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Effects of 24-week prebiotic intervention on self-reported upper respiratory
symptoms, gastrointestinal symptoms, and markers of immunity in elite rugby
union players.
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ABSTRACT KEYWORDS
Objectives: Elite rugby union players face numerous physiological and psychological stressors upper respiratory illness;
which can increase upper respiratory and gastrointestinal illness risk, and in turn can gastrointestinal symptoms;
compromise training and competitive performance. This study aimed to investigate the effect of prebiotics; immunity; salivary
daily prebiotic supplementation on upper respiratory symptoms, gastrointestinal symptoms, 9% rugby union

and markers of immune function in elite rugby union players.

Methods: Thirty-three elite rugby union players were randomly assigned to consume a prebiotic

(2.9 g/day galactooligosaccharide) or placebo (2.8 g/day maltodextrin), daily for 168 days under

double-blind conditions. Participants completed daily and weekly questionnaires for self-

reported upper respiratory and gastrointestinal symptoms respectively. Blood and saliva

samples were collected at 0, 84, and 168 days for assessment of plasma TNF-a and CRP, and

saliva IgA respectively.

Results: The prebiotic group experienced a 2-day reduction in upper respiratory symptom

duration (P=0.045). Gastrointestinal symptom severity and incidence were lower in the

prebiotic group compared to the placebo group (P<0.001, P=0.041) respectively. Salivary

immunoglobulin A secretion rate was 42% greater in the prebiotic group compared to the

placebo group at day 168 (P =0.004), no differences in CRP and TNF-a were found (P > 0.05).

Conclusion: A 168-day dietary prebiotic intervention reduced the duration of upper respiratory

symptoms and reduced the incidence and severity of gastrointestinal symptoms in elite rugby

union players. These findings suggest that seasonal prebiotic interventions may be beneficial for

reducing illness in elite rugby union players, improving their availability to train and compete.

Key points

o Elite athletes are susceptible to upper respiratory symptoms and gastrointestinal symptoms
which may impact upon training availability and competition performance.

o For the first time, this study shows that a dietary prebiotic intervention can reduce the duration
of upper respiratory symptoms by 2 days in elite rugby union players.

» Dietary prebiotic supplementation can improve the incidence and severity of gastrointestinal
symptoms experienced by elite rugby union players.

o Prebiotic supplementation was able to increase salivary IgA secretion after 168 days.

e These findings can inform practice suggesting that seasonal prebiotic use has the potential to
modulate immune function and reduce illness in elite rugby union, which may improve a
player’s availability to train and compete.

e The mechanisms by which prebiotics reduce URS and GIS require further research exploration.

Introduction may impair immunity and increase the risk of acute

Elite rugby union players follow physiologically and psy- ~ upper respiratory symptoms (URS) (e.g. cough, sneezing,
chologically demanding training schedules, with fre-  sore throat & nasal congestion) and gastrointestinal

quent competitive matches, limited recovery time, and symptoms (GIS) (e.g. bloating, belching, flatulence,
regular international travel. Collectively, these stressors ~ Nnausea and diarrhoea) (Peters & Bateman, 1983; Drew
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et al,, 2017; Hellard et al., 2015; Svendsen et al., 2016;
Wentz et al, 2018). On average, elite rugby union
players experience four episodes of upper respiratory
illness and one Gl complaint per season (Cunniffe
et al., 2009) with the greatest incidences reported
during pre-season and winter (Cunniffe et al, 2009;
Tiernan et al., 2020; Keaney et al., 2021). Therefore, iden-
tifying interventions that may help reduce these clinical
presentations, or accelerate illness recovery to allow
return to play is imperative for optimising players’
health and team performance.

The profile, genetic material, and functional activity of
the gut microbial community (the gut microbiome) have
a substantial influence on systemic immunity (Rober-
froid et al., 2010). Manipulation of the gut microbiome
is possible through dietary intervention, most commonly
through pro- or prebiotic dietary supplements. This may
provide a potential strategy to help reduce URS and GIS
in team sport athletes. Probiotic supplementation has
been shown to reduce URS incidence in active runners
(Cox et al, 2010; Gleeson et al.,, 2011; Strasser et al.,
2016). This improvement was attributed to better main-
tenance of salivary immunoglobulin A (slgA) (Gleeson
et al, 2011), an antibody which provides the initial
barrier of defence against invading pathogens. Further-
more, a recent 2022 update to a Cochrane meta-analysis
concluded that probiotics reduced the number and dur-
ation of URS episodes in adults and children (Zhao et al.,
2022). Similarly in elite rugby union, the use of a multi-
strain probiotic showed a trend for ~2 day reduction
in the duration of URS (Haywood et al., 2014). Currently,
the variety of probiotic strains used across different
studies creates uncertainty as to which may be most
beneficial for athlete health.

Prebiotics are substrates that are selectively utilised
by host microorganisms conferring a health benefit
(Gibson et al., 2017). Galactooligosaccharides (GOS) are
a prebiotic derived from the action of the enzyme (-
galactosidase on lactose and provide an alternative to
probiotics. Moreover, prebiotics tend to act at the
genus level thereby overcoming species variability that
exists with probiotics. Bimuno-galactooligosaccharides
(B-GOS) have been shown to increase the count and
activity of the genus Bifidobacterium (Depeint et al.,
2008; Vulevic et al., 2008) and elicit immunomodulatory
effects as shown by reductions in proinflammatory cyto-
kines (C-reactive protein and interleukin-1B) in elderly,
overweight, asthmatic, and healthy individuals (Vulevic
et al., 2013; Vulevic et al,, 2015; Williams et al., 2016).
GOS has also previously been shown to reduce the
number of URS days, and severity of GIS in a student
cohort (Hughes et al., 2011) and reduce incidence of tra-
vellers’ diarrhoea (Drakoularakou et al., 2010; Hasle et al.,,

2017). Whether similar improvements can be replicated
in elite rugby union players is currently unknown.

The aim of this study was to assess the effects of a
168-day B-GOS supplementation on the severity, dur-
ation and incidence of URS and GIS, slgA, and plasma
concentrations of C-reactive protein and TNF-a in elite
rugby union players during a competitive season. It
was hypothesised that B-GOS would reduce URS, GIS,
TNF-a, CRP and enhance slgA.

Methods
Study design and participants

The study was a randomised, double-blind, placebo-con-
trolled trial over 168-days during a regular rugby union
season in the Gallagher English Premiership. Forty-one
healthy, elite rugby union players (age 23 +4 years;
body mass 103+ 13 kg; height 186+7 cm) from a
single club volunteered to participate in the present
study. Participants were non-smokers, had no history
of gastrointestinal illness (e.g. irritable bowel syndrome,
inflammatory bowel disease, lactose intolerance, and
chronic constipation or diarrhoea), and were not regu-
larly consuming foods enriched with probiotics, prebio-
tics, or vitamins. They were matched into pairs based on
body mass and playing position before randomly being
allocated an intervention. All data were collected
between September 2019 to February 2020 in the
English autumn and winter months (temperature
range —4 to +25°C). The study duration was originally
scheduled for 252 days but was terminated at 168
days due to the Coronavirus-19 pandemic. The study
was conducted in accordance with the Declaration of
Helsinki, Human Tissue Act 2004 and approved by the
Nottingham Trent University Human Invasive Ethics
Committee (ethical protocol 612, approved 23" May
2019). All participants were informed, both verbally
and in writing, of the nature of the study before provid-
ing written consent to participate.

During the study, a typical week for participants
included four to five training days (~5 h per day), one
competitive match, and at least one day of rest. Training
included resistance, skills, fitness, tactics, and match play
exercises. Players not named in the competitive match-
day squad trained an extra day. Participants did not
follow individualised diet plans but were provided
meals onsite during training days. Similarly, no meal
plan was provided when away from the training
ground. However, individuals were instructed to avoid
any foods and supplements enriched with probiotics
(i.e. fermented products), prebiotics (i.e. foods contain-
ing prebiotic fibres), and vitamins. In addition, players



were asked to report the use of prescribed and/or over
the counter cold and flu remedies. Before each data col-
lection visit, players were asked to arrive following an
overnight fast and to have avoided using mouthwash.

Supplementation

Players were randomised to consume either 2.8 g/day of
the commercially available B-GOS (Bimuno, Clasado Bio-
sciences Ltd, Reading, UK) or 2.8 g/day placebo (malto-
dextrin) provided as a powder in single dose sachets
(Clasado Biosciences Ltd., Reading, UK). Both sup-
plements were identical in taste and colour and were
blinded at the site of manufacture (Clasado Biosciences
Ltd). The research team, club staff, and participants
remained blinded until all statistical analysis was com-
plete. Participants were provided with supplement pre-
mixed in water at the training ground and consumed
under observation by a member of club staff. On rest
days, players were instructed to mix the sachet into
water and consume it at breakfast. Participants returned
used and unused sachets to assess supplement
adherence.

Daily upper respiratory symptoms

To establish the presence of URS, participants completed
the Jackson questionnaire daily (Jackson et al., 1958).
The presence of eight symptoms (headache, chilliness,
sneezing, sore throat, malaise, cough, nasal discharge,
and nasal obstruction) were rated on a scale of 0-3 (0-
none, 1-mild, 2-moderate, and 3-severe). Total
symptom scores for each day were summed to give a
total Jackson symptom score. An episode of URS was
defined using the Jackson criteria as applied by (Marti-
neau et al., 2015) with an episode defined by any
period lasting > 3 days with a Jackson score > 14 and
the presence of nasal discharge, or a symptom score <
14 with a subjective impression of having a cold for at
least 3 days. If URS returned within one week it was
regarded as the same episode.

Weekly gastrointestinal symptoms

To assess the presence of GIS, participants completed a
GIS tool at the end of each week (Gaskell et al., 2019).
Participants were educated and advised to rate the
presence of each symptom over the past week using
the 10-point visual analogue scale, with 1-4 indicative
of mild GIS, 5-9 indicative of severe GIS, and 10 indicat-
ing extremely severe GIS. If no specific GIS was reported,
this was rated as zero. The presence of either regurgita-
tion, projectile vomiting, or defaecation was rated as
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either 0 or 10 as these are extremely severe or not
present at all. All symptom scores were summed to
give a weekly total and incidence. Symptoms associated
with the upper and lower Gl tract were also separated to
give total symptom scores for both upper and lower
regions as previously described (Gaskell et al., 2019).
To evaluate whether there were any between-group
differences when starting the study, players reported
Gl symptoms for the week prior to day 0 measurements
and the start of the intervention.

Collection and analysis of sigA

At day 0, 84, and 168, all participants provided a saliva
sample to determine slgA. Participants rinsed their
mouth using plain water and remained seated for 10-
min. An unstimulated, passive saliva sample was pro-
duced, whereby participants were instructed to tilt
their head forward and release saliva into the collection
tube for 2-mins. Samples were immediately frozen at
—20°C and then at —80°C within 48 h until analysis.
Upon analysis, samples were fully thawed at room temp-
erature and slgA concentration was determined by
enzyme-linked immunosorbent assay (ELISA) (Sali-
metrics, Philadelphia, PA). The slgA, intra- and inter-
assay variation was 3.2% and 7.3% respectively, and
the minimum detectable level of the assay was 2.5 pug/
mL which all samples exceeded. slgA secretion rate
was calculated by multiplying the concentration of
slgA (ng/mL) by the flow rate (volume/duration), result-
ing in a concentration measure per unit of time (ug/min)
as per manufacturer's instructions. For reference, in
healthy, illness free athletic populations, mean slgA
secretion rate was previously reported to be 80.3 pg/
min (Gleeson et al., 2012).

Collection and analysis of blood biomarkers of
systemic inflammation

All participants provided a blood sample at day 0 (pre
intervention), 84, and 168 to determine TNF-a and CRP
concentrations. Samples were drawn from the antecubital
vein in two 10 ml vacutainers, one containing heparin
and one containing EDTA anticoagulant (BD Vacutainer®).
Samples were then centrifuged with the plasma immedi-
ately frozen at —80°C until further analysis. TNF-a was
assessed using a high-sensitivity ELISA and CRP was
assessed using a regular ELISA protocol (R&D systems).
For TNF-q, the intra- and inter-assay variation was 7.5%
and 5.8% and the minimum detectable level of the
assay was 0.022 pg/ml which all samples exceeded. For
CRP, the intra- and inter-assay variation was 4.4% and
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7.8% and the minimum detectable level of the assay was
0.022 pg/ml which all samples exceeded.

Statistical analysis

Statistical analyses were performed using the statistical
package for social sciences (IBM SPSS version 26, lllinois,
United States). All data were checked for normal distri-
bution using a Shapiro-Wilk test. Between-group com-
parisons for body mass, height, age, average weekly
workload, and competitive minutes played were con-
ducted using an independent t-test. Between-group
comparisons were conducted for the area under the
curve (AUQ) of daily URS and weekly GIS over 168 days
using a Mann-Whitney U test to assess differences in
symptom severity. Between group differences in URS
incidence were assessed using a Mann-Whitney U test.
Between group differences in URS episode duration
and GIS-free weeks were assessed using an independent
t-test. CRP, TNF-a, and slgA secretion rate were evalu-
ated using a Mixed-model analysis of variance
(ANOVA). All significant interactions and main effects
were assessed further with pairwise comparisons using
Bonferroni corrections. Data evaluated using parametric
tests are presented as mean * standard deviation. Data
presented using non-parametric tests are presented as
median (interquartile range). Statistical significance
was set at P < 0.05.

Results
Player characteristics

Thirty-three participants (n = 17 Placebo, 16 B-GOS) from
the original 41 completed the full 168-day supplemen-
tation period. Eight participants withdrew due to non-
compliance with taking the supplement. Supplement
adherence of the remaining 33 participants did not
differ between groups (B-GOS 80.4 + 13.9% vs. placebo
78.3 + 14%; P=0.73). Body mass (B-GOS 103.4 + 14.0 kg
vs. placebo 105.2+13.2 kg), height (B-GOS 186.9 +
9.4 cm vs placebo 186.6+7.3cm), and age (B-GOS
224+ 33 years vs. placebo 24.5+5.2 years) were not
different between groups. There were no between
group differences in average weekly workload and com-
petitive minutes played (P> 0.05). No players reported
the use of cold and flu remedies throughout the dur-
ation of the study.

Upper respiratory symptoms (URS)

A Mann-Whitney U test revealed no differences in the
URS incidence rate between B-GOS (1.0+1.4) and

Placebo (1.0 + 1.0) (P=0.641). The duration of individual
URS episodes was shorter in the B-GOS group (7.4+2.8
days) compared to the placebo group (9.8 £4.1 days)
(P=0.045) (Table 1). There was no difference in AUC of
the daily symptom scores between the two groups (P
=0.77).

Gastrointestinal symptoms (GIS)

No differences in GIS over the previous 7-days prior to
the start of the intervention (day 0) were evident
between the two groups (P=0.53). A Mann-Whitney U
test revealed the AUC of total weekly symptom scores
was lower in the B-GOS group (50 [10.5-139.5]) com-
pared to the placebo group (149 [69-208]) (P=0.03)
(Figure 1(a)). AUC for weekly upper GIS scores was
lower in the B-GOS group compared to the placebo
group (P <0.001) (Figure 1(b)), but no differences were
found for lower GIS (P=0.113). The number of
symptom free weeks for total GIS (P < 0.041) and upper
GIS (P < 0.002) was higher in the B-GOS group compared
to the placebo group, whereas no differences were
evident for lower GIS (P=0.151) (Table 2).

Systemic inflammation

There was no trial x time interaction for plasma CRP
(pooled data, B-GOS 1503.27 £1356.32 ng/mL vs.
Placebo 1742.67 £ 1486.77 ng/mL) and TNF-a (pooled
data, B-GOS 0.82 +£0.25 pg/mL vs. Placebo 0.90 +0.33
pg/mL) (P> 0.05).

Salivary immunoglobulin A

There was a significant trial x time interaction for slgA
secretion rate (P=0.001). No differences were observed
in slgA secretion rates at day 0 or 84, but slgA secretion
rate was higher in B-GOS (129.23 + 38.15 pg/min) than
Placebo (90.06 +33.45 pg/min) at day 168 (P=0.004)
(Figure 2).

Discussion

The main findings of this study were that daily sup-
plementation with the dietary prebiotic B-GOS reduced
the duration of URS and incidence of Gl symptoms in
elite rugby union players over a 168-day period. Further-
more, B-GOS increased slgA secretion rate at 168 days
when compared to the placebo group. These findings
suggest that B-GOS can potentially modulate the
immune and Gl system, suppressing URS and Gl discom-
fort experienced by elite rugby union players.



Table 1. Overview of self-reported URS data
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B-GOS Placebo
Mean SD Median Range Mean SD Median Range P Value
Episode Duration (days) 742 2.83 7.00 (4-15) 9.82 4.05 10.00 (4-17) 0.045
Incidence (episode per person) 1.00 144 1.00 (0-5) 1.00 1.00 1.00 (0-3) 0.641
Severity (symptom score per episode) 4347 27.41 35.80 (14-118) 59.97 3417 50.00 (15-138) 0.118

lliness can have detrimental effects on athlete train-
ing availability and match preparation (Cunniffe et al.,
2009; Tiernan et al, 2020; Keaney et al., 2021). The
influence that the gut microbiome can have on the
immune system has encouraged research into the
potential use of dietary interventions to enhance
immune function and mitigate illness risk. To our knowl-
edge, this is the first study to assess the effect of a pre-
biotic dietary intervention on URS and GIS in an elite-
athletic population. The 2-day reduction in URS
episode duration is relevant for athletes and coaches,
potentially aiding a quicker return to play following a
URS episode. Our findings support Hughes et al who
observed reductions in GIS incidence and the percen-
tage of days with URS in academically stressed students
following a daily dose of either 2.5 g or 5 g of GOS over
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Figure 1. (a) Weekly GIS scores reported during 24-week study
(B-GOS n = 16, Placebo n = 17). AUC analysis revealed between-
groups differences in total GIS scores (P=0.03). Figure 1b.
Weekly upper GIS scores reported during 24-week study (B-
GOS n=16, Placebo n=17). AUC analysis revealed between-
groups differences in upper GIS scores (P < 0.001).

8-weeks (Hughes et al, 2011). In addition, probiotic
interventions in similar athletic cohorts have also
reported reductions in URS incidence and duration
(Cox et al, 2010; Gleeson et al., 2011; Strasser et al,,
2016 ; Haywood et al., 2014). Haywood et al also
observed a 2-day reduction in URS episode duration
and GIS incidence in elite rugby union players following
the use of a multi-strain probiotic (Haywood et al., 2014).
However, not all studies have reported improvements in
URS following probiotic supplementation (West et al.,
2011; Gleeson et al,, 2012). Differences in study out-
comes could be due to variations in URS incidents and
chosen probiotic strains. One strength of using prebiotic
dietary interventions such as B-GOS in comparison to
probiotics, is that prebiotics has been consistently
shown to reach the gut undigested and increase the
number and activity of beneficial bifidobacteria, along-
side the production of beneficial metabolites (SCFA)
(Depeint et al., 2008; Vulevic et al., 2008; Vulevic et al.,
2013).

The mechanisms by which prebiotics reduce URS and
GIS is likely to involve the increase of short chain-fatty
acid (SCFA) producing bacteria, such as bifidobacteria.
Indeed, elevated faecal SCFA concentrations have been
accompanied by enhanced gut epithelial integrity and
mucosal immunity (Mariadason et al., 1997; Hernot
et al., 2009). B-GOS has previously been shown to encou-
rage the growth of bifidobacteria in the human gut and
subsequently confer numerous health benefits such as
reduced systemic inflammation and improved immune
response in elderly and overweight populations
(Vulevic et al., 2008; Vulevic et al., 2013). In the current
study, B-GOS increased slgA secretion rates at day 168
when compared to placebo. This finding is consistent
with the notion that positive manipulation of the gut

Table 2. Symptom free weeks for GIS during 24-week study.

p-
B-GOS Placebo Mean Difference  values
Mean Mean 95% Conf.

Symptoms (SD) (SD) Interval t-test

Total GIS free 11 (5.2) 749 4(027.5) 0.041
weeks

Upper GIS free 15 (2.7) 11 (3.6) 4(1.56.1) 0.002
weeks

Lower GIS free 11 (5.0 9(49) 3(-1.0;6.3) 0.151
weeks
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Figure 2. Saliva IgA secretion rate at days 0, 84 and 168 before
and after 12 and 24 weeks of the study. (B-GOS n = 16, Placebo
n = 17), data presented as median (min-max). Asterisk (*)
denotes significant difference between groups (P < 0.05).

microbiome may support mucosal immunity and sali-
vary IgA production. A sixteen-week intervention of
the probiotic Lactobacillus casei Shirota maintained sali-
vary IgA during the winter season and reduced URS inci-
dence in active runners (Gleeson et al., 2011). However,
our findings contrast with a 12-week supplementation of
prebiotic B-GOS in obese individuals, which showed an
increase in faecal IgA but not saliva (Vulevic et al.,
2013). Nevertheless, the intervention period in that
study was only 12-weeks, thus it is possible that
changes in slgA occur between 12 and 24 weeks.

It should be noted that the total number of URS epi-
sodes across both groups in the present study was lower
than those previously reported for the winter season.
Elite rugby union players have been reported to experi-
ence four URS episodes per season (Cunniffe et al., 2009),
with the greatest incidence during winter. We reported
significantly lower rates with higher incidences in the
early part of the season. This may explain why B-GOS
had little influence on URS incidence and severity.
However, it does suggest B-GOS can still improve URS
duration even when incidence rates are low. It was
also found that participants continued to train despite
showing URS. This has been seen elsewhere in a
similar cohort and may be because the participants
were required to train when at the training site
(Cunniffe et al.,, 2009). They may also fear the possibility
of being deselected from the upcoming match. It should
also be considered that the symptoms could be non-
infection related. These are the limitations of collecting
self-reported data, and future research should determine
infections using molecular testing. Similarly, despite no
participants reporting the use of additional URS treat-
ments (e.g. cortisone nasal spray), it was not possible
to track whether participants used additional treatments
outside of the club. Another limitation was the fre-
guency of slgA and cytokine measurements. It is possible
that B-GOS reduced the duration of URS by enhancing

slgA secretion rate. However, it was beyond the scope
of the present study to examine weekly changes in
slgA and their association with URS. This should be con-
sidered for future research.

In conclusion, over a 168-day supplementation
period, the prebiotic B-GOS reduced the duration of
URS, incidence, and severity of GIS and enhanced sIgA
secretory rate in elite rugby union players. These
findings suggest that prebiotic use may have the poten-
tial to modulate immune function and reduce illness,
which may improve an athlete’s availability to train
and compete. The mechanisms by which B-GOS
reduces URS and GIS require further exploration.
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