEV1) after eucapnic voluntary hyperpnoea. Values are means and standard deviations represented by vertical bars. * Bimuno-galactooligosaccharides (B-GOS) day 0 v. B-GOS day 21 (P=0·004). , Placebo day 0; , placebo day 21; , B-GOS day 0; , B-GOS day 21.
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 Fig. 3 The individual data and mean values and standard deviations for the peak fall in forced expiratory volume in 1 s (FEV1) after eucapnic voluntary hyperpnoea in hyperpnoea-induced bronchoconstriction participants only. Individual participants are represented by the same symbols in both the placebo and B-GOS figures. B-GOS, Bimuno-galactooligosaccharides.
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 Fig. 4 TNF-α concentration at baseline and after eucapnic voluntary hyperpnoea (EVH) in hyperpnoea-induced bronchoconstriction (a) and control (b) groups. Values are means and standard deviations. Post-EVH values were averaged for statistical analysis. Significant difference: B-GOS day 0 v. B-GOS day 21 (* P=0·04; ** P=0·002). ●, Placebo day 0; ○, placebo day 21; ▲, Bimuno-galactooligosaccharides (B-GOS) day 0; Δ, B-GOS day 21.
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 Fig. 5 Baseline concentrations of the chemokine CC ligand 17 (CCL17) and chemokine CC ligand 11 (CCL11) and C-reactive protein (CRP). Values are means and standard deviations represented by vertical bars. Significant difference: Bimuno-galactooligosaccharides (B-GOS) day 0 v. B-GOS day 21 (* P=0·05; ** P=0·015; *** P=0·005). , Placebo day 0; , placebo day 21; , B-GOS day 0; , B-GOS day 21.

 

 

         



 
  
 
 



 You have 
Access
 
 	31
	Cited by


 

   




 Cited by

 
 Loading...


    


 













Cited by





	



31




	


















Crossref Citations










This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Reid, G.
Abrahamsson, T.
Bailey, M.
Bindels, L.B.
Bubnov, R.
Ganguli, K.
Martoni, C.
O’Neill, C.
Savignac, H.M.
Stanton, C.
Ship, N.
Surette, M.
Tuohy, K.
and
van Hemert, S.
2017.
How do probiotics and prebiotics function at distant sites?.
Beneficial Microbes,
Vol. 8,
Issue. 4,
p.
521.


	CrossRef
	Google Scholar






Barton, Wiley
Penney, Nicholas C
Cronin, Owen
Garcia-Perez, Isabel
Molloy, Michael G
Holmes, Elaine
Shanahan, Fergus
Cotter, Paul D
and
O'Sullivan, Orla
2017.
The microbiome of professional athletes differs from that of more sedentary subjects in composition and particularly at the functional metabolic level.
Gut,
p.
gutjnl-2016-313627.


	CrossRef
	Google Scholar






Williams, Neil C.
Hunter, Kirsty A.
Shaw, Dominick E.
Jackson, Kim G.
Sharpe, Graham R.
and
Johnson, Michael A.
2017.
Comparable reductions in hyperpnoea-induced bronchoconstriction and markers of airway inflammation after supplementation with 6·2 and 3·1 g/d of long-chainn-3 PUFA in adults with asthma.
British Journal of Nutrition,
Vol. 117,
Issue. 10,
p.
1379.


	CrossRef
	Google Scholar






McLoughlin, Rebecca F
Berthon, Bronwyn S
Jensen, Megan E
Baines, Katherine J
and
Wood, Lisa G
2017.
Short-chain fatty acids, prebiotics, synbiotics, and systemic inflammation: a systematic review and meta-analysis.
The American Journal of Clinical Nutrition,
Vol. 106,
Issue. 3,
p.
930.


	CrossRef
	Google Scholar






McAleer, Jeremy P.
and
Kolls, Jay K.
2018.
Contributions of the intestinal microbiome in lung immunity.
European Journal of Immunology,
Vol. 48,
Issue. 1,
p.
39.


	CrossRef
	Google Scholar






Gordon, Bruce R.
2018.
Dietary and Nutritional Influences on Allergy Prevention.
Current Treatment Options in Allergy,
Vol. 5,
Issue. 4,
p.
356.


	CrossRef
	Google Scholar






McLoughlin, Rebecca
Berthon, Bronwyn S.
Rogers, Geraint B.
Baines, Katherine J.
Leong, Lex E.X.
Gibson, Peter G.
Williams, Evan J.
and
Wood, Lisa G.
2019.
Soluble fibre supplementation with and without a probiotic in adults with asthma: A 7-day randomised, double blind, three way cross-over trial.
EBioMedicine,
Vol. 46,
Issue. ,
p.
473.


	CrossRef
	Google Scholar






Stoodley, Isobel
Williams, Lily
Thompson, Cherry
Scott, Hayley
and
Wood, Lisa
2019.
Evidence for lifestyle interventions in asthma.
Breathe,
Vol. 15,
Issue. 2,
p.
e50.


	CrossRef
	Google Scholar






Ver Heul, Aaron
Planer, Joseph
and
Kau, Andrew L.
2019.
The Human Microbiota and Asthma.
Clinical Reviews in Allergy & Immunology,
Vol. 57,
Issue. 3,
p.
350.


	CrossRef
	Google Scholar






Bannach-Brown, Alexandra
Tillmann, Sandra
MacLeod, Malcolm Robert
and
Wegener, Gregers
2019.
Administration of galacto-oligosaccharide prebiotics in the Flinders Sensitive Line animal model of depression.
BMJ Open Science,
Vol. 3,
Issue. 1,


	CrossRef
	Google Scholar






Williams, Lily M.
Scott, Hayley A.
and
Wood, Lisa G.
2019.
Soluble fibre as a treatment for inflammation in asthma.
Journal of Nutrition & Intermediary Metabolism,
Vol. 18,
Issue. ,
p.
100108.


	CrossRef
	Google Scholar






Williams, Neil C.
Killer, Sophie C.
Svendsen, Ida Siobhan
and
Jones, Arwel Wyn
2019.
Immune nutrition and exercise: Narrative review and practical recommendations.
European Journal of Sport Science,
Vol. 19,
Issue. 1,
p.
49.


	CrossRef
	Google Scholar






Saini, Kamna
and
Minj, Jagrani
2020.
Dairy Processing: Advanced Research to Applications.
p.
119.


	CrossRef
	Google Scholar






Hughes, Riley L
and
Holscher, Hannah D
2021.
Fueling Gut Microbes: A Review of the Interaction between Diet, Exercise, and the Gut Microbiota in Athletes.
Advances in Nutrition,
Vol. 12,
Issue. 6,
p.
2190.


	CrossRef
	Google Scholar






Gowers, William
Evans, Guy
Carré, Jane
Ashman, Matt
Jackson, Anna
Hopker, James
and
Dickinson, John
2021.
Eucapnic voluntary hyperpnea challenge can support management of exercise‐induced bronchoconstriction in elite swimmers.
Translational Sports Medicine,
Vol. 4,
Issue. 5,
p.
657.


	CrossRef
	Google Scholar






Lad, Nikita
Murphy, Alice M.
Parenti, Cristina
Nelson, Carl P.
Williams, Neil C.
Sharpe, Graham R.
and
McTernan, Philip G.
2021.
Asthma and obesity: endotoxin another insult to add to injury?.
Clinical Science,
Vol. 135,
Issue. 24,
p.
2729.


	CrossRef
	Google Scholar






Chean, Shu Xian
Hoh, Pei Ying
How, Yu Hsuan
Nyam, Kar Lin
and
Pui, Liew Phing
2021.
Microencapsulation of Lactiplantibacillus plantarum with inulin and evaluation of survival in simulated gastrointestinal conditions and roselle juice.
Brazilian Journal of Food Technology,
Vol. 24,
Issue. ,


	CrossRef
	Google Scholar






Das, Gitishree
Heredia, J. Basilio
de Lourdes Pereira, Maria
Coy-Barrera, Ericsson
Rodrigues Oliveira, Sonia Marlene
Gutiérrez-Grijalva, Erick Paul
Cabanillas-Bojórquez, Luis Angel
Shin, Han-Seung
and
Patra, Jayanta Kumar
2021.
Korean traditional foods as antiviral and respiratory disease prevention and treatments: A detailed review.
Trends in Food Science & Technology,
Vol. 116,
Issue. ,
p.
415.


	CrossRef
	Google Scholar






Verstegen, Roos E. M.
Kostadinova, Atanaska I.
Merenciana, Zenebech
Garssen, Johan
Folkerts, Gert
Hendriks, Rudi W.
and
Willemsen, Linette E. M.
2021.
Dietary Fibers: Effects, Underlying Mechanisms and Possible Role in Allergic Asthma Management.
Nutrients,
Vol. 13,
Issue. 11,
p.
4153.


	CrossRef
	Google Scholar






Schwellnus, Martin
Adami, Paolo Emilio
Bougault, Valerie
Budgett, Richard
Clemm, Hege Havstad
Derman, Wayne
Erdener, Uğur
Fitch, Ken
Hull, James H
McIntosh, Cameron
Meyer, Tim
Pedersen, Lars
Pyne, David B
Reier-Nilsen, Tonje
Schobersberger, Wolfgang
Schumacher, Yorck Olaf
Sewry, Nicola
Soligard, Torbjørn
Valtonen, Maarit
Webborn, Nick
and
Engebretsen, Lars
2022.
International Olympic Committee (IOC) consensus statement on acute respiratory illness in athletes part 2: non-infective acute respiratory illness.
British Journal of Sports Medicine,
Vol. 56,
Issue. 19,
p.
1089.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference




Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	









	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








A prebiotic galactooligosaccharide mixture reduces severity of hyperpnoea-induced bronchoconstriction and markers of airway inflammation








	Volume 116, Issue 5
	
Neil C. Williams (a1), Michael A. Johnson (a1), Dominick E. Shaw (a2), Ian Spendlove (a3), Jelena Vulevic (a4), Graham R. Sharpe (a1) and Kirsty A. Hunter (a1)

	DOI: https://doi.org/10.1017/S0007114516002762





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





A prebiotic galactooligosaccharide mixture reduces severity of hyperpnoea-induced bronchoconstriction and markers of airway inflammation








	Volume 116, Issue 5
	
Neil C. Williams (a1), Michael A. Johnson (a1), Dominick E. Shaw (a2), Ian Spendlove (a3), Jelena Vulevic (a4), Graham R. Sharpe (a1) and Kirsty A. Hunter (a1)

	DOI: https://doi.org/10.1017/S0007114516002762





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





A prebiotic galactooligosaccharide mixture reduces severity of hyperpnoea-induced bronchoconstriction and markers of airway inflammation








	Volume 116, Issue 5
	
Neil C. Williams (a1), Michael A. Johnson (a1), Dominick E. Shaw (a2), Ian Spendlove (a3), Jelena Vulevic (a4), Graham R. Sharpe (a1) and Kirsty A. Hunter (a1)

	DOI: https://doi.org/10.1017/S0007114516002762





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















