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Summary

The article presents an overview of develop-
ment of intestinal microfiora, its composition
and function in individual parts of the gas-
trointestinal tract, and the role of both inter-
nal and external factors. At the same time,

colonisation resistance is detailed, i.e. com-
mensal bacteria in the intestine preventing
pathogens from growing. In addition, the
impact of intestinal microflora on the immu-
ne system is explained.
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In adult humans, the intestine is
a tube about 7-10 metres long. Its
extremely irregular surface is covered
by a single layer of epithelial cells, re-
presenting an area approximately equal
to the size of a tennis court (200 m?3).
The intestine, sterile during foetal
development, is first colonised only as
the foetus passes through the birth
canal. After birth, the intestine is ra-
pidly colonised by many microorga-
nisms whose composition varies mar-
kedly in the first days of life. Within
a week, intestinal microflora has a sta-
ble composition, depending on the
form of birth, surrounding environ-
ment and nutrition. Bifidobacteria,
prevailing in breastfed infants, are
much less frequent in those who are
formula-fed. Also, breastfed babies
are earlier colonised by those bacte-
rial genera typical for the intestinal
microflora of adult humans [24].
Another determining factor is the envi-
ronment as in babies born by Caesa-
rean section, the composition of intes-
tinal microflora is stabilised much
later. Preterm infants and those hospi-
talised for a long time have an aber-
rant composition of intestinal microflo-

ra. Their normal healthy microflora,
comprising mainly lactobacilli and bifi-
dobacteria, is replaced by hospital
strains, such as potentially pathogenic
enterococci, staphylococci, enterobac-
teria and others. The initial intestinal
colonisation is crucial for the further
development of humans as the bacteria
present may modulate gene expression
in epithelial cells and thus produce
a favourable environment for them-
seves [6]. Primary colonisers are
already permanently settled in the intes-
tine, determine its colonisation by other
bacterial genera later in life and are
essential to the final composition of the
intestinal microflora in adulthood.
Major changes in the character of
intestinal ecosystem occur after the
baby is no longer breastfed and solid
foods are introduced [12]. During this
period,
teroides and clostridia gain their posi-

anaerobes such as bac-

tion and the intestinal ecosystem
develops into its stable form. Intes-
tinal microflora weighing over 1 kg
contains an enormous number of
microbes. Their amount is more than
ten times the number of cells in the
human body. The intestinal microbial

community comprises over 500 spe-
cies, of which most have never been
cultured and many have not even
been identified. Intestinal microflora
contains both autochthonous or resi-
dent bacteria and allochthonous or
transient bacteria, i.e. those only
passing through the intestine [19].
Most intestinal bacteria function as an
anaerobic bioreactor facilitating diges-
tion of polysaccharides difficult to
digest and synthesising micronut-
rients including vitamins and short-
chain fatty acids. Products of fermen-
tation by these bacteria may provide
as much as 10% of an individual's
daily energy needs [5,18].

The relationship between the host
and bacteria in intestinal microflora
also plays an important role in postna-
tal development, intestinal maturation
and development of the mucosal
immune system [13].

MICROFLORA IN THE INDIVIDUAL
PARTS OF THE GIT

Normal microflora of the gastrointesti-
nal tract is an enormously complex
ecosystem comprising both aerobic
and anaerobic microorganisms. Toge-

Folia Gastroenterol Hepatol 2008; 6(4)



Strevni mikroflora

I. ¢ast — obecny prehled

Jana Jurankova?, Jan Lata?, Veronika Pribramska?, Dagmar Koukalova®

10ddéleni klinické mikrobiologie, FN Brno

2I‘lnterni hepato-gastroenterologicka klinika, LF MU a FN Brno

3Ustav mikrobiologie, LF UP a FN Olomouc

Souhrn

V ¢lanku je podan prehled o vyvoji stievni
mikrofléry, jejim sloZeni a funkci v jed-
notlivych castech gastrointestinalniho traktu
a viivu vnitrnich i vnéjsich faktort. Soucasné
je rozebrana kolonizacni rezistence, kdy

komensalni bakterie ve stfevé zabranuji
prerdstani patogenu. RovnéZ je vénovana
pozornost vlivu stfevni mikroflory na imunitni
systém.

KLICOVA SLOVA: IMUNITNI SYSTEM, KOLONIZACNI
REZISTENCE, STREVNI MIKROFLORA

uvob

Stfevo dospélého Clovéka je 7-10 m
dlouha trubice. Jeho extrémné nepra-
videlny povrch je pokryt jednou
vrstvou epitelialnich bunék, které
reprezentuji plochu velikosti asi teni-
sového kurtu (200 m?). V obdobi fetal-
niho vyvoje je sterilni a prvnimi
mikroorganizmy se zacina osidlovat
teprve pri prichodu plodu porodnimi
cestami. Po porodu je stfevo velmi
rychle kolonizovano rGznymi mikroor-
ganizmy, prvnich nékolik dni Zivota je
jejich slozeni znaéné variabilni. Po
prvnim tydnu jiz ma stfevni mikrofléra
stabilni zastoupeni, které je zavislé na
zplUsobu porodu, okolnim prostredi
a druhu vyZivy. U kojenych déti preva-
Zuji bifidobakteria, zatimco u déti
s umeélou vyzivou muze byt jejich pocet
nékolikanasobné mensi. Kojené déti
jsou dfive kolonizovany bakterialnimi
rody, jejichz vycet pripomina stfevni
mikrofléru dospélého cClovéka [24].
Zivotni prostfedi je dalsim dlleZitym
urcujicim faktorem, nebot déti naro-
zené cisafskym fezem dosahuji stabil-
niho slozeni stfevni mikrofl6ry podstat-
né pozdéji. Také predéasné narozené
a dlouhodobé hospitalizované déti
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maji zastoupeni stfevni mikroflory
aberantni. Normalni zdrava mikrofl6-
ra, sestavajici se hlavné z laktobacill
a bifidobakterii, u nich byva nahraze-
na nemocniénimi kmeny, jako jsou
potencialné patogenni enterokoky,
stafylokoky, enterobakterie a dalsi.
Pocatecni kolonizace streva hraje
velmi ddlezitou roli i v dalSim vyvoji
Clovéka, protoze pritomné bakterie
mohou modulovat expresi genl epite-
lidlnich bunék, a vytvaret tak pro sebe
priznivé prostredi [6]. Primarni kolo-
nizatofi sidli jiz ve stfevé trvale a deter-
minuji kolonizaci stfeva dalSimi bak-
terialnimi rody pozdéji v zivoté a jsou
dllezZiti pro konecné sloZeni strevni
mikroflory v dospélosti.

Velké zmény v charakteru strevni-
ho ekosystému nastanou po skonéeni
kojeni a prevedeni ditéte na pevnou
stravu [12]. Béhem tohoto obdobi
ziskavaji svoje pevné postaveni anae-
roby, jako jsou Bacteroides sp. a Clos-
tridium sp. a stfevni ekosystém se
vyviji do své stabilni podoby. Stfevni
mikrofléra obsahuje nepredstavitelné
mnoZstvi mikrob( vaZicich vice nez
1 kg, toto mnozstvi presahuje dese-
tinasobné pocet bunék v lidském téle.

Mikrobialni komunita ve strevé Cita
vice nez 500 druht, vétSina z nich
nebyla nikdy vykultivovdna a mnoho
z nich nebylo nikdy ani identifikovano.
Strevni mikrofléra obsahuje bakterie,
které jsou ve stfevé pevné usazené
(autochtonni, rezidentni), a bakterie,
které stfevem pouze prochazeji
(alochtonni, tranzientni) [19]. VétSina
z bakterii obsazenych ve strevé vytvari
anaerobni bioreaktor, ktery napomaha
travit tézko stravitelné polysacharidy
a syntetizuje mikronutrienty vcetné
vitaminl a mastnych kyselin s krat-
kym fetézcem. Produkty fermentace
témito bakteriemi mohou poskytovat
az 10 % denni energetické potreby
jedince [5,18].

Vztahy mezi hostitelem a bakterie-
mi jeho stievni mikroflory hraji dllezi-
tou roli také v postnatalnim vyvoji,
v dozravani stfeva a ve vyvoji sliznic-
niho imunitniho systému [13].

MIKROFLORA V JEDNOTLIVYCH
CASTECH GIT

Fyziologicka mikrofl6ra traviciho Ustro-
ji je enormné komplexni ekosystém
sestavajici z mikroorganizm( aerob-
nich a anaerobnich. Slouzi spolu
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ther with the mucosal immune sys-
tem, it protects the host’s organism
from pathogen invasion and plays
a positive role in certain metabolic
processes [2].

In the oral cavity, anaerobes pre-
dominate over aerobes in a ratio of
about 100:1. Saliva contains approxi-
mately 10° bacteria per mL, mainly
streptococci, lactobacilli, neisseria,
peptococci, peptostreptococci, bac-
teroides and fusobacteria. In patients
with periodontal diseases, anaerobes
are significantly more common. This is
also true for people with poor oral
hygiene. Together with saliva and
food, oral microorganisms pass
through the oesophagus to the sto-
mach. In the oesophagus, analogical
microflora multiplies, especially under
pathological conditions, such as in the
case of any oesophageal obstruction,
both organic and functional. Other
contributing factors are severe devas-
tating conditions and immune insuffi-
ciency. In such cases, candida or viral
infections are involved, e.g. in candida
or viral oesophagitis.

Most microorganisms passing
from the oral cavity to the stomach are

destroyed by acid gastric juices. Thus,
the stomach of healthy individuals is
usually sterile, with transient microflora
being mostly gram-positive and aero-
bic. The concentration of microorga-
nisms is usually less than 10°CFU/mL
(CFU - Colony Forming Units). The
most commonly isolated genera are
enterococci, staphylococci, lactobacilli
and yeasts. Less frequent are oral
anaerobes, such as peptostreptococ-
ci, fusobacteria and bacteroides.
Normally, coliform bacteria are very
rare. Under pathological conditions,
changes occur as bacterial overgrowth
tends to be common in all conditions
connected with hypoacidity or achlor-
hydria as well as with severely
impaired stomach emptying. How-
ever, microorganisms may enter the
stomach during duodenogastric
reflux.

In the oral part of the small intesti-
ne, enterobacteria are sometimes pre-
sent in a concentration of 102*CFU/mL.
In patients with bleeding ulcers, gas-
tric hydrochloric acid is neutralised,
which promotes the growth of microor-
ganisms. In such cases, a mixture of
aerobes and anaerobes is found. A si-

Composition of the human gastrointestinal tract [27].

Microorganisms

total bacterial count
aerobically growing agents
family Enterobacteriaceae
streptococci

staphylococci

lactobacilli

yeasts

anaerobic bacteria
bacteroides

bifidobacteria
peptostreptococci
clostridia

eubacteria

milar phenomenon could be observed
in duodenal ulcers, pyloric obstruction
or gastric carcinoma. Achlorhydria and
bacterial overgrowth are also connec-
ted with drugs suppressing gastric
acidity, e.g. H, blockers and proton
pump inhibitors. The microbial flora of
the oral part of the small intestine has
a composition similar to that of the
stomach and to a certain extent is
influenced by pathological conditions
of the stomach. The normal concen-
tration of bacteria is 10°* CFU/mL.
Microbes increase in number espe-
cially in intestinal stasis (intestinal
obstruction, blind loop syndrome). In
the jejunum, aerobic and gram-posi-
tive bacteria prevail. However, coliform
and anaerobic bacteria are also pre-
sent there, even more commonly than
in the stomach. In the distal ileum,
gram-negative microorganims begin to
predominate over gram-positive bacte-
ria. Commonly found are coliform bac-
teria as well as anaerobic bacteroides,
bifidobacteria, fusobacteria and clos-
tridia. The similarity to the large intes-
tinal microflora is due to microorgan-
isms penetrating through the ileocae-
cal valve (backwash mechanism).

Numbers of microorganisms (CFU/mL or CFU/g)

stomach jejunum
0-10° 0-10°
0-10? 0-10°
0-10° 0-10*
0-10? 0-10°
0-10° 0-10*
0-10° 0-10?
rare 0-10°
rare 0-10*
rare 0-10°
rare rare
rare rare

ileum colon

103-10° 10%*°-10*
102-107 104-10%
102-10° 10°-10%*
102-10° 10*-10°
102-10° 10°6-10%*
102-10* 10%-10°
103-107 10%°-10*
103-10° 104-10%
102-10° 10*°-10*
102-10* 10°-10%

rare 10%°-10*
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s imunitnim sliznicnim systémem
k ochrané organizmu hostitele pred
invazi patogeny a pfiznivé se Ucastni
nékterych metabolickych pochodd
[2].

V dutiné Ustni prevladaji anaeroby
pred aeroby v poméru asi 100 : 1.
Sliny obsahuji pfiblizné 10° bakterii na
1 ml. Dominuji streptokoky, laktobaci-
ly, neisserie, peptokoky, peptostrep-
tokoky, bakteroidy a fusobakteria.
Nemocni s periodontopatiemi maiji
vyznamné vySSi zastoupeni anaerobd,
podobné jako lidé nedodrZujici dstni
hygienu. Mikroorganizmy dutiny Ustni
se dostavaji slinami a potravou jicnem
do Zaludku. V jicnu dochazi k pomno-
Zeni analogické mikroflory predevsim
za patologickych kazda
obstrukce jicnu, at organicka, nebo
funkéni, vytvari vhodné podminky.

stavl,

Dal$§im podplrnym mechanizmem
jsou tézké devastujici stavy a imuno-
logicka insuficience. V téchto pfi-
padech se uplatiuji také infekce
kvasinkové anebo virové, napf. kandi-
dova nebo virova ezofagitida.

VétSina mikroorganizm, které se
dostanou z dutiny Ustni do Zaludku, je
destruovana kyselou Zaludecni Sta-

vou. Zaludek je tak u zdravych jedincii
vétSinou sterilni, pfipadna prechodna
mikroflora je prevaziné grampozitivni
a aerobni. Koncentrace mikrobl je
obvykle méné nez 10® CFU/ml jed-
notky tvorici kolonie (CFU - Colony For-
ming Units). Nejcastéji izolovanymi
rody jsou enterokoky, stafylokoky, lak-
tobacily a kvasinky. Anaeroby z dutiny
Gstni jsou pfitomny v malém poctu
(peptostreptokoky, fusobakteria, bak-
teroidy), koliformni mikroorganizmy
jsou fyziologicky vyslovené vzacné. Ke
zméné dochazi predevSim za patolo-
gickych stavd, k mikrobialnimu prerls-
tani maji sklon vSechny stavy spojené
s hypaciditou a achlorhydrii, ale téz
s hrubou poruchou evakuace Zaludku.
Mikroorganizmy se vSak dostavaji
do Zaludku i pfi duodenogastrickém
refluxu.

V orélni ¢asti tenkého stfeva se
obcas vyskytuji i enterobakterie v kon-
centraci 102°* CFU/ml. U nemocnych
s krvacejicim viedem dochazi k neutra-
lizaci kyselé ZaludeCni Stavy a vznika
vhodna Zivna puda pro rist mikro-
orgaizmu. Nalézana je potom smés
aerobU a anaerob(. Podobné je tomu
u duodenalniho vfedu, obstrukce

pyloru ¢i karcinomu Zaludku. Problém
achlorhydrie a prertstani mikroorga-
nizmU je také spojovan se sniZzovanim
Zalude¢ni acidity I€ky, napf. H, bloka-
tory a inhibitory protonové pumpy.
Mikrobialni fléra oralni ¢asti tenkého
stfeva ma sloZzeni podobné jako
Zaludek a je také do jisté miry
ovliviovana patologickymi stavy Zalud-
ku. Normalni koncentrace bakterii je
1034 CFU/ml. K néartstu mikrobl
dochazi zejména pfi méstnani
stfevniho obsahu (stfevni obstrukci,
syndromu slepé klicky). V jejunumu
prevladaji aeroby a grampozitivni bak-
terie, ale vyskytuji se zde i koliformni
bakterie a anaeroby, dokonce Castéji
nez v zaludku. V distalnim ileu zacina-
ji prevladat gramnegativni mikro-
organizmy nad grampozitivnimi.
Bézné se vyskytuji koliformni bakterie,
z anaerobU bakteroidy, bifidobakteria,
fusobakteria, klostridia. Podobnost
s mikroflorou tlustého streva je dana
prinikem mikroorganizmu pres ileo-
cekalni chlopen (tzv. back wash me-
chanism).

Distalné od ileocekalni chlopné
mnozstvi aerobnich a anaerobnich
mikroorganizmut narlsta. Asi jednu

Slozeni mikrofléry lidského GIT [27].

Pocty mikroorganizmt (CFU/ml nebo CFU/g)

Mikroorganizmy

celkovy pocet bakterii
aerobné rostouci agens
Celed Enterobacteriaceae
streptokoky

stafylokoky

laktobacily

kvasinky

anaerobni bakterie
bakteroidy
bifidobakteria
peptostreptokoky
klostridia

eubakteria

Zaludek jejunum
0-10° 0-10°
0-10? 0-10°
0-10° 0-10¢
0-10? 0-10°
0-10° 0-10¢
0-10° 0-10?
vzacné 0-10°
vzacné 0-10*
vzacné 0-10°
vzacné vzacné
vzacné vzacné

ileum kolon

103-10° 10%°-10*?
102-107 104-10%*
102-10° 10°-10%*
102-10° 10%-10°

102-10° 106-10%
102-104 104-10°

103-107 10%°-10*?
103-10° 104-10*
102-10° 10*°-10*
102-10* 106-10"
vzacné 10%*-10*
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The numbers of aerobic and
anaerobic microorganisms increase
with the distance from the ileocaecal
valve. Live bacteria account for about
one third of faecal dry matter. The pre-
vailing aerobe is Escherichia coli
which may be isolated in a concentra-
tion of 10"-® CFU/g of stools. Anaero-
bes are dominated by Bacteroides
fragilis and Eubacterium spp. Also fre-
quent are anaerobic gram-positive
cocci (Peptostreptococcus spp., Pepto-
coccus spp., Clostridium spp.). Addi-
tionally, aerobically growing enterococ-
ci and various members of the
Enterobacteriaceae family are com-
monly isolated. In the colon, bacteria
significantly increase in number orally
from an obstruction of any origin.
Microflora of the large intestine varies
in different geographical areas, appar-
ently influenced by dietary habits.
According to studies, anaerobic gram-
negative bacteria, in particular bac-
teroides, prevail in Western Europe
and the USA, whereas gram-positive
anaerobes, especially eubacteria, are
more prevalent in India and Japan [2].

FAECAL PH

Normal faecal pH ranges from 6.1 to
7.9. The influencing factors are nutri-
tion (dietary fibre content), fermenta-
tion processes, bacterial population
and administration of antibiotics.
Acidic stool (pH < 6.1) is usually con-
nected with diarrhoea, osmotic laxa-
tives, malabsorption or the action of
bacterial toxins. Lower pH may also be
due to food allergens. Very high pH
(> 7.9) is usually found in excessive
dietary intake of proteins and putre-
factive processes when the contents
of the large intestine moves more
slowly [17].

FACTORS INFLUENCING
COMPOSITION OF THE INTESTINAL
MICROFLORA

The composition of the intestinal mic-
roflora is regulated by saliva (antibac-
terial activity of lysozyme, lactoferrin

and rhodanide), gastric acid (pH) and
pepsin, bile containing bile salts and
unconjugated bile acids, pancreatic
juice (lipase) and intestinal motility.
Also of importance is regeneration of
intestinal mucosal cells. Microflora
has its own regulatory mechanisms
(colonisation resistance) that prevent
penetration of unwanted organisms
and substances and inhibit pathoge-
nic microflora by bactericidal action of
short-chain fatty acids and production
of hydrogen peroxide or hydrogen sul-
phide. Besides these non-immunologi-
cal defence mechanisms, there are
cellular (intestinal lymphoid tissue,
T and B lymphocytes) and humoral
(secretory immunoglobulin A) immune
defence mechanisms [23].

The intestinal system may be
severely affected by diseases and
their treatment. An example may be
reduced salivary secretion in Sjogren’s
syndrome or long-course radiotherapy
of the head and neck, decreased pro-
duction of gastric acid in pernicious
anaemia, after surgery (gastrectomy,
vagotomy) or in treatment with H,
blockers or proton pump inhibitors.
Under such circumstances, coliform
and potentially pathogenic bacteria
grow in number and the risk of salmo-
nella, shigella or candida infection
increases. In biliary obstruction, bile
duct infections are frequent. Bacterial
overgrowth occurs in pancreatic insuf-
ficiency when bile and pancreatic
juice secretion is impaired, in impaired
motility of a part of the gastrointesti-
nal tract, such as stasis in diverticula
of the duodenum or small intestine, in
strictures and stenoses of the ileum in
intestinal inflammatory diseases, in
diabetic gastroparesis, scleroderma or
intestinal pseudo-obstruction. Altera-
tions may also be caused by prokine-
tics or laxatives substantially reducing
natural microflora in number, particu-
larly anaerobes. Intestinal mucosal
cells are generally killed by radiothera-
py, chemotherapy and malnutrition as
well. In some cases of immunodefi-

ciency, non-immunological mecha-
nisms maintain balanced colonisation
for a long time. However, these abnor-
malities may result in abnormal com-
position of the microflora and coloni-
sation of the intestine by pathogenic
microorganisms [23].

Another role in intestinal colonisa-
tion is played by ageing. With increas-
ing age, less saliva is secreted, swal-
lowing is less frequent and mucosal
cell renewal is reduced. Therefore,
colonisation by gram-negative bacte-
ria such as enterobacteria and pseu-
domonas is more likely to occur. In
addition to that, intestinal bifidobacte-
ria decrease in number and coliform
bacteria, clostridia and candida beco-
me predominant. However, these chan-
ges may be secondary to impaired
motility and more frequent atrophic
gastritis in old age. The same is true
for decreased immunological toleran-
ce and slower cell regeneration [23].

The external factors influencing
the composition of intestinal microflo-
ra include nutrition, treatment, envi-
ronment and stress. Changes in
dietary habits and drugs, such as la-
xatives (magnesium sulphate promot-
ing peristaltic movement of the intes-
tine) and antibiotics, directly affecting
intestinal microflora. Antibiotic thera-
py may lead to diarrhoea varying in
severity or even pseudomembranous
colitis, caused by Clostridium difficile
toxins. These serious complications
occur in cases of insufficient resorp-
tion of antibiotics as well as in
decreased secretion of saliva, bile
and intestinal mucus. Resistance,
bacterial overgrowth, sepsis, diar-
rhoea, infection or superinfection may
develop.

Intestinal microflora is also affec-
ted by stress. This was proved by stud-
ies of both animals exposed to low
temperatures or prolonged starvation
and humans staying in space or expe-
riencing physical strain. In stress, a re-
duced number of lactobacilli in the
proximal portion of the digestive tract

Folia Gastroenterol Hepatol 2008; 6(4)



tretinu fekalni susiny tvori Zivé bak-
terie. Escherichia coli prevlada mezi
aeroby a muZe byt izolovana v koncen-
traci 10" CFU/g stolice. Mezi anae-
roby dominuje Bacteroides fragilis
a Eubacterium sp., Casté jsou i anae-
grampozitivni koky (Pepto-
streptococcus sp., Peptococcus sp.),
Clostridium sp. Dale jsou bézné

robni

izolovany aerobné rostouci enterokoky
a ruzné druhy celedi Enterobacte-
riaceae. K vyraznému nardstani
bakterii v kolon potom dochazi oralné
plvodu.

Mikrofléra tlustého stieva je velmi

od obstrukce jakéhokoli
rozdilnd v rGznych geografickych
oblastech, je evidentné ovliviovana
stravovacimi zvyklostmi. Podle studii
prevazuji v zapadni Evropé a Spo-
jenych statech anaerobni gramne-
gativni bakterie, zejména bakteroidy,
v Indii a v Japonsku jsou to grampo-
zitivni anaeroby, zejména eubakteria
[2].

pH STOLICE

Fyziologicky se pH stolice pohybuje
v rozmezi 6,1-7,9. Ovliviujicimi faktory
jsou vyZiva (obsah vlakniny v potravé),
fermentativni procesy, bakterialni po-
pulace, aplikace antibiotik. Kyselost
stolice (pH < 6,1) byva obvykle spo-
jovana s prjmem, pouzitim osmoticky
pUsobicich laxativ, malabsorpci nebo
s pUsobenim bakterialnich toxina,
také alergeny v potravé pH snizuji.
Prilis vysoké pH (> 7,9) byva zjistovano
pfi nadmérném pfijmu bilkovin v po-
travé a hnilobnych procesech, pfi
kterych byva zpomalen priichod obsa-
hu tlustym strevem [17].

FAKTORY OVLIVNUJICI
SLOZENI STREVNI
MIKROFLORY
SloZeni stfevni mikroflory je re-
gulovano jiz slinami (antibakterialné
pusobicim lyzozymem, laktoferinem,
rhodanidem), zalude¢ni kyselinou (pH)
a pepsinem, Zluéi s obsahem Zlu-
soli a

¢ovych nekonjugovanych

Zlucovych kyselin, pankreatickou
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Stavou (lipazou) a také strevni motili-
tou. Dulezitou roli hraje rovnéz rege-
nerace bunék stfevni sliznice.
| mikrofléra ma vlastni regulacni
schopnosti (tzv. kolonizaéni rezisten-
ci), brani priniku nezadoucich orga-
nizmd a latek, inhibuje patogenni
mikrofléru baktericidnim plsobenim
mastnych kyselin s kratkym fetézcem
a produkci peroxidu vodiku nebo
sirovodiku. Vedle téchto neimunolo-
gickych obrannych nastrojii existuje
bunécny (lymfoidni tkan stfeva, T a B
lymfocyty)
imunoglobulin A) imunitni obranny

a humoralni (sekrec¢ni
mechanizmus [23].

Nemoc a s ni spojena IéCba mUze
stfevni ekosystém vazné ovlivnit.
Prikladem muze byt redukce slinné
sekrece u Sjégrenova syndromu nebo
pfi dlouhodobé radioterapii hlavy
a krku, dale snizena produkce Zzalu-
decni kyseliny chlorovodikové u per-
niciézni anémie, po chirurgickych
vykonech (gastrektomii, vagotomii)
nebo pfi IéCbé H, blokatory Ci inhibito-
ry protonové pumpy. Za téchto okol-
nosti dochazi ¢asto k narlstu koliform-
nich a potencidalné patogennich
mikrobd, ke zvySenému riziku sal-
monelové, shigellové ¢i kandidové
infekce. V pfipadech biliarni obstrukce
jsou cCasté infekce Zlucovych cest.
K bakterialnimu prerdstani dochazi
u pankreatické insuficience, pfi po-
Skozeni sekrece Zluci a pankreatické
stavy, také v pfipadech poruSené
motility casti gastrointestinalniho
traktu, jako je napf. staza v objemnych
divertiklech duodena ¢i tenkého
stfeva, pfi strikturach a stendzach
ilea v ramci strevnich zanétlivych
chorob, u diabetické gastroparézy,
pseudo-
obstrukce. Zmény mohou pUsobit také

sklerodermie ¢Ci stfevni
prokinetika ¢i laxativa, nebot vyrazné
snizi prirozenou mikrofléru, zejména
anaeroby. Také radioterapie, che-
moterapie a malnutri¢ni stavy obecné
nic¢i bunky strevni sliznice. U imuno-
deficitnich stavli v nékterych pfi-
padech neimunologické mechanizmy

udrzi rovnovahu v osidleni dlouhou
dobu, avSak tyto abnormality mohou
vést k vyznamné dysmikrobii a kolo-
nizaci stfeva patogennimi mikroorga-
nizmy [23].

Také starnuti hraje ve strevnim
osidleni svoji roli. Vékem dochazi
k poklesu sekrece slin, polykani je
méné Castéjsi a je snizena obnova
slizni¢nich bunék. Tak dochazi snad-
néji ke kolonizaci gramnegativnimi
bakteriemi, jako jsou enterobakterie
a pseudomonady. VEkem rovnéz klesa
pocet strevnich bifidobakterii a pre-
dominantnimi se stavaji koliformni
bakterie, klostridia a kandidy. Tyto
zmény vSak mohou byt sekundarni pri
zhorSené motilité a CastéjsSi atrofické
gastritidé ve stafi, stejné tak jako
sniZzena imunologicka tolerance a zpo-
malena bunécna regenerace [23].

Zevni faktory, které ovliviauji slo-
Zeni strevni mikrofléry, zahrnuji vyZivu,
IéCbu, zevni prostfedi a stres. Zmény
ve stravovani a |éky, jako napt. laxativa
(magnesium sulfuricum  zvySujici
stfevni peristaltiku) a antibiotika,
pfimo ovliviuji stfevni mikrofloru.
Lécba antibiotiky m(iZze vést ke vzniku
rizné tézkého prujmu az pseudomem-
bran6zni kolitidy, ¢asto zpUsobené
toxiny Clostridium difficile. K témto
zavaznym komplikacim dochéazi v pfi-
padech nedostatecné resorpce anti-
biotika a také pri nizSi sekreci slin,
ZIu¢i a hlenu strevni sliznice. MUze
vzniknout rezistence, bakterialni
prerlistani, sepse, prujem, infekce Ci
superinfekce.

Strevni mikrofloru ovliviiuje i stres.
Toto bylo prokazano v experimentu na
zvitfatech, ktera byla vystavena nizkym
teplotdam nebo delsimu hladovéni,
také vSak u lidi pfi pobytu ve vesmiru
nebo velké fyzické zatézi. Pri stresu
byl popsan pokles laktobacill v pro-
ximalni ¢asti traviciho traktu a vzestup
koliformnich bakterii v jeho distalnich
Castech.

Strevni mikrofléra je ovliviovana
rovnéz nemocemi a jejich lécbou,
nedostatec¢nou vyzivou, ale i emocnim
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and a higher number of coliform bac-
teria in its distal parts have been
described.

Finally, intestinal microflora is
influenced by diseases and their treat-
ment, inadequate nutrition as well as
emotional stress, such as fear, anger

and depression in illness.

FUNCTIONS OF NORMAL
MICROFLORA

Intestinal microflora must be capable
of providing many functions:
* maintaining a microbial barrier
against obligate and potential

pathogens

affecting motility and perfusion of
the intestinal wall

stimulating the intestinal immune
system and thus the so-called com-
mon mucosal immune system

reducing bacterial translocation

producing vitamins

The gradual transition from aero-
bes dominating the upper intestine to
anaerobes predominant in the distal
portions represents the basic func-
tional and structural changes. In the
entire microsystem, aerobes are
responsible for the so-called scaven-
ging effect. This means that they, in
particular Escherichia coli, consume
oxygen in oxidative phosphorylation
reactions in energy metabolism.
Distally, the redox potential decrea-
ses, facilitating the growth of anae-
robes, otherwise sensitive to the pre-
sence of oxygen due to their enzyme
make-up (catalase, cytochrome oxi-
dase, superoxide dismutase) insuffi-
cient to eliminate superoxide and
other oxygen radicals. Thus, the exis-
tence of the two groups of microbes is
mutually determined as any damage
to aerobes apparently leads to subse-
quent harm to the anaerobic popula-
[4,15].
microsystem of the original intestinal

tion Impairment of the
microflora is common in patients with
chronic liver disease. Significantly
increased numbers of live aerobic

gram-positive and gram-negative bac-
terial species are repeatedly found in
cirrhotic patients’ faeces [3].

COLONISATION

RESISTANCE

The microbial barrier made of benefi-

cial commensal bacteria in the intes-

tine, preventing pathogens from over-
growing, is referred to as colonisation
resistance of the gastrointestinal
tract. It acts against both obligate (sal-
monella, shigella, yersinia, campy-
lobacter, vibrio and other species) and
potential pathogens (clostridia, candi-

dae etc.) [22].

Thus, normal intestinal microflora
is capable of preventing pathogens
from colonisation and proliferation. It
also controls the opportunistic micro-
flora (enterobacteria, pseudomonas,
staphylococci, streptococci etc.).

According to van der Waaij, coloni-
sation resistance is based on the fol-
lowing mechanisms [21]:

* occupying potential binding sites of
the intestinal lining - the so-called
receptor blockade

» growth inhibition and/or killing of
foreign microorganisms

* competition for substances, vita-
mins and growth factors

* lowering intestinal pH

 direct antagonism of normal micro-
flora against the obligate and poten-
tially pathogenic microflora

In animal studies, colonisation of
the intestinal epithelium by commen-
sal bacterial strains resulted in expres-
sion of a large number of genes that
promote intestinal epithelial cells ma-
turation and strengthening of the
mucosal barrier [6]. Besides regulat-
ing local gene expression in the intes-
tinal epithelium, commensal bacteria
may even control gene expression
affecting the host’s characteristics,
such as fat deposition [1] and the
related effect of aberrant microflora
on obesity development and longevity
[11].

THE INTESTINE AND THE IMMUNE
SYSTEM

The commensal intestinal microflora
present activates anti-inflammatory
intestinal systems protecting the intes-
tinal epithelium from inflammation as
a reaction to invading pathogens [8].
Moreover, intestinal commensals
have a huge regulatory effect on
immune responses even outside the
intestinal tract [16]. The human orga-
nism has mechanical, chemical and
immunological barriers that, at the
point of contact, protect its internal
environment from uncontrolled penet-
ration of antigenic and mitogenic sti-
muli. The main barriers and contact
places involve mucosal surfaces of
the digestive, respiratory and genito-
urinary tracts. The intestinal mucosal
immune system provides a barrier
against pathogenic microorganisms
and immunogens from the diet. The
basic features of the mucosal immune
system are prevailing IgA antibodies,
preferential colonisation of both
mucosal and excretory glands by cells
originating from intestinal lymph folli-
cles and, finally, polymeric immuno-
globulins transported to the secretion
through epithelial cells.

The gut-associated lymphoid tis-
sue (GALT) is a system that processes
information from about 100-200 tons
of food per lifetime and is permanent-
ly colonised by normal and, intermit-
tently, non-physiological microflora.
The GALT develops mainly in the early
postnatal period and is made up of
organised lymphoid tissue, free intra-
epithelial lymphocytes and lamina
propria lymphocytes.

The organised lymphoid tissue is
covered by an epithelial layer contain-
ing special microfold cells (M cells)
which lack the brush border and are in
close contact with lymph follicle cells.
The M cells vigorously ingest antigens
which probably translocate into the
follicular environment and induce
mucosal immune reaction. However,
as the M cells do not have the fea-

Folia Gastroenterol Hepatol 2008; 6(4)



stresem, jako je strach, zloba a dep-
rese pfi nemoci.

FUNKCE FYZIOLOGICKE

MIKROFLORY

Stfevni mikrofl6ra musi byt schopna

zajistit mnoho funkci:

e udrZzovat mikrobialni bariéru proti
obligatnim a potencialnim patoge-
ndm

ovlivihovat motilitu a prokrveni
stfevni stény

stimulovat imunitni stfevni systém,
a tim i tzv. spolec¢ny slizniéni imunit-
ni systém

redukovat bakterialni translokaci

produkovat vitaminy

Postupny prechod dominance
aerobl v hornich ¢astech stfeva k pre-
vaze anaerobl v distalnich partiich
predstavuje zakladni funkéné struk-
turalni zménu. Aeroby totiz pro cely
mikroekosystém zajistuji tzv. sca-
venger effect tim, Ze s dominanci
Escherichia coli spotrebovavaji kyslik
v reakcich oxidativni fosforylace pfi
energetickém metabolizmu. Tim klesa
distalnim smérem redoxni potencial
umoznujici rist anaeroblim, které jsou
jinak citlivé na pfitomnost kysliku, pro-
toZze nejsou dostatecné vybaveny
enzymy (katalazou, cytochromoxida-
zou, superoxiddismutazou) k eliminaci
superoxidu a dalSich kyslikovych
radikal(. Takto je zajiSt€na vzajemna
podminénost existence obou skupin
mikrobl, nebot je ziejmé, Ze posko-
zeni aerobu vede nasledné k postizeni
anaerobni populace [4,15]. Naruseni
mikroekosystému puvodni stfevni
mikroflory jsou bézné u pacientl
s chronickym jaternim onemocnénim.
Signifikantni zvySeni obsahu Zivych
aerobnich grampozitivnich a gramne-
gativnich bakteridlnich druhl jsou
ze stolice

opakované zjistovany

cirhotickych pacient( [3].

KOLONIZACNI REZISTENCE
Mikrobidlni bariéra z prospésnych

komensalnich bakterii ve streve,
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zabranujici prerstani patogent, byva
oznacovana jako kolonizaCni rezis-
tence gastrointestinalniho traktu. Je
namirena proti obligatnim (salmo-
neldam, shigellam, yersiniim, kampy-
lobaktertim, vibriim a dalSim) i poten-
cialnim patogendm (klostridiim, kan-
didam atd.) [22].

Jednéa se tedy o schopnost fyzio-
logické stfevni mikroflory zabranit
patogend.
Soucasti je také kontrola oportunni

uchyceni a proliferaci
mikroflory (enterobakterii, pseudo-

monad, stafylokok(, streptokok(
atd.).

Kolonizaéni rezistenci definoval
van der Waaij jako zajistovanou nasle-
dujicimi mechanizmy [21]:

* obsazeni potencidlnich vazebnych
mist stfevni vystelky - tzv. recep-

torova blokace

inhibice rdstu a/nebo usmrceni
cizich mikroorganizmi

konkurence v ziskavani latek, vita-
min0 a rastovych faktor(

snizeni strevniho pH

pfimy antagonizmus fyziologické
mikroflory vaéi mikroflofe obligatné
a potencialné patogenni

Kolonizace sterilniho stfevniho
epitele pokusnych zvifat komensalni-
mi bakterialnimi kmeny vedla k expre-
si Sirokého mnozstvi genu, které
umoznuji dozravani strevnich epitelial-
nich bunék a posileni slizniéni bariéry
[6]. Kromé lokalni genové exprese ve
stfevnim epitelu, komensalni bakterie
mohou dokonce regulovat i genovou
expresi ovliviujici charakteristiku hos-
titele, jako napf. ukladani tukd [1]
a s tim souvisejici vliv aberantni mik-
roflory na vznik obezity a dlouho-
vékost [11].

STREVO A IMUNITNi SYSTEM

Pfitomnost komensalni strevni mikro-
témy, které ochranuji strevni epitel
proti zanétlm reagujicim na invadujici
patogeny [8]. Kromé toho stfevni
komensalové maiji velky regulacni vliv

na imunitni odpovédi i mimo strevni
trakt [16].
vybaven mechanickymi, chemickymi

Lidsky organizmus je

a imunologickymi bariérami, které
v mistech kontaktu brani nekontrolo-
vatelnému prdniku antigennich a mito-
gennich podnétd do vnitfniho pro-
stfedi organizmu. K hlavnim bariéram
a kontaktnim mistiim patfi slizni¢ni
povrchy traviciho, dychaciho a urogeni-
talniho traktu. Imunitni systém strevni
sliznice zajiStuje bariéru proti patogen-
nim mikroorganizmim a imunogenim
z potravy. K zakladnim rysim sliz-
niéniho imunitniho systému patfi pre-
vaha protilatek tfidy IgA, prednostni
osidlovani sliznic i exkrecnich Zlaz
bunkami, které pochazeji ze stfevnich
lymfatickych foliklii a koneéné trans-
port polymernich imunoglobulind do
sekretu prostfednictvim epitelovych
bunék.

Lymfoidni tkan streva (GALT - Gut
Associated Lymphoid Tissue) je sys-
tém, ktery béhem Zivota zpracuje
informace asi ze 100-200 tun stravy
a je permanentné osidlen fyziologic-
kou a intermitentné i nefyziologickou
mikroflérou. Vyvoj GALT probiha hlav-
né v ¢éasném postnatalnim obdobi
a tvofi ji organizovana lymfoidni tkan,
volné intraepitelové lymfocyty a lymfo-
cyty lamina propria.

Organizovana lymfoidni tkan je
kryta epitelovou vrstvou, ktera vSak
obsahuje zvlastni, tzv. M bunky (micro-
fold cells), jimz chybi kartacovy lem
a které naopak jsou v Gzkém kontaktu
folikla.
M bunky mohutné pohlcuji antigeny,

s bunkami lymfatickych
které patrné translokuji do prostredi
folikld, ¢imZ indukuji slizniéni imunitni
reakci. Pfitom vSak M bunky nejsou
vybaveny znaky hlavniho histokompa-
tibilniho systému Il. tridy, tedy informa-
ce pouze prenaseji bez dalSiho imuno-
logického zpracovani.

Volné intraepitelové lymfocyty (IEL)
jsou vmezereny mezi epiteliemi kIkd,
vétSinou se jedna o T lymfocyty,
prevazné CD4 (T helper) nebo CD8
(T supressor), vzacné CD5, které patfi
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tures of the major histocompatibility
complex class Il, they only transmit
information without their further
immunological processing.

The free intraepithelial lympho-
cytes (IELs) are intercalated between
villous epithelial cells. These are most-
ly T lymphocytes, predominantly CD4
(T helper) or CD8 (T suppressor), rarely
CD5 belonging to B lymphocytes as
well. The IELs both produce cytokines
(lymphokines) playing a role in anti-
microbial protection of mucosa and
are able to react with antigens and
inhibit reactions to food antigens, thus
preventing inadequate reactions, for
example in the form of food allergy.

Lymphocytes at lamina propria are
predominantly CD4 Ilymphocytes,
mainly of the Th1l subset. Less com-
mon are B lymphocytes, leading to
production of IgA, less frequently IgM
and rarely 1gG [7,15,25].
reaction in the GIT
mucosa produces not only local but

Immune

also general immune response in
other mucosae or distant organs, the
so-called common mucosal immune
system. Following their contact with
allergens, cells, especially those in the
intestinal mucosa, migrate to regional
lymph tissue (Peyer’s patches, lymph
nodes), via the lymphatic system to
the bloodstream and from there to all
mucosae and endocrine glands (the
so-called homing). Thus, some of the
recirculating cells return either to the
original sites or to those reacting by
mucosal inflammation. This process is

physiological, taking place as lympho-
cytes move from the circulation to tis-
sues only following an activation sig-
nal from cytokines. Back into the
intestinal wall, mainly activated T lym-
phocytes and small memory T lympho-
cytes return. Using specific binding
sites for adhesins of organised lym-
phocytes and mucosal epithelial cells,
an activation cascade of certain lym-
phocytes and the relevant immune
response may be triggered. Immuno-
regulatory processes are significantly
modulated by the response of CD4
lymphocyte subset, leading to produc-
tion of various cytokines [26].

Thus, the normal intestinal micro-
flora trains the immune system of the
gastrointestinal tract which acts as
a barrier against foreign invaders but
also leads to enhanced specific and
non-specific immune responses. This
is done by activation of the phagocytic
ability of macrophages, stimulation of
IgA-producing plasma cells of the lam-
ina propria mucosae and increasing
the production of interleukin-6.

Dendritic cells contained in the
intestinal wall play an important role
in monitoring the intestinal contents.
Their long processes reach the intes-
tinal lumen, passing between tightly
connected epithelial cells without
breaking the
Therefore, commensal bacteria are
giving an
impulse for induction of regulatory

mucosal barrier.
constantly monitored,

T cells [9]. These T lymphocytes are
necessary for induction of oral tole-

rance against harmless dietary com-
ponents and they counteract the
severe responses from Th1l and Th2
cells connected with inflammatory or
autoimmune and allergic diseases,
respectively [14]. Commensal micro-
flora is also thought to control anti-
body production by peripheral B lym-
phocytes, thus contributing to protec-
tion of the host against unwanted
pathogens [10]. The risk of bacterial
infection increases in immunocompro-
mised individuals, including patients
with liver cirrhosis, due to, among
others, alterations in their normal
digestive microflora.

Postnatal colonisation of the intes-
tine by the microbial flora is crucial for
developing oral tolerance. However,
this postnatal process is completely
random and it is known that in the
early stages of the neonatal immune
system development, the response to
environmental antigens is shifted in
favour of the Th2 cytokine profile that
is typical for allergic diseases.
Insufficient postnatal exposition of the
intestine to microflora, necessary for
balanced maturation of the immune
system to a non-atopic state, is consi-
dered the likely cause of a significant
increase in atopic disease in develo-
ped countries. The condition might be
treated by controlled early postnatal
exposition to probiotic strains [4,20].
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i k B lymfocytim. IEL jednak produkuji
cytokiny (lymfokiny) hrajici roli v anti-
mikrobialni ochrané sliznic, jednak
jsou schopny reagovat s antigeny
a fizené tlumit reakce na antigenni
slozky potravy, brani tak vzniku
neimérné reakce, napf. v podobé
potravinové alergie.

Lymfocyty lamina propria pred-
stavuji pfevazné CD4 lymfocyty, zejmé-
na ze subpopulace Thl. Méné Casto
jsou pfitomny B lymfocyty, vedouci
k produkci IgA, vzacnéji IgM a nejmé-
né IgG [7,15,25].

Imunitni reakce na sliznici GIT
nevedou pouze k lokalni, ale také
celkové odpovédi i na jinych sliznicich
¢i vzdalenych organech, jde o tzv.
spoleény slizniéni imunitni systém.
Bunky, predevSim ve stfevni sliznici,
po kontaktu s antigeny migruji do
regionalni mizni tkané (Peyerovy platy,
lymfatické uzliny), lymfatickou cestou
pak do krevniho fecisté a odtud do
vSech sliznic a endokrinnich zlaz (tzv.
homing). Nékteré z recirkulujicich
bunék se tedy vraceji zpét i na puvod-
ni mista nebo na mista reagujici
zanétem na sliznicich. Tento déj je fy-
ziologicky a probéhne prestupem lym-
focytu z cirkulace do tkané pouze na
zakladé aktivacniho signalu prostred-
nictvim cytokin(. Zpét do stény stieva
se dostavaji predevSim aktivované
T lymfocyty a malé pamétové T lymfo-
cyty. Pomoci specifickych vazebnych
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mist pro adheziny organizovanych lym-
focytll a epitelii sliznic se pak muze
realizovat kaskada aktivace urcitych
lymfocytl, a tedy pfislusna imunitni
odpovéd. Imunoregulacéni pochody
jsou vyznamné modulovany odpovédi
CD4
ktera vede k produkci rliznych cyto-
kinG [26].

Fyziologicka stfevni mikrofléra tak

lymfocytarnich subpopulaci,

provadi tzv. trénink imunitniho systé-
mu gastrointestinalnino traktu, ktery
tvofi jednak bariéru proti invazi cizich
zarodkl a jednak vede ke zvySeni
specifické i nespecifické imunitni
odpovédi. Déje se tak aktivaci fago-
cytarni schopnosti makrofagli, stimu-
laci IgA produkujicich plazmocytl
lamina propria mucosae a zvySenim
produkce interleukinu 6.

Dendritické bunky obsazené ve
sténé strevni hraji dllezitou roli v mo-
nitorovani strevniho obsahu. Jejich
dlouhé vybézky zasahuji do stfevniho
lumen, probihaji mezi pevné spojeny-
mi epitelialnimi bunkami, aniz by
doSlo k poruseni slizni¢ni bariéry.
Timto zpUsobem jsou komensalni bak-
terie neustale monitorovany a davaji
podnét k indukci regulujicich T bunék
[9]. Tyto T lymfocyty jsou nezbytné pro
indukci Ustni tolerance proti neskod-
nym komponentlim stravy a vyrovna-
vaji prudké odpovédi bunék Thi
a Th2, které jsou spojovany se

zanétlivymi nebo autoimunitnimi,

resp. alergickymi chorobami [14].
Také se predpoklada, ze komensalni
mikrofléra ovliviiuje i tvorbu protilatek
perifernimi B lymfocyty, a tak muze
pomahat pfi ochrané hostitele proti
nezvanym patogentm [10]. Riziko
bakterialni infekce stoupa u imuno-
kompromitovanych osob, a tedy i u ne-
mocnych s jaterni cirhdzou, mimo jiné
pravé v souvislosti s alteraci jejich fy-
ziologické travici mikroflory.

Kolonizace stfeva mikrobidlni
flérou po narozeni ma kriticky vyznam
pro vytvoreni oralni tolerance. Tento
proces se vSak realizuje po narozeni
zcela nahodilym zplsobem a je
znamo, Ze v Gasnych stadiich vyvoje
imunitniho systému u novorozence je
odpovéd na antigeny prostredi vychy-
lena ve prospéch Th2 cytokinového
profilu, ktery je typicky pro alergicka
onemocnéni. Nedostatecna postnatal-
ni expozice stfeva mikroflore, nutna
pro vyvazené vyzrani imunitniho systé-
mu do neatopického stavu, se povazu-
je za pravdépodobnou pfic¢inu vy-
razného zvysSeni atopickych onemoc-
néni ve vyspélych zemich. K Gpravé
tohoto stavu prichazi v Gvahu fizena
¢asna postnatalni expozice probiotic-
kym kmenim [4,20].

Finanéni podpora vyzkumnym zameé-
rem MSMT MSM 6198959223 a gran-
tem Interni grantové agentury MZ CR
¢. NR 9116-3
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