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ABSTRACT

Lactobacilli colonise most adult individuals anck also frequently used as probiotics, i.e. bacteria
which possibly have health promoting effects whegested. In this thesis, the intestihattobacillus
microbiota was studied in longitudinally followedfants. The oral and intestinalactobacillus
microbiota of adults with and without IgA deficignavas examined to investigate the influence of
secretory-IgA (S-IgA) on mucosal lactobacilli. Pratic effects of the straih. plantarum299v were
studied in antibiotic-treated patients and in pasevith salmonellosis.

In infants, colonisation by lactobacilli increasedtil six months of age, when 45 % were
colonised, most often bl. rhamnosusor L. gasseri Colonisation dropped and reached its lowest
point by one year, to increase again by 18 momlgshat time,L. paracaseiand other food-related
Lactobacillusspecies were most common. Only 30% of the infaatboured the same strain on at
least two sampling occasions, indicating that stalollonisation by lactobacilli is quite uncommon in
infants. Colonisation by. rhamnosusvas more common in breastfed than in weaned imfansix
months, suggesting that breastfeeding favours s$lpiscies.Lactobacillus colonisation was not
significantly related to delivery mode, or to carttevith siblings or pets.

The influence of S-IgA on the oral and faektattobacillusmicrobiota was studied by comparing
IgA-deficient and healthy adult individuals. Expes of mannose-specific (MS) adhesins by
lactobacilli was studied since such adhesins caubdsibly interact with mannose-containing
polysaccharide chains of S-IgA. Lactobacilli weselated from the oral cavity and faeces of the
majority of both IgA-deficient and healthy individis. L. paracaseiandL. gasseridominated in oral
samples, and.. paracaseiwas the most common species in faecal samples la@im groups. The
only significant difference in species distributieas a lower colonisation ly fermentunin the oral
cavity of IgA-deficient individuals. Thus, the pesxe of S-IgA seems to have little influence on the
Lactobacillusspecies distribution. The expression of MS adlsegias more common in oral than in
faecal lactobacilli, indicating that these adhesmasy be of advantage for oral colonisation. Faecal
isolates from IgA-deficient individuals more oftexpressed MS adhesins than faecal isolates from
controls. Possibly, expression of MS adhesinsgs Bvantageous for lactobacilli in the presence of
S-1gA in the gut.

In two double-blind placebo-controlled studiesexglored if intake of.. plantarum299v could
counteract gastrointestinal side-effects duringttreent with antibiotics, and reduce time to cleaean
and symptoms dbalmonellan patients with non-typhoid salmonellosis, respety. Intake ofL.
plantarumreduced the risk of experiencing loose stoolsamsea in antibiotic-treated patients. The
risk of diarrhoea, i.e. at least three loose staalay for at least two days, was not reducedlzee
was no effect on colonisation by toxin-produc@gdifficile. In patients with salmonellosis, intake of
L. plantarum299v did not reduce time to clearanceé&afmonellaor time to resolution of diarrhoea
and other symptoms. After clearanceSalmonellapatients receiving. plantarumless frequently
had hard stools, but tended to have more loosésdiwen patients on placebo. The differences
regarding effects df. plantarum299v in the two studies could relate to e.g. déifces between the
studies regarding doses and formulas of the prialstriain.

Gender seemed to influence the course of salnasiellWomen tended to clealmonellamore
quickly than men, but had diarrhoea for a longerope After Salmonellaclearance, women had more
loose stools, nausea and flatulence than men. Adffects of L. plantarum after clearance of
Salmonellawere influenced by gender. Women receivinglantarumhad more abdominal pain than
those on placebo, whereas men inlthplantarumgroup had less hard stools, but more diarrhoea tha
men on placebo. The gender-related differencegdegasalmonellosis and probiotic effects need to
be further explored.

Key words. Lactobacillus oral microbiota, gut microbiota, infants, adulsgcretory IgA, IgA-
deficiency, adherenceactobacillus plantarumprobiotics, antibiotics, salmonellosis, diarrhoea
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INTRODUCTION

The alimentary tract

It is becoming increasingly clear that the alimepnt&act is not only a tube
designed for the uptake of nutrients, but an ongéh many tasks. Much of the
structure and function of the intestine seems te@ ltkeveloped to enable the host to
handle the constant exposure to high loads of mrgamisms and prevent their
entrance into the body. Most parts of the alimentaact harbour complex
microbial communities, and we are constantly exgos® new bacteria from
various sources. There are still many basic feataféhe gastro-intestinal tract and
its commensal microbiota which are poorly underdtoo

The normal microbiota

Only 10 % of the cells in our body are of humargiori whereas the majority are
bacteria [1] and the genomic content of all micobelonising a human being (the
microbiome) is estimated to be 100-fold greatenttiee human genome [2].

There is great diversity within the bacterial conmities inhabiting
various parts of the alimentary tract, and alscagrariation between different
habitats. Several biotopes are devoid of oxygereumdrmal conditions. This is
true for the colon, but also for several nichethimoral cavitye.g the subgingival
crevices and the rough surfaces of the dorsal ®nghe vast majority of the
bacteria living here are strict anaerobes, they cannot utilise oxygen, and are
often killed by oxygen contact, whereas facultatwaerobes, which live in smaller
numbers in these habitats and dominate in aerabies, grow better in oxygen,
but can still grow and multiply without it.

Even under optimal conditions many of the bactesjpacies inhabiting
the alimentary tract cannot be cultivated. The meckvelopment of non-culture
based identification methods has led to the disgowé several new species, and
many more remain to be detected [3]. Culture-inddpat studies of the entire
genome of a mixed microbial community, includingctesia, viruses, fungi,
archaea and sometimes parasites, are referredietagenomics [2]. Estimates for
the total number of species compromising the cbllecgut microbiome have
recently been extended up to several thousand [4].

Numbers and species in the various parts of the gastro-intestinal tract

The approximate numbers and important groups dfebacinhabiting the various
parts of the gastro-intestinal tract are showniguie 1.



Oral cavity

10°10° CFU/ml
saliva
Streptococcus
Actinomyces
Veillonella
Fusobacterium
Porphromonas
Prevotella
Treponema
Neisseria
Haemophilus
Eubacteria
Lactobacillus
Capnocytophaga
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Leptotrichia
Peptostreptococcus
Staphylococcus
Propioni bacterium

Stomach
<100
CFU/mlI
Helicobacter
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Clostridium

Duodenum
10* CFU/ ml
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Distal ileum
108 CFU/mI
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S
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Colon

10* — 10" CFU/mI
Bacteroides
Eubacterium
Bifidobacterium
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Clostridium
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Peptostreptococcus
Ruminococcus
Actinomyces
Lactobacillus
Coprococcus
Faecalibacterium
Megasphaera
Veillonella
Collinsella
Eggertella
Enterobacteriacae
Enterococcus

Figure 1. Numbers and species of the most common bactetieimarious parts of
the alimentary tract



The oral cavity

More than 700 different bacterial species have ba&Emtified in the oral
microbiota [5], the majority being anaerobes [6]isl also clear that a number of
species still remain to be identified [7]. Eachiundual usually harbours 100-200
species [5]the majority of which grow at a particular siteckuas the back of the
tongue, the hard palate, or the dental surfacedH@Never, some bacterial groups,
e.g. various streptococcPrevotellaand Lactobacillusspecies grow at most sites
and are found in most individuals [5, 9]. The baatedensity varies widely
between different oral niches, but the counts livaare approximately £010°/
ml, and higher in dental plaques [10].

The stomach

The stomach harbours only a low number of bactum to the harsh conditions,
where the low pH kills most bacteria within minut&$ore acid-resistant bacteria,
e.g. lactobacilli, Veillonella spp. and some clostridia can still survive, and esom
bacteria may even colonise niches where the pHigeeh due to secretion of
bicarbonate [11, 12]. In individuals colonisedhbypylori, the bacterial community
iIs very much dominated by this species [13], wherdee same authors found
evidence of a larger number of species in indiviglwano did not harboud. pylori
[13].

The small intestine

Moving from the ventricle towards the ileocaecdlveathe number of bacteria and
the complexity of the microbiota gradually increa$he small intestine offers an
aerobic environment and bacteria like lactobaeiid streptococci are common.
Proximally, the bacterial numbers are low, only™10ml, increasing to I3/ml in
the distal ileum. Here the oxygen content decreaard the microbiota also
includes Bacteroides, clostridia and other anaerobes, along with fadubat
anaerobes such as enterococcindoli[12, 14].

The colon

The total number of bacteria in the colon amouatsd* or 10"/ g faeces, which
Is equivalent to 60 % of the faecal mass [15]. Twest common bacterial groups
are presented in Figure More than 99 % of the bacteria are strict anaeroh&s
they are favoured by the lack of oxygen and loworegotential in this
environment [16]. Bacteroides Bifidobacterium, Clostridium Eubacterium,
Ruminococcus, Coprococcus, Faecalibacterium, Meduzes@, Veillonella,
Collinsella, Eggerthellaand Fusobacteriumare most common [3, 17]. Species
belonging to the genudactobacillus which are defined as anaerobic or
microaerophilic bacteria, are present in populatiop to 18 bacteria/g faeces.
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Among the facultatively anaerobic bacteria, coli and enterococci are most
common, reaching populations of fbacteria/g faeces.

The microbial communities close to the epitheliumthe crypts and in
the mucus layer are likely to differ from the lumimicrobiota. For instance, there
Is some oxygen diffusion from epithelial cells whimay create a microaerophilic
niche close to the epithelium, making this habitds favourable for strict
anaerobes than the lumen [16]. On the other hahd, rmucosa-associated
microbiota appears to be relatively similar all rocolon [18, 19]. Luminal
bacteria are likely to be a mixture of shed muchsalteria and a separate luminal
nonadherent population [3]. A faecal sample wilt@in bacteria from all different
intestinal niches and, thus, the bacterial spedissibution in faeces has been
found to be different from that of colonic epittalbiopsies [3, 19, 20]. However,
not all studies have found these differences [21].

Lactobacilli

Lactobacilli are a diverse group of Gram-positiveyn-sporulating, lactic acid
producing anaerobic rods with varying oxygen tatem They are acid-tolerant
and may grow at pH as low as 3.5 [22]. More thad 9faecies have been identified
within the Lactobacillus genus (http://www.bacterio.cict.fr/l/lactobacillbgnl),
with substantial genetic and phenotypical diffeendetween different groups
[23]. Lactobacilli are ubiquitous where carbohydratibstrates are availahble, on
mucous membranes of man and animals, on plant lamdl materials, in manure,
sewage and in fermented or spoiled fooactobacilluseontaining food produced
through fermentation includesg. sourdough, cheese, yoghurt, marinated fish and
meat, fermented vegetables and wine. Lactobac#igenerally considered non-
pathogenic or even health-promoting.

Lactobacilli are often found in carious lesion$ &&d were preciously
believed as being one of the main cariogenic battgroups. Today, however,
they are mainly regarded as secondary invadersoutith causative role in the
caries process [24].

Speciation and grouping of lactobacilli

Lactobacilli ferment carbohydrates with lactic acaks end product [26].
Traditionally, they have been divided into threeups depending on their type of
sugar fermentatiorobligately homofermentatiyevhich ferment hexose sugars by
glycolysis and produce mainly lactic acahligately heterofermentatiyghich use
the 6-phospho-gluconate/phosphoketolase (6PG/Pwag with the production
of CO, and ethanol in addition to lactic acid; and faatiMe heterofermentative,
that use both pathways.

Later genetic analyses have revealed that thisidiviin not always in
accordance with the genetic relationship betweetolecilli [26]. Certain species
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of lactobacilli are impossible to distinguish wiphenotypical methods. Therefore,
the development of genetic typing methods is ofagnealue forLactobacillus
identification and speciationThe 16S rRNA gene contains regions which are
highly conserved among bacteria, but also regiohsclware highly variable
between genera or species. Sequencing of 16S rR&A be used both for
determining genetic relatedness and for speciatfdmacterial isolates. It can not,
however, decide if two isolates from a certain ggedelong to the same strain.
The grouping of lactobacilli according to their pdgenetic relatedness, as
determined by 16S rRNA sequencing, is presentdclote 1.

Table 1. Phylogenetic groups of lactobacilli according &igand Dellaglio [27], with examples
of Lactobacillusspecies within each group

Phylogenetic group Lactobacillusspecies

L. alimentarius — L. alimentarius, L. farciminis
farciminis group

L. brevisgroup

L. buchnerigroup

L. caseigroup
L.coryniformisgroup
L. delbrueckiigroup

L. brevis
L. diolivorans, L. hilgardii, L. parabuchneri, Lapafarraginis
L. casei, L. paracasei, L. rhamnosus
L. coryniformis
L. acidophilus, L. amylovorus, L. crispatus, L.ldekckii, L, gasseri,
L. jensenii, L. johnsonii

. fructivoransgroup L. fructivorans
L
L
L
L
L
L

L

L. perolenggroup . harbinensis

L. plantarumgroup . plantarum, L. pentosus

L. reuterigroup . antri, L. fermentum, L. frumenti, L. gastricl,s,mucosae, L. oris,
. reuteri, L. vaginalis

L. sakeigroup . sakei

L. salivariusgroup . ruminis, L. salivarius

However, 16S rRNA sequencing also has limitationthe recognition
of Lactobacillusspecies, and it is, for instance, not possibleisodjuish between
L. plantarumandL. pentosusvith this method27]. Another bacterial group which
often poses difficulties is thé. casei—L paracasei-L rhamnosusgroup [28].
Certain DNA sequences,g. the sequence of the 16S-23S rRNA intergenic space
region and the flanking 23SrRNA may differ morevibetn species. PCR using
species- specific primers for theses sequencespi@ased to be useful in the
separation of.actobacillusspecies in multiplex PCR assays [29]. Thus, dften
beneficial to combine different methods in the sm@an of lactobacilli.
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Lactobacillus colonisation rate and species distribution along the alimentary
tract

Lactobacilli are found in the gastro-intestinal rolmiota of almost all adult
individuals [30], but, with the possible exceptioithe small intestine, they are not
a dominating bacterial group in these habitats. éuerview of lactobacilli
commonly found in the alimentary microbiota is simow Table 2.

Table 2. Lactobacillusspecies distribution in different parts of thetgaistestinal tract

Oral cavity Stomach Small intestine Faeces Coloithelmal
biopsies
L. paracasei L. gasseri L. gasseri L. gasseri nphrum
L. rhamnosus L. reuteri L. reuteri L. paracasei rlhamnosus
L. fermentum L. ruminis L. rhamnosus L. ruminis paracasei
L. plantarum L. reuteri
L. gasseri L. plantarum
L. salivarius
L. sakei

Lactobacilli commonly found in the oral cavity [91-37, 42], stomach [38, 39], small intestine
[38, 40] and large intestine [30, 31, 34, 38, 41,]

The lactobacilli of the oral cavity may differ betan different biotopes in the
mouth, and saliva contains a mixture of lactobafiim the various niches. The
species found in saliva vary between studies| bthamnosus, LparacaseiandL.
fermentumhave been found to be common in several studied agdsseriis also
frequently mentioned [33, 35-37]. The first thrgmeaes are also found in most
studies of caries lesions [9]. There are feweristudf lactobacilli on oral mucosal
surfaces, but. plantarum L. rhamnosuandL. fermentunmay be common at the
tongue surface [31, 32] and rhamnosusalso at the gum mucosa [32]. The
lactobacilli most commonly isolated from teeth amdl mucosal niches are shown
in Table 3.

Lactobacilli may also be isolated from the gastnigcosa, includingd.
gasser] L. reuteriandL. ruminis[38, 39]. Recently, four newactobacillusspecies
were identified in gastric mucosal biopsies [43pwever, whether lactobacilli are
only present there transiently, or colonise thisitad is not clear.
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Table 3. Most common lactobacilli in different locationstbk oral cavity

Saliva Oral mucosa Dental plaques Carious lesions
L. fermentum L. plantarum L. fermentum L. rhamnosus
L. casei/paracasei L. rhamnosus L. casei/paracasei L. fermentum

L. rhamnosus L. fermentum L. casei/paracasei
L. gasseri

L. salivarius

L. plantarum

L. acidophilus

Data were compiled from [9, 31, 34-37].

In the upper small intestine, lactobacilli are agydhe most dominant bacteria
according to several authors [38, 44, 45]. Howewer, all studies have found
lactobacilli to be common small intestinal colomss§46], indicating individual
variation. WhichLactobacillusspecies are most common in the small intestine is
not well-known. According to one study. gasseriand L. reuteri were most
frequent, and another study fouhd Rhamnosu$o be most common [38, 40]
(Table 2).

The Lactobacillusmicrobiota of the colon has been more studled.
gasseri, L. paracasei, Lactobacillus ruminis, Lactobacillusuteri and L.
plantarumhave been identified as predominant fagdeadtobacillusspecies using
molecular typing method&actobacillus salivariugndLactobacillus sakeare also
quite commonly found (Table 2) [30, 34, 37, 38, 41, 48]. Some studies have
identified lactobacilli in colonic biopsies, incluig) L. plantarum L. rhamnosus
andL. paracasei31].

Persistent colonisation by lactobacilli

The mere presence of lactobacilli in an oral océheample does not necessarily
imply colonisation. Since lactobacilli are ingestby food, they may also be
transient passers-by. It is not clearly establistvbith lactobacilli are transient,
and which are resident members of the microbiotais Tequires longitudinal
studies, with typing of lactobacilio the strain level. The isolation of the same
strain over time could then imply persistent casation. Using this approach, oral
persistence df. fermentunandL. vaginalis,and gut persistence bf vaginalis, L
gasseriandL. delbrueckiiwas demonstrated in healthy individuals [34].
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Lactobacilli in other human habitats

Lactobacilli are not only found in the alimentargdt canal, but also in the vagina
of fertile women where they dominate the microhidthe most commonly found
vaginal lactobacilli in women of reproductive aga® L. crispatus L. iners L.
jenseniiandL. gasseri49-51]. Lactobacilli are also isolated from breaslkk, e.g.
the species. gasseri, L. rhamnosus, L. plantarandL. fermentuni51, 52], but
the originof these bacteria is not clear.

Establishment of the microbiota of the alimentary t ract

Colonisation of the alimentary tract starts athhiswhen the baby leaves the sterile
milieu of the uterus, and proceeds over severakyea

Establishment of the oral microbiota

The oral microbiota is initially simple, but expandith teething, which provides
new surfaces for adhering bacteria [53]. Among #wliest colonisers are
streptococcig.g.S. mitis, S. oralisandS. salivariug which usually appear in the
infant within a few days [54JActinomycespecies are other early colonisers [55]
and also various anaerobes includiBgcteroides Veillonella, Prevotellg and
Fusobacteriummay be detected in the first two months of life5[ 56].
Colonisation by these and other anaerobes increisadily over the first years of
life. Colonisation by the caries pathogetneptococcus mutares previously been
found to occur between 19 and 31 months of age. [Hélvever, more recent
studies foundS. mutansearlier [58, 59], including in 60 % of six monthdo
predentate infants [58].

Establishment of the gut microbiota

The gut is initially colonised by facultatively arabic and oxygen-tolerant
bacteria, since it is rich in oxygen. In older s@islEnterobacteriaceagemainly E.
coli, and enterococci dominated immediately after bi@0b, [61]. However, in
recent studies from Western countries, coagulagative staphylococci, which are
typical skinbacteriahave become the earliest colonisers, most likebabse of a
limited exposure of neonates to traditional fadwzatteria [62, 63]S. aureushas
also become a frequent early coloniser [63, 64].

The facultatively anaerobic bacteria soon constimeoxygen in the
gut, and the anaerobic bacterial population staresxpand. Bifidobacteria are the
most common anaerobes in the first weeks of litdlowved by clostridia and
Bacteroides[60, 61, 65, 66]. Most studies describing thislyegut colonisation
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pattern are based on stool cultures. The few andllyssmall culture-independent
studies mostly agree with the results of the caloeised studies [67-69].

Over time, the number of species increases in thergerobiota, and
the dominance of anaerobes becomes more and moneysrced [69]. It takes
several years until a full “adult-type” microbiotas developed [70]. Thereatfter, it
becomes more difficult for new species to colontise intestine [71], and the
species composition of the microbiota remains qsitble over time in healthy
adults [72]. An adult is believed to harbour a fewndred different bacterial
species in the gut [3] and the anaerobes outnuthieefacultatives by a factor of
100 to 1000 [73].

Establishment of the Lactobacillus microbiota

Lactobacilli are rarely isolated from the oral d¢gvof infants in the first few
months of life [55, 74], but are found in a majgrdf children aged two to five
years [9, 59].

Regarding the presence of lactobacilli in the egdy microbiota, the
results differ between studies. Most studies hasgonted low Lactobacillus
colonisation rates in infants [60, 61, 75-77], @ihrk and Lee, who followed
infants over time, questioned that lactobacilli gvable to form stable populations
in the infant gut. Others claim that lactobacille @resent in substantial quantities
(10"° CFU/g faeces) in most infant’s stools [78, 79]. M#ons in methodology
may, at least to some degree, account for therdiftes between older studies,
since lactobacilli are hard to identify by traditad biochemical methods.

The Lactobacillusspecies most commonly isolated from infant faeces
include L. gasseri[77, 80} L. paracaseiandL crispatus[77, 80]. However, there
are substantial differences also in thectobacillusspecies distribution between
different studies.

Bacterial pathogens causing gastroenteritis

Certain bacterial groups colonising the intestires/e the capacity to cause
gastroenteritis, the most common being diarrheagenibgroups ofE. coli,
Campylobacter, Salmonelland Shigella Clostridium difficile is another enteric
pathogen which may cause disease, especially dwingfter treatment with
antibiotics.

Diarrhoea is the main symptom of gastroenteritisthe® common
symptoms include vomiting, fever, nausea and abdaimcramps. Infectious
diarrhoea can be divided into inflammatory and mdlammatory. Inflammatory
diarrhoea is characterised by signs of inflammalilk& blood and mucus in stools
and fever.Campylobacter, Salmonelland Shigellainvade the intestinal mucosa
and thereby induce acute inflammation. Non-invasiveacteria like
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enteroaggregativé&. coli, enterohemorragicE. coli and C. difficile also cause
inflammatory diarrhoea by producing cytotoxins thsiimulate the release of
inflammatory mediators and damage the mucosa. €be®ry diarrhoea caused
by Vibrio choleraand enterotoxigeni€&. coli is induced by enterotoxins which
activate adenylate cyclase and cAMP leading to imadess of fluid, but little
inflammation and little damage to the mucosa [81].

Salmonella

Non-typhoid salmonellosis

Salmonellaentericais the type species @almonellaincluding more than 2500
serotypes based on variation in O (LPS) and Hdéflag antigens [82]Salmonella
Typhi and Paratyphi causes severe systemic disehseeas other serotypes, often
labelled as non-typhoi@almonella,primarily cause intestinal disease. The most
common non-typhoid serotypes worldwide incli8ldEnteritidis, S. Typhimurium
and S Newport [83]. Non-typhoid Salmonella is mainly acquired from
contaminated foods. Attack rates are highest iant¥, and lowest between 20 and
70 years of age [88]. Estimates of global incidentenon-typhoidSalmonella
infection range from 200 million to 1.3 billion =5

Diarrhoea is the cardinal symptom in non-typhSaimonellainfection
and is often accompanied by symptoms like abdomic@mps, myalgia,
headaches, fever, and chills [85]. In some patjexgsticaemia and focal infections
occur. Most patients recover within a few weekshaitt treatment, but the acute
symptoms may be quite severe and persistent gasestinal disturbances are
common [86].

Also, many individuals remain positive f&almonellain faeces for
various lengths of time after a symptomatic infectimedian duration of excretion
being approximately five weeks [87]. Less than pee cent continue to excrete
Salmonellain faeces for more than a year [87], and they afeneld as chronic or
persistent carriers [88]. It is not clearSalmonellaactually colonises the gut for
such prolonged periods, or if bacteria are onlydedeto the intestine from other
foci of colonisatione.g. the biliary tract. Very low or very high age, iaily tract
abnormalities, schistosomiasis, and diverticuldgr® known risk factors for the
carrier state [88]Salmonellais cleared more rapidly in asymptomatic infection
[89].

Pathogenesis in non-typhoid salmonellosis

Salmonella adhere [90] to epithelial cells and o@e the distal ileum and
proximal colon [91]. They use type lll secretions®ms, a kind of molecular
syringe consisting of more than 20 proteins, tedhgo called effector proteins into
the cells, which enables the invasion of the epithe induces fluid secretion and
stimulates the production of inflammatory mediat{88]. WhereasS Typhi is
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spread systemically within macrophages and neulypion-typhoidSalmonella
normally remains in the intestinal tissues, andidanumbers of neutrophils are
attracted to the small intestinal wall [91,93]. K&sts may be seen in the superficial
mucosa layers in areas of the terminal ileum amhahci®2].

Clostridium difficile

C. difficile is found in the normal gut microbiota of approxieigtten per cent of
adult individuals, but normally in low counts onl94, 95]. When permitted to
reach high population numbersg.during treatment with antibiotics, it may cause
enteritis through its elaboration of toxins. Sympgoof C. difficile infectionrange
from mild diarrhoea to life-threatening pseudomeamimus colitis [96], a severe
inflammation of the colon with production of fiboreumembranesC. difficile may
produce two exotoxins, toxin A and B, which indunacosal inflammation, fluid
secretion, epithelial damage and in some casegsis@f intestinal epithelial cells
[97]. An aggressiv€lostridium difficileclone has spread over several countries in
the last decades, causing complicated and relapsections with a high mortality
rate [98].

Defences of the alimentary tract

Barrier functions

Saliva

Saliva flushes microorganisms from teeth and onatesa and transports bacteria
to the stomach through swallowing. The bacterialtent of saliva is approximately
10 CFU/ml and as we produce 750 to 1500 ml per da¢108 bacteria from the
oral cavity reach the acidic environment of the stomach d&igliva contains
several protective factors and antimicrobial ageautg secretory IgA, lactoferrin
and lysozyme [99], which are described below.

The gastric acid barrier

The low pH of the stomach kills bacteria very a#fitly. Most bacteria can pass
only when the pH is highee.g. during meals, and reach the lower parts of the
gastro-intestinal tract to possibly establish resay [11]. In neonates, gastric pH is
relatively high, which might facilitate the estabiment of the gut microbiota
[100]. Some bacteria.e. lactobacilli,Veillonellaand clostridia are, however, able
to survive in acidic environments [12].

With a normal fasting pH below 3, gastric aspirabatains less than
10** CFU/mI, whereas at a pH of 6-7.5 bacterial levis to 16° CFU/mI [11].
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Ageing, pernicious anaemia, malnutrition, medigatisuch as proton pump
inhibitors, and acid reducing gastric surgery resula higher pH [11], and may
disrupt the gastric barrier. With higher gastric, fdcterial numbers increase both
in the stomach and in the proximal small intesfitie 101]. The bacterial species
that proliferate mostly originate in the upper iespry tract. As a higher gastric
pH facilitates the survival of all bacteria reaahithe stomach, it results in
increased susceptibility to low doses of pathogkkes Salmonella[102]. In
accordance, acid-suppressing therapy was founakctease the risk of developing
Salmonellanfection in an outbreak situation [103].

Intestinal clearance

Intestinal clearance is the ability of the smaliMebto clear its lumen of bacteria
[11]. It is dependent on normal gastro-intestinaatamy and motility. The flow
rate is highest at the proximal end of the sma#dgtine, where most bacteria are
quickly removed. Under normal conditions bactereedh to be adherent to the
mucosa to remain in the upper parts of the smalkstme [104]. Animal
experiments have shown that decreased intestingtgsis leads to colonisation of
the small intestine by various types of gut baatdfil]. Such small intestinal
bacterial overgrowth may also occur in humans imddmns with disturbed
peristalsis [105].

Multiplication of bacteria in the small intesting also inhibited by bile
[106] and pancreatic fluid [107]. Bacteria vary swmerably in their sensitivity to
bile acids and pancreatic enzymesth Gram-negative bacteria in general being
more resistant to bile than Gram-positive bact¢t@8], although many Gram
positives,e.g.lactobacilli, are bile resistant [109]. This irdluces the composition
of the microbiota inhabiting the small intestigalmonellabacteria are highly bile
resistant, and are even able to colonise the pifract [110].

In the colon, motility and transient times are muetiuced as compared
to the small intestine, and this is an importantdaenabling the expansion of large
bacterial populations at this site.

Mucus

The epithelium of the gastrointestinal tract is e@@d by a mucus layer where
particles and bacteria are trapped, inhibitingdientact between the epithelium
and bacteria [21]. The layer is made up by wat&5(%6) and mucins, highly
glycosylated secretory glycoproteins [111]. Mucls® &ontains sloughed epithelial
cells and transudated serum proteins and is riemiibacterial peptides, lysozyme,
lactoferrin and secretory IgA [112].

Mucins are produced at a high rate and are suliectonstant
degradation by human and bacterial proteases andogtlases. Mucin
oligosaccharides provide a source of carbohydratksh are used as nutrients by
the colonising bacteria [113]. Colonisation of thacus layer may be beneficial for
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the bacteria, as it protects them from being sveeydy by peristalsis [114]. The
mucus layer provides binding sites for various &aat which is likely to facilitate
their colonisation of this habitat [115].

Lactobacilli are among the bacteria which are jike inhabit the
mucus layer. This has been studied mainlyitro [116, 117], but alson vivo
[118].

The epithelium

Underneath the mucus layer, the epithelium covssgastrointestinal canal from
the mouth to the rectum. The continuous sheddingemthelial cells limits
microbial colonisation of the mucosa. The areghefucosa of the intestinal tract
is 200 to 300 M[119]. This large area is created by the orgamisaif the mucosa
into villi and crypts in the small intestine, angjats in the large intestine. Villi are
about one mm long projections into the lumen, whictrease the absorptive
surface. In the large intestine there are no \llit the crypts are generally deeper.
The intestinal epithelial barrier is made up ofirge columnar epithelium where
the cells are tightly linked to each other with gtianal complexes, providing a
physical barrier that prevents bacteria from inmgdihe body. There are several
different types of epithelial cells in the smalltastine: crypt cells, absorptive
enterocytes, enteroendocrine cells, goblet celts Raneth cells. Paneth cells are
located at the base of the crypts from the duodeioutine ileum. Apically they are
filled with granules which contain antibacterialbstances produced within the
cells [120].In the large intestine, the epithelium consistscolumnar epithelial
cells, goblet cells, crypt cells and endocrinescell

Antimicrobial compounds

Epithelial cells and Paneth cells are able to pcedu large number of antibacterial
compounds. Among these are antimicrobial peptidé® Idefensins and
cathelicidins with broad spectrum antimicrobialeetf Their mechanism of action
Is the formation of pores in bacterial membranesuylting in bacteriolysis [122].
Other examples of antimicrobial compounds are tlaetdriolytic enzymes
lysozyme and group lla phospholipase A2 (PLA2) [12$d lactoferrin which
deprives microbes of nutrients through iron seqagsh and induces cell lysis
[124].

The immune system of the alimentary tract

Architecture

The alimentary tract is defended by organised lyoigpltissue, and a large number
of immune cells scattered in the submucosal niches.
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Around the oral cavity organised lymphoid tissueakenup a ring
consisting of the palatine tonsils, the lingualditsmand the adenoid tissue in the
roof of the nasopharynx. These tissues are richTirand B lymphocytes,
macrophages and dendritic cells, and are indudites for immune responses in
the oral cavity. In the oral cavity, there are aisany plasma cells, located in the
salivary glands, producing dimeric IgA that is certed to secretory IgA during
passage through the duct epithelium.

Organised lymphoid follicles are present along thetire small
intestine, but become more abundant in the ditam. They are also frequent in
the colon, especially in the caecum and the rectanthe distal ileum they are
grouped in large patches, the so called Peyerchpat with B cells in the centre
surrounded by T-lymphocytes. The Peyer’s patch&s @ntain macrophages and
dendritic cells and are the primary sites for incrcof immune responses towards
bacteria that colonise or pass the gut. The eitimebverlaying lymphoid follicles
differs from the villus epithelium. Instead of gebktells and enteroendocrine cells
it contains epithelial M cells which actively traomst antigens and whole microbes
across the epithelium.

The intestinal epithelium contains a large numbgrnntraepithelial
lymphocytes. Underneath, there is a thin layeroké cell-rich connective tissue,
the lamina propria containing fibroblasts and immucells, including large
numbers of activated Thelper (F) lymphocytes, B cells, plasma cells,
macrophages, and dendritic cells.

Innate defence

Bacteria that cross the epithelial barriers indhstrointestinal tract will encounter
the innate immune system which consists of celts soluble proteing.g.factors
of the complement system. The innate immune systeagtivated within minutes
and bacteria are eliminated by phagocytosis ang@ment activation, a response
which produces inflammation.

Cells in the innate system, includiegg. macrophages, dendritic cells,
mast cells, NK (natural killer) cells, monocytesdagranulocytes are able to
recognize microbial structures. Epithelial cellsynadso recognise and take part in
the clearance oinvading bacteria. Both commensal bacteria andggahs are
recognised by means of conserved structures thagpacific for prokaryote®.g.
LPS, peptidoglycan, lipoteichoic acid and flagel[d25]. These structures are
defined as pathogen-associated molecular patt@Ad/Ps) and are recognised by
specific receptors called pattern recognizing remsp(PRRs) [126] which are
present on cells of the innate immune system asdiite degree on epithelial cells.
Receptor activation results in intracellular sidgingl via different pathways, and to
expression of various geneasg.genes for production of inflammatory mediators
and chemotactic compounds. The most well-known \aelltcharacterised PRRs
are the toll-like receptors expressed on the sarfdce.g. macrophages, dendritic
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cells and epithelial cells [127]. The intracellul&fOD receptors are another
important group.

The acquired immune system

When bacteria are taken up by M cells overlying pynmid follicles, or cross the
epithelial layer, the acquired immune system i® alstivated. This is a slower
process, as lymphocytes produced in the bone maarmvthymus need time to
mature into antibody producing plasma cells andatfir T lymphocytes.

The cells of the acquired immune system are veegiahsed and can
recognise an enormous array of structures. Ea@nd B-lymphocyte has a unique
receptor in its membrane, specific for one singlaucture, the antigen. T-
lymphocytes recognise their specific antigen whess@nted by antigen-presenting
cells (APCs), most commonly dendritic cells or nogtrages. The T-lymphocytes
are divided depending on which presentation-mo&cthe so called MHC-
molecule, they prefer. CDAl cellsrecognise their specific antigen presented on
MHC Il molecules, whereas the cytotoxic CDB-cells recognise their antigen on
MHC | molecules. CDA4T cells are further divided into T helper{Tcells or
regulatory T cells.

The antigen-presenting cells are present in alés where they take
up antigen or entire pathogens by endocytosis agptytosis. After degradation,
pieces of antigens are presented on the MHC maedoul-cells. This may occur
in the Peyer’s patches, where both APCs and T aefigresent, or, if the APC has
encountered bacteria in the lamina propria, they magrate to the nearest lymph
nodes, to present antigens to T cells. The TBéll recognises its specific antigen
through the T-cell receptor and starts to dividd arature into 1, T42 or T417
cells. T41 cells activate macrophages, promote cytotoxigriphocyte activity,
and mediate inflammation through the productioncgtokines. T,2 cells are
involved in the stimulation of antibody responsgsl7 cells are found mainly in
the skin and intestinal epithelium and recruit nepitils and induce a strong
inflammatory response upon bacterial stimulation.

B cells recognise their antigens directly, with ithsurface bound
antibodies. They can then proliferate and diffaetatinto plasma-cells, a process
which usually requires activation by T-helper ceBscells express MHC |l and are
able to present antigens to CDR cells. First, the antigen is presented by an APC
to a T cell recognising the antigen. Then the T pmliferates and differentiates
into cytokine producing J2 cells. The ;2 cell binds to the B cell presenting the
same antigen as the APC did, and with the secrefi@aditional cytokines, the B
cell differentiates into an antibody-producing pascell. Most naive B cells are
originally expressing antibodies of the IgD or Ighlass on their surfaces.
Depending on the stimuli provided by the T celgythmay switch their production
to another immunoglobulin class or subclass|gG1, 2, 3 or 4, IgAl or 2, or IgE.

Both the innate and the acquired immune systemregelated by
cytokines. A cytokine is a soluble protein or glgoatein released by cells, with an
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effect on other cells, expressing receptors far sipecific cytokine. Effects include
for instance triggering or down-regulating inflantroa.

Secretory IgA

Induction of secretory IgA responses

The production of secretory IgA (S-IgA) is indudeyl bacterial colonisation in the
gut. Bacteria are taken up by the M cells overlgytine Peyer’'s patches and are
transported across the epithelium. Dendritic geltscess bacterial compounds and
present them to T cells. The activated T cells &te the B cells which have
recognised bacterial epitopes to proliferate andcbewto IgA production. IgA
positive cells thereafter leave the patches vialgh®gh, reach the blood stream,
and “home” to mucosal surfaces where they matutgAgroducing plasma cells.
The IgA is produced in a dimeric form, which birtdshe poly Ig- receptor on the
basolateral surface of epithelial cells and isgpamted through the epithelial cells
and secreted into the lumen.

In addition to high affinity specific antibodies, large amount of
natural, or low affinity, IgA is produced in resganto bacterial colonisation [128].
It is unclear where production of these natural #&ibodies is induced, and to
what extent T cells are involved in the induction.

Function of S-IgA

Saliva and gut secretions contain large quanttieS-IgA [129]. This antibody
class is completely dominating at all mucosal sg$athat harbour a normal
microbiota, where it is able to trap microorganisaml thus block or sterically
hinder adherence of microorganisms to epitheliaffases [130] and thereby
prevent translocationj.e. the passage of viable bacteria over the intestinal
epithelium. S-IgA also neutralises toxins, inhibiisus replication and promotes
clearance of microorganisms that have breachectpitaelial barrier by binding
and transporting microbes through the epitheliukida the lumen [131]. These
barriereffects of SIgA are believed to reduce the intedtinflammatory response
and systemic antibody responses against the gasistinal commensal microbiota
[132].

In addition to the specific antibody-antigen int#m@an, the
carbohydrate chains of S-IgA may function as remegites for bacteria. For
instanceE. coli with mannose-binding type 1 fimbridave been found to bind to
carbohydrates on SIgA [133]. S-IgA, particularly tbe IgA2 subclass, is rich in
carbohydrate chains with terminal mannose [134]JusThS-IgA is particularly
effective in binding microorganisms adhering to mase-containing receptors
[133]. E. coli and other Enterobacteriaceaespecies, includingSalmonella,
frequently express mannose- binding adhesins [135].
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The influence of SIgA is probably most profoundiwe small intestine
as the rapid peristalsis may remove bacteria whiehnot able to adhere to the
mucosa. For instance, segmented filamentous bacteriaabeg closely related to
clostridia, expand in the small intestine of micethe absence, but not in the
presence, of secretory IgA [136]. In the colon, boer, S-IgA does not seem to
prevent colonisatiorE. coli colonise the gut regardless of the presence afifspe
S-IgA antibodies towardE. coli [137]. Indeed, a large share of faecal bacteea ar
coated with S-IgA under normal conditions [138].wéwer, it is likely that the
presence of S-IgA may influence population numbErgertain bacteria in the
large intestine. For instance, as S-IgA may prebeawterial access to the epithelial
surface, bacteria that prefer this specific nioha be disfavoured.

IgA deficiency

IgA deficiency is a lack of both IgA1 and IgA2 irrsm and secretions and the
most common primary immune deficiency. The prevedenf IgA deficiency is
approximately one in 700 in Caucasian populatidi&®]. The background is not
fully elucidated, but involves a failure of B lymptytes to switch to IgA
production [140]. The majority of IgA deficient imiduals are healthy and may be
discovered ae.g.blood donor screenings. Approximately one thirdensecurrent
respiratory tract infections. Severalvitro studies have demonstrated that B cells
from IgA deficient individuals become able to produlgA when stimulated
through CD40 together with IL-10 or IL-4IL-10 or [141, 142], especially B cells
from healthy IgA deficient individuals [143]. Thudefects in cytokine production
may be involved in the pathogenesis of IgA deficien

Why some IgA deficient individuals suffer from recent infections
could relate to differences in the ability to compate for the absence of S-IgA, for
instance by S-IgM production [144], but other sasdshow that healthy individuals
with IgA deficiency do not have higher S-IgM contrations at mucosal sites than
patients with many infections [145]. Yet anothepabthesis is that they compensate
by production of antibacterial peptides, howeveo, @ffect of antimicrobial
peptides on the expanding bacteria was found inll sm@stinal expansion of
anaerobes due to lack of IgA [146].

IgA deficiency is associated with increased rislceftain autoimmune
disorders [147]celiac disease and perhaps inflammatory bowel siesgi18]. The
latter condition could possibly relate to an insegh inflammatory response
towards gut bacteria in the absence of IgA.

Few studies have investigated the gastrointestmadrobiota of
individuals with IgA deficiency. One study foundchneased counts @&ctinomyces
spp. in the oral cavity of IgA deficient individgaJ149]. The same authors found
increased counts of anaerobic bacteria and enterbrofaecal stool samples from
IgA deficient as compared to healthy individuald9].
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Salmonella and the immune system

After invasion of the mucosa, non-typhoiflalmonella induces a massive
inflammatory response, with production of inflamorgt cytokines such as TNF,
IL-1, IL-6, IL-12 and IL-18, and chemokines thatmnait monocytes, macrophages,
neutrophils and cells of the adaptive immune systethe site of infection [150].
Most studies ofSalmonellapathogenesis and immune response are
performedin vitro or in animals. The importance of S-IgASalmonellanfections
in humans is not clarified, but IgA deficient inaluals do not seem to be at risk
for more severe disease than individuals with norig® levels. Instead,
individuals with deficiencies involving IFN-or IL-12 production have increased
susceptibility toSalmonellainfection [151], pointing towards the importance of
cell-mediated immunity and macrophage activation.

Influence of gender on the immune system

Women seem to exert stronger cellular as well asdnal immune responses than
men. For example, serum immunoglobulin levels aegponses to a variety of
antigens are higher in women [152]. Gender reldtfdrences have been observed
in several infectious conditions, including parasiinfections, trauma-related

bacterial sepsis and virus infections [153, 154].

Factors of importance for the composition of the
microbiota of the alimentary tract

Host factors

A number of host factors, including the various heeucal and chemical barriers
towards colonisation described above are imporfantif and where different
bacteria are able to establish. Some additiondlfao®rs which possibly influence
the microbiota are described below.

Hereditary factors

The predominant species of the gut microbiota arg gtable over time in healthy
adults and appear to be host-specific [155]. Thadst levels of similarity is found
in monozygotic twins [156], while the microbiota thfe individuals of a married
couple living together is not more similar than thecrobiota of unrelated
individuals [155]. Knowledge of how this genetiguéation is carried out is still
scarce, but mechanisms could incluelg. genetic variations in carbohydrate-
structures expressed in the mucosa, which couldiente both adherence of
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bacteria and the availability of nutrients. Howevtre high level of similarity
between monozygotic twins could also indicate that environmental conditions
presenwhen acquiring the microbiota in the first placedgreat influence on the
final composition of the microbiota.

Various physiological and anatomical factors whate genetically
determined could play a role for the compositiontie¢ oral microbiota. For
instance tooth eruption, tooth fissure shape, atetdental space and amount of
saliva play a role in deciding which bacteria vk favoured by their preferred
niche in the oral cavity [157]. Also variationshiest derived nutrients for bacteria
available ine.g.saliva and gingival crevicular fluid are likely b@ important [158].

Gender

Composition of the microbiota may to some extent dender-dependent.
Phylogenetic profiles of mice have been found wstdr together according to
gender [159]. One group found that bacteria belmpgio the Bacteroides-

Prevotellagroup were more numerous in the male gut, withacthér distinctions

[160] and another group that thré&dostridium species one species from the
Bacteroideggroup and two from the phylun®Proteobacteriaare more common in
males [161].

Environmental and lifestyle factors influencing the oral microbiota

The composition of the oral microbiota is influeddey several factors which are
only briefly mentioned here. Lifestyle factors unhcing the microbiota include
e.g. diet, smoking, oral hygiene, and the presenceooéign materials [158].
Environmental factors, like variation in the leadl exposure to different bacteria
are also likely to influence the microbiota. Inants, acquisition 06. mutansvas
associated with habits that allowed saliva tranfsfen parents to infants [58].

Environmental and lifestyle factors of importance for the
establishment and composition of the gut microbiota

The establishment of the gut microbiota early iie s influenced by several
environmental and life style factors, includingidety mode, feeding pattern, and
levels of bacterial exposure [162].

The origin of the bacteria colonising neonates rbaythe maternal
faecal and vaginal microbiota, but also variousirammental sources [62, 163].
Infants delivered by caesarean section show delaggdisition of for instancg.
coli and Bacteroides,and to some degree of bifidobacteria, indicating th
importance of the maternal faecal microbiota aowarce of these bacteria [62,
163]. Lactobacilli may sometimes be acquired frohre tmaternal vaginal
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microbiota during delivery, and some authors repsdmewhat delayed

colonisation in sectio delivered infants [163, 16€]ostridia and enterobacteria
other thark. coli, e.g. Klebsiellaand Enterobacterspecies are found equally early,
or even earlier, in sectio delivered as comparedatpnally delivered infants [62]

[63], indicating that these bacteria are easilyuaegl from the environment. By
one year of age, sectio-delivered infants in Westeuntries have a lower ratio of
anaerobic to facultatively anaerobic bacteria ie fut than vaginally delivered
infants, possibly indicating a less “mature” miaagh [63]

Close contact with other individuals facilitatesyaisition of bacteria.
Infants with siblings have a higher ratio of an&&cao aerobic bacteria by one
year of age, which possibly indicates a more alkdt-microbiota [63]. It is not
clear if an early childhood with animals influertbe colonisation pattern.

Breast milk may be a source of bacteria colonisimgants.
StaphylococcusStreptococcus, Bifidobacteriuand Lactobacillusare frequently
isolated from breast milk [165]. Other foods givienneonates may also contain
bacteria that colonise the infantile gut [166].

Other, less well defined, lifestyle factors alsayph role. In a study of
the microbiota of children aged five to 13 yearmsnirthree European countries
there were no differences between countries, bidreh attending anthroposophic
schools had a more diverse dominant faecal mictaliizan controls as well as
farm children [167].

Influence of environmental bacterial exposure on the gut microbiota

It is clear that the level of microbial exposurdluances the gut colonisation
pattern. In neonatal intensive care units wheratgefforts are taken to reduce
bacterial spread, infants acquire a microbiota wheroagulase-negative
staphylococci, enterococci aiithterobacteriaceaelominate, while anaerobes are
almost absent [168, 169] Great differences are albs@rved when comparing the
early microbiota between infants from differenttpaof the world, with different
levels of environmental bacterial exposurdants in developing countries have a
more rapid turnover of bacteria and a larger nunmdfespecies in their early
microbiota than infants in Western countries [168€Eo, in developing countries,
infants delivered by caesarean section may be p@sdlyacolonised byE. coli,
Bacteroides, and bifidobacteria as vaginally delivered infants, indicating
pronounced spread of faecal bacteria in the hdspiteeu [171]. Lactobacilli have
been found to be more common in Ethiopian (twoixoreeks of age) and also in
Estonian infants (at one year) compared to Sweidifsints of similar ages [172,
173].

It is not known if the level of environmental mibial exposure also
influences the composition and complexity of the@stable adult gut microbiota.
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Influence of diet on the gut microbiota

In young infants, the gut microbiota differs in eeal aspects between breastfed
and bottlefed infants. Breastfed infants harboss ldostridia [66, 174], but tend to
have more staphylococci [75]. FurthermorBacteroides enterococci and
Enterobacteriaceae especially Klebsiella and Enterobacter tend to be more
common in bottle-fed infants [171, 175]. A majorad¥ studies find no differences
in Lactobacilluscolonisation between breast and bottle-fed infar@s 162, 176].
Also, Bifidobacteria are equally common in breastd bottle-fed infants in most
recent studies [177].

In adults, the gut microbiota differs between indibals in different
geographical regions consuming different types iefsd[178], but this may also
relate to other factors differing between the papahs.

Roseburia Eubacterium and Bifidobacterium have been found to
decrease as a result of a diet low in carbohyddat8]. Vegetarians harbour less
clostridia and~aecalibacteriunthan omnivores [180, 181].

Diet lipid content may also influence the gut mhbaoia, as fat
stimulates bile flow, by which expansion efy. Bacteroidesmay be stimulated
[182]. In a study of mice, dietary iron deprivatiesulted in elevation of anaerobes
including lactobacilli [183].

Bacterial factors of importance for establishment and composition
of the gastrointestinal microbiota

Ability to utilise available nutrients

To establish in the gastrointestinal tract, baatenust multiplicate at a rate
exceeding their rate of elimination. Bacteria theme compete for available
nutrients which include both dietary and host dstivcomponents. Apart from
indigestible carbohydrates and low levels of noseabed protein, not much of the
food ingested by the host reaches the colon. Howthexe is a broad range of
other nutrient sources in this habitaiy. mucus and exfoliated epithelial cells.
Some bacteria are able to utilise a variety ofeddht substrates,
whereas others are much more specialised [184].yMgut bacteria ferment
indigestible carbohydrates into short chain fatigls, which is discussed later.

Adhesins

Bacteria colonising the gastro-intestinal tract omnly express structures called
adhesins mediating adherence to host cell receptomicus structures [135]. Most
bacterial adhesins are proteinacious structurdsrétagnise defined carbohydrate
sequences in host tissues: glycoproteins, glyadiprr less often a defined protein
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structure. Adhesins of Gram negative bacteria &endound on fimbriae, rigid
protein rods reaching out from the bacteria, wheradhesins of Gram-positive
bacteria most commonly form part of the cell wallad the cell coa{185]. The
same bacteria may have more than one adhesinhanekpression of adhesins is
commonly subject to phase variation and may beetlion and off by the bacteria
depending on environmental stimuli, which has bskawn for S layer protein
adhesin ir_. acidophilusandL. brevis[186].

Adherence is an important step in colonisation ofcosal sites. This
has been shown most clearly for pathogenic bactinanstance enterotoxigenic
E. coli, which colonise the small intestine of man andrats [187].Salmonella
adheres to enterocytes and M cells as a firstistépe pathogenesis [90j the
oral cavity and the small intestine, adherencakislyl to be extra important for
colonisation because of the salivary flow and palsss, respectively, which
otherwise wash bacteria away. In the oral caviagtéria form complex biofilms,
and in this process, they commonly also coaggregateadhere to each other
[158].

In the colon, the flow of gut contents and transieme are much
lower, which could indicate that adherence is Iegsortant for colonisation of this
habitat. However, adherence may promote colonisaifdhe epithelium or mucus
layer, and provide advantages by increasing adoasstrients squamatdtbm the
tissues or present in mucus [188].

For E. coli colonising the large intestine, the possessioR-ifmbriae
and type-1-fimbriae mediating adherence to galactasd mannose-containing
receptors, respectively, on colonic epithelial $ebeem to promote long-term
persistence in the gut [189, 19€]. coli with mannose-binding type 1 fimbriae are
also able to bind to mannose-containing oligosaudés on S-IgA [133, 191E.
coli retrieved from the commensal microbiota of IgAideht individuals express
less mannose-binding adhesins tlkarcoli from individuals with normal levels of
IgA [191, 192]. Possibly, binding d&. colito S-IgA, which is present in mucus,
facilitates colonisation of the mucus layer, whinhy be the preferred niche féar
coli in the large intestine.

Adherence of lactobacilli

Lactobacilli have been shown to adhere to epitheklds, mucus, and extracellular
matrices. Several structures have been identifiethi@get substances or receptors
for lactobacilli, e.g. collagen, fibronectin, laminin, lectins, and okg@charide-
chains of glycoproteins [193-195].

Most studies ofLactobacillusadhesion to epithelial cells have been
performed using cell lines, but there are alsoistudf biopsy samples [196, 197].
A number of surface layer proteins of lactobadibive been reported to mediate
adhesion to intestinal epithelial cells [198, 1%Rjt few specific receptors for
lactobacilli on epithelial cells or in mucus haveeh identified. However, several
Lactobacillus species are able to express adhesins mediatingreadie to
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mannose-containing receptors on colonic epithek#ls [31, 196]. Such mannose-
specific (MS) adhesins have been demonstratdd plantarum,L. salivarius, L.
johnsonii, L. paracaseand L. fermentumall members of the oral and/or faecal
microbiota [31, 196, 200-202]. At least in plantarum,the expression of these
adhesins is enhanced by oxygen, since the manpesdis adherence of
lactobacilli to colonic epithelial cells is reducedter culture of bacteria under
anaerobic conditions [196]. Ih. plantarum,the adhesin was identified as a
proteinaceous structure [196], more specificallyaasulti-domain cell surface
protein [201].

Adhesion to mucus structures by lactobacilli expires MS adhesins
have been described [201]. Also, in addition tofghsteinaceous MS adhesin lof
plantarum[201], other mucus-bindingactobacillusproteins have been identified:
the extracellular mucus-binding protein (mub).ofeuteri[203], and the mub oL.
acidophilus[204].

Oral adhesion of lactobacilli is less well studigthn adhesion to
intestinal structures. Epithelial cells and teeth eovered with saliva, and several
studies show.actobacillusadherence tsalivary structures [205-207]. Adherence
to buccal epithelial cells df. rhamnosusas also been found [205].

Adherence of Salmonella

As mentioned above, adherence to host cells immportant step in the induction of
infection by mucosal pathogens, and may even lreraquisite [90]. Several types
of fimbriae have been found iBalmonella,including mannose-binding type 1
fimbriae, plasmid-encoded fimbriae, long polar fimmke and thin aggregative
fimbriae (curli) [208]. Variable expression of the many adhesin structunay
enable adherence to different cell types and tHendation of different hosts
[209].

Bacteriocins and other antagonistic compounds produced by bacteria

Antibacterial substances are not only producedhkyhiost but also by the bacteria
themselves, and antimicrobial activity is thougbt he an important way for
members of the normal microbiota to competitivelglade or inhibit newcomers.
Most bacteria can make one or more antibacterigitiges, i.e.
bacteriocins, with the function to suppress conmgetbacteria of the same or
different species [210]. The best characterisedebbiacins are those from lactic
acid bacteria, including lactobacilli. They are mo$ien active towards closely
related Gram-positive bacteria, while the produmdls are immune to their own
bacteriocins [211]. However, activity against Graggativesge.g. Salmonella by
Lactobacillusbacteriocins or bacteriocin-like substantes also been described
[212]. Like for human antimicrobial peptides, the most cmrn mode of action is
the formation of pores in the bacterial membranet they can also act by
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prevention of cell-wall synthesis, inhibition of RNsynthesis and inhibition of
bacterial phospholipase [213].

Other antagonistic compounds produced by bactaeaalso known.
Lactobacilli produce a number of other substanciés mon-specific antimicrobial
activity, e.g. SCFA, lactic acid, formic acid, and hydrogen pétex[211]. For
instance, the SCFA could possibly lower colonic p¥hich may then limit the
growth of certain bacteria [214]. However, little actually known about the
possible role of these compounds in the interadbietween bacteria and for the
composition of the microbiota in the gastro-integkitract.

Colonisation resistance

A full microbiota greatly hampers the implantatia@ new bacteria into the
ecosystem, and, thus, protects its host from thensation by pathogens. This is
called colonisation resistance [215], and is belieto be the result of competition
for binding sites and nutrients, and from the puaian of bacteriocins and other
substances harmful for the competitors. The sameegoare likely to strictly
regulate the population size of each bacterialrstrathe microbiota.

Colonisation resistance is indeed an important rdefemechanism
against colonisation and proliferation of pathogeor potentially pathogenic
bacteria. For example, it has been shown that @ abanly tenSalmonellabacteria
causes lethal infection in germfree animals, wher@amals with a normal gut
microbiota can stand infection with up to 5 x° b@cteria before lethal infection
occurs [216]. Also, the colonisation resistancevigled by the microbiota keeps
down the population counts of the potential patimo@edifficile in the gut. Other
potential pathogens which are kept at relatively loumbers in the microbiota
includee.qg.E. coliand other enterobacteria.

Effects on the host of the gut microbiota

Gut maturation

Establishment of the gut microbiota contributeshi® maturation of the intestines
with thickening of the mucosa and deepening of tstyphe villi become broader
and shorter and the mass of the small intestineeases [217]The regulation of
intestinal epithelial cell turnover and mucus bitesis increases as new genes
are turned on [218]. Increased peristalsis reduozegerial counts in the small
intestine [219]. Germ-free animals have fewer gbldells than conventional
animals [114]. The intestinal microbiota may alsamttibute to the development of
the capillary network in the small intestinal v{i#20].
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Maturation of the immune system

Both the innate and the adaptive immune systemd stgaulation from bacteria to
develop and function optimally. The commensal nbarta induces mediators of
the innate defence. For example, Paneth cells iallsmtestinal crypts are
stimulated through colonisation to secrete antiab@l compounds. Macrophage
chemotaxis and phagocytic activity are reduced @nngfree as compared to
conventional animals [221].

There are even greater differences between gerrafrdeconventional
animals in the acquired immune systefme gut associated lymphoid tissue is
poorly developed in germ free animal$iere are fewer lymphocytes in the lamina
propria and in the epithelium, and intestinal lymphaggregates, such as the
Peyer’s patches and mesenteric lymph nodes, anéesf222]. Spleen and thymus
are underdeveloped as compared to conventionalkgedaanimals [223]Also,
concentrations of serum immunoglobulins are muakiefoin germfree than in
conventional animals, and germ-free mice have Jewy levels of S-IgA at
mucosal sites [223].

Energy and nutrients for the host

The gut microbiota has an important function in gnecessing of nutrients [25].
The presence of bacteria alters the metabolic afymiof host cells, resulting in
more efficient uptake and utilisation of nutriefi23, 224]. It contributes to the
regulation of host fat storage, and increases dipaaty to extract energy from the
diet [225]. Bacteria are also able synthesise séw#iamins,e.g.vitamin K which

Is taken up and utilised by the host [25].

Gut bacteria enable metabolism of otherwise indigkes dietary
carbohydrates to host-absorbable compounds and d¢busibute to energy
production [25]. The major end products of the femtation of indigestible
carbohydrates by anaerobes in the colon are the-chain fatty acids (SCFAS)
acetate, propionate and butyrate [214].

Involvement of the gut microbiota in health and disease

The gut microbiota influences our wellbeing in savevays. For instance, the
SCFA butyrate produced by gut bacteria, servesnasgg for epithelial cells and
may have a protective role against colon cancemugetous colitis [226, 227], and
propionate enhances colonic muscular contractiontribmting to relief of
constipation [228].

Stimulation of the immune system by the commensalobiota may
be beneficial for health. Such stimulation possiytributes to the maturation of
iImmunoregulatory mechanisms. It has been showrsthaalled regulatory T cells,
which are important for the preventioh immune reactivity towards autoantigens
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and harmless environmental antigerg]. allergens, have impaired function in
germfree animals [229].

There is increasing evidence that the compositibnthe gastro-
intestinal microbiota could have implications foetdevelopment of a number of
diseases, including allergy [230], inflammatory lebwlisease [231], colon cancer
colitis [226], and obesity [232].

Disturbances of the gut microbiota

Disturbances induced by antibiotics

Treatment with antibiotics is a common cause diudiances of the normal gastro-
intestinal microbiota. Different agents have diéfier effects, depending on
antibiotic spectrum, dose, route of administratiopharmacokinetics and
pharmacodynamics. In neonates and young infantdi@rc treatment often has
profound effect on the microbiota, and most anderddacteria are strongly
suppressed.

Suppression or elimination of large bacterial papahs in the
microbiota with loss of colonisation resistance niasd to the expansion and
colonisation of potential pathogens in the gut olidota, likeClostridium difficile,
S. aureus, C. perfringenand variou€nterobacteriaceaer Candidaspecies [233,
234]. Antibiotic-induced disturbances in the miaadh treatment also increases the
risk of acquiring gastrointestinal pathogens. fstance, prior antibiotic treatment
Increases the risk of acquirigaimonellg235].

Antibiotic associated diarrhoea

Antibiotic associated diarrhoea (AAD) is common idgr and after the
administration of antibiotics. The incidence variestween five and 35 % in
different studies [236]. Common risk factors in&udigh age, hospitalisation and
concomitant disease [236]. Clindamycin, extendeztspm penicillins,
cephalosporins and possibly fluoroquinolones amoa@ated with a higher risk
[236-238].

Toxin-producingC. difficile is reported to be the cause of 10 - 25% of
AAD cases in most studies [239], but higher figures/e been found [240].
Possibly, other pathogens likeS. aureus, C. perfringens,various
Enterobacteriaceaer Candidaspecies may sometimes be respongd@s3, 234].
The remainder of episodes of AAD may be due to viactors, including
increased gastro-intestinal motility [233], osmatiarrhoea secondary to decreased
digestion and absorption of carbohydrates [233], readuction of short chain fatty
acids in faeces [241].
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Clostridium difficile enteritis is treated with metronidazole or
vancomycin, if discontinuation of antibiotics is tnenough, but relapses are
common. For other types of AAD there is no effeetireatment available.

Disturbances in the microbiota induced by infectious
gastroenteritis

Bacterial gastroenteritis may involve changes mnlbrmal gut microbiota. There
are several contributing mechanisms. Increasedstined motility and fluid
secretion change the intestinal environment andeasez the oxygen content.
Resident or introduced aerobic or facultatively eaohic bacteria can expand,
whereas several anaerobes decrease in numbers224R,In a recent study of
children in India, significantly lower levels oBacteroides,the Prevotella-
Porphyromonagroup,EubacteriunrectaleandFaecalibacterium prauznitzere
found during acute diarhoea [70]. There is alse@ehse in bacterial fermentation
products, particularly short-chain fatty acids, amdassociated increase in luminal
pH [243]. It is possible that this could then imntw@llow further growth of bacteria
that are usually inhibited by a lower pH.

Post infectious irritable bowel syndrome

Symptoms of irritable bowel syndrome (IB$%). abdominal pain or discomfort,
and altered bowel habits, commonly arise after rgasteritis caused by
Campylobacter, Salmonella, Shigeba diarrheagenid&. coli [86] but does not
seem to be common after viral infection.

Proposed risk factors for developing IBS after baat gastroenteritis
include infection bya virulent pathogen, long duration of diarrhoea, ypwage,
female gender, and antibiotic treatment [244, 245].

The pathogenesis of IBS is unknown, but may incllmle grade
inflammation of the gut mucosa [246]. Overgrowth tlee small intestine by
bacteria normally found in the colon has been desdrin IBS [247] and colonic
gas-production (hydrogen or methane) is greatessiply as a result of changes in
the fermentation of carbohydrates by gut bacte2é8]. Changes found in the
faecal microbiota includee.g. decreased numbers oE. coli and other
Enterobacteriaceaelactobacilli, Collinsella and to a lesser extent, bifidobacteria
[249]. Veillonellawas increased in IBS with constipation [250].

The prognosis of post infectious IBS is similarthat of IBS without
preceding infection, with 50 % of the patients remtng within six yearg251].
There is no widely accepted treatment for postindes IBS.
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Probiotics

Probiotics are defined as “live microorganisms \whiwhen consumed in adequate
amounts as part of food, confer a health beneftherhost” [252]. Microorganisms
commonly used as probiotics include the ye&atcharomyces boulardiand
various bifidobacterial andLactobacillus species.Lactobacillus species used as
probiotics aree.g. L. rhamnosus, L. reuteri, L. acidophilus, L. paradade
johnsonii, L. salivariusandL. plantarum

Why use probiotics?

There are a number of situations where probiotozddcbe an attractive treatment
alternative. Conditions involving a disturbed migiata could possibly benefit
from the effects of probiotic bacteria on the mimata. This include®.g patients
treated with antibiotics.

Effective treatment is often lacking in bacteriasgioenteritis. For
instance in Salmonella, antibiotics are indicated for severe and compddat
infections, but have marginal effect against undocaped gastroenteritis.
Antibiotics have also been reported to prolong tthme Salmonellais excreted in
stools [88], although this has been questioned ][2BGrthermore, there is an
increasing problem with antibiotic resistance inteeic pathogens, including
Salmonellg253].

Influence of probiotics on the gut microbiota

Intake of lactobacilli and other probiotics may ealtthe composition of the
microbiota, but the changes are usually small aadstent and there are large
variations between individuals regarding the effept7, 254]. Still, intake of
probiotics may considerably alter levels of divetsacterial metabolitese.g.
amino-acids, and SCFA [254Fome studies have found no changes in the
microbiota during or after the ingestion of a pailm Lactobacillusstrain (apart
from an increase ihactobacilluscounts due to the strain administered) [255]
whereas some find minor changes hikereased numbers &nterococcug47]. A
study of infants aged 12-24 months showed modecasnges in the faecal
microbiota, with increased counts of sevdrattobacillusspecies and decreased
counts of clostridia with intake of the strairactobacillus paracasei A256].
Clearly, the effects on the microbiota induced byhbmotic bacteria are strain
specific.

Other proposed effects of probiotics

Probiotics have been reported to influence the imansystem through increased
production of IFNy by Ilymphocytes [257] enhanced phagocytosis by
polymorphonuclear leucocytes [258-260] and enhamsgaession of complement
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receptors on polymorphonuclear leucocytes [261,].262 rhamnosus GQGnay
increase production of nitric oxide (NO) in huma84Tintestinal epithelial cells
[263]. Anti-inflammatory effects have also been ridue.g. lowering of highly
sensitive C-reactive protein and TNF [264]. Agdlme effects appear to be strain
specific.

In vitro studies indicate that probiotics may strengthes niucosal
barrier. Through competition for adhesion sitesbprtics may diminish the
attachment of pathogens [265]. Sorhactobacillus strains, includinge.g. L.
plantarum 299vand a probiotic mixture of lactobacilli, bifidobadta andS.
thermophilushave been found to increase mucin production bthejmal cellsin
vitro [266, 267].

Clinical effects of probiotics

Health benefits of lactobacilli are claimed for amber of conditions (Table 4).
Examples of conditions where certain probiotics rbayof benefit are rotavirus
diarrhoea in infants [268, 269], prevention of AAPR70-272], caries [273] and
surgical infections [274]. However, evidence iseaftconflicting, and further
studies are needed in most areas.

Probiotics for the prevention and treatment of antibiotics
associated diarrhoea and C. difficile infection

Several studies have been performed to investijdtee incidence of antibiotic
associated diarrhoea (AAD) can be reduced by adimation of probiotic
microorganisms. Positive results have been repddethe yeasSaccharomyces
boulardii, which significantly reduced the incidence of AAD several studies
[270, 275, 276]. The widely usgmobiotic strainL. rhamnosussG has also been
tested in several trials [271, 277-279]. The eHestem quite good in children, but
less certain in adults. Also, certain probiotic tares, for examplé.actobacillus
casei + L. bulgaricus+ Streptococcus thermophilubave been shown to
significantly reduce the development of AAD [27R}obiotics have also been tried
in the treatment of recurre. difficile associated diarrhoashere there is some
evidence of effect of treatment wigh boulardii[282].
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Table 4. Conditions where beneficial effects of probiotiesvé been claimed

Prevention of antibiotic-associated diarrhoe&accharomyces boulard270, 275, 276]
(by C. difficile or unexplained)

L. rhamnosu$sG [271] [277-279]

L bulgaricus+ S. thermophilu$272]

Treatment of recurrent L. plantarum 299y280]"
C. difficile associated diarrhoea L. rhamnosus G@281F

S. boulardii[282].

Rotavirus diarrhoea in children L. rhamnosus GE268]
VSL#3 [269]

3 L. rhamnosustrains [283]

Crohn disease Faecalibacterium prausnitz|R84]
Prevention of pouchitis relapse VSL85]
Irritable bowel syndrome L. plantarum 299y286]

Post infectious irritable bowel syndrome  B. animalis[287]
Surgical infections L. plantarum 299v+ oat fibre [274]
Urinary tract infections L. crispatug[288]

. acidiphilus+ B. infantis[289]

Necrotising enterocolitis L
B. infantis+ B. bifidus+ S. thermophilu$290]

Caries L. rhamnosus G@73]

Atopic eczema L. rhamnosus GG91]

Tendency towards effect, but too few patients vieckided for significancy

’Case report

3/SL#3 containd.. acidophilus L. paracaseilL. bulgaricus L. plantarum B. breve B. infantis
B. longum andsS. thermophilus

Antibiotic associated diarrhoea and probiotics, modes of action

The mechanisms by which probiotics might prevent DAAand C. difficile
associated disease are not clarified, but may dectug an increased colonisation
resistance and modulation of the host immune resgon
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As described elsewhere, suppression of the normafobiota by
antibiotics allows opportunists liké. difficile to multiply. By competing for space
and nutrients probiotics may counteract the growftiihis and other pathogens.
Also, spore germination of. difficile may be inhibited by the production of
hydrogen peroxide and short chain fatty acids kpbiotic Lactobacillus strains
[293].

In a study by Gorbach the numbers of plasma callthe intestinal
mucosa increased with administration bf rhamnosusGG, resulting in an
enhanced immune response towatdglifficile or C. difficile toxins [294]. Certain
Lactobacillusstrains, including.. plantarum 299vhave been shown to increase
the production of SCFAs in the gut [24H. positive correlation between SCFA
production, absorption of sodium and water in tokr, and decreased diarrhoeal
symptoms has been observed in several studies.[295]

Probiotics for the prevention or treatment of Salmonella infection

Several animal studies support an effect of praobidactobacilli against
Salmonella Good effects have been observed in chickens [386% [297], and
mice [298]. However, there are also studies showimeneficial effects.

There are few studies involving human subjects. Almal found in a
non-blinded study that intake afctobacillus acidophilushortened the duration
of the Salmonellacarrier state in patients that were asymptomadtistady start
[300].

Salmonella and probiotics, modes of action

There are several possible mechanisms whereby ghicbicould be effective
against Salmonella competition for binding sites in the gut, prodant of
antibacterial substances, competition for nutrielttsal reduction of luminal pH,
and an influence on the host immune response. Abeuraf studies, mostlin
vitro, have been performed to test these possibilitieshd@kt review of such studies
Is presented below, but to what extent these foimirror what actually happens
in the human gut is unknown.

Strains of severalBifidobacterium and Lactobacillus species, for
instanceB. longum L. acidophilus and L. plantarum are able to inhibit the
adhesion ofSalmonellato intestinal epithelial cellgn vitro [301, 302].1t is not
known if adhesion is blocked by competition forpmedfic receptor, or by steric
hindrance.

Furthermore, severalBifidobacterium and Lactobacillus species,
including B. bifidum B. animalis L. acidophilus L. johnsoniiand L. plantarum,
have been shown to possess antagonistic actionsa@almonellassp. as a result
of production of bacteriocins, organic acids lilketlc acid or other substances
toxic to Salmonella[212, 303]. Antagonism by competition for growimiting
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amino aciddetweenS. Typhimurium and a combination of five faecal spstias
been showmn vitro with a reduction of growth of th®almonellastrain [304].

There are also studies indicating that probioti@iss can down-
regulate the inflammatory response inducedshimonellg302], and increase the
production of S-IgA in the gut against this pathod805]. On the other hand,
certain probiotics may stimulate the inflammatoegponse, for example through
activation of macrophages [306]. Probiotics weresoalfound to stimulate
proliferation of lymphocytes in responseSalmonelld307].

Lactobacillus plantarum 299v

Lactobacillus plantarun299v (DSM 9843) is a probiotic strain which sungve
passage through the gastrointestinal tract andi@natly colonises small intestinal
and colonic mucosa [308, 309h animal models it has been found to reduce
intestinal injury and inflammation after radiatido, reduce the severity of dextran
sulfate sodium-induced colitis [310, 311] and toledh E. colrinduced increase in
intestinal permeability [312].

Two clinical studies have shown a reductioh abdominal pain in
patients with irritable bowel disease receivihg plantarum 299v,and trends
towards less constipation and flatulence [286, 3H®wever, another study found
no clinical improvement in IBS using this probiosicain [314].

Supply of L. plantarum 299vsignificantly reduced the incidence of
post-operative infections in transplant recipief3$5]. Furthermore, critically ill
patients treated with this strain had decreasedncation byC. difficile as
compared to controls [316], and the same stracombination with metronidazole
tended to be more effective than metronidazoleelanthe treatment of patients
with recurreniC. difficile associated diarrhoea [280].

Safety of probiotics

There area several reports of sepsis associatadivatprobiotic yeas$. boulardii
[317], which is widely used for the treatment of BAandC. difficile infections.
Infections have even occurred by aerosol transoms$p patients with central
venous catheters neighbouring a patient treatedh wie yeast [318]. Most
infections occurred in severely debilitated pasent

Lactobacilli are generally regarded as safe [31@] & is believed that
the risk of infection with a probiotitactobacillusstrain is similar to the risk of
becoming infected with d&actobacillusstrain from the commensal microbiota
[320]. As mentioned earlier, endocarditis, bacteriaeand localised infections
including abscesses caused by lactobacilli haven besported, mainly in
individuals with severe underlying disease [3212]32
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There are some reports of infections caused by witely used
probiotic strain L. rhamnosus GGincluding bacteraemia in children with
underlying disease and one case of endocarditisoandcase of liver abscess in
adults [317]. In a review from 2005 only one out2#1 reported_actobacillus
infections was caused by a probidtectobacillusstrain [322].

Plasmids carrying antibiotic resistance genes baesn found in several
Lactobacillusspecies, includind.. plantarum[323]. Transfer of such plasmids to
other bacteria has been considered to be raras lag yet not well studied [324].
Some studies indicate a higher risk of antibiogisistance transfer than previously
believed, especially during treatment with antilc®{325, 326].
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AIMS

The aims of this thesis were:

to study the establishment of thactobacillusmicrobiota at the species and strain
level in Swedish infants followed over the first &®nths of life, and to identify
factors influencing the colonisation pattern

to investigate how S-IgA influences thactobacillusmicrobiota, by studying the
oral and faecalactobacillusmicrobiota of adults with and without IgA deficignc
regarding species distribution and expression afrmoae-specific adhesins

to determine if intake ofactobacillus plantaruntan prevent diarrhoea and other
gastro-intestinal disturbances and decrease calioms by toxin-producingC.
difficile during treatment with antibiotics

to study if intake of.actobacillus plantaruntan reduce symptoms during and after
Salmonellaenteritis and/or reduce the time until clearanc8almonellan faeces
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MATERIALS AND METHODS USED IN THE
STUDIES

A summary of the individuals studied and the methoded in study I-IV is
presented here. Please refer to the individualnsdpe more detailed information.

Study populations and study design (I-1V)

Paper |

The establishment of tHeactobacillusmicrobiota was studied in Swedish infants
followed over the first 18 months of life.

One hundred and twelve healthy Swedish infants batnthe
Sahlgrenska University Hospital were followed. Tdieldren were recruited to a
prospective birth-cohort study aiming to investegte relation between intestinal
colonisation pattern and allergy development, thé PRGYFLORA study [62]
[63]. Parents-to-be were enrolled at the materoligic, and background data
collected on atopic heredity, pets and siblings edkected.

During the infant's first 18 months of life, faecabmples were
collected at regular intervals and analysed fotolaacilli. Parents recorded the
child’s health status and feeding habits during fint year. The influence of
delivery mode, feeding mode and of siblings or petsthe household on
Lactobacilluscolonisation pattern was studied.

Paper Il

The oral and faecdlactobacillusmicrobiota of adult individuals with and without
IgA deficiency was characterised regarding spedisgibution and expression of
mannose-specific adhesins.

Thirty three individuals with selective IgA deficiey and thirty-four
age-matched healthy individuals with normal serammunoglobulin levels were
included in the study. IgA deficiency was definedaaserum IgA level of less than
0.05 g/l in the presence of IgM, IgG and IgG1 n4he normal range [327]. Ten of
the individuals with IgA deficiency were healthyobd donors diagnosed at
screening, while 23 at some time point had sougddical advice at the infectious
diseases clinic for symptoms which could be reladheir IgA deficiency.
Symptoms included a history of frequent respiratbgct infections and/or of
gastrointestinal complaints. Fourteen had at lesst diagnosed auto-immune
disease. All participants agreed not to consume @opiotic products for two
weeks before sampling.
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From each individual, one oral and one faecal sam@re obtained
and analysed for lactobacilli. THeactobacillusspecies distribution and adhesin
expression were compared between IgA deficient ematrol individuals, and
between oral and faecal samples.

Paper Il

The ability of the probiotic straih. plantarum 299v¥o prevent diarrhoea and other
gastro-intestinal disturbances during treatment vantibiotics was tested in a
double blind placebo controlled study.

Inclusion criteria were age of at least 16 yeargjb&tic treatment
started within 48 hours before inclusion, an expeédteatment period of 7 to 14
days, and ability to actively participate in theudst by keeping a diary and
providing stool samples. Patients were randomigezbhsume 200 ml/day of a test
drink containing blueberries and 5% oats gruel withwithout 5x10 colony
forming units (CFU) ofL. plantarumiml once daily until a week after termination
of antibiotics. Gastrointestinal symptoms, intakeaatibiotics and intake of test
drink were recorded daily by the patients. Theqrdas were asked to avoid foods or
products containing live bacteria during the stymbriod and to continue the
registration in the diary for at least one weelerathe last day of intake of test
drink. On completion, the diary was mailed to the studytree Faecal samples for
the analysis oC. difficile toxins were obtained at study start before firsike of
test drink and after discontinuation of antibiotics

Primary outcomes were the proportion of patientseach group
developing diarrhoea, defined as at least 3 looseatery stools per day for at least
2 consecutive days, and the proportion of pati@amtsach group positive foC.
difficile toxin in faeces after treatment with antibioti€&condary outcomes were
the risk of developing loose or watery stools, hstabls, abdominal pain, nausea,
vomiting, flatulence, or blood in stools in eaclowgp.

Paper IV

The effect of intake ofL. plantarum 299v on symptoms during and after
Salmonellaenteritis and on time until clearance 8&lmonellain faeces was
studied.

Patients were eligible for the study if they wetdeast one year of age,
had sought medical advice for gastrointestinal spmgs and had a stool sample
positive forSalmonella.Patients were randomised to consume 1 g of a skikn
powder with or without 5 x 16 colony forming units (CFU)/g of freeze-dried
Lactobacillus plantarun299v. They were instructed not to consume othed$amr
products containing live bacteria during the stpdyiod, and to register symptoms,
intake of study preparation and any use of aniitBoin the study diary. Faecal
samples for the analysis 8almonellawere obtained at inclusion and then weekly
during the study.

43



Primary outcomes were time until clearance&safmonellaand time until
resolution of diarrhoea,e. time to the first week without a day with diarrlace
(defined as at least three loose stools in 24 ho8econdary outcomes were time
until cessation of other acute symptomes, loose stools, blood in stools, fever,
nausea, vomiting, abdominal pain, or any of thggepsoms. The occurrence of
symptoms while still taking the test preparatioteatlearance ofalmonella was
also analysed and compared betweer_ti@antarumand the placebo group. Time
to clearance obalmonellasymptoms, and effects of treatment, were also eoetp
between female and male patients.

Permission from the Ethics Committee (I-1V)

Informed consent was obtained from included indigld or their parents, and the
Ethics Committee of the Medical Faculty of G6tebapproved all four studies.

Sampling and culture for the isolation of lactobaci I (I,

N

From infants, faecal samples were obtained at 4,dhd 8 weeks, and at 6 and 12
months of age. In 65 of the 112 infants, faecalucas were also performed at 18
months. Parents collected freshly voided faecdsoate. The samples were kept
refrigerated in a container without oxygen (AnaeeaGCompact, Oxoid Ltd.,
Basingstoke, UK) until transported to the laboratavhere they were processed
within 24 h after collection.

In paper I, one oral and one faecal sample wetaimmdd from each
healthy and each IgA deficient individual. For ofattobacilli, a cotton-tipped
swab was pressed against the back of the tonguetrandported in Stuart’s
transport medium [328] directly to the laboratdfgr intestinal lactobacilli, freshly
voided faeces was collected by the participants &apt refrigerated until
transported to the laboratory within 5 h.

All faecal samples were serially diluted and plabvedRogosa agar for
selective outgrowth of lactobacilli [329]. The limdf detection was 330 (1&)
CFU/g faeces. For oral lactobacilli, the cottorpgd swab was streaked directly on
Rogosa agar plateall plates were incubated anaerobically at 37 °€ 3odays
using the BBL GasPak anaerobic system (Becton BDscki Microbiology
Systems, Sparks, MD). From the plates of oral sampind from appropriate
dilutions of the faecal samples, one representattdeny of each morphotype
(differing in e.g.size, shape, colour or texture from other colgness separately
enumerated, Gram-stained, examined in the micr@éseopd subcultured to purity.
Unbranched Gram-positive rods were regarded asatteat lactobacilli and
analysed further.
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|dentification of lactobacilli by PCR (I, 11)

DNA extraction (I, II)

In paper |, putativd.actobacillusisolates were grown over night ractobacillus
carrying medium (LCM) [330] and a crude cell extracas prepared by bead
beating as previously described [331]. Briefly,l a@ttracts were prepared from
overnight cultures at 28 °C. The cells were wadhece in 1 ml sterile Milli-Q®
water (Millipore, Molsheim, France), and disruptedn Eppendorf tube with glass
beads.

In paper Il, bacterial DNA was extracted as desttibby Song with
some modifications [29]. Briefly, one to two bacdkrcolonies, which had been
subcultured to purity on Rogosa agar, were suspeimd®0 pl of 10 mM Tris HCI,

1 mM EDTA (pH 8.0) and 10 mM salin&he bacterial suspension was incubated
for 10 min at 95 ° and centrifuged at 18 600 x g3danin. The supernatants were
kept at -20 © C until used.

Exclusion of bifidobacterial isolates using a Bifidobacterium-

specific PCR (I, I1)

As Rogosa plates are not entirely selective fotolaacilli, but also permit growth
of bifidobacteria, all isolates were screened Bifalobacteriumspecific PCR. The
primers PbiF1l (5°CCG GAA TAG CTC C-3’) and PbiR2-(BAC CAT GCA
CCA CCT GTG AA-3) [332] were used under previoustiescribped PCR
conditions [332] (paper Il) and as described ingvdprespectively. The amplicon
specific for bifidobacteria, with a size of 919 bpas visualised by agarose gel
electrophoresis and ethidium bromide staining.al®d identified as bifidobacteria
were not analysed further.

RAPD for the distinction of different Lactobacillus strains
combined with a Bifidobacterium-specific PCR (1)

In paper |, a Random Amplification of PolymorphidNB analysis (RAPD) was
performed to distinguish differertactobacillusstrains, as previously described
[331]. In RAPD, primers of arbitrary sequences biadder low stringency
conditions to various sites on both strands of tatepDNA. This results in a
pattern of amplified DNA fragments which is unicfoe each strain [26].

The RAPD-primer 73 (RACGCGCCCT-3 was used, and the RAPD
analysis was performed in the PCR in which Bigdobacteriumspecific primers
were included. Gel electrophoresis for the sepamaif PCR products was
performed on agarose gels that were stained withdiemm bromide and
photographed under UV-light. Putatit@ctobacillusisolates from a single child
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showing the same band pattern on RAPD analysis vegy@aded as belonging to
the same strain. Isolates identified as bifidoh#t@ere discarded.

Identification and speciation of lactobacilli by group and species-
specific multiplex PCR assays (I, I1)

At least one representative isolate of each diffeRAPD pattern from each child
in paper |, and each putatiteactobacillusisolate in paper Il, were subject to
speciation by PCR. Lactobacilli were identifiedngsia series of multiplex PCRs
with group and species specific primers recognizreguences of the 16S-23S
rRNA and its flanking 23S rRNA gene [29]. The mathwas designed to cover
Lactobacillusspecies commonly found in the human intestine [80]the first
multiplex PCR, lactobacilli are differentiated infour groups (Fig.2). Group |
contains only one specids, delbrueckiiwhich is identified directly, while isolates
reacting with the primers specific for group I, lbr IV are analysed further in
species-specific multiplex PCRs. The species ifledtin these analyses inclutle
jensenij L. acidophilus L. crispatus andL. gasseri(group Il);L. paracaseiandL.
rhamnosuggroup Il); andL. salivarius L. reuteri L. plantarumandL. fermentum

(group 1V).

Figure 2. A photograph of PCR with group-specific primers
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Speciation of lactobacilli by sequencing of the Lactobacillus 16S

rRNA gene (I, II)

In paper I, one of theéactobacillusstrains that could not be typed to the species
level using species-specific primers as descrillsal/@ was identified by partial
sequencing of théactobacillus16S rRNA gene. This analysis was performed at
the Laboratory of Molecular Microbiology, Departmesf Clinical Bacteriology,
Sahlgrenska University Hospital, using their stadgaotocol [333].

In paper Il, a large number of isolates did notctea the group- or
species-specific PCR assays. These isolates wecatgd by partial sequencing of
16S rRNA genes, as described in the manuscrigheatsenomics Core Facility
Platform at the Sahlgrenska Academy, Universitsoteborg. The sequences were
analysed using the Ribosomal Database Project:/{htipcme.msu.edu/) and
FASTA (http://www.ebi.ac.uk/Tools/fasta33/nucleotide.htithtabases. Only type
strains were considered and a similarity of attl®&8s% and a distance score of at
least 0.5 % units to the next closest species medjuior the determination of
species

Adherence of lactobacilli to HT-29 cells (II)

The expression of mannose-specific (MS) adhesinslaayobacilli from IgA
deficient and control individuals was tested byeassg adherence in a mannose-
sensitive manner to cells of the colonic carcinared line HT-29 as previously
described [196]. Bacteria and cells were incubatedank’s balanced salt solution
with or without methyle-D-mannoside at 4 ° for 30 min. The cells were sgown,
washed in PBS and fixed with neutral buffered fdmarhe number of bacteria
attached to each of 40 epithelial cells was deteethiusing interference contrast
microscopy. In each experiment, thactobacillusisolates from one IgA deficient
and one control individual were analysed, the pemwamining adherence being
blinded as to their identity. To calculate MS adimee, the number of bacteria
adhering in the presence of metlyl>-mannoside were subtracted from the number
of bacteria adhering in the absence of methil-mannoside. Isolates adhering with
at least three bacteria/cell and showing at le@s¥3reduction of adherence in the
presence of methyl-D-mannoside, were considered positive for MS aidisd81].

Sampling for and detection of  C. difficile toxin in
faeces (llI)

In paper lll, faecal samples for the detectionCofdifficile toxin were obtained
before administration of the first dose of testhkrand seven to ten days after
discontinuation of antibiotics. Patients were insted to deliver an extra faecal
sample in case of diarrhoeal symptoms. Freshlyadideces was collected by the
patient and sent by mail if sampling was not pented at the hospital.
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An ELISA was used to dete€t difficile toxin in faecal samples, either
toxin A only (patients 1-154) or, as the standaethad was changed at the clinical
laboratory, toxin A and B (patient 155 and onwal@8y4, 335]. The analyses were
performed at the Clinical Bacteriology Laboratory $ahlgrenska University
Hospital.

Sampling and culture for the detection of faecal
bacterial pathogens (1V, 111)

In paper 1V, rectal swab samples for culture antea®n of Salmonellawere
performed at inclusion and once a week until foansecutive negative samples
had been obtained. Thereafter, intake of test mtsduas discontinued, but weekly
samples were obtained and cultured for four aduifiaveeks (Fig. 1, paper V).
The rectal swab samples were taken by the patamitsent in by mail in Stuart’s
transport medium [328].

In paper lll, the faecal samples delivered durimgrioeal symptoms
were cultured and analysed f8almonellaShigella,Yersinia,andCampylobacter

Culture and analysis for the identification 8&lmonella, Shigella
Yersinia and Campylobacter were performed at the Clinical Bacteriology
Laboratory at Sahlgrenska University Hospital adoay to their standard methods
[336].

Salmonella serotyping (1V)

Salmonellaisolates were serotyped at the Clinical Bacteriplagboratory at
Sahlgrenska University Hospital according to theffman-White scheme [328].

Statistical methods

Fischer, Man-Whitney (I, II, lll, IV)

Comparisons of characteristics between infantsgp&)p study groups (paper II,
[, 1vV), women and men (paper 1IV), and bacterialogps (paper Il) were
performed using Fisher exact test for proportiond the Mann-Whitney test for
continuous characteristics.

McNemar’s test (II)

McNemar’s chi-squared test was used for compareige@ proportionsi.e. oral
and faecal isolates.
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Exact logistic regression (l11)

The probability of antibiotic associated diarrho@as compared between the
treatment and placebo groups using exact logisgoession.

Generalised estimating equations (lll, IV)

To analyze the effect of treatment on the riskxgfeziencing loose or watery stools
or other gastrointestinal symptoms in paper Ill, wsed generalized estimating
equations [337, 338], modelling the correlatiorudiure between the responses
within an individual by the autoregressive modehewe the correlation between
responses gets smaller with time.
In paper IV, we used the empirical model of geneedl estimating

equations to compare the treatment groups, asaseNomen and men, regarding
symptoms after clearance $almonellavhile still taking the test preparation.

Survival analysis (1V)

Kaplan Meier (IV)

Kaplan Meier curves with the log rank test wereduse detect the effects of
probiotic treatment and gender on the primary au&® time to clearance of
Salmonellaand resolution of diarrhoea, and on time to resmiubf other acute
symptoms. Finally, they were used to study theceféd certain other factors and
patient characteristics on time $@lmonellaclearance and resolution of diarrhoea,
respectively.

Cox regression (1V)

Cox regression was used to perform a multivariablalysis of the factors that
were found to influence time to clearancesatimonellaand resolution of diarrhoea
In the univariable analyses, to determine the péssndependent contribution of
these factors to the outcomes.
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RESULTS

Studies on the Lactobacillus microbiota of infants and
adults (1, 1)

A summary of the results from study I-1V is presghhere. Please refer to the
individual papers for more detailed information.

Characteristics of infants (1)

Gut colonisation by lactobacilli was studied in 18®edish infants followed from

birth to 12 or 18 months of age. Eighty-five pentcef the infants were delivered
vaginally. The majority (70 %) were fully breastféor at least four months, and
78 % still received some breast-milk at six mordahsige. Forty-seven per cent of
the infants had one or more siblings, and 23 % gnew homes with pets. In most
cases (89 %) at least one parent had some kinteof\a

50 ~
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Figure 3. Lactobacilli were cultured from faeces of 112 mt&aat regular intervals
during the first year. Sixty-five of the infants rgealso cultured at 18 months of
age.
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Lactobacillus colonisation rate and population counts in the infant

gut (1)

Lactobacilli were isolated from 21 % of 1l-week-aldfants. ThelLactobacillus
colonisation frequency increased to a maximum o%e16y 6 months of age, then
dropped to 17 % by 12 months (p < 0.0001), to imseeagain to 31 % at 18 months
(p < 0.05) (Fig.1, paper I)(Fig. 3 above). Durihg first months, population counts
in colonised infants rose from 3DCFU/gat one week to a maximum of %0
CFU/g stools by six months. The counts then dropgiguificantly to 16* CFU/g
by 12 months of age (p< 0.0001) and increased siigptly to 16 CFU/g by 18
months (Fig. 2 paper I).

Lactobacillus species distribution in the infant gut (1)

Lactobacilli were speciated using multiplex PCR][2&8nd Lactobacillusspecies
distribution in infant faecal samples are showirigure 3, paper | and in Table 5
below. L. rhamnosusand L. gasseriwere the most frequently isolated species
during the first two months of lifd.. rhamnosusemained dominant between two
and six months, followed bly. paracaseiAt twelve months, the most frequently
isolated speciedl.. paracasei,was found in only 7 % of the infants, but the
isolation frequency of this species increased t&2&t 18 months. By that timke,
plantarum and L. delbrueckii were isolated from 6 % and 5 % of infants,
respectively, andl.. rhamnosusvas almost absent. No infant harboutedjasseri

in the 12 or 18 months samples.

The counts ofL. rhamnosusin colonised infants were quite stable,
approximately 1® CFU/g faeces over the first six months of life, vess the
counts ofL. gasseri, L. paracas@ndL. fermentumncreased over the same period
(Fig. 4, paper 1). The counts of all early colongsispecies decreased after six
months of age (Fig. 4, paper 1)

Persistence of individual Lactobacillus strains in the gut microbiota
of infants (1)

Individual Lactobacillusstrains within a child were distinguished using RAP
During the first six months, 17 % of the infantsb@uredLactobacillusstrains that
persisted for at least three weeks in the micrabiotost commonly. rhamnosus,
L. gasserj or L. paracasei(Fig. 5, paper I). As samples were collected at si
months intervals after six months of age, perscgesf the later colonising strains
could mostly not be determined. However, one infaatboured the samk.
rhamnosusstrain at six and twelve months, and one harbouhed sameL.
paracasestrain at six, twelve and 18 months of age (Fipaper 1).
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Table 5. Per cent of infants colonised by varidiectobacillusspecies at different
time points over their first 18 months of life

Isolation frequency (%)

1w 2w Im 2m 6m 12 m 18 m
L. rhamnosus 7.1 8.9 14 21 21 1.8 1.5
L. gasseri 4.5 8.9 11 8.9 3.6 - -
L. fermentum 3.6 3.6 2.7 0.9 3.6 3.6 -
L. paracasei 0.9 0.9 2.7 5.4 15 7.1 22
L. plantarum 1.8 - 1.8 - 4.5 2.7 6.2
L. delbrueckii - - - - 0.9 0.9 4.6
L. crispatus 1.8 - 1.8 - - - -
L. reuteri - - - - 1.8 0.9 -
L. salivarius - - - - - - 1.5
L. mucosae* 0.9 0.9 0.9 0.9 - - -

*One strain identified by partial sequencing of T6BIA

The Lactobacillus microbiota in infants in relation to lifestyle
factors (I)

There were no significant differencesliactobacilluscolonisation rate or species
distribution depending on delivery mode, nor didgance of siblings or pets in the
household significantly influence colonisation. Bese of the high breast-feeding
rates in the first months of life, it was not pddsito compare théactobacillus
colonisation pattern between breast- and bottlefiuhts during this period. At six
months 22 % of the infants were weaned, and theyoaed lactobacilli
significantly less often (20 %s.52 %, p<0.01) and had a tendency towards lower
population counts (£& vs. 16*® CFU/g, p=0.18) than did breastfed infants of the
same age.

L. rhamnosudended to be more common in vaginally than inisect
delivered infants, but the difference was not gigant. Colonisation by.. gasseri,
which is a common species in the maternal vaginarabiota [339], was not
related to delivery mode. In infants still receryibreast milk at six monthg..
rhamnosuswas more commonly isolated (27 96. 4 %, p<0.05) and tended to
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reach higher population counts {20v/s. 10°® CFU/g, p=0.19) than in infants
weaned by that age.

Most of the infants studied (89 %) had at least aflergic parent.
However, theLactobacilluscolonisation pattern did not differ between childie
atopic and children of non-atopic parents.

Lactobacillus colonisation frequency and species distribution in
the oral microbiota of adult individuals with and without IgA
deficiency (II)

To investigate the effect of secretory IgA on th&ctobacillus microbiota, we
studied and compared theactobacillusmicrobiota of healthy and IgA deficient
individuals.

Lactobacilli were isolated from the tongue of mtran 80 % of control
individuals, and the isolation frequency was orighdly lower in IgA deficient
individuals. The various species isolated are shomwrnTable 1, paper IIL.
paracaseiandL. gasseriwere the most common species in the oral micrabobt
both IgA deficient and control individuals. Therthimost common species wias
vaginalisin IgA deficient persons and fermentumin controls. The latter species
was significantly more common in the oral microbi@f controls as compared to
IgA deficient individuals, whileL. vaginalistended to be more common in IgA
deficiency. A large number of other species wese &olated, many of which were
found in one or two individuals only (Table 1, pate

When comparing thelLactobacillus species distribution between
symptomatic and asymptomatic IgA deficient indiath) L. salivarius was
significantly more common in the oral cavity of tagymptomatic group. None of
the individuals with a history of frequent respgtinfections carried this species.

Lactobacillus colonization frequency, population counts and
species distribution in the gut microbiota of adult individuals with
and without IgA deficiency (II)

Lactobacilli were isolated from faeces of more tB@rto of both IgA deficient and
control individuals. The mean faecadlactobacillus population counts were
approximately 10CFU/g in both groups, slightly lower in IgA deficieindividuals
than in controlsL. paracaseidominated by far in the faecal microbiota of both
study groups, followed bl. gasserj L. plantarumandL. rhamnosusThere were
no significant differences between IgA deficientdaontrol individuals regarding
Lactobacillusspecies distribution in faecal samples. We alsopared the faecal
Lactobacillusspecies distribution between symptomatic (n=23) asyimptomatic
(n=10) IgA deficient individuals, but no significagifferences were observed.
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Similarities and differences between the oral and faecal
Lactobacillus microbiota of IgA deficient and control individuals (1)

A majority of individuals harboured lactobacilli imoth oral and faecal samples.
More than two thirds of these individuals had asteone species in common
between the two locations and approximately onel thad two or more species in
common.

L. gasseri, L. vaginalisand L. fermentumwere significantly more
common in the oral cavity than in faeces. No indliial was positive forl.
vaginalisor L. fermentumn faeces without being positive also in the @ample.
The diversity of species also seemed to be somekghér in oral than in faecal
samples (Table 1, paper 2). When analysing IgAcaeaft and control individuals
together, oral samples yielded on average 2.4 rdifte species, and the
corresponding figure for faecal samples was 2.0.

Expression of mannose-specific adhesins by oral and faecal
lactobacilli from IgA deficient and control individuals (paper 1)

The carbohydrate chains of SIgA are rich in mannasd could possibly function
as receptors for MS adhesins of lactobacilli. Suntaractions could then in turn
influence thelLactobacillusmicrobiota by favouring, or disfavouring, lactoldaci
expressing MS adhesins at mucosal surfaces. Torexphis, we examined the
expression of MS adhesins bgctobacillusisolates from IgA deficient and control
individuals by testing their ability to adhere ilmm@nnose-sensitive manner to HT-
29 colonic epithelial cells. MS adhesins were mmemonly expressed by faecal
isolates from IgA deficient individuals than by ¢a isolates from controls, but a
corresponding difference between IgA deficient aodtrol individuals was not
observed in oral isolates (Fig. 2a, paper 2). Thezee no significant differences
between IgA deficient and control individuals inethevel of MS adherence
(bacteria/cell) in adhesin positive isolates.

Among both IgA deficient and control individuals,3vadhesins were
more common in oral than in faedadctobacillus isolates (Fig. 2a, paper Il) and
adhesin-positive isolates also displayed a higheraage adherence (bacteria/cell)
when isolated from the oral cavity (Fig. 2b, pakber

Isolates of a large number of species expresseadh8sins, including
L. fermentum, L. parabuchneri, L. vaginalis, L. mkum, L. brevis, L.
acidophilus, L. paracasei, L. salivarius, L. reutet. gasseri, Lactobacillus
hilgardii and Lactobacillus parafarraginiéTable 2, paper 2). In total more than 80
% of isolates from both oral and faecal samplesiarmbth study groups belonged
to species with the capacity to express MS adhesim®ng the more commonly
isolated species, MS adherence was absdntrilmmnosusndL. oris.
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Studies on probiotic effects of L. plantarum 299v (liI,
V)

Characteristics of patients receiving L. plantarum 299v or placebo
during treatment with antibiotics (llI)

In this double blind placebo controlled trial, wevestigated if intake oL.
plantarum 299 could reduce the risk of diarrhoea or other gastestinal
symptoms during treatment with antibiotidsvo hundred and thirty-nine patients,
93 men and 146 women, were initially included ie g8tudy, and randomised to
daily intake of either a blueberry/oat drink wlthplantarum 29910 CFU/day)
or a blueberry/oat placebo drink. Seventy-threthefpatients left the study without
returning the study diary where symptoms and intakdest drink should be
recorded, and were therefore excluded. In addiboe patient was excluded
because of cultivation @@ampylobacter jejuniin blood, one because the diary was
impossible to interpret, and one patient did n&etthe test drink. The excluded
patients were equally distributed betweenlthplantarumand placebo groups, and
reasons for withdrawal did not differ between thedg groups. Characteristics of
patients who remained in the study and those whaai are presented in Table 1,
paper Ill. The median age was significantly higlmepatients who completed the
study (p=0.0015).

Thus, 163 patients could be analysed and they aaually distributed
between thelL. plantarum and the placebo group (Table 2, paper Ill). The
proportion of women tended to be higher in thelantarumgroup (p=0.081) and
somewhat more patients in this group were positoreC. difficile on inclusion
(p=0.20), but no clear differences between the ystgtbups were observed
regarding diagnoses, hospitalisation or antibiagiggn (Table 2, paper lII).

Side effects of the L. plantarum and placebo blueberry drinks (lII)

Three patients in the. plantarumgroup and three in the placebo group reported
constipation during the study, all during intakeesdt drink. No serious side effects
were recorded.

Effects of L. plantarum 299v on the incidence of diarrhoea in
antibiotic treated patients (lll)

The patients recorded symptoms, stool frequencidsrdake of test preparatiom
a diary during the study. Diarrhoea, defined aeadt three loose or watery stools
per 24 hours for at least two consecutive days, @@y diagnosed in eleven
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patients during the entire study period, in sixguds in thel. plantarumgroup and
five in the placebo group.

When comparing the risk of diarrhoea and other $gmp between the
study groups, we also divided the study period ithicee separate periods: the
period of antibiotic treatment (A), the period @ntinued intake of test drink after
discontinuation of antibiotics (B) and a follow-period after intake of test drink
(C) (Fig. 1, paper ll). Four of 80 patients in theplantarumgroup and five of 83
in the placebo group had diarrhoea during treatmatit antibiotics (period A)
(OR 0.96; 95% confidence interval (Cl) 0.18-4.7;1). During period B, with
continued intake of test drink after antibioticatment, 3/71vs. 0/69 patients had
diarrhoea (OR not estimable, p=0.17), and durirgftfiow-up period (C) 3/4%s.
0/42 (OR not estimable, p=0.25).

Patients developing and those not developinglthaa are compared in
Table 3, paper Ill. Treatment with more than onébastic and treatment with
clindamycin, cephalosporines or ampicillin was mammon among patients
developing diarrhoea than among other patients.

Effects of L. plantarum 299v on gastro-intestinal symptoms not
defined as diarrhoea in antibiotic-treated patients (lll)

The risk of gastrointestinal symptoms not definedd@rrhoea was also compared
between the study groups. The risk of developitgéoor watery stools during the
study was significantly lower in thie. plantarumgroup (OR 0.69; 95 % CI 0.52-
0.92; p=0.012) (Table 4, paper Ill). The effect wagnificant during antibiotic
treatment (period A) (OR 0.65; 95 % CI 0.45-0.9401020). There was a tendency
towards an effect also after discontinuation oflaotics, during continued intake
of test drink (period B), but not thereafter (peri©) (Table 4, paper IIl).

Patients in theé.. plantarumgroup also had a lower risk of nausea than
patients on placebo. When analysing the three gbedwpds separately, the effect
was significant during the period of antibiotic &mment, but not during the
following periods (Table 5, paper 1ll), possiblyedto the lower number of patients
included in the analysis of the two later periods.

Intake of L. plantarum did not alter the risk of abdominal pain,
vomiting, hard stools, flatulence, or presencelodd in faeces (data not shown).

Women had significantly more nausea (OR 3.2; 95C%1.6-6.2;
p=0.0006) and abdominal pain (OR 2.9; 95 % CI 1%-$=0.0017) than men
during treatment with antibiotics (period A). Theveere no gender-specific
differences for other symptoms (data not shownl)stdtistical analyses performed
to compare thd.. plantarumand the placebo groups were adjusted for age and
gender.
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C. difficile toxin in faeces of antibiotic-treated patients receiving L.
plantarum 299v or placebo (lll)

C. difficile toxin was found in four of 69 patients in theplantarumgroup and in
one of 74 patient in the placebo group at basépr€.20). Three of 74 patients in
the L. plantarumgroup and three of 76 in the placebo group wesgtige for C.
difficile toxin after antibiotic treatment. One of the eleymtients who developed
diarrhoea was positive f@. difficile toxin on inclusionThe same patient was also
the only one positive fo€. difficile during diarrhoeaHowever, two of the patients
developing diarrhoea did not provide samples falysis at baseline, and only four
delivered samples during diarrhoeal symptoms.

Characteristics of patients with non-typhoid salmonellosis
receiving L. plantarum 299v or placebo (V)

In this double-blind, placebo controlled trial wavestigated if intake ofl..
plantarum 299vcould accelerate clearance $&lmonellain faeces, and reduce
infection-related symptoms in patients with nonkhgua salmonellosis. The
patients were randomised to daily intake of 5 X°XDFU of freeze dried..
plantarum 299vor placebo. One hundred and fifty-four patients evenitially
enrolled in the study, five of whom were excludesl they had not had any
symptoms from theiGalmonellainfection. Of the remaining patients, 46 % were
male, and the median age was 36 years (range 5yeda#8). Patient characteristics
are shown in Table 1, paper IV. No significant elifnces between the.
plantarum and placebo groups were observed regarding conaoimdiseases,
medication at study start or recent intake of amtids or probiotics. Initial
symptoms are shown in Table 2, paper IV. All bué gatient reported diarrhoea,
and a majority reported fever and abdominal paitheit first hospital visit, which
occurred on average five days before inclusiomhendtudy, and seven days after
first onset of symptoms. Vomiting was more commanr@ported on inclusion
among patients later randomised to receive pla¢€hble 2, paper V). Eighteen
per cent of the patients were initially hospitadise

Patients were asked if they wanted to participatiné study once it was
clear that they had a stool culture positive3atmonellaAt inclusion, a new stool
sample was collected. Eighty-five per cent of thaégmts, 83 % in the placebo and
87 % in theL. plantarumgroup, still hadSalmonellain stools when entering the
study.

Occurrence of symptoms at study start was defisedcaurrence of the
symptom on at least one day during the first wekr anclusion in the study
(Table 2, paper 1V). All symptoms were less comrabstudy start than at the first
hospital visit. Loose stools were more common mlthplantarumgroup at study
start and the same tendency was observed for {@adle 2, paper IV). Median
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time from onset of symptoms to study start wasezledays in the group receiving
L. plantarumand ten days in the placebo group. The most com&smonella
serotype was$.Enteritidis in both study groups (Table 3, paper. IV

Differences at study start between female and male patients with
non-typhoid salmonellosis (V)

We also analysed whether women and men differedvamious patient
characteristics and initial symptoms.

Median age was 37 years in female and 34 yearsaile patients.
Women tended to have a history of gall bladder aisemore often than men
(p=0.13). Reported symptoms at the first hospiisit wand symptoms at study start
in female and male patients are shown in Table apep Ill. Vomiting and
abdominal pain were somewhat more common in wonham tn men before
inclusion, but the differences were not significaDuring the first week of the
study, all symptoms were somewhat more commonnrale than in male patients,
and significant differences were observed regardiagsea and abdominal pain.
The differences remained when leaving out womewrtey menstruation during
the same time period.

Women in thel. plantarumgroup significantly more often had fever
during the first study week than women in the pbacgroup.

Side effects of the freeze-dried L. plantarum 299v and placebo
preparations (I1V)

Urticaria was reported by one patient in the placgboup. Symptoms resolved
quickly after discontinuation of intake of the pd@o skim milk powder. Treatment
with L. plantarumtended to increase some gastrointestinal symptant,these
effects are presented below under treatment effects

Effects of treatment with L. plantarum and influence of gender on
clearance of Salmonella (1V)

Faecal samples were cultured f8almonellaat inclusion and once a week
thereafter until four weeks after discontinuatidrindbake of the study preparation.
Among patients positive fobalmonellaat inclusion (85 %), time to clearance of
Salmonellawvas studied with survival analysis. There was goificant difference
In time to clearance o%almonellabetween thel. plantarumand the placebo
groups as analysed using the log rank test (Figo&aer 1V).

Time to clearance was also compared between woameh men.
Women tended to cleaBalmonellamore quickly than men according to the
survival analysis (Figure 2b, paper IV). The sasméencies regarding gender were
seen when analysing separately patients receikinglantarumand patients on
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placebo. Intake df. plantarumdid not affect time to clearance $almonellavhen
analysing female and male patients separatelye(@paper 1V).

Effects of treatment with L. plantarum 299v and influence of
gender on time to resolution of diarrhoea and other symptoms (I1V)

Among patients who had diarrhoea at study starte tio resolution of diarrhoea
was analysed by survival analysis and compareddsgtwgroups using the log rank
test. There was no significant difference betweatiepts receivind.. plantarum
and patients receiving placebo in time to resotutbdiarrhoea (Fig. 3a, paper V).
However, men cleared diarrhoea within significastiyprter time than women (Fig.
3b, paper V). This difference was observed alsermwhnalysing only patients on
placebo. There was no effect lof plantarumon time to resolution of diarrhoea
when analysing female and male patients separately.

Time to cessation of various acute symptoms inepti receiving..
plantarum or placebo is shown in table 5, paper IV. Thereemeo significant
differences in time from study start to cessatidnlanse stools, nausea or
abdominal pain between patients receivingplantarumor placebo as compared
using the log rank test. In addition, there weredifterences in time from study
start to resolution of blood in stools, fever, mmiting, but patients still having
these symptoms at study start were too few for mgéul comparisons (Table 2,
paper V).

There were no significant differences between feraad male patients
in time to resolution of these symptoms (Table &gy IV), and no differences
between thd.. plantarumand the placebo group was observed when women and
men were analysed separately.

Additional factors affecting time to clearance of Salmonella and
resolution of diarrhoea (1V)

To identify factors influencing time to clearance 8almonellaand resolution of
diarrhoea we used survival analysis and log rasts t®d compare patients positive
or negative for a specific factor of possible intpace. Higher age, history of
diverticulitis, and vomiting at study start weresasiated with Salmonella
clearance, and diarrhoea, fever, and abdominalwera associated with prolonged
carriage in univariate analyses. In the multivari@nalysis (Cox regression),
diarrhoea at study start, associated with lorfsgmonellacarriage, was the only
factor which remained significant. There was a smmificant tendency for
vomiting to shortersalmonellacarriage.

Male sex and higher age were associated with eshtomte to resolution
of diarrhoea in univariate analyses. Only gendenaieed significant in the
multivariate analysis.
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Effects of treatment with L. plantarum and influence of gender on
symptoms after clearance of Salmonella (V)

We also analysed the effect of treatment withplantarum 299wn symptoms
occurring after clearance &almonellafrom stools, as gastrointestinal symptoms
commonly persist for some time after the initiafection. In thelL. plantarum
group, the proportion of days with hard stools veager than in the placebo group,
but the proportion of days with fever was increas&do, the risk of abdominal
pain tended to be higher in theplantarumgroup (Table 7, paper IV).

The risk of experiencing symptoms after clearamic&almonellawas
also compared between women and men, revealingwbaten had a larger
proportion of days with loose stools, nausea, aldainpain and flatulence (Table
8, paper IV). The difference in abdominal pain wasnarily observed among
women receiving-. plantarum.Comparing the effect of. plantarumin women
and men separately, women in the treatment gropgrtesd more days with fever
and abdominal pain than women in the placebo grgn in theL. plantarum
group had a higher proportion of days with diardnoeut fewer days with hard
stools than men in the placebo group (Table 8, pafe
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DISCUSSION

The microbiota of the alimentary tract is a compkystem with interactions
microbe to microbe as well as between microbeshasti As the bacteria residing
within us affect our health and wellbeing, waysirdfuencing the microbiota are
being increasingly explored. Lactobacilli are behé to have health-promoting
effects and are commonly used as probiotics. Thesill much to be learned
about the normalLactobacillus microbiota and factors of importance for its
composition.

In the present thesis, thactobacillusmicrobiota in infants and adults was studied.
The effects of the probiotic stralractobacillus plantarum 299gn the prevention
of gastrointestinal symptoms caused by antibiogatment and on the course of
non-typhoid salmonellosis were also examined.

Lactobacillus colonisation frequency, population counts and species
distribution in healthy infants

In study | faecalactobacilluspopulations were studied in healthy infants frém t
age of one week to 18 months. Lactobacilli nevenidated in the gut microbiota,
and the frequency of infants colonised by lactdbatid not exceed 45 % at any
time. The low colonisation rates are in line wither culture-based studies, where
the majority found similar or lower rates [60, 617, 340]. Higher colonisation
rates have been reported occasionally [78, 79]. difierences could relate to the
different methods used for culture and detectiotactfobacilli in different studies.
We found bifidobacteria to be very common, whicltamfirmed by other studies
where bifidobacteria dominate over lactobacilli ihis age group [61].
Bifidobacteria also grow well on the supposetlgctobacillusspecific medium
Rogosa agar. This could contribute to difficultiesthe isolation of lactobacilli
from this medium, since they may be overgrown bigdbbacteria. However, most
lactobacilli form large colonies on Rogosa agar,ciwhdistinguish them from
bifidobacteria.

A recent study from Sweden, which used non-culhased methods for the
identification of lactobacilli in faecal samplegogted higher colonisation rates in
infants than those reported here [341]. Some lacitibare difficult to culture, and
may therefore be more easily found with non-cultumsed methods. However, it is
also possible that there are true differencekactobacilluscolonisation between
different infant populations. For instance lactaliacare more common in
Ethiopian and in Estonian children than in Swedsfants [172, 173, 342],
possibly reflecting different exposure to thesetbaa.
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There were no significant differences liactobacilluscolonisation rates between
the vaginally and sectio delivered infants studiede. Several other studies have
found that vaginally delivered infants are moreelykto harbour lactobacilli in the
early gut microbiota [78, 163, 164], whereas somd ho difference [66, 343]. In
most studies the difference in colonisation ratéwben sectio and vaginally
delivered infants disappear within one or two weeksl the studies finding equal
Lactobacilluscolonisation rates regardless of delivery mode hawstly studied
infants at later time points only. The infants daWed here were first sampled at one
week of age, and it is possible that a significdifterence would have been
revealed, had we sampled the children a few day®edt seems likely that some
vaginally delivered infants do pick up lactobacitbom the maternal vagina. This
has been documented in Japanese infants, wherexapptely 20 % of vaginally
delivered infants acquired maternal vagihalktobacillusstrains [77]. However,
only a few infants retained these strains until omenth of age. Thus, vaginal
lactobacilli are not likely to influence colonisani rates at later time points. Also,
the fact that sectio delivered infants catch upgsmkly regardingLactobacillus
colonisation rate indicates that other sourcesraee important for the acquisition
of these bacteria.

Differences between sectio and vaginally deliveiathnts in Lactobacillus

colonisation could also relate to antibiotic treatrn of mothers giving birth by
caesarean section, or different practices in pastparoutines for sectio delivered
children. For instance, in some countries all m&heceive antibiotics before
sectio [163], whereas in other countriesg. Sweden, it is mainly used in
emergency sections. Antibiotics administered to niether during delivery may
pass to the infant and influence the early coldmagpattern [344]. There may also
be differences between countries and hospitalg.ihow quickly a sectio delivered
infant is handed over to the mother, which coulifuence the colonisation rate.
Since lactobacilli are common in the oral flora adults, they could easily be
transferred to the neonates through close corftadthermore, differences in which
other bacteria first colonise the gut may influetiee establishment of lactobacilli.

Close contact with other individuals, as well astect with animals could
influence the acquisition of lactobacilli. In thefants studied here, there were no
significant differences imactobacilluscolonisation pattern in relation to presence
of siblings or pets, although there were tendentoegards higher colonisation
frequencies in infants in households with oldertlecs or sisters an/or household
animals.

Some studies have found higher counts and/or dtion rates of lactobacilli in
the faeces of breastfed infants [345-347], but nststlies report no difference or
even more lactobacilli in bottle-fed infants [78, 7476, 348, 349]. The Swedish
infants examined here were mostly breastfed exalsuntil at least four months
of age. At six months, when 25 infants were congiyetveaned, lactobacilli were
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significantly more often isolated from infants Istiéceiving breast milk. At the
same age, population counts reached a maximum®SfCIU/g faeces in breast-
fed as compared to 4® CFU/g faeces in bottle-fed infants. These diffeemn
between breast- and bottlefed infants could indi¢hat infants are supplied with
lactobacilli from maternal milk, as further discadsbelow. It could also be that
lactobacilli are favoured in the gut milieu of bsdad infants. It is unclear why
results regarding infants studied here differ framst other studies comparing
breast- and bottlefed infants. It could relateh fact that the Swedish infants here
were compared at six months of age whereas therityajof other studies
compared breast- and bottlefed infants at younges.aAlso, the influence of
breast milk on the gut milieu and colonisation agtbbacilli may depend on other
bacteria in the microbiota, which may differ betweadifferent infant populations
studied.

Regarding Lactobacillus species distribution, we found.. gasseri and L.
rhamnosusto dominate in the early phase of infancy. The ifigdof early
colonisation byl. gasseriis in agreement with several other studies [77, BO]
rhamnosusvas not found to dominate in the majority of earBaudies of infants
from other countriex.g.the Netherlands, Japan or Scotland [77, 80, 14&|, ®ut
was common in a recent study of Greek infants [L&#o another recent study of
Swedish infants found.. rhamnosu4.. paracaseiin faeces of around 50 % of
infants during the first two months of life [341l.. casei/paracaseiand L.
rhamnosusare sometimes difficult to distinguish, which mbiaad to different
results in different studies. The studies mentiorszbve, which foundL.
rhamnosugn very few infants, did find.. casei/paracaseio a somewhat higher
extent [77, 80, 176, 346It is also possible that colonisation byrhamnosushas
become more common in mothers in some countrieedent years, and therefore
in infants, due to thdt. rhamnosufias become a commonly used probiotic species
in e.g.dairy products. True differences can also relatth&b the early microbiota
exhibits large interindividual variation [350], artde composition is likely to
influence which bacteria are able to establish.

In the Swedish infants studied here, infants btidastfeeding at six months were
more often colonised with.. rhamnosusthan weaned infants, indicating that
breastfeeding favoured colonisation by this specldnis, the differences found
between countries in colonisation ratesLofrhamnosuscould also be related to
different feeding patterns in early infancy.

L. gasseriandL. rhamnosusas well ad.. fermentumwhich was also sometimes
present in faeces of the infants studied here, aflage found in breastmilk [52,
351]. Thus, if breastmilk is a source of lactodacblonising infants, this could
explain the dominance by this species in breasiiéahts. Colonisation by..
gasseriwas not more prevalent in breastfed than in weamfadts at six months in
the present study, but strainslofasseriwith identical RAPD patterns have been

63



Isolated from breast-milk and infant faeces [511]3%vhich indicates that breast
milk could be the source also for at least somthel.. gasseribacteria found in
infants. The origin of bacteria isolated from hunmaifk is not clear. Some authors
claim that lactobacilli are transported by macrg#safrom the gut of the mother to
the breast tissue [352], but this has not beengmovAnother possibility is that
lactobacilli present in breast milk are simply sgerred from the mouth of the
infant. Although lactobacilli are normally not paftthe early oral microbiota [74]
[55], they may well be transiently present within infmhouths.

L. gasseriis common in the vaginal flora of fertile women {89, 353] and, as
mentioned, vaginal lactobacilli have been foundrémsiently colonise newborn
infants [77]. However, another study found that tastobacilli from the vagina of
the mother were present in infant faeces [51] wiscim line with our study where
L. gasseriwas no more common in vaginally delivered thamiiants delivered by
caesarean section. In additidn, gasseri, L. rhamnosuand L. fermentumare
common colonisers of the mouth and gastrointestraat of adults [30, 36, 37] and
could easily be transferred from the parents thinduandling and kisses.

The majority of the infants studied here had astleane atopic parent. Parental
allergy did not significantly influence the coloai®n pattern. Atopy in the parents
does not seem to play an important role in infattstinal colonisation pattern in
general [62].

The Lactobacillus colonisation pattern was very different at six nh@ntas
compared to at one year of age, with colonisatatesrand population counts being
highest at six months and reaching its lowest pantl2 months of age. It is likely
that the shift is related to changes in the guiemibccurring with weaning, making
it less favourable for lactobacilli. It is also gdde that less lactobacilli are
consumed in the first period after weaning thanmdubreastfeeding, if lactobacilli
are ingested with the breastmilk.

From 12 monthsL. paracaseistarted to be the most prevaldractobacillus
species and it became even more common at 18 monthspowied by L.
delbrueckij L. plantarumandL. acidophilus These species are found in fooelg).
cheesel(. paracase)i, fermented vegetable&.(plantarun) and milk productsL(.
delbrueckii and L. acidophilug. L. paracaseihas previously been reported to
dominate in Swedish 18-month old children [342] ad common member of the
adult gut microbiota [30, 37], aslis plantarum[30, 38].
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The faecal Lactobacillus microbiota of healthy adults

In study II, adult individuals with and without Igdeficiency were cultured for oral
and faecal lactobacilli. In this section, the fimgs of faecal lactobacilli in healthy
adult individuals with normal IgA levels are dissed.

Lactobacilli were detected in more than 90 % ofitiddviduals. It is possible that
the trueLactobacilluscolonisation rate is almost 100 % in the gut migvtd of
adults. Indeed, a recent non-culture based stushg usal time quantitative PCR
with a sensitivity of 16to 10' cells / g faeces for the detection of lactobaditlynd
lactobacilli in 98 % of faecal samples from healddults [30]. We found a mean
population count in adults of around®TFU/g faeces. Numbers similar to ours are
commonly reported in recent both culture basedramrdculture based studies [30,
37].

In the faecallLactobacillus microbiota of adults,L. paracaseiwas the most
commonly isolated species, being present in moaa #0 % of the individuals
studied, and.. gasseriandL. plantarumwere also quite common. These findings
are in agreement with another recent culture-basedy [37]. The non-culture-
based study by Matsudet al. found L. fermentumin 60 % [30], which is a
considerably higher isolation frequency than wenthuSincel. fermentungrows
readily on Rogosa plates we do not believe thahatktlogical differences explain
our comparatively lower isolation rates, but ratkisat this reflects a difference
between the populations studied. Japanese and Swlétkr in e.g.eating habits,
which could possibly affect theactobacillusmicrobiota.

Several early studies identifiedl. acidophilus as the predominant faecal
Lactobacillusspecies in adults [73, 178]. Many of these bactamdably belonged
to the speciek. gasserias these two species are not distinguished bygl#ssical
phenotypic identification methods used in earlysts [354].

Comparison between infants and adults regarding faecal lactobacilli

Since we used much the same methodology to isaladeidentify lactobacilli in
the studies involving infants and adults, the rtssoday be directly compared. The
faecalLactobacillusmicrobiota differs between infants and adults itoo@sation
frequency, population counts and species distobuti

In our studies, adults were much more frequentlyprieed with lactobacilli in
faeces than were infants in their first 18 monthdife. Thus, the acquisition of
lactobacilli as a component of the gut microbiotaynoccur after the first 18
months in many infants.
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In adults, a large number of species were isolatehy of which were found in
one or two individuals only. Possibly, the larggesies diversity in adults is
related to a more varied food intake than in irdaas some of the species isolated
from adults originate in food not consumed earhfif@, like marinated fish and
meat productsL( alimentariug [355] and wine I(. hilgardii) [356]. Furthermore,
commercial baby foods are often completely devoid bacteria, including
lactobacilli (Annika Ljung, personal communication)However, minor
methodological differences between our two stugiesbably also have a role.
Seven infants had lactobacilli in their stools tewr with primers specific for
Lactobacillusgroup III or 1V, but not with any of the primersespfic for these
groups included in the multiplex PCR. These isclatere only sequenced in one
case, and were identified &s mucosae. The rest were not speciated. In adults,
there were several isolates especially in groumd¥reacting with primers in the
multiplex PCR. Most of these were identified ascsg® which were isolated from
very few individuals, but. parabuchneri, L. ruminisandL. vaginaliswere each
found in the faeces of around 10% of individualkti@se, at leadt. ruminis[256]
and L. vaginalis[77] have been found in infant faeces. It is pagsthat infant
Lactobacillusisolates which were not speciated belonged to theseies.

It is also possible that the large number of bifidcteria growing on Rogosa plates
inoculated with infant faecal samples hid somedbatilli. CertainLactobacillus
speciese.g. L. ruminisandL. parabuchneriare difficult to culture on Rogosa agar
[34], and an appearance as very small coloniespyesence of very few colonies
may have contributed to that they were overlookedhe infant faecal cultures.
Thus, it is possible that also infants harbourgdavariety of species than revealed
in our studies, especially at the older ages wltamirsg to consume a more varied
diet.

The Lactobacillus species distribution differed over time in infantsnd L.
rhamnosuswvas clearly more prevalent in early infant faeaainples than in the
adult faecal microbiota. As discussed above, wéebelthat this dominance is
related to breastfeeding. The dominance.gfaracaseifrom twelve months of age
and also in adults could possibly indicate that tleetobacillus microbiota
becomes more adult-like by one year of age.

While a higher number of adults harboured lactdbadolonised infants had
higher Lactobacilluscount in their first six months of life. A probabteason for
the higher counts in young infants is that theyehavless complex microbiota
which allows bacteria that reach the intestine Xpa@d in a way that the more
complex microbiota of adults does not. Also, thé gulieu of breast fed infants
could possibly favour the proliferation of certdactobacilli, as discussed above,
and as previously described [52, 35Ihe sharp decline ibactobacilluscounts in
infants after weaning could support this.
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Persistence of lactobacilli in the gut

In our longitudinally followed infants, we typedctabacilli to the strain level and
could thus follow individual strains in the microba over time. A single
Lactobacillusstrain persisted for at least three weeks in 17f %@ infants. In a
study of Japanese infants only 2/86 infants hadmbtine same strain of lactobacilli
at five days and one month of age [77]. Thus, ptst gut colonisation by
Lactobacillusstrains appears not to be common in infancy. Instunly, strains that
persisted in the infant gut belonged to the spettias were most common in the
microbiota:L. rhamnosusfollowed byL. gasseri, L. paracasei and L. fermentum
One infant harbouredl. mucosaefor seven weeks. These persistent strains are
likely to be true colonisers of the infant gut.

There are few studies of intestinal persistencéactobacilli also in adults. In a
study of three healthy adults, gut persistencé.afasser; L. delbrueckiiandL.
vaginaliswas found [34]. Faecal samples in our study oftadwere only obtained
once, and persistence of lactobacilli could theeefoot be tested. It is likely,
however, that adults harbour a higher number ofigent strains, as the adult
microbiota is more stable, and it seems as if s¢v@ctobacillusspecies are able
to persist for some time in the gut.

Are the findings representative?

In our studies of the intestindbctobacillusmicrobiota of infants and adults we
analysed faecal samples only. It is possible thetbbacilli isolated from biopsies,
representing the mucosa-associatedtobacillus microbiota, are the lactobacilli
with the most influence on the host. A number oflgts have found considerable
differences between the microbiota in biopsies aspared to faeces [3, 20],
whereas others have not [21]. In a study of rdai@gbsiesL. plantarumfound in
29% of healthy adult volunteers was most commoregredsL. paracaseiandL.
gasseriwere found much less frequently than in our stoflyadults [31]. This
could of course also relate to differences betwésm populations studied.
However, it is likely that all lactobacilli reaclgnthe intestine in significant
amounts are able to influence its host [241, 254]

Our studies of theactobacillusmicrobiota in infants and adults, respectively, ever
both culture basedVith initial culturing, bacteria which are diffiduio culture may
be missed. Many non-culture based studies are baseal very low number of
individuals, which do not readily allow comparisoi$e previously mentioned
study by Matsudaet al. [30] reported a somewhat highkeactobacillusisolation
rate in faecal samples than what we found in hga#tult individuals, and
especially higher colonisation frequencies of imdlinal species, including.g. L.
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plantarum/pentosuglentified in 80 % and.. fermentumn 60% of the 40 healthy
adults studied [30]. However, much the same spewdes found as in our study.

The oral microbiota of healthy adults

In our study of adult individuals, we also inveatied the oralLactobacillus
microbiota.

Lactobacilli were isolated from the tongue of mthran 80 % of healthy
adults. There are few studies ladctobacilluscolonisation rate from this location,
but a study of healthy individuals aged 9- 28 yefsand a Lactobacillus
colonisation frequency of 42 % in tongue sample®].[The same study found
lactobacilli in the saliva of only 28 %, as commhte 100 % in a study of adults
[357]. Thus oralLactobacilluscolonisation frequencies differ considerably bemvee
studies as well as between different oral nichéerd are several factors associated
with higher numbers of oral lactobagilk.g. increasing age [9], smoking [358],
presence of foreign materials in the mouth [358¢reased carbohydrate intake
[360], intake ofLactobacilluscontaining food, and the presence of caries [361].
The impact of these factors was not analysed irstudy.

L. paracaseiandL. gasseriwere most common in tongue samples of adultseptes
in about 40 % each. This differs from another stofijactobacilli isolated from the
same location wheré. plantarumwas most common, found in 45 %, ahd
casei/paracasewas found in only 14 %. In the same stutly,gasseriwas not
identified, but could have been present in the grtacidophilus-like” isolated
from 7 % [31]. However, others have fouhd paracaseiandL. gasserito be
common in other niches of the oral cavity [36, 37].

Which lactobacilli are found in the oral microbiateay be influenced by recent
food intake, since lactobacilli ingested by foods l&ely to reside in the mouth for
some time, even if not colonising. Likectobacilluscolonisation frequencies and
numbers, species distribution is also likely toiffuenced by a number of factors
as described in the previous paragraph.

Since we only sampled individuals once, we do matvk which lactobacilli could
have been persistent oral colonisers. However,pmaistence of strains of at least
L. fermentunandL. vaginalishas been reported previously [34].

Differences and similarities between the faecal and oral Lactobacillus
microbiota of healthy individuals

L. gasseriand L. fermentumwere significantly more common in the oral cavity
than in faeces of adult individual®No individual was positive fok. fermentunor
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L. vaginalisin faecal samples while negative in the oral samiés could indicate
that the presence of these species in the gutpendent on their presence in the
oral cavity, and in saliva, which is a constantrseuof lactobacilli reaching the
intestine. However, persistence oL .agasseristrain in the gut, but not in the oral
cavity, was described in two of three individuatadsed by Dal Bello and co-
workers [34], indicating that the gut microbiota yrfaarbour at least this species
independent of its presence in the oral microbiota.

There were great similarities between the oral faedal microbiota at the species
level. More than two thirds of individuals positit@r lactobacilli in both the oral
and faecal microbiota had at least dreetobacillusspecies in common in these
two locations. However, the variety of species s@mewhat broader in the mouth,
both collectively and individuallywhich could reflect a higher isolation rate of
food-derived lactobacilli in the mouth. Others hal®o found that the same species
often inhabit both the oral cavity and the gut [34]. In Dal Bello’s study of three
healthy adults all three harboured sevémttobacillusstrains in both saliva and
faeces. These strains belonged to the spécigasserjL. paracaseilL. rhamnosus
and L. vaginalis [34], i.e. similar species as identified in both faecal andl or
samples in the present study. fermentumwas found in two of the three
individuals and only in the oral cavity [34].

Influence of IgA deficiency on the Lactobacillus microbiota

IgA deficiency is the most common primary immundéaency in humans. IgA is
normally abundant in the gut and in the oral cauityhe form of secretory IgA,
and therefore it is possible that a lack of S-lgald influence the composition of
the Lactobacillusmicrobiota. However, the rate of colonisation hgtbbacilli, as
well as the species distribution in oral and faesainples, was very similar in
persons with and without IgA deficiency. The onignificant difference was that
L. fermentumwas more common in the oral cavity of controlcaspared to IgA
deficient individuals.L. fermentumis a major species in the oral microbiota of
healthy individuals, but is also common in caridaesions [9]. Lactobacilli are
today mainly regarded as secondary invaders ircéhnies process [24], although
some still consider them to be important cariog862]. SomelLactobacillus
species have been found to be associated withex lask of caries. Even certaln
fermentunstrains may be beneficial, as for instande &rmentunstrain isolated
from children without dental caries inhibited therrhation of biofilm by the
cariogenic bacteriunstreptococcus mutar{863]. We found no difference ih.
fermentumcolonisation rates in the faecal flora between tigdicient and control
individuals, which was quite low in both groups.

Lactobacillus population counts in faeces did not differ sigrahdy between
healthy and IgA deficient individuals, although aak trend towards lower counts
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in the latter group was observed. According to ahistudies, S-IgA has a greater
influence on the small intestinal than on the cmonicrobiota [364]. Therefore it
Is possible that differences ihactobacillus population counts between IgA
deficient and control individuals would have beenrfd had we examined small
intestinal fluid from these individuals.

L. salivarius was isolated less often from the oral cavity of Igkficient
individuals with a history of frequent respiratdnact infections than from oral
samples of IgA deficient individuals without thisstory. Several studies have
shown that. salivariushas antibacterial activities against bacterial pgéms.e.g.
Streptococcus pneumoniggs].

The expression of mannose-specific adhesins by lactobacilli from IgA
deficient and control individuals

In addition to the classicahntigen-antibody interactions between S-IgA and
bacteria, the carbohydrate chains of S-IgA may diswtion as receptors for
certain bacterial adhesins. The carbohydrate claii&IgA are rich in mannose,
andE. coliwith mannose-binding type 1 fimbridave been found to bind to S-IgA
[133, 191, 192]. Furthermore, intestifal coli isolates from healthy individuals
express more type 1 fimbriae than isolates from-digficient individuals. This
suggests that the interaction between type 1 famebrand S-IgA may be of
advantage for thE. coliin the gut [191, 192].

Many Lactobacillus species are also able to express mannose-spebiff) (
adhesins [196, 200, 202h our study of IgA deficient and healthy individsiawe
examined the ability of eachactobacillusisolate to express MS adhesins by
testing their ability to adhere to HT-29 colonicitkplial cells in a mannose-
sensitive manner. Lactobacilli are known to adh@weseveral structures of
epithelial cells, mucus, and extracellular matricethe gut [365]lt is possible that
MS adhesins of lactobacilli are able interact withannose-containing
oligosaccharides on S-IgA. Our hypothesis was thhattin-carbohydrate
interactions between lactobacilli expressing MSesits and S-IgA could be of
advantage for lactobacilli, for instance, bindingS-IgA in the mucus layer could
facilitate colonisation of this habitat. Howevdrig also possible that binding to S-
IgA could be disadvantageous for lactobacilli, sitcwould prevent direct contact
with epithelial cells [130].

The expression of MS adhesins by intestinal laatlbavas more common in IgA
deficient persons than in controls. Thus, in thespnce of IgA, expression of MS
adhesins seems to be disadvantageous for lactolbatiie gut, possibly by S-IgA
trapping lactobacilli in the mucus layer and preirentheir association with the
epithelium, which may be most advantageous fobtwteria. However, we did not
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find a difference in expression of MS adhesins letworalLactobacillusisolates
from IgA deficient and healthy individuals, respeely. IgA, including secretory
IgA, exists in two subclasses, IgA1 and IgA2. SexkelgA2 is somewhat more
common in colonic secretions, while relatively m@dgAl is found in saliva
[366]. The IgA2 subclass expresses much more manthes IgAl [134], and this
could possibly influence the ability to interacthvMS adhesins of lactobacilli. The
lack of differences between IgA deficient and Healindividuals regarding MS
adhesion of oral lactobacilli could indicate thae tMS adhesins of lactobacilli
interacted with S-IgA2 but not with S-IgA1.

We also found that MS adhesins were significantbyercommon among oral than
faecalLactobacillusisolates, especially in healthy individuals. Isetatxpressing

MS adhesins also adhered in higher numbers wheginating in the mouth,

possibly supporting that this adherence specifigtypeneficial for lactobacilli in

the oral cavity. Adhesion of lactobacilli in thischtion is less well studied than
intestinal adhesion, but lactobacilli have beemtbto bind to structures in saliva
[205-207] as well as to buccal epithelial cells§R0

MS adhesins were expressed by isolates from a laugeber ofLactobacillus
species, including.. plantarum, L. salivarius, L. johnsonii, L. pa@sei and L.
fermentum,n which the expression has been demonstrated quglyi [31, 196,
200, 202]. It was also found in several additiosécies in our study, and more
than 80 % of all isolates from IgA deficient andatiiey individuals belonged to
species with the capacity to express MS adhesimgs,Tthe ability to express MS
adhesins is a common trait in lactobacilli.

Are lactobacilli in the gut microbiota important for health?

The fact that lactobacilli are not numerous in EHalwes not preclude that they are
an important part of the intestinal microbiota. tad@cilli may preferentially
colonise the small intestine, and adhere to theosmchere [367]lt is clear that
suppression of the commensal microbiota may leadigease such &. difficile
enteritis, that lactobacilli are common in the gutrobiota of healthy individuals
and that they are able to influeneg.the immune system, the epithelium as well
as other gut bacteria. Lactobacilli produce shbsdir fatty acids (SCFA), which
are believed to be beneficial for the host in saverays [226, 227, 295]. Certain
Lactobacillusspecies have been associated with a lower risklohacancer [178].

As previously described, lactobacilli are commom$ed as probiotics, with a large

number of claimed effects. In some cases thereot gevidence, but in many
others further studied are needed to confirm tfect.

71



L. plantarum 299v for the prevention of diarrhoea and other gastrointestinal
symptoms associated with antibiotic treatment

We performed a randomised placebo controlled wiadre we examined the ability
of the probiotic strainL. plantarum 299vto prevent diarrhoea and other
gastrointestinal side effects during and aftertineat with antibiotics.

We found a low incidence (6.7 %) of antibiotics aasated diarrhoea (AAD),
defined as at least three loose or watery stoalayafor at least two consecutive
days. The incidence was still within the limitspreviously reported figures of 5-
35 % [236] and slightly higher than in a large peadgive Swedish study which
found AAD in 4.9 % [240]. One explanation for tlever incidence in Sweden as
compared to some other countries could be the peefaise of narrow-spectrum
antibiotics in Sweden. Patients treated with clmglein, a cephalosporin or an
ampicillin derivate tended to have diarhoea moterothan other patients, which is
in line with previous studies [237, 368]. We alswoirid an increased risk of AAD
with treatment with more than one antibiotic, whishalso known before [240,
369]. Another contributing factor to the low incia® of AAD in our study is
probably that the prevalence of known risk facteueh as enteral feeding or
comorbidities was low among the patients studied.

We did not find any protective effect af plantarum 299\against diarrhoea, as
strictly defined However, we did find a significantly reduced riskloose stools
during the study in patients receivihg plantarum 299y This effect was most
obvious during antibiotic treatment and lost aftez discontinuation of intake of
test drink. ThusL. plantarumseems to have some preventive effects on milder
antibiotic associated intestinal disturbances. fHt¢ that the effect on loose stools
was observed only as long as the probiotic was midtaered indicates that
continuous intake of the probiotic is required beneficial effects. Why there was
an effect against loose stools, but not againstithaa is not clear. It is likely that
the reasons for diarrhoea, as strictly definedfedif from the aetiology of the
milder symptom loose stools. A significant parttieé diarrhoeal cases may have
been caused by overgrowth by potential pathogetiseimicrobiota, whereas loose
stools could resulte.g. from minor disturbances in the microbiota, or other
disturbances induced by the antibiotic. For instahc plantarumhas been shown
to reduce negative effects of antibiotics on caldarmentation [241].

The risk of experiencing nausea was also reducesh@npatients receiving L.
plantarum. The mechanisms behind this effect atrelear. A recent study showed
that treatment with a mixture &f acidophilusandB. longumreduced nausea in
individuals with stress-induced gastrointestinahpyoms [370].
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Effects of L. plantarum 299v on Clostridium difficile toxin in faeces after
antibiotic treatment

Few patients harboured toxin produci@gdifficile after having been treated with
antibiotics. Several studies have shown a much enigbrevalence of toxin
producingC. difficile with antibiotic treatment, including the large Slah study
by Wistrom and co-workers [239, 24@]. difficile is a spore forming bacterium,
and the spores are able to persist on surfacethikoor for several months [371],
and may spread with aerial dissemination [372]. yTlaee easily transmitted
between patients and have been isolated from theshaf hospital staff [373]. One
reason for the lower isolation rate of toxin-proigcC. difficile in our study may
thus be that almost 50 % were outpatients. Furtbexpall the patients in our study
were recruited from an infectious diseases cliwiagile the patients in the study by
Wistrom et al. were admitted to wards within several medical siées. It is
possible that different hygiene routines, and/onefe patients per room at the
infectious diseases clinic may have contributedletss spread ofC. difficile.
Furthermore, the patients in our study were yourigan in the study by Wistrom
and co-workers, and they had fewer concomitantades® and interventions like
endoscopy and abdominal surgery were less comniselfactors may influence
colonisation byC. difficile

There was no difference between patients receiingplantarum and those
receiving placebo in the colonisation by toxin-proohg C. difficile. As the total
number of individuals positive fo€. difficile toxin was low, it is not possible to
draw any far-reaching conclusions from this. Thare previous studies which
found no influence on the number of clostridia aftee administration oL.
plantarum 299309, 374], and in one study there was even arease in total
Clostridium counts after the administration of this strd8v5]. However, C.
difficile was not studied specifically in these studies, @haktridiumis a genus
containing a variety of highly differing species ialh are not likely to be
influenced by probiotics in a similar way. Anothprevious study has shown
reduced colonisation b§. difficile in critically ill patients receivind.. plantarum
299v [316]. In a small study of recurref. difficile enteritis,L. plantarum299v
combined with metronidazole tended to be more @ffechan only metronidazole
in clearing the infection [280].

Lactobacillusstrains have so far mainly been tried in very smsalldies or case
studies for the treatment of infections causedCbylifficile [280, 281, 376].The
probiotic yeasGaccharomyces boulardias been found to have a significant effect
against recurrent, but not initi@l. difficile associated diarrhoea [377] and also to
prevent recurrences @f. difficile enteritis in patients with more severe disease only
[282]. Whether also certain lactobacilli could havetter effects against more
severeC. difficile infections is not clear, but it is possible thablpotics in general
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are more efficient in conditions where larger dgeanents of the gut microbiota
could allow more efficient colonisation by the piatix strain.

L. plantarum 299v for the treatment of non-typhoid salmonellosis

In a second randomised placebo controlled study,tested if intake ofL.
plantarum 299v could shorten the time @&almonellacarriage and ameliorate
symptoms in non-typhoi®&almonellanfection There was no positive effect at all

of L. plantarum 299v administered to patients diagnosed with rypiaid
Salmonellagastroenteritis neither on time to clearancé&almonellafrom stools,

nor on resolution of acute symptoms. The lack ééatfwas not due to under-
powering and afteBalmonellaclearance, loose stools and even diarrhoea seemed
to be more frequent in patients receivingplantarum

Patients had had symptoms of th8almonellainfection for a median of eleven
days when entering the study. One possible way biwL. plantarumcould
counteract Salmonellainfection could be through inhibition of adherenoé
Salmonellato epithelial cells. Both.. plantarumand Salmonellamay adhere by
binding to mannose-containing receptors. Howeves,not clear if they can adhere
to the same receptors. Adherenceésafmonellais important early in thenfection
[90], and thus it is possible that very early adstnation ofL. plantarum 299v
could have had some positive effedts.acidophilushas been foundh vitro to
prevent attachment @almonellaPullorum, and.. fermentumhas been showto
inhibit attachment to some extent $a&lmonellaTyphimurium to epithelial cells,
but both lactobacilli were unable to displace aseattachedSalmonellabacteria
[301]. Salmonellas likely to be the causative agent in a signifigaart of cases of
travellers’ diarrhoea, but studies using probiota®revent this condition have not
been conclusive [378].

Why L. plantarum seemed to somewhat increase the risk of loosdsstul
diarrhoea after clearance 8almonellais not clear. Howevel,. plantarumalso
seemed to decrease the risk of experiencing haadsstand the same mechanism
may be responsible for these effetisplantarumhas previously been shown to be
effective in treatment of constipation [379], andirand towards reduction of
constipation in IBS patients through intake Lof plantarum 299whas also been
found [286]. In a study in pigd,. plantarum299v decreased jejunal net fluid
absorption [380]. Further, propionate may play ke.rdhis short chain fatty acid
(SCFA) which was found to increase after intakd_oplantarum299v [308] can
induce colonic muscular contraction in rats, whioy counteract constipation
[228].

While it seems as if some probiotic®. S. boulardiiandL. rhamnosus GGnay
be more effective in the prevention of AAD thianplantarum[270, 277], it is not
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known whether other probiotics would be more effectagainstSalmonella
carriage and symptoms, since very few studies wumwgl humans have been
performed.Lactobacillus acidophilusvas used in one study and was shown to
shorten the duration of tifgalmonellacarrier state in asymptomatic patients [300].
This lack of studies of probiotic treatment agai®atmonellainfection in humans
could be a result of publication bias, where stsidié¢ probiotic treatment in
Salmonellanfections have been performed but not publishexltduack of effect.

It could be worth trying &actobacillusstrain which has been shown to have effect
againstSalmonellain animals, but it is not at all certain that suclstrain would
have positive effects against salmonellosis in msna

Patients in our study were infected by a numbaetitdérent Salmonellasubtypes,
SalmonellaEnteritidis being most common. It is possible ttdferent probiotics
are to prefer against different serotypessafmonellaln vitro, L. acidophiluswas
found to prevent the attachment®fPullorum to ileal epithelial cells, but not the
attachment o8. Typhimurium [301].

Why did L. plantarum decrease the number of loose stools during antibiotic
treatment, but not during Salmonellosis?

There was no effect df. plantarum 299wagainst diarrhoea in either of our two
studies discussed here. However, the probioticetidce the risk of loose stools in
the study of antibiotic-treated patients, wherdad was no such effect in the
study of patients with non-typhoid salmonellosisiene the number of days with
loose stool and also with diarrhoea after cleararicealmonella instead tended to
be higher in patients receivirhg plantarumthan in patients on placebo.

The patient groups receiving the probiotic diffeteetween the two studies — the
first consisting of antibiotic treated patients lwitarious infectious diseases, the
second of patients with non-typhoid salmonelloBiaus, it is not surprising that the
effect of the probiotic differed between the stgdie

The dose of the probiotic strain was lower in thelg of patients on
antibiotics, 16° CFU/day compared to the study of patients witmsalellosis
(5x10"° CFU/day) and also compared to other studies ukinglantarum 299v,
where 2-5 x 18 CFU/day has often been used [280, 286]. It coulthbea higher
dose would have contributed to a reduction not aflyoose stools, but also of
diarrhoea in the antibiotics-treated patients. Haveit is also possible that the
increased risk of loose stools observed with intakehis probiotic strain by
patients with salmonellosis was a side effect of t@h a dose in th8almonella
study.

75



The time when administration of the probiotic iargt¢d could be very important. In
the study on antibiotic-treated patients, wihemplantarum299v had some positive
effect against loose stool and nausea, the probiedis given prophylactically to
patients who had not yet developed any gastrointdssymptoms, whereas the
patients with salmonellosis had already had gasteo#is for more than a week in
most cases.

L. plantarumwas administered differently in the two studiesaifruit drink in the
study of antibiotic-treated patients and as a freédded powder in the study of
patients with salmonellosis. The viability of batie was checked for both
preparations. The powder contained skim milk, butigmts with known
hypersensitivity to milk products were not includiedthe study. However, both
blueberries and oats, which were parts of the funhk, are known to have an
effect on the gut. Oat is rich in starch dghdlycan and may exert effects by itself
in a way similar to so called prebiotics. A prelmas defined as "a non-digestible
food ingredient that beneficially affects the hdwst selectively stimulating the
growth and/or activity of one or a limited numbéibacteria in the colon, and thus
improves health” [381]. An animal study found amrgase in short chain fatty
acids and bifidobacteria, and a decrease in fapéhland coliforms when
comparing an oat-based with an oat-free diet [38&2).in vitro study of oat bran
fermentation by a mixed bacterial culture foundiragrease of bifidobacteria and
lactobacilli, and a decrease in clostridia [383idtes on the effect of blueberries
are scarce, but they have been showwitro to have an effect against the pathogen
Giardia duodenalig384]. Blueberries have also been found to decreasats of
caecal Enterobacteriacege and also to decrease disease activity, bacterial
translocation and inflammation in a rat colitis rebfB85]. Thus, it is possible that
oat and blueberries consumed together withplantarum 299vby patients on
antibiotics, modified the mechanisms wherébylantarum 299¢ontributed to an
increased risk of loose stool after clearance Salmonellain patients with
salmonellosis.

The prevalence of nausea was lower in ltheplantarumgroup in the study of
patients on antibiotics, but tended to be highé¢h\wi plantarumtreatment in the
Salmonellastudy. This difference could relate to the factiscussed above,g.
differences betweemopulations studied, different doses of the probi@nd
different formulas.

Gender-related findings in the studies of treatment with L. plantarum 299v

The influence of gender on the outcomes measuredstualied in both treatment
studies and several gender-related differences fwarel, especially in the study of
patients with salmonellosis, where the influence ge#nder was also more
thoroughly investigated. In the study involving ibrdtic-treated patients, women
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had significantly more nausea and abdominal pan then during treatment with
antibiotics. The same symptoms were more pronountc@bmen as compared to
men at study start in the study of patients wilmsaellosis. The differences in the
latter study remained when excluding women repgrtimenstruation at that time,
and there were no significant differences betweeman and men before the onset
of Salmonellawhich could explain the findings. Thus, it seemattivomen are
more prone to suffer from abdominal pain and naus@ang gastrointestinal
infection and antibiotic treatment. Gastric empgyiis slower in women, which
may be related to differences in autonomic ton&[38his could possibly partly
explain the increased symptoms in women.

Women tended to cleabalmonellamore rapidly than men, but had a longer
diarrhoeal phase. There are few studies of gentferahces in salmonellosis, but a
recent study describes increas&almonellarelated morbidity in females as
compared to males in their mid-adult years [387hdssible explanation could be
that women exert a stronger inflammatory respohs@ tmen, which clears the
bacteria but increases symptoms. However, in csinttaa previous study [388],
we found a positive correlation between fever antetto Salmonella clearance,
and prolonged carriage was also associated witipeloduration of gastrointestinal
symptoms Furthermore, asymptomatic carriers $&lmonellamostly clear the
bacteria within a short period of time [89]. Thasmore symptomatic response is
not related to a shorter period of Salmone#aiage.

Female mice cleaB. Enteritidis significantly faster than male micehel gene
Slcllalhas been found to be of importance in the earlgrif in salmonellosis,
but also enhances persistence of these bactei$. [dB8wever, the gender related
differences in time to clearance in mice were reggethdent on the presence of this
gene [390].

The IL12/IFNy pathway is believed to be very important for thentool of
Salmonella[391] and deficiencies in this pathway are assediawith severe
Salmonellainfections. Testosterone has been found to inerad 0 production in
mice [392] and antigen presenting cells from fenmaiee secrete IL-12, but not IL-
10, during activation, whereas the opposite is fimemale mice [393].0Other
studies, however, found no differences [394]. Dgirthe first four weeks after
Salmonella clearance in our study, when the study preparstiorere still
administered, women had a higher risk of looselstamusea and flatulence than
men. Women also had more abdominal pain than mérihis was mainly due to a
higher risk of abdominal pain in women in theplantarumgroup.

We also analysed the effectlafplantarumin women and men separately. Women
takingL. plantarumhad more fever and abdominal pain than women acepbo.

The increased risk of fever that was noted in womeaheL. plantarumgroup may
be related to the fact that women in this groupificantly more often had fever at
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study start. We cannot explain the increased riskbdominal pain among women
receivingL. plantarum This strain has previously been shown to redbc®minal
pain in patients with irritable bowel syndrome [286

Men in theL. plantarumgroup had more diarrhoea and tended to have roose |
stools than men in the placebo group, but the raistent effect was a decreased
risk of hard stools in men receiving plantarum There were no significant
differences between men in the plantarumand placebo groups regarding these
symptoms at inclusiorRossible reasons for why plantarumcould be effective in
the treatment of constipation were discussed abdesvever, it is unclear why
these effects df. plantarumwere observed in men only.

Persistence of gastrointestinal symptoms after @adtiosis may in some patients
represent early stages of post-infectious irritédaerel syndrome (IBS) [86]BS is
more common in women than in men [86] and may lse@sated with low grade
inflammation in the gut [395]. Reduced IL-10 protoc has been found in
irritable bowel syndrome [396, 397], and gendeatesd differences in the balance
between IL-10 and IL-12 could play a role in therenprolonged gastrointestinal
symptoms observed in women.

In conclusion, lactobacilli are part of the nornoahl and faecal microbiota of the
majority of adults, but most infants are not stabbfonised in the gut by these
bacteria. Lactobacilli are believed to be benefitoa health and are commonly
used as probiotics. However, in our studies orptiodiotic effects ot.. plantarum
299v,this strainwas not found to be of major benefit in the prexenof antibiotic
associated diarrhoea or in the treatment of nohdyp salmonellosis. Given the
different properties of different lactobacilli down the strain level, it is very
possible that other probiotic bacteria, or combamathereof, would prove to be
more useful. The most interesting findings in tleatment studies, especially in the
study of patients withSalmonella gastroenteritis, were the gender related
differences in symptoms, some of which were reldtedhtake ofL. plantarum
299vand some which were not.
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