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Prevention, Prebiotics and Travelrelated Diarrhoea
T I Blackwood, P A Mcintosh
Abstract
Traveller's diarrhoea (TD) is a common complaint. Prevention is desirable but elusive. Vaccines are in
development, but currently world travellers resort to food avoidance, medication and dietary
preventive measures. Probiotics and prebiotics have potential as preventive interventions and
evidence of their value is reviewed. Diarrhoea is a major cause of traveller's ill health, with 29-40% of
tourists affected in 20 million high risk annual foreign trips. 1,2 The highest rates occur in Central
Africa (29.6%), the Indian subcontinent (26.30%) and West Africa (21.5%, 3 Diarrhoea often results
from ingestion of contaminated water and food. it can seriously dehydrate the very young and old
and cause morbidity in returning travellers.4,5 Travellers with travel-acquired diarrhoea often con-sult
the family doctor on return home.6
Introduction
Change in gut microflora, disturbed bacterial balance and diarrhoea are associated with, foreign
travel, infection, age related immunosenescence, dietary change and antibiotics.7 Travellers with a
history of allergic asthma, pre-travel diarrhoea, or fever unrelated to diarrhoea are more likely to
develop travellers' diarrhoea. The very young and old, with lowered immunity, are vulnerable to the
disorder.3,8 Enteropathogenic bacteria, parasites and viruses are causative agents, with
enterotoxigenic Escherichia coli (ETEC)a major culprit.4 The syndrome is usually self-limiting but, its
detrimental impact merits preventive measures. Self- medication is common in travellers, but health
professional attitudes to diarrhoeal man-agement, guidelines and prevention are ambivalent. 9,10 The
majority of travellers self-treat TD with loperamide (57.6%), probiotics (23.0%) and antibiotics (6.8%) 3
and many try to prevent its occurrence.1
Preventive measures include attention to hygiene, avoidance of infected food, vaccination, antibiotic/
antispasmodic medication and anticipatory probiot-ic/prebiotic ingestion.10,12 Family doctor advice to
potential travellers has been shown to reduce need for medical assistance while abroad and decrease
post travel health consultations.13 Dietary precautions are important, but dietary self-restrictions do
not always translate to reduced rates of diarrheal illness. 14 Vaccines for prevention of most causes of
diarrhoea are in development.7,15,16 Antimicrobials such as poorly absorbed ciprofloxacin, rifaximin
and azithromycin provide successful prophylaxis.16,1 17 Professional concerns about antibiotic side
effects and use of systemic drugs in prophylaxis and potential adverse impact on commensal gut
microflora have focused attention on probiotic, prebiotic and synbiotic use as preventives. 18
Concerned travellers are resorting to these pretravel non-drug preventives.
Non drug preventives
Synbiotics contain prebiotics and probiotics in the same food preparation. 4 They are mixtures of
probiotics and prebiotics that, acting synergistically, can beneficially affect the host by improving
survival and implantation of live microbial dietary supplements in the gastrointestinal tract, by
selectively stimulating the growth and/or by activating the metabolism of one or a limited number of
health-promoting bacteria, thus improving host welfare.19,20,21,22,23 Yogurt and kefir are examples.
Probiotics are live microorganisms which when administered in sufficient numbers confer a health
benefit on the host.24,25,23 They have been extensively investigated. Organisms commonly involved are
lactobacilli, bifidobacteria and streptococci. Like all beneficial bacteria, they can affect pathogens
through several different mechanisms which include produc-tion of antimicrobial substances,
modification of toxins and luminal pH, and prevention of establishment and/or gut adhesion, through
nutrient and receptor competition. Additionally, they modify pathogen-derived toxins and have
several other beneficial effects on the host, especially in terms of improving digestion 26 in the control
of intestinal epithelial and mucosal cells proliferation and differentiation, metabolism of dietary
carcinogens, synthesis of vitamins, ion absorption and salvaging of energy. They can especially be
effective in terms of improving digestion, by shifting and modifying the intestinal environ-ment in

Journal of BGTHA, Volume XIX, 2012

general, but more specifically by altering gas and short-chain fatty acid (SCFA) productions.26 They
are also an intrinsic part of the immune system, and are effective both locally and systemically.27,28
Their local effect on the intestinal ecosystem is by stimulating mucosal immune mechanisms and nonimmune mechanisms through antagonism and competition with potential pathogens. Most probiotic
strains have similar effects upon innate immunity by improving the mechanisms of pathogen
destruction, but their impact seems to be variable on the adaptive immune system. 28 They can activate
local macrophages to increase antigen presentation to B lymphocytes and increase secretory
immunoglobulin A(igA) production both locally and systemically.
Non immune activity of Probiotics
• Digestion of food and competition for nutrients with pathogens
• Alter local pH to create an unfavourable local environment for pathogens
• Directly block intestinal pathogens and produce bacteriocins to inhibit them
• Enhance mucosal integrity via epithelial cell stimulation and mucin production
• Scavenge superoxide radicals
• Enhance intestinal barrier function
• Compete for adhesion with pathogens.27,28,29
A major probiotic dietary source is dairy-based foods containing intestinal species of Lactobacillus or
Bifidobacterium which are found naturally in ferment-ed foods like sauerkraut and yogurt. They need
to survive passage through the upper gastrointestinal (Gi) tract to reach the colon, where they
compete with residential microflora for colonisation sites. They have potential for prevention and
treatment of GI disorder 23 with conflicting evidence that probiotics are useful as treatment for
established diarrhoea.30,24,31,32,33,34,35,36,37

Prebiotics are selectively fermented ingredients allowing specific changes, in composition and/or
activity, in gastrointestinal microflora conferring ben-efits upon host well-being and health. Unlike
probi-otics, prebiotic molecules arrive relatively unchanged in the gut despite the presence of
digestive enzymes.29 in theory, any dietary material that arrives in the colon could be a candidate
prebiotic, however, current pre-biotics are non-digestible, short chain, carbohydrates, that alter
composition and/or metabolism of gut microflora in a beneficial way. Mainly oligosaccha-rides and
non-starch polysaccharides, they provide nourishment and promote growth and/or activity of
probiotic bacteria in the large intestine and affect intestinal bacteria by increasing the numbers of
bene-ficial anaerobic bacteria e.g. bifidobacteria and decreasing the population of potentially
pathogenic microorganisms e.g. clostridia.24,28 Compared with pro-biotics, which introduce exogenous
bacteria into the human colon, prebiotics stimulate the preferential growth of a limited number of
health-promoting com-mensal flora already residing in the colon.15
Due to their chemical structure prebiotics may have a:
• Direct positive effect on Bifidobacteria and microflora balance to reduce pathogenic colonisation by
presence of beneficial microflora
• Direct antimicrobial effect, as they can both adhere to the receptors on intestinal binding sites and
by mimicking these receptors onto of bacterial cell membrane on the enterocyte surface and thus
block the adhesion of pathogens to intestinal epithelial cells
• Synergistic positive effect on immune function, indirectly due to positive change in microflora and
reduction of pathogenic bacteria present, and directly by interacting with immune cells and
affecting various intercellular pathways
As functional food components prebiotics, like probiotics, are conceptually intermediate between
foods and drugs and generally receive an intermediate level of regulatory health authority scrutiny.
The most prevalent forms are nutritionally classed as soluble fibres with many forms of dietary fibre
exhibiting some level of prebiotic effect. The most common and the only substrates, with prebiotic
effect (beneficial shift in microflora), are fructans (short-chain fructo-oligosaccharides (FOS) and
inulin (long-chain FOS) and trans galacto-oligosaccharides (GOS). These tend to be relatively stable
and are found in some fruits and vegetables, but their physiological levels are low. Undigested,
oligosaccharides must remain in the digestive tract to stimulate the growth of beneficial bacteria,
encourage probiotic bacteria to multiply, and colonise the intestine to exert prebiotic effect. Some
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prebiotics occur naturally in breast milk and certain foods such as leek, asparagus, garlic, onion and
chicory. However, these naturally occurring oligosaccha-rides can not exert a prebiotic effect in their
native state, due to their low concentrations, so are produced commercially through the hydrolysis of
polysaccharides (e.g. dietary fibres and starch) or through catabolic enzymatic reactions from lower
molecular weight sugars.

Differences in modification of gut microbiota by
pre or probiotics.63,64

Increase number of beneficial bacteria

Redirect immune system to fighting
infection

Produce short chain fatty acids in bowel
to strengthen lining and protect against
invasion

Potentially block access of pathogens to
receptors

Lower intestinal pH

Stimulate other parts of immune system
e.g. mucin

May play a role on immunimodulation

As foreign bacteria they are not
recognised by the immune system and
elicit an immune response

Prebiotics have all the benefits of probiotics since they support the growth of the individuals own
probiotic bacteria and have other added effects through a direct effect on immune, epithelial and
mucosal cells to cause immuno-modulation, receptor and intracellular pathway alteration.

Clinical potential of probiotics and prebiotics
Studies have demonstrated positive effects on mineral absorption38 immune system effectiveness39
bowel pH, inflammatory bowel disorders40 and acute diarrhoea.25 Probiotics have potential clinical
use in prevention of
traveller's diarrhoea.7,31 Lactobacillus preparations, in anticipation of interference with colonisation of
the gastrointestinal tract by pathogenic organisms, have been used in prevention of diarrhoea, with
reported protective efficacy ranging from nil to 47%. 41,42,43, 44,45,34,18 Random controlled trials (RTC )
have been limited with research cohorts small, and often poorly reported.
A placebo-controlled, double-blinded study in Finnish travellers found that probiotic Lactobacillus
GG powder in a capsule containing 2x109 bacteria, decreased the incidence of traveller's diarrhoea. 42,43
820 persons travelling on holiday to Turkey were random-ized into two groups receiving either
Lactobacillus rhamnosus GG or placebo in identical sachets.45 Protection rates varied between two
different destinations with the maximum protection rate reported as 39.5%. Among older age groups
there was significant-ly less diarrhoea when compared to younger travellers. Lactobacillus rhamnosus
GG appeared to be effective in reducing the occurrence of travellers' diarrhoea in one of the two
destinations with no side effects. in a meta- analysis,31 the pooled relative risk indicated that
probiotics may prevent TD (RR=0.85, 95% Ci 0.79,0.91, p<0.001). Several probiotics, Saccharomyces
boulardii and a mixture of Lactobacillus acidophilus and Bifidobacterium bifidum, had significant efficacy.
No serious adverse reactions were reported in 12 random controlled trials. 31
Other studies show that prebiotics increase the number and/or activity of bifidobacteria and lactic acid
bacteria46,30 with oligosaccharides (fructan type OS and GOS ) predominantly having this effect. They
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appear to alter the balance of large bowel microbiota by increasing bifidobacteria and lactobacillus
numbers and reduce the risk of gastroenteritis and infections. Although these dietary fibres appear to
have a posi-tive effect on gut microflora in healthy adults47 evi-dence of their value in travellers'
diarrhoea is limit-ed.22,48,18 However, new technological advances create a potential to improve
functional properties of first generation prebiotics such as FOS and GOS, naturally appearing in food,
and give them effects in addition to their effect on 'beneficial bacteria.'

Second generation galacto-oligosaccharides. GOS
Recent developments with modifications to GOS have ushered in second generation products.
Technology has been applied to alter in some way the chemical structure of the final product
(prebiotic), which in turn means better functionality and selection. Second generation GOS such as BGOS work by highly selective proliferation of beneficial bacteria, blocking inva-sion of pathogens,
and as immunity modulators. They target specific bacterial species and offer added functionality (i.e.
immune function and anti- and pathogenic activity).They target specific bacteria. GOS mix-tures are
produced using bacterial, p-galactosidase enzymes that are found in a number of different bac-teria in
the gut.49 B-GOS is produced by enzymatic conversion of lactose using probiotic B. bifidum NCIMB
41171 to form a combination of oligo-saccha-rides formed with unique specificity and functionality.
Because, p-galactosidase originates from bifidobacteria in this case, B-GOS has a better bifidogenic
effect than any other GOS it was found to increase faecal bifidobacteria and reduce some symptoms
associated with iBS.21 There is evidence that it may be useful in prevention of traveller's diarrhoea as
it was found to have a significantly better effect in reducing incidence duration and severity of
diarrhoea18 compared to placebo. its ingestion showed significantly increased bifidobacteria levels
and a direct positive effect on the immune system in older travellers. it is currently the only prebiotic
to have shown such a positive effect in an elderly cohort. 50 in addition, Bimuno also strong-ly
inhibited attachment and colonisation of gastrointestinal pathogens ETEC and Salmonella
typhimurium.51,52
B-GOS properties
• inhibit adhesion of gastro intestinal pathogenic bacteria in the small intestine,
• change pH in the large intestine with positive change in the microflora
• have an indirect positive effect on the immune system through its significant increase in beneficial
bacteria
• have a positive direct effect on the innate immune system from increased natural killer (NK) cell
and phagoctyic activity and the adaptive immune system from increase in anti-inflammatory
cytokines and decrease in pro-inflammatory ones. NK cells are cytotoxic lymphocytes that
constitute a major component of the innate immune system.
• Have potential as useful pretravel dietary adjuvant for the older world traveller, those with
lowered immunity, those vulnerable to gastro-intestinal infection and travellers visiting high risk
areas.53,54
Probiotic and prebiotic safety
Food organisms intrinsic to production of traditional foods have been arbitrarily classified as safe by
food regulating authorities, in the absence of much published scientific criteria. Evidence for safety
and efficacy of probiotics has been anecdotal, or based on few, sometimes poorly designed research
studies and weak reporting of adverse events. The quality of clinical trials performed to evaluate
nutrient interventions is poor in comparison with that of phase 3 trials of most medical therapies, but
these are food ingredients not chemicals. Conventional toxicology and safety evaluation is of limited
value in assessing the safety of probiotics.55 Recent guidelines encourage more scientifically sound
research.35 Evidence from random controlled trials (RCT), relating to probiotic safety does not indicate
increased risk.56
Meta-analysis of trials using probiotics for the treatment of gastroenteritis have only reported
flatulence and abdominal bloating as adverse effects and they are considered to be relatively safe in
most groups other than the severely immuno comprised 27,57,58,59,60,61 Different strains have however
different effects and because Lactobacillus rhamnosus GG showed no side effects this may not be true of
all lactobacilli or even all rhamnosus strains. Each requires individual investigation. They do however
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modulate and stimulate gut microflora, have an anti-pathogenic effect and potential to change gut
microbial balance and bring direct health benefits cheaply and safely. 34,28
Irritable bowel syndrome affects 5-12% of the UK population and sufferers may be "intolerant" to the
malabsorption of small chain carbohydrates in the small intestine and fructan complements. These are
present in some prebiotics such as FOS and inulin and some prebiotic-like substrates such as soya and
other beans containing a-GOS, but not in trans-GOS produced using p-galactosidase such as B-GOS
Their side-effect status requires further investigation.61'62'63
Conclusion
Improved sanitation and personal hygiene in the developing world will ultimately decrease food and
water contamination and infective risk to world travellers. Vaccines in development bring promise of
effective prevention. Avoidance of infected foods /water and good personal hygiene remain crucial in
preventing TD. Prophylactic antimicrobials may be appropriate for expeditioners and prebiotics have
the potential to protect the majority of vulnerable travellers. Their use can be considered in those
going to high risk areas and those, like older travellers, with lowered immunity to Gi infection.
Further scientific research RCTs and longer studies are required to con-firm their value and freedom
from side effects.
Thomas Blackwood is a former family doctor now specialising in GI illness
Pamela McIntosh is a dietician with a special interest in intestinal disorders
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