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Abstract

Probiotic supplementation has traditionally focused on gut health. However, in recent years, the clinical applications of
probiotics have broadened to allergic, metabolic, inflammatory, gastrointestinal and respiratory conditions. Gastrointestinal
health is important for regulating adaptation to exercise and physical activity. Symptoms such as nausea, bloating, cramping,
pain, diarrhoea and bleeding occur in some athletes, particularly during prolonged exhaustive events. Several studies
conducted since 2006 examining probiotic supplementation in athletes or highly active individuals indicate modest clinical
benefits in terms of reduced frequency, severity and/or duration of respiratory and gastrointestinal illness. The likely
mechanisms of action for probiotics include direct interaction with the gut microbiota, interaction with the mucosal immune
system and immune signalling to a variety of organs and systems. Practical issues to consider include medical and dietary
screening of athletes, sourcing of recommended probiotics and formulations, dose-response requirements for different
probiotic strains, storage, handling and transport of supplements and timing of supplementation in relation to travel and
competition.

Keywords: Probiotics, supplements, gastromntestinal illness, respiratory illness

Introduction terms (probiotic and athlete, » = 23; probiotic and
rodent, n = 678; probiotic and child, n = 954;
probiotic and elderly, » = 1191). Clearly, the focus
of the research community has been investigating the
beneficial effects of probiotics as a treatment for
acute and chronic illnesses in various subgroups of
the general population. The athlete and the coach,
and their support personnel, are interested in
maintaining good health and sporting performance
(Carlson, 2010; Christensen et al., 2006).

Given the small number of studies that have

Probiotic supplementation is attracting attention of
the sports community to promote good health,
training and exercise performance. Probiotics consist
of bacteria, especially lactic acid bacteria, and are
available commercially in capsule form, as a powder
or in selected dairy products such as fermented milk
or yoghurt. Probiotics exhibit strain-specific differ-
ences in their ability to colonise the gastrointestinal
tract, in clinical efficacy and in the type and magni-
tude of benefits to health in a range of population

cohorts (Gleeson, 2013). However, investigation of examined the effects of probiotic supplementation in
the effects of probiotics in athletes has lagged behind athletes and other highly active individuals, it is
both animal studies and investigation of various somewhat premature to issue definitive clinical and
clinical conditions in the general community. A practical guidelines. To overcome the shortage of
Medline search conducted in May 2014 yielded the studies, clinicians and scientists working with athletes
following listings for various combinations of key need to translate and apply findings of selected
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studies in closely related fields. Research areas includ-
ing clinical immunology, nutritional immunology,
nutrition, sports medicine and exercise physiology
should yield useful insights (Pyne, West, & Cripps,
2013). It is often difficult to study athletes during
training and competition, and a wide range of interac-
tions between diet, physical activity and other lifestyle
stresses needs to be considered. Management of
training, lifestyle stresses and dietary practices is always
a challenge in athletes leading busy lives with sporting,
employment, family and travel commitments.

Athletes should place a high priority on good
health to maintain sporting performance. The prim-
ary interest in probiotic supplementation has tradi-
tionally been around promotion of gut health, as
mild illness may have detrimental impacts on com-
petitive performance (Pyne, Hopkins, Batterham,
Gleeson, & Fricker, 2005). The importance of the
gut in digestion and provision of energy substrates
for exercise and physical activity is well characterised
in numerous sports nutrition studies. More recently,
interest in the use of probiotics has focused on
preventing respiratory illness, particularly the com-
mon cold. From an immunological perspective, the
gut plays a primary role in mediating defence against
infection and regulating mucosal homeostasis
(Lefrangois & Puddington, 2006; Otczyk & Cripps,
2010). Host defence at mucosal surfaces lining both
the respiratory (particularly the oropharynx) and
gastrointestinal tracts protects individuals against
common pathogens. However, during prolonged or
intensive exercise, the mucosal surfaces may be
disturbed, increasing the risk of common gut pro-
blems such as nausea, bloating, cramping, pain,
diarrhoea or bleeding (de Oliveira & Burini, 2011).
Managing dietary practices, including nutritional
supplementation, could be useful in reducing the
risk of common respiratory and gut issues impairing
training and competition (Lamprecht & Frauwall-
ner, 2012). In this commentary, we consider the
background to probiotic supplementation and gut
health in athletes, review the clinical and physiolo-
gical outcomes of probiotic studies in athletes or
highly active individuals and highlight some practical
issues for effective use of probiotic supplements in
the field.

Probiotics and immune modulation

Understanding the role of the microbiota in promot-
ing and maintaining gut health and general well-
being is increasing rapidly across various fields
including clinical medicine, gastroenterology, endo-
crinology, immunology and nutrition (Maslowski &
Mackay, 2011; Pyne et al., 2013). The mucosal
lining of the gastrointestinal tract represents the first
line of defence against invading pathogens and an

important interface with the host immune system. A
key element in the immune response is the capacity
to differentiate between pathogenic (the so-called
bad bacteria) and non-pathogenic (good bacteria)
commensal microbes in the gastrointestinal tract
(Strober, 2011). Animal and human studies indicate
that the microbiota is central to health and disease, in
particular the growth and maturation of the mucosal
immune system, optimising immune responses and
preventing unnecessary and aberrant inflammatory
activity (Wallace et al., 2011). Medical research has
established that various conditions such as obesity,
metabolic syndrome and colitis are affected by the
interaction of both host (e.g. genotype and age) and
environmental factors (Binnendijk & Rijkers, 2013).
Presumably, a similar interaction might also apply to
common illnesses experienced by athletes.

The mucosal lining of the gut, genito-urinary tract
and respiratory tract hosts a thriving bacterial com-
munity. The gut is the largest physiological compart-
ment inhabited by bacteria (Briils & Weissenbach,
2011). Nutrient load can exert substantial influence
on the structure of the bacterial community (Jumpertz
et al., 2011), indicating the importance of daily
dietary practices and specific nutritional interventions
around training and competition. Given the transit of
probiotic supplements through the gastrointestinal
tract and the potential interaction with underlying
components of the immune system, it is not surpris-
ing that efforts to identify the mechanisms via which
probiotics exert positive health effects have focused
on immune modulation. As yet, there is little direct
evidence of the ways in which athletes’ dietary
practices affect their microbiota. Given the energy
requirements of different sports, management of body
mass and the need for macronutrients to sustain
performance or promote adaptation, profiling the
microbiota in athletic cohorts may hold promise in
reducing the risk of illness impairing training and
competition.

Of the multiple potential mechanisms of action for
probiotics (Table I), direct interaction with the gut
microbiota, promotion of the integrity of the intest-
inal mucosa, interaction with the mucosal immune
system and immune signalling to a variety of organs
and systems including the liver, brain and respiratory
tract have all received particular attention. A detailed
treatment of mechanisms of action is beyond the
scope of this review and interested readers are
directed elsewhere (Binnendijk & Rijkers, 2013;
Pyne et al., 2005; Statistics, 2013). In brief, probio-
tics appear to augment intestinal communication
between the host immune system and commensal
bacteria to establish mutualistic benefits. The putat-
ive roles of microbial-derived short-chain fatty acids
— particularly butyric acid (colon) —are important in
mucosal homeostasis through regulation of epithelial
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Table I. Proposed mechanisms of action for enhancing immune function in the gastrointestinal and respiratory tract with probiotics

Proposed mechanisms

References

Enhanced epithelial cell barrier function
Modified macrophage/lymphocyte cytokine secretion
Antibacterial effects of colonisation

Upregulation of antimicrobial peptides and antioxidant compound/enzyme

production
Induction of regulatory T-cells

Augmentation of communication between immune system and commensal

microbiota
Involvement of short-chain fatty acids in Treg cell homeostasis

Lamprecht et al. (2012)
Clancy et al. (2006)
Strober (2011)
Martarelli et al. (2011)

Liu et al. (2010)

Otczyk and Cripps (2010), Lefrangois and
Puddington (2006)

Geuking et al. (2013)

turnover and induction of regulatory T-cells (Treg
cells; Geuking, McCoy, & Macpherson, 2013).
Beyond the gastrointestinal tract, probiotics have an
immunomodulatory effect through the common
mucosal immune system, in which cells from induct-
ive sites, such as Peyer’s Patches in the intestines,
traffic to mucosal surfaces following interaction with
antigen-presenting cells (Statistics, 2013). In terms
of a possible mechanism for probiotics and improved
respiratory health, animal studies examining airway
hyper-responsiveness indicate that Treg cells in the
respiratory tract play an essential role in regulating
mucosal immunology (Liu et al., 2010). An abnor-
mal immune response could reflect an increased
pro-inflammatory response to a bacterial compon-
ent, a decreased immune regulatory response or a
combination of the two (Strober, 2011). Probiotics
are a potential nutritional strategy to correct these
aberrant immune responses.

Probiotics and gut health

Gastrointestinal problems can occur in athletes par-
ticipating in prolonged endurance events including
cyclists, triathletes and marathon runners (Rehrer
et al., 1992). Symptoms of nausea, cramping, bloat-
ing and diarrhoea most likely reflect redistribution of
blood flow from the gut to the peripheral circulation
for cooling purposes. Exercise-induced redistribution
of blood can result in splanchnic hypoperfusion as a
possible mechanism for gut dysfunction (van
Wijck et al.,, 2011, 2012). The physical up-and-
down movement of the gut during running could
also explain an increase in the frequency of gut
symptoms (Jeukendrup et al., 2000). Interactions
between prolonged exercise, challenging environ-
mental conditions and nutrient and fluid intake may
also increase risk of gut problems (Jeukendrup,
Jentjens, & Moseley, 2005). Probiotic supplementa-
tion in combination with other dietary strategies (e.g.
consuming well-tolerated foods and drinks, avoiding
spicy foods) could assist athletes with a history of gut
problems.

To promote benefits to gut health, the issues of
dose response and duration of supplementation must
be addressed in both research and practical settings. A
meta-analysis on probiotic efficacy for treating gastro-
intestinal illnesses indicated that dosages in the range
of 10°-10'° can exert beneficial effects (Pyne et al.,
2005). Some commercial probiotic preparations have
10-25 billion colony forming units (CFU), with one
study showing beneficial effects using a dose of 45
billion CFU (Shing et al., 2014). Other commercial
preparations contain a smaller dose of probiotics
often 10°-10'! CFU. There is an emerging trend of
manufacturers producing multi-strain probiotic pre-
parations, sometimes in combination with prebiotics
and/or other bioactive compounds. As little as seven
days of supplementation is required to elicit substan-
tial changes (colonisation) in the microbiota (Pyne
et al., 2005). The long-term effects of probiotic
administration in athletes over several months or
years on gut health, immune function and rates of
illness are unclear, as in most studies the supple-
mentation period was only for 4-16 weeks.

Reviews of probiotic supplementation

A number of reviews of probiotic supplementation in
the general population have been published in recent
years. One review reported that over 700 randomised
controlled studies using probiotics have been con-
ducted in human subjects (Wallace et al., 2011). It
appears there is sufficient evidence for using probio-
tics in the clinical prevention and treatment of various
gastrointestinal tract disorders including gastro-
enteritis, diarrhoea and inflammatory disorders such
as Crohn’s disease (Gill & Prasad, 2008). It should be
noted that evidence for probiotic health claims have
been rejected by regulatory agencies due to limita-
tions in clinical trial design and reporting (Binnendijk
& Rijkers, 2013). The two most extensively studied
probiotic species are L. acidophilus and lactic acid
bacterium or Bifidobacterium lactis. A more targeted
Cochrane review of probiotics and upper respiratory
tract illness (URTI) analysed 10 controlled trial
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studies involving 3451 subjects (Hao, Lu, Dong,
Huang, & Wu, 2011). The mean effect of probiotics
was a ~40% reduction in the likelihood of an URTI
episode, and ~30% reduction in the rate of medica-
tion usage (antibiotic prescription) for individuals
experiencing an acute URTI. However, there was
considerable imprecision around these estimates and
further investigation was suggested. The most recent
authoritative systematic review (King, Glanville, San-
ders, Fitzgerald, & Varley, 2014) concluded that
significantly fewer numbers of days of illness per
person, shorter illness episodes by almost a day
without an increase in the number of illness episodes
and fewer numbers of days absent from day care/
school/work in participants are the likely beneficial
effects in individuals supplementing with a probiotic.

Studies on probiotics in athletes

Probiotic studies in athletes can be divided into one
of two categories: general commentaries and reviews
or randomised controlled experimental studies. A
number of general commentaries and reports on
probiotic supplementation in athletes have been
published recently (Lamprecht & Frauwallner,
2012; Gleeson, 2013; Pyne et al., 2013). A summary
of experimental studies detailing the subjects, pro-
biotic species, dosage and clinical and immunolo-
gical outcomes from 2006 is shown in Table II. We
identified a total of 15 relevant experimental stud-
ies from an initial Medline search using the key
term “probiotic athlete” but excluding commentar-
ies, animal studies and review articles. The most
commonly studied species in athletes and active
individuals are Lactobacillus casei, L. fermentum, L.
acidophilus and L. rhamnosus. The general approach
in this type of study has been to determine the effects
of probiotics on clinical measures of illness and
immune function in a placebo-controlled experi-
mental design. Some short-term studies (typically 4
weeks in duration) examining the physiological
effects of probiotic supplementation (changes in gut
microflora and immune function) are probably too
short to realistically evaluate longer term clinical
implications (West, Pyne, Peake, & Cripps, 2009).
Experimental studies of probiotic supplementation
in athletes should therefore investigate parallel
changes in both clinical outcomes and immune
function over a period of several weeks to a few
months (Aagaard et al., 2013).

An initial study of probiotic supplementation in
fatigued athletes presenting at a medical clinic was
reported in 2006 (Clancy et al., 2006). At baseline,
the whole-blood culture level of interferon-y in the
fatigued athletes was approximately half that of
healthy control athletes. Subjects were supplemented
with L. acidophilus at a dosage of 2.0 x 10'° cells per

day for four weeks which restored interferon-y
secretion. These findings suggestive of a T-cell
defect in fatigued athletes, and its reversal following
probiotic therapy, are noteworthy given the central
role that T-cells (and Treg cells in particular) play in
immune homeostasis (Geuking et al.,, 2013). A
number of research groups continue to explore the
role of Tregs in maintaining inflammatory control in
various athlete cohorts.

A double-blind, placebo-controlled cross-over
trial investigated the use of L. fermentum in 20 elite
male runners over a four-month winter training
season (Cox, Pyne, Saunders, & Fricker, 2010).
Athletes who were administered the probiotic for
one month reported less than half the number of
days of respiratory symptoms than the placebo
group. Illness severity was also lower for episodes
occurring during the supplementation period. To
address the question of differences in response to
probiotics between males and females, a randomised
controlled trial involving a large number (z = 99) of
physically active male and female adults was con-
ducted (West et al., 2011). A substantial reduction
in respiratory and gastrointestinal symptoms for
males, but not females, was observed after 77 days
of L. fermentum supplementation. Faecal microbial
composition revealed that Lactobacillus numbers
increased 7.7-fold (90% confidence limits 2.1- to
28-fold) in males receiving probiotic, while there was
an unclear 2.2-fold (0.2- to 18-fold) increase in
females receiving the probiotic. The number and
duration of mild gastrointestinal symptoms were ~2-
fold greater in the probiotic group. There was no
apparent explanation for the differential clinical
responses between males and females. The extent
to which observed differences between the sexes are
biological and/or environmental in nature is unclear.

At least three studies have examined the effects of
L. rhamnosus supplementation. A randomised dou-
ble-blind intervention study examined 141 runners
taking either a placebo or L. rhamnosus for three
months leading into a marathon (Kekkonen et al.,
2007). There were no significant differences in the
number of episodes of respiratory or gastrointestinal
tract illness in the two weeks after the marathon.
There was, however, a trend towards shorter dura-
tion of gastrointestinal symptom episodes in the
probiotic group (4.3 d vs. 2.9 d in the controls). A
more recent investigation examined the effectiveness
of L. rhamnosus in combination with L. paracasei at a
dosage of 2 x 10° cells per day for four weeks
(Martarelli et al., 2011). Similar to a number of other
probiotic studies, changes in immune function but
not clinical measures were reported. The study was
partially limited in the sense that it was not placebo
controlled as the control group did not consume any
supplements. In this study, supplementation with the
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Table II. Chronology of studies from 2006 to 2014 involving the clinical and immunological effects of probiotic supplementation in trained

individuals
Study Subject group/ Clinical measures and Immunological measures and
References Design Supplementation outcomes outcomes
Clancy Active individuals L. acidophilus, 2.0 x 10'° cells  Not reported Increased whole-blood culture
et al. (n = 18)/fatigued per day in capsules for 4 wk secretion of interferon-y post-
(2006) athletes (n = 9) supplementation. No effect on
Prospective single whole blood culture secretion
group intervention of IL-4, I1-12 or salivary IgA
concentration
Moreira, Marathon runners L. rhamnosus (LGG), milk- No substantial difference in The marathon induced a
Kekkonen, (n = 141) based drink 4.0 x 10'° CFU symptoms of atopy or asthma significant eosinopenia (~60%)
Korpela, Placebo-controlled  for 12 wk but had no effect on serum
Delgado, pre—post controlled eosinophil cationic protein or
and trial total IgE. No differences in
Haahtela changes were seen between
(2007) groups receiving LGG or
placebo
Kekkonen Marathon runners L. rhamnosus (LGG), milk- lduration of GI symptoms (2.9 Haematological parameters
et al. (n = 141) based drink 4.0 x 10'° CFU vs 4.3 days) within reference range for both
(2007) Placebo-controlled  for 12 wk Trivial difference in mean groups throughout study
pre—post controlled number of healthy days (79 vs
trial 73 days)
Tiollier French commandos L. casei, milk-based drink for Trivial effect on URTI but a tdehydroepiandrostane sulfate
et al. 3-week training 4 wk significantly greater proportion  with supplementation.
(2007) followed by a 5-day of rhinopharyngitis in the Maintenance of IgA
combat course. probiotic group (p < 0.05) concentration post-
Placebo controlled supplementation in probiotic
but not placebo group.
Cox Distance runners L. fermentum, 1.2 x10'° as a 150% lower number of days Twofold greater change in
et al. (n = 20) freeze-dried powder in gelatin ~ with illness with self-reported whole-blood culture interferon-y
(2010) Placebo-controlled capsules. symptoms of respiratory illness  with probiotic supplementation.
pre—post controlled No substantial differences in the
trial mean change in salivary IgA and
IgAl levels, or in I1.-4 and I1-12
levels
Martarelli Active individuals L. rhamnosus, L. Paracasei Not reported Both probiotics increased
et al. (n = 24) x 10° bacteria for 4 wk plasma antioxidant levels by
(2011) Pre—post controlled ~9% (p<0.05), thus
trial with control neutralising reactive oxygen
(but no placebo species.
treatment) group
Gleeson Active individuals L. casei (Shirota) 1.3 x 10! 136% proportion of subjects Saliva IgA concentration was
et al. (n = 84) cells per day for 16 wk with URTI higher on L. casei than placebo
(2011) Placebo-controlled | number of URTTI episodes (p = 0.03); this difference was
pre—post controlled (1.2) compared with (2.1) over not evident at baseline but was
trial study period significant after 8 and 16 wk of
supplementation. No
significant effect on IgG, IgM
and total immunoglobulin
West Active individuals L. fermentum, 1.0 x 10° cells 131% in illness load (duration  No substantial difference in
et al. (n = 80) per day in capsules for 11 wk X severity) of URTT in males lactoferrin, lysozyme and IgA.
(2011) Placebo-controlled but not females ~20-75% smaller perturbations
pre—post controlled | severity of GI symptoms in in acute post-exercise anti-
trial males inflammatory and pro-
inflammatory cytokines after
probiotic supplementation
West Active individuals L. paracasei, Bifidobacterium Not reported Ninefold increase after
et al. (n = 22) amimalis, L.acidophilus, L. probiotic supplementation in
(2012) Placebo-controlled rhamnosus at dose between 4.6 L. paracasei numbers and 50%

pre—postcontrolled
trial

and 6 X 10® two prebiotics
(raftiline and raftilose),
lactoferrin (50 mg) and
immunoglobulins (200 mg)

smaller increase in serum IL-
16. No substantial effects of
either supplement on faecal
short-chain fatty acid
concentrations, measures of
mucosal immunity or GI
permeability
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Table II (Continued)

Study Subject group/ Clinical measures and Immunological measures and
References Design Supplementation outcomes outcomes
Viliméki Marathon runners L. rhamnosus GG 3 x 10" cells Not reported Probiotics did not have any
et al. (n = 127) per day for 3 months prior to substantial effect on serum
(2012) Placebo-controlled  marathon LDL or antioxidants
pre—post controlled
trial
Lamprecht Trained men (n = Multi-species probiotics (10'®  Not reported lzonulin in faeces (~25%), a
et al. 23) CFU/day) for 14 weeks marker indicating improved
(2012) Placebo-controlled intestinal barrier integrity.
pre—post controlled Probiotic supplementation
trial consisting of reduced TNF-a concentration
triple-step test cycle by ~25% at rest and post-
ergometry exercise, and exercise-induced
protein oxidation by ~8%.
Gleeson Active individuals L salivarius, 2 x 10'° CFU per No substantial difference in No substantial difference in
et al. (n = 66) in day for 16 weeks frequency, duration or severity  blood leukocyte, neutrophil,
(2012) endurance training of URTI monocyte and lymphocyte
Placebo-controlled counts; saliva IgA and lysozyme
pre—post controlled concentrations between
trial L. salivarius and placebo
West Active individuals B. lactis Bl-04 2.0 x 10'° CFU  |URTI frequency in the Bl-04 Not reported
et al. (n = 465; 241 per day; L. acidophilus NCFM  group (hazard ratio 0.73; 95%
(2014) males, 124 females  and B. lacts Bi-07 5 X 1079 confidence interval 0.55-0.95;
aged 18-65yr) CFU each per day as a compared to placebo
Placebo-controlled  powdered drink for 150 days
pre—post controlled
trial
Haywood Rugby union L. gasseri: 2.6 X10"12, Only 16/30 on probiotic Not reported
et al. players (n = 30) B. bifidum: 0.2 X10"12, B. experienced URTI or GITI
(2014) Single group cross-  longum: 0.2 X102 CFU in whereas 24/30 did on placebo.
over design with 28-  capsule form for 28 days Inumber of days with URTT in
day washout period. probiotic group (3.4) compared
Placebo controlled with placebo (5.8)
Shing Runners (z = 10) 45 billion CFU of Lactobacillus, tincreased run time to fatigue  No significant effect of
et al. Single group cross-  Bifidobacterium and (min:s 37:44 £ 2:42 versus probiotic supplementation on
(2014) over design with 28-  Streprococcus strains 33:00 % 2:27; P = 0.03)) lipopolysaccharide

day washout period.
Placebo controlled.

concentration. Small to
moderate reduction in urine
lactulose:rhamnose and a small
reduction in gastrointestinal
discomfort with probiotics. No
significant effect on IL-6, IL-10
and IL-1ra.

URTTI = upper respiratory tract illness; GI = gastrointestinal; GITI =

interleukin; IgA = immunoglobulin A; and IgE = immunoglobulin E.

gastrointestinal tract illness; CFU = colony forming units; IL =

dual formulation of probiotics increased plasma
antioxidant levels.

Two studies have examined the effects of L. caser
supplementation in healthy highly active individuals.
Probiotic supplementation with L. caser by 47
French commando cadets during a three-week
training course, followed by a five-day combat
course, had little effect on the incidence of respirat-
ory tract illness (Tiollier et al., 2007). Another study
of active individuals involved 84 subjects consuming
L. caser (Shirota) or placebo for 16 weeks. Subjects
in the experimental (L. casei) group had substantially

fewer upper respiratory illnesses with 36% fewer
subjects reporting illness compared with the control
group (Gleeson, Bishop, Oliveira, & Tauler, 2011).
Better maintenance of salivary IgA levels was pro-
posed as one possible explanation for the improved
clinical picture in the probiotic group in comparison
with the placebo group that exhibited a reduction in
salivary IgA.

In 2012, there were a number of studies that
examined probiotic supplementation ranging from 4
to 16 weeks in duration in various settings. Two of
the studies employed a single probiotic (Gleeson



Downloaded by [National Sport Info Centre], [Mr David Pyne] at 15:24 27 October 2014

et al., 2012; Vilimdki et al., 2012), while the
other two examined a multi-strain formulation
(Lamprecht et al., 2012; West et al., 2012). Notably,
only one of the four studies reported clinical mea-
sures of upper respiratory illness (with no clinically
significant effects) and the immunological measures
were different in each case (salivary IgA, white blood
cells and antimicrobial protein concentration; serum
low-density lipoproteins and antioxidants; gut per-
meability markers; and serum cytokines) in a variety
of pathology specimens including blood, saliva and
faecal samples. This diversity of biomarkers illus-
trates the challenge in clearly identifying the
immunological, physiological and health benefits of
probiotics in various groups of athletes.

From a practical perspective, the magnitude of
translational outcomes or clinical benefits is the key
consideration for athletes and coaches. A large
clinical trial (n = 465 active adults) investigating
the effects of B. lacts for 28 days reported a 27%
reduction in the frequency of URTI, although the
95% confidence interval around the estimate implies
that the true underlying reduction was most likely
between 5 and 45% (West et al., 2014). A smaller
sports-based study on rugby players (four weeks of a
multi-species probiotic supplement) also reported a
27% reduction in the frequency of URTI (Haywood
et al., 2014). The mean duration of URTI was two
days less in the probiotic group. Of particular
interest is a small cross-over study of 10 runners
taking a multi-species formulation of Lactobacillus,
Bifidobacterium and Streptococcus strains (Shing et al.,
2014). A moderate enhancement of run time to
fatigue in hot conditions with probiotic supple-
mentation was observed, accompanied by reductions
in gut permeability and gastrointestinal discomfort in
comparison with the control group. Future studies of
probiotics need to include measures of athletic
performance to accompany clinical measures of

Screening * Medical review
* Dietary review
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illness and underlying immune and inflammatory
markers.

Taken together these studies in athletes provide
modest evidence that probiotics can provide some
clinical benefits in athletes and other highly active
individuals. The difficulty in interpreting the studies
is illustrated by variations in clinical outcome mea-
sures. Of the 15 studies in this analysis, a total of six
did not report any clinical data on illness or
symptoms of illness. Furthermore, a failure to report
against defined primary outcomes makes it difficult
to interpret the true effects of supplementation. Only
one study reported directly an ergogenic effect of
probiotics on sporting performance (Shing et al.,
2014). However, 10 out of 13 studies reported
beneficial changes in immune and inflammatory
markers. Similarly, a recent review of probiotics in
respiratory virus infections in the general population
showed that 28 out of 33 studies reported beneficial
effects (King et al., 2014). Given the small number
of studies, and substantial variation in experimental
approaches, dependent measures and outcomes,
more well-designed studies of probiotic supple-
mentation in various athlete groups are warranted.
These studies will clarify the issue of clinical/prac-
tical significance of reported benefits in addition to
statements of statistical significance (Stapleton,
Scott, & Atkinson, 2009).

Practical recommendations for athletes

Several practical strategies have been suggested for
more effective usage of probiotic supplementation in
the sporting community (Figure 1). Although pro-
biotics are most well known in relation to their
purported effects in moderating common gastroin-
testinal illnesses, the purported benefits in the respir-
atory tract (West et al., 2011) could be useful for
athletes experiencing recurrent or persistent common
cold and flu-like symptoms. Athletes contemplating

. *  Sourcing of supplements
Planning * Dose-response issues
» Individual tolerance and side effects
Handling » Storage and handling
*  Transport

Implementing .

Start 14 days prior
* Review and monitor

Figure 1. Practical issues for athletes considering the use of probiotic supplementation.
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the use of probiotic supplementation should do so on
the basis of informed choices and practitioner involve-
ment. Physicians and dieticians should review health
care and consumer information on specific applica-
tions, dosage and possible contraindications of pro-
biotic supplementation for each individual athlete.
Supplementation should be considered as part of a
full dietary review given that nutrient needs should be
met by consumption of wholefoods rather than
supplements — recommendation of dietary supple-
ments to developing athletes might overemphasise
their importance in comparison to other training and
dietary strategies (Desbrow et al., 2014). In this
context, it is also important to remember that some
probiotic products contain energy and carbohydrate
that can form part of an athlete’s overall nutrition
plan. Only reputable sources of commercially avail-
able supplements should be used to reduce the risk of
contaminants that might contravene doping in sport
regulations (Maughan, 2005). Athletes should be
educated on the likely risks of contamination given
that the World Anti-Doping Agency enforces a
principle of strict liability for positive test results
involving banned substances. Different formulations
of probiotics from tablets or capsules to powder
(added to drinks) or probiotic-enriched chews
(Lehtoranta et al., 2014) are available to meet indi-
vidual preferences.

Although probiotic supplementation and their
possible health benefits have generated substantial
interest in the general and sporting communities, it
can be difficult to obtain or source particular strains
or formulations recommended by a physician or
dietician. Sufficient time must be allowed for sour-
cing of specific probiotic formulations particularly if
they are not available in local settings. Probiotic
supplementation should be trialled during the pre-
season phase, or otherwise the early- to mid-stages of
a competitive season, so the athlete is familiar with
taking the supplements. Dose-response studies are
best conducted under controlled conditions of a
research trial, but case or case-control study analysis
of group and individual athlete responses should be
useful. A short-term trial of probiotics is useful in
characterising individual tolerance and the presence
of any adverse effects.

Probiotic supplements should be packaged,
stored, handled and transported in an appropriate
manner. The original proprietary containers (with
instructions) should be retained and used where
possible to avoid traversing international borders
with unidentifiable nutritional supplements. Athletes
should take particular care in warm to hot environ-
ments and avoid, where possible, leaving supple-
ments outdoors for long periods in direct sunlight,
in a motor vehicle or near an oven or other

heat-generating appliances. New technology has led
to probiotic supplements that do not require refri-
geration, which may be ideal for athletes during
travel. Supplements should also be kept dry at all
times. During travel it might be useful for individuals
to keep probiotics with other nutritional supplies,
supplements, ergogenic acids or medications, or
held by team personnel as required.

In terms of implementation, probiotic supple-
mentation should commence at least 14 days before
overseas travel or a major training camp or competi-
tion to allow adequate time for colonisation of
bacterial species in the gut. A particular issue is the
increased risk of gastrointestinal problems during
international travel, particularly to countries with
challenges related to food hygiene and associated
risk of gut illness (Shaw, Leggat, & Chatterjee,
2010). Prophylactic supplementation with probiotics
for individuals and athletes travelling to these regions
or areas could form part of an overall illness
prevention plan. Tolerance and side effects should
be monitored by the athlete, coach and support staff
and a medical opinion sought if there is ongoing
concern. It is not unusual to experience transient
increased activity in the gut during the colonisation
period (e.g stomach rumbles, increased flatulence)
and athletes should be informed that mild side
effects for a few days are not uncommon (West et al.,
2011). Athletes should be encouraged to review and
monitor probiotic consumption on a daily basis to
promote compliance and best practice usage. Com-
pliance might be improved by having athletes take
the probiotic supplement at the same time each day —
for example at breakfast time.

Conclusions

It appears that probiotic supplementation can yield
small beneficial effects in promoting health in
trained individuals. Probiotics may reduce the risk
of respiratory and gastrointestinal illness during
stressful periods of training and competition. The
clinical benefits of probiotics are most likely
mediated by changes in gut microbiota and
enhanced mucosal barrier integrity in the gastro-
intestinal and respiratory tracts. Practical issues
around probiotic supplementation include medical
and dietary review of individual athletes, exposure to
probiotics well before competition to establish indi-
vidual tolerance and possible side effects and daily
monitoring during periods of intensive training and
competition. More research is required to clarify
issues of strains, dose-response, mechanisms and
best practice models for probiotic implementation in
the sporting community.



Downloaded by [National Sport Info Centre], [Mr David Pyne] at 15:24 27 October 2014

Funding

The authors have been the recipients of research
funding from Probiomics Ltd, Probiotec Pharma Pty
Ltd, Christian Hansen A/S and DuPont Nutrition and
Health.

References

Aagaard, K., Petrosino, J., Keitel, W., Watson, M., Katancik, ]J.,
Garcia, N., ... Versalovic, J. (2013). The human microbiome
project strategy for comprehensive sampling of the human
microbiome and why it matters. The FASEB Journal, 27, 1012—
1022. doi:10.1096/1;.12-220806

Australian Bureau of Statistics. (2013). Australian Health Survey:
Physical Actviry, 2011-12. ABS Catalogue, 4365.0.55.04.
Canberra: Australian Bureau of Statistics.

Binnendijk, K., & Rijkers, G. (2013). What is a health benefit? An
evaluation of EFSA opinions on health benefits with reference
to probiotics. Beneficial Microbes, 4, 223-230. do0i:10.3920/
BM2013.0019

Briils, T., & Weissenbach, J. (2011). The human metagenome:
Our other genome? Human Molecular Genetics, 20, R142-R148.

Carlson, A. (2010). Probiotics - hype or help for athletes? Peak
Performance, 5-7. Retrieved October 14, 2014, from http://.
pponline/co.uk/encyc/sports-supplements-are-probiotics-a-help-
or-hindrance-for-athletes-41574

Christensen, H. R., Larsen, C. N., Kaestel, P., Rosholm, L. B.,
Sternberg, C., Michaelson, K. F., & Frokiaer, H. (2006).
Immunomodulating potential of supplementation with probio-
tics: A dose-response study in healthy young adults. FEMS
Immunology and Medical Microbiology, 47, 380-390. doi:10.1111/
j.1574-695X.2006.00109.x

Clancy, R. L., Gleeson, M., Cox, A., Callister, R., Dorrington,
M., D'Este, C., ... Henriksson, A. (2006). Reversal in fatigued
athletes of a defect in interferon gamma secretion after
administration of Lactobacillus acidophilus. British Fournal of
Sports Medicine, 40, 351-354. doi:10.1136/bjsm.2005.024364

Cox, A. J., Pyne, D. B., Saunders, P. U., & Fricker, P. A. (2010).
Oral administration of the probiotic Lactobacillus fermentum VRI-
003 and mucosal immunity in endurance athletes. British Fournal
of Sports Medicine, 44, 222-226. d0i:10.1136/bjsm.2007.044628

de Oliveira, E. P., & Burini, R. C. (2011). Food-dependent,
exercise-induced gastrointestinal distress. Journal of the Interna-
tional Sociery of Sports Nutrition, 8, 12. doi:10.1097/00042752-
200209000-00004

Desbrow, B., McCormack, J., Burke, L., Cox, G., Fallon, K.,
Hislop, M., ... Leveritt, M. (2014). Sports dietitians Australia
position statement: Sports nutrition for the adolescent athlete.
International Journal of Sports Nutrition and Exercise Metabolism.
[Epub ahead of print], March 25.

Geuking, M., McCoy, K., & Macpherson, A. (2013). Metabolites
from intestinal microbes shape Treg. Cell Research, 23, 1339—
1340. doi:10.1038/cr.2013.125

Gill, H., & Prasad, H. (2008). Probiotics, immunomodulation,
and health benefits. In Z. Bosze (Ed.), Bioactive component of
milk (pp. 423-454). New York, NY: Springer.

Gleeson, M. (2013). Intense exercise training and immune
function. Nestlé Nutrition Institute Workshop series, 76, 39-50.
do0i:10.1159/000350254

Gleeson, M., Bishop, N., Oliveira, M., McCauley, T., Tauler, P., &
Lawrence, C. (2012). Effects of a Lactobacillus salivarius probio-
tic intervention on infection, cold symptom duration and
severity, and mucosal immunity in endurance athletes. Interna-
tional Fournal of Sports Nutrition and Exercise Metabolism, 22,
235-242.

Probiotics supplementation for athletes 9

Gleeson, M., Bishop, N. C., Oliveira, M., & Tauler, P. (2011).
Daily probiotic’s (Lactobacillus casei Shirota) reduction of
infection incidence in athletes. International Fournal of Sports
Nutrition and Exercise Metabolism, 21, 55-64.

Hao, Q., Lu, Z., Dong, B. R., Huang, C. Q., & Wu, T. (2011).
Probiotics for preventing acute upper respiratory tract infec-
tions. Cochrane Database Systematic Reviews, 9, CD006895.

Haywood, B., Black, K., Baker, D., McGarvey, J., Healey, P., &
Brown, R. (2014). Probiotic supplementation reduces the
duration and incidence of infections but not severity in elite
rugby union players. Journal of Science and Medicine in Sport, 17,
356-360. doi:10.1016/j.jsams.2013.08.004

Jeukendrup, A. E., Jentjens, R. L., & Moseley, L. (2005).
Nutritional considerations in triathlon. Sports Medicine, 35,
163-181. doi:10.2165/00007256-200535020-00005

Jeukendrup, A. E., Vet-Joop, K., Sturk, A., Stegen, J. H., Saris,
W. H., & Wagenmakers, A. J. (2000). Relationships between
gastro-intestinal complaints and endotoxemia, cytokine release
and the acute-phase reaction during and after a long-distance
triathlon in highly trained men. Clinical Sciences, 98, 47-55.
doi:10.1042/CS19990258

Jumpertz, R., Le, D., Turnbaugh, P. J., Trinidad, C., Bogardus,
C., Gordon, J. I., & Krakoff, J. (2011). Energy-balance studies
reveal associations between gut microbes, caloric load, and
nutrient absorption in humans. American Fournal of Chinical
Nuzrition, 94, 58-65. doi:10.3945/ajcn.110.010132

Kekkonen, R. A., Vasankari, T. J., Vuorimaa, T., Haahtela, T.,
Julkunen, I., & Korpela, R. (2007). The effect of probiotics on
respiratory infections and gastrointestinal symptoms during
training in marathon runners. International Fournal of Sports
Nutrition and Exercise Metabolism, 17, 352-363.

King, S., Glanville, J., Sanders, M., Fitzgerald, A., & Varley, D.
(2014). Effectiveness of probiotics on the duration of illness in
healthy children and adults who develop common acute
respiratory infectious conditions: A systematic review and
meta-analysis. British  Journal of Nurition, 112, 41-54.
doi:10.1017/S0007114514000075

Lamprecht, M., Bogner, S., Schippinger, G., Steinbauer, K.,
Fankhauser, F., Hallstroem, S., ... Greilberger, ]J. (2012).
Probiotic supplementation affects markers of intestinal barrier,
oxidation, and inflammation in trained men: A randomized,
double-blinded, placebo-controlled trial. Fournal of the Interna-
tional Society of Sports Nutrition, 9, 45. doi:10.1152/japplphysiol.
00164.2004

Lamprecht, M., & Frauwallner, A. (2012). Exercise, intestinal
barrier dysfunction and probiotic supplementation. Medicine
and Sport Science, 59, 47-56. doi:10.1159/000342169

Lefrangois, L., & Puddington, L. (2006). Intestinal and pulmon-
ary mucosal T cells: Local heroes fight to maintain the status
quo. Annual Review of Immunology, 24, 681-704.

Lehtoranta, L., Kalima, K., He, L., Lappalainen, M., Roivainen,
M., Nirkio, M., ... Pitkdranta, A. (2014). Specific probiotics
and virological findings in symptomatic conscripts attending
military service in Finland. Journal of Clinical Virology, 60, 276~
281. doi:10.1016/j.jcv.2014.03.021

Liu, J., Ruckwardt, T. J., Chen, M., Nicewonger, J. D.,
Johnson, T. R., & Graham, B. S. (2010). Epitope-specific
regulatory CD4 T cells reduce virus-induced illness while
preserving CD8 T-cell effector function at the site of
infection. Fournal of Virology, 84, 10501-10509. doi:10.1128/
JVI.00963-10

Martarelli, D., Verdenelli, M. C., Scuri, S., Cocchioni, M., Silvi,
S., Cecchini, C., & Pompei, P. (2011). Effect of a probiotic
intake on oxidant and antioxidant parameters in plasma of
athletes during intense exercise training. Current Microbiology,
62, 1689-1696. doi:10.1007/s00284-011-9915-3


http://dx.doi.org/10.1096/fj.12-220806
http://dx.doi.org/10.3920/BM2013.0019
http://dx.doi.org/10.3920/BM2013.0019
http://.pponline/co.uk/encyc/sports-supplements-are-probiotics-a-help-or-hindrance-for-athletes-41574
http://.pponline/co.uk/encyc/sports-supplements-are-probiotics-a-help-or-hindrance-for-athletes-41574
http://.pponline/co.uk/encyc/sports-supplements-are-probiotics-a-help-or-hindrance-for-athletes-41574
http://dx.doi.org/10.1111/j.1574-695X.2006.00109.x
http://dx.doi.org/10.1111/j.1574-695X.2006.00109.x
http://dx.doi.org/10.1136/bjsm.2005.024364
http://dx.doi.org/10.1136/bjsm.2007.044628
http://dx.doi.org/10.1097/00042752-200209000-00004
http://dx.doi.org/10.1097/00042752-200209000-00004
http://dx.doi.org/10.1038/cr.2013.125
http://dx.doi.org/10.1159/000350254
http://dx.doi.org/10.1016/j.jsams.2013.08.004
http://dx.doi.org/10.2165/00007256-200535020-00005
http://dx.doi.org/10.1042/CS19990258
http://dx.doi.org/10.3945/ajcn.110.010132
http://dx.doi.org/10.1017/S0007114514000075
http://dx.doi.org/10.1152/japplphysiol.00164.2004
http://dx.doi.org/10.1152/japplphysiol.00164.2004
http://dx.doi.org/10.1159/000342169
http://dx.doi.org/10.1016/j.jcv.2014.03.021
http://dx.doi.org/10.1128/JVI.00963-10
http://dx.doi.org/10.1128/JVI.00963-10
http://dx.doi.org/10.1007/s00284-011-9915-3

Downloaded by [National Sport Info Centre], [Mr David Pyne] at 15:24 27 October 2014

10 D.B. Pyne et al.

Maslowski, K. M., & Mackay, C. R. (2011). Diet, gut micro-
biota and immune responses. Nature Immunology, 12(1), 5-9.
do0i:10.1038/ni0111-5

Moreira, A., Kekkonen, R., Korpela, R., Delgado, L., & Haahtela,
T. (2007). Allergy in marathon runners and effect of Lactoba-
cillus GG supplementation on allergic inflammatory markers.
Respiratory Medicine, 101(6), 1123-1131.

Maughan, R. (2005). Contamination of dietary supplements and
positive drug tests in sport. ¥SS, 23, 883-889.

Otczyk, D. C., & Cripps, A. W. (2010). Mucosal immunization: A
realistic alternative. Human Vaccines, 6, 978-1006. doi:10.4161/
hv.6.12.13142

Pyne, D., Hopkins, W., Batterham, A., Gleeson, M., & Fricker, P.
(2005). Characterising the individual performance responses to
mild illness in international swimmers. British Fournal of Sports
Medicine, 39, 752-756. doi:10.1136/bjsm.2004.017475

Pyne, D., West, N., & Cripps, A. (2013). Probiotics and immune
response to exercise. American Journal of Lifestyle Medicine, 7,
51-59. doi:10.1177/1559827612449599

Rehrer, N. J., Brouns, F., Beckers, E. J., Frey, W. O., Villiger, B.,
Riddoch, C. J., ... Saris, W. H. M. (1992). Physiological
changes and gastro-intestinal symptoms as a result of ultra-
endurance running. European Fournal of Applied Physiology and
Occupational Physiology, 64(1), 1-8. doi:10.1007/BF00376431

Shaw, M. T., Leggat, P. A., & Chatterjee, S. (2010). Travelling to
India for the Delhi XIX Commonwealth Games 2010. Travel
Medicine and Infectious Diseases, 8, 129-138. doi:10.1016/j.
tmaid.2010.04.007

Shing, C., Peake, J., Lim, C., Briskey, D., Walsh, N., Fortes, M.,
... Vitetta, L. (2014). Effects of probiotics supplementation on
gastrointestinal permeability, inflammation and exercise per-
formance in the heat. European Fournal of Applied Physiology,
114, 93-103. doi:10.1007/s00421-013-2748-y

Stapleton, C., Scott, M., & Atkinson, G. (2009). The “so what”
factor: Statistical versus clinical [corrected] significance. Inzer-
national Fournal of Sports Medicine, 30, 773-774. d0i:10.1055/s-
0029-1241216

Strober, W. (2011). Gut microbes: Friends or fiends? Nature
Medicine, 16, 1195-1197. doi:10.1038/nm1110-1195

Tiollier, E., Chennaoui, M., Gomez-Merino, D., Drogou, C.,
Filaire, E., & Guezennec, C. Y. (2007). Effect of a probiotics

supplementation on respiratory infections and immune and
hormonal parameters during intense military training. Military
Medicine, 172, 1006-1011.

Vilimaéki, I., Vuorimaa, T., Ahotupa, M., Kekkonen, R., Korpela,
R., & Vasankari, T. (2012). Decreased training volume and
increased carbohydrate intake increases oxidized LDL levels.
International Journal of Sports Medicine, 33, 291-296.

van Wijck, K., Lenaerts, K., Grootjans, J., Wijnands, K., Poeze,
M., van Loon, L., ... Buurman, W. (2012). Physiology and
pathophysiology of splanchnic hypoperfusion and intestinal
injury during exercise: Strategies for evaluation and prevention.
American Fournal of Physiology: Gastrointestinal and Liver Physi-
ology, 303, G155-G168. doi:10.1152/ajpgi.00066.2012

van Wijck, K., Lenaerts, K., van Loon, L., Peters, W., Buurman,
W., & Dejong, C. (2011). Exercise-induced splanchnic hypo-
perfusion results in gut dysfunction in healthy men. PLoS One,
6, €22366. doi:10.1371/journal.pone.0022366

Wallace, T. C., Guarner, F., Madsen, K., Cabana, M. D.,
Gibson, G., Hentges, E., & Sanders, M. E. (2011). Human
gut microbiota and its relationship to health and disease.
Nutrition Reviews, 69, 392-403. doi:10.1111/j.1753-4887.20
11.00402.x

West, N., Horn, P., Pyne, D., Gebski, V., Lahtinen, S., Fricker,
P., & Cripps, A. (2014). Probiotic supplementation for respir-
atory and gastrointestinal illness symptoms in healthy physically
active individuals. Clinical Nutrition, 33, 581-587. d0i:10.1016/
n.clnu.2013.10.002

West, N., Pyne, D., Cripps, A., Christophersen, C., Conlon, M.,
& Fricker, P. (2012). Gut Balance, a symbiotic supplement,
increases fecal Lactobacillus paracaser but has little effect on
immunity in healthy physically active individuals. Gur Microbes,
3, 221-227. doi:10.4161/gmic.19579

West, N., Pyne, D., Cripps, A., Hopkins, W., Eskesen, D.,
Jairath, A., ... Fricker, P. (2011). Lactobacillus fermentum
(PCC®) supplementation and gastrointestinal and respiratory-
tract illness symptoms: A randomised control trial in athletes.
Nutrition Fournal, 10, 30. doi:10.1111/.1753-4887.2007.tb00
272.x

West, N. P., Pyne, D. B., Peake, J]. M., & Cripps, A. W. (2009).
Probiotics, immunity and exercise: A review. Exercise Immuno-
logy Review, 15, 125-144.


http://dx.doi.org/10.1038/ni0111-5
http://dx.doi.org/10.4161/hv.6.12.13142
http://dx.doi.org/10.4161/hv.6.12.13142
http://dx.doi.org/10.1136/bjsm.2004.017475
http://dx.doi.org/10.1177/1559827612449599
http://dx.doi.org/10.1007/BF00376431
http://dx.doi.org/10.1016/j.tmaid.2010.04.007
http://dx.doi.org/10.1016/j.tmaid.2010.04.007
http://dx.doi.org/10.1007/s00421-013-2748-y
http://dx.doi.org/10.1055/s-0029-1241216
http://dx.doi.org/10.1055/s-0029-1241216
http://dx.doi.org/10.1038/nm1110-1195
http://dx.doi.org/10.1152/ajpgi.00066.2012
http://dx.doi.org/10.1371/journal.pone.0022366
http://dx.doi.org/10.1111/j.1753-4887.2011.00402.x
http://dx.doi.org/10.1111/j.1753-4887.2011.00402.x
http://dx.doi.org/10.1016/n.clnu.2013.10.002
http://dx.doi.org/10.1016/n.clnu.2013.10.002
http://dx.doi.org/10.4161/gmic.19579
http://dx.doi.org/10.1111/j.1753-4887.2007.tb00272.x
http://dx.doi.org/10.1111/j.1753-4887.2007.tb00272.x
https://www.researchgate.net/publication/267739875

	Abstract
	Introduction
	Probiotics and immune modulation
	Probiotics and gut health
	Reviews of probiotic supplementation
	Studies on probiotics in athletes
	Practical recommendations for athletes
	Conclusions
	Funding
	References



