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Probiotics and the intestinal microbial ecosystem
Robert Ducluzeau

Is the ingestion of probiotics of fermented milk products containing live bacteria capable of
modifying the microbial ecosystem of the human digestive tract? Studies confirm it and even
add that this modification has a positive effect on the host. Their action on the flora’s equi-
librium would appear to be one part of the effects of the beneficial role of probiotics.
However, the reality is certainly not quite so simple.

To highlight the action of probiotics on the flora, we need to have accurate knowledge of
which bacterial groups are found there and in particular which ones make up the dominant
flora of the digestive tract and which exert the main effects. The use now made of mole-
cular biology techniques means knowledge of the flora of the lower human digestive tract has
advanced considerably, but at the same time it pinpoints the huge gaps in knowledge that still
need to be filled.

We can already affirm that 50 % of the dominant faecal microbial flora in humans cannot be
cultivated in anaerobic conditions. We know, too, thanks to molecular biology methods, that
80 % of the species making up the dominant flora in healthy humans are not included in our
current collections of strains. It is therefore clear how difficult it is to study the variations in
a flora of which at least half is still unknown to researchers. 

Paradoxically, it appears that the dominant faecal flora in humans is only composed of three
phylogenetic groups, each of them however being represented by a large number of bacterial
species. This diversity of species is specific to each individual and relatively stable over time.
In short, we can say that each individual hosts a unique flora, determined more by the gene-
tics of the host and by ecology than by variations in the environment and in particular food
intake. This strong individual diversity in the composition in species of the faecal flora can be
contrasted with a strong homogeneity in its global metabolic activity, so that, despite the
differences in composition, the flora exerts the same positive effects on health in the majo-
rity of individuals. Under these conditions, it is difficult to imagine how the simple ingestion
of a bacterial population, much fewer in number than that of the dominant populations of the
digestive tract, can be sufficient to change the equilibrium of these in a way that is measu-
rable by current techniques. 

It can be seen that we are now far removed from the simplistic views that were at the origin
of the development of the concept of probiotics. First and foremost, it should be noted that
almost all scientists are in agreement that no strain of probiotic is capable of settling in the
human digestive tract, i.e. of multiplying there and becoming a component of the ecosystem
that is active on the host. Modifications to the faecal flora following the ingestion of probio-
tics have until now been observed using the classic techniques of anaerobic culture. Although
modifications do occur and are reproducible, they still concern sub-dominant bacterial popu-
lations that are easy to cultivate but for which it is impossible to affirm that they have an
impact on the health of the host. For the moment we are only able to confirm that live
bacteria can be active during their transit through the small intestine where no real stable
ecosystem exists. However, it is obvious that our knowledge is insufficient to affirm that the
ingestion of live bacteria can modify the equilibrium of the dominant flora of the lower
regions of the digestive tract. Bacterial ecologists still have a lot of work to do! 

Brigidi P, Vitali B, Swennen E, Bazzochi G, Matteuzzi D (2001). Effect of probiotic administration upon the composition
and enzymatic activity of human fecal microbiota in patients with irritable bowel syndrome or functional diarrhea. Res
Microbiol 152, 735-741.
Canzi E, Casiraghi M, Zanchi R, Gandolfi R, Ferrari A, Brighenti F, Bosia R, Crippa A, Maestri P, Vesely R, Bianchi Salvadori
B (2002). Yoghurt in the diet of elderly: a preliminary investigation into the effect of the gut ecosystem and lipid metabo-
lism. Lait 82: 713-723.
Doré J, Rigottier-Gois L (2004). Méthodes d’étude in “Flore Microbienne intestinale, Physiologie et pathologie digestive”,
Biocodex Ed., Paris.
Fujiwara S, Seto Y, Kimura A, Hashiba H (2001). Establishment of orally-administered Lactobacillus gasseri STB2055SR in the
gastrointestinal tract of humans and its influence on intestinal microflora and metabolism. J Appl Microbiol 90, 343-352.
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Probiotics in infants’ feeding

Today, the inclusion of probiotics – essen-

tially bifidobacteria, streptococcus and

lactobacillus – in the feeding of babies

and infants is provoking great interest.

Infant milk formula containing probiotics

is now available on the market. The inte-

rest is motivated by the search for sim-

ple solutions to treat and/or prevent the

gastro-intestinal infections affecting this

group in particular.

This step is based on two observations.

The type of feeding – mother’s milk or

formula – has an influence on the

makeup of the faecal flora (1) – the pre-

dominance of bifidobacteria and lacto-

bacillus in babies nourished on mother’s

milk; heterogeneous flora in those recei-

ving formula (2). Breast fed babies are

less sensitive to gastro-intestinal infec-

tions than children receiving formula

(3). These results have led to the hypo-

thesis that the massive presence of lac-

tobacillus in the intestinal flora protects

young children better against gastro-

intestinal infections.

Several controlled clinical studies have

shown that the administration of certain

probiotics reduces the duration of infec-

tious diarrhoea. Other studies have

researched the existence of a preventive

effect of probiotics against infectious

diarrhoea and positive results have

been obtained with Lactobacillus GG (4)

and Lactobacillus casei DN114001 (5).

Other probiotics may also be effec-

tive. Feeding with a powdered milk pre-

paration enriched with lyophilised

Bifidobacterium lactis Bb12 has been

shown to reduce the occurrence of

diarrhoea and shedding of rotavirus

in infants in residential care (6). These

results have also recently been

confirmed in France among healthy

infants (7).

This French study, carried out double-

blind and placebo-controlled, involved

90 healthy children (aged <8 months)

across several different centres – child-

care centres or nurseries. Two groups

were formed. The control group recei-

ved a standard formula product. The

other group was given an acidified milk

(fermentation with S. thermophilus and

L. helveticus before lyophilisation) and

addition of Bifidobacterium lactis Bb12

in quantities of 1x106 cfu/g of powder

(i.e. 1.5x105 cfu/ml of reconstituted

milk). The infants were given this diet

for about 4 months.

The clinical study showed that fewer

infants given the probiotic in their milk

suffered from diarrhoea that the control

infants (28.3 % of infants vs. 38.7 %)

and that the diarrhoea lasted a shorter

period of time in these children

(1.15±2.5 days, p=0.0002 vs. 2.3±4.5

days, p=0.0014). The authors believe

that consumption of formula containing

probiotics reduces the risk of the appea-

rance of diarrhoea by a factor of 1.9

(1.33-2.6). These results show that the

consumption of acidified formula contai-

ning Bifidobacterium lactis Bb12 has the

ability to protect children against infec-

tious diarrhoea. 

Besides the effect on intestinal infec-

tions, other benefits to health from the

consumption of probiotics are also being

studied. A commentary from the

Nutrition Committee of ESPGHAN* reco-

gnises that certain probiotic prepara-

tions offer health benefits to children.

The benefits concern prevention from

diarrhoea and a reduction in the severity

of diarrhoea attacks. Promising results

are also to be found in animal and in

vitro studies indicating beneficial

effects for the immune and digestive

functions and, finally, there seems to be

growing evidence of a potential ability

to prevent and treat atopic eczema (8). 

* ESPGHAN : European Society for Paediatric Gastroente-
rology Hepatology and Nutrition.

1• Satokari RM, Vaughan EE, Favier CF (2002). Diversity
of Bifidobacterium and Lactobacillus spp. In breast-fed
and formula-fed infants as assessed by 16S rDNA sequence
differences. Microb Ecol Health Dis 14:97-105.
2• Harmsen HJ, Wildeboer-Veloo AC, Raangs GC,
Wagendorp AA, Klijn N, Bindels JG, Welling GW (2000).
Analysis of intestinal flora development in breast-fed and
formula-fed infants by using molecular identification and
detection methods. J Pediatr Gastroenterol Nutr.
30(1):61-67.
3• Howie PW, Forsyth JS, Ogston SA, Clark A, Florey CD
(1990). Protective effect of breast feeding against infec-
tion. BMJ. 300(6716):11-16.
4• AFSSA (2003). Rapport du groupe de travail
“Alimentation infantile et modification de la flore intesti-
nale”.
5• Pedone CA, Arnaud CC, Postaire ER, Bouley CF,
Reinert P (2000). Multicentric study of the effect of milk
fermented by Lactobacillus casei on the incidence of diar-
rhoea. Int J Clin Pract. 54(9):568-71. 
6• Saavedra JM, Bauman NA, Oung I, Perman JA, Yolken
RH (1994). Feeding of Bifidobacterium bifidum and
Streptococcus thermophilus to infants in hospital for pre-
vention of diarrhoea and shedding of rotavirus. Lancet
344:1046-49.
7• Chouraqui JP, Van Egroo LD, Fichot MC (2004).
Acidified milk formula supplemented with bifidobacterium
lactis: impact on infant diarrhea in residential care set-
tings. J Pediatr Gastroenterol Nutr. 38(3):288-292.
8• Aggett PJ, Agostoni C, Axelsson I, Braegger C, Goulet
O, Koletzko B, Michaelsen KF, Rigo J, Shamir R,
Szajewska H, Turck D and Weaver LT (2004). Probiotic
bacteria in dietetic products for infants: A Commentary by
the ESPGHAN Committee on Nutrition. J Pediatr
Gastroenterol Nutr 38(4):365-74.
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Lactobacillus GG increases remission time
in patients suffering from ulcerative colitis

Pouchitis is a result of inflammation of
the surgically-installed pouch between
the ileum and the anus after a colec-
tomy. This type of operation is perfor-
med on patients suffering from recurring
or fulminating ulcerative colitis in
order to remove the part of the intes-
tine affected by the disease. Such
inflammatory attacks are frequent and
require the administration of anti-
inflammatory medicines. A Dutch team
has conducted a clinical study in order
to evaluate the efficacy of Lactoba-
cillus rhamnosus GG against recur-

rence, i.e. the number of inflammatory
attacks (10).

A total of 117 patients were enrolled in
the study. Immediately following the
ileo-recto anastomosis, 39 received fer-
mented milk containing the probiotic
(1,4x1010 cfu/day) for 1 year and the
78 other patients made up the control
group and were given no probiotics. The
control patients were monitored on ave-
rage for 68 months (11 to 163 months)
and the test patients for 32 months
(22-65 months). 

During the 3-year period following the
operation, fewer patients given the
probiotic suffered a first attack of pou-
chitis than the control patients (total
risk over 3 years 7 % vs. 29 % of patients,
p=0.011).

This clinical study shows that the
consumption of the probiotic L. rhamno-
sus GG appears to postpone the first
pouchitis attack and consequently the
prescription of antibiotics. 

One hypothesis that is today under
debate within the scientific community
highlights the involvement of indigenous
flora in the pathogenesis of inflamma-
tory bowel diseases (ulcerative colitis
and Crohn’s disease). This has given rise
to other working hypotheses according

to which the manipulation of the enteric
flora by probiotics may be beneficial in
treating this type of pathology.
According to Fergus Shanahan from the
Alimentary Pharmabiotic Centre
(University College Cork, Ireland), the
advantages of probiotics as a therapeu-

tic tool resides in their harmlessness in
comparison with corticosteroids and
other immunosuppressive products habi-
tually used to treat patients suffering
from inflammatory bowel diseases (9).

Anti-inflammatory activity of probiotics -
proposal for a mechanism of action

Researchers in the United States, Japan
and Israel recently performed joint
research that highlighted the involve-
ment of Toll-like receptors (TLR) in the
inflammation process in murine experi-
mental colitis (11). 

TLRs are involved in the inflammatory
and cytotoxic response of the macro-
phage by inducing TNFα, NO and
IL-12 (12). Pathogenic bacteria activate
the host’s innate immune system via cer-
tain of its components (LPS, peptidogly-
cane, lipoproteins, DNA, etc.) recogni-
zed by TLRs. Five members of this
receptor family, TLR 2, 4, 5, 6, 9, reco-
gnize the various components of bacte-
rial origin. 

In this study, the authors show that
administering a combination of irradia-
ted VSL#3* bacteria is as effective as a
combination of live bacteria in treating

murine experimental colitis. Given that
the irradiated bacteria are unable to
grow in culture, it is hardly likely that, in
vivo in mice their metabolites and/or
their ability to colonize the intestine
could be involved in the protective
effect observed. It therefore becomes
possible to postulate that this anti-
inflammatory activity could result from
activation of the mice’s innate immunity
by different components of the bacteria
contained in VSL#3. 

The administration of VSL#3 treated
with DNase, methylated VSL#3 DNA
or calf thymus DNA was unable to
reduce the severity of the colitis in
normal mice. This indicates that the
DNA of the probiotics is probably
involved. 

In TLR2 or TLR4 deficient mice, the seve-
rity of the colitis was strongly attenua-

ted in the presence of VSL#3 irradiated
bacteria whereas no improvement was
observed when the mice used were TLR9
deficient. This result shows that it is the
component of the probiotic recognized
by the TLR9, to be specific the DNA, that
is responsible for the anti-inflammatory
activity. 

The DNA of both the probiotics and the
TLR9 receptors carried by the host’s
macrophages, appear to be the essential
elements in triggering the anti-inflam-
matory process. This anti-inflammatory
ability of the VSL#3 mixture expresses
itself independently of whether the
bacteria are alive or inactivated by
irradiation, as what is essential is that
their DNA is intact. This action mecha-
nism explaining the anti-inflammatory
ability of probiotics does not exclude
other action mechanisms as yet non-
elucidated.

*VSL#3 is a probiotic mix containing Streptococcus thermophilus, Bifidobacterium breve, Bifidobacterium longum, Bifidobacterium infantis, Lactobacillus acidophilus,
Lactobacillus plantarum, Lactobacillus casei and Lactobacillus bulgaricus.

9• Shanahan F (2004). Probiotics in inflammatory bowel disease - therapeutic rationale and role. Adv Drug Deliv Rev. 19;56(6):809-818.
10• Gosselink MP, Schouten WR, van Lieshout LM, Hop WC, Laman JD, Ruseler-van Embden JG (2004). Delay of the first onset of pouchitis by oral intake of the probiotic
strain Lactobacillus rhamnosus GG. Dis Colon Rectum. 47(6):876-884. 
11• Rachmilewitz D, Katakura K, Karmeli F, Hayashi T, Reinus C, Rudensky B, Akira S, Takeda K, Lee J, Takabayashi K, Raz E (2004). Toll-like receptor 9 signaling media-
tes the anti-inflammatory effects of probiotics in murine experimental colitis. Gastroenterology. 126(2):520-528.
12• Underhill DM, Ozinsky A (2002). Toll-like receptors: key mediators of microbe detection. Curr Opin Immunol. 14(1):103-110.
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* PRQLQ test : Paediatric Rhinoconjunctivitis Quality of
Life Questionnaire.

13• Bjorksten B, Naaber P, Sepp E, Mikelsaar M (1999).
The intestinal microflora in allergic Estonian and Swedish
2-year-old children. Clin Exp Allergy. 29(3):342-6.
14• Kalliomaki M, Salminen S, Arvilommi H, Kero P,
Koskinen P, Isolauri E (2001). Probiotics in primary pre-
vention of atopic disease: a randomised placebo-control-
led trial. Lancet. 357(9262):1076-9.
15• Kalliomaki M, Salminen S, Poussa T, Arvilommi H,
Isolauri E (2003). Probiotics and prevention of atopic dis-
ease: 4-year follow-up of a randomised placebo-controlled
trial. Lancet. 361(9372):1869-71.
16• Wang MF, Lin HC, Wang YY, Hsu CH (2004).
Treatment of perennial allergic rhinitis with lactic acid
bacteria. Pediatr Allergy Immunol. 15(2):152-8.

One field of scientific research is cur-
rently exploring the potential of probio-
tics to prevent the onset of allergic
reactions. The working hypothesis is
based on the fact that a correlation
exists between the composition of the
intestinal microflora and allergic reac-
tions (13) and that consumption of pro-
biotics modifies this composition at
least temporarily. The work done by
Erika Isolauri’s team has shown that the
probiotic Lactobacillus rhamnosus GG is
able to prevent atopic disease in at-risk
children (14, 15).

A Taiwanese team has evaluated the
preventive effect of another strain of
lactobacillus, Lactobacillus paracasei-33
(LP33) in fighting chronic allergic rhinitis
(16). The clinical trial was conducted
randomised, double-blind and placebo-
controlled. The teenagers (14-16 year
olds) enrolled in the study, had all been
suffered from allergic rhinitis for at
least one year. They were subjected to
sensitivity tests to 5 allergens (specific

IgE test), and all were found to be sen-
sitive to dust mites. The tested group
was composed of 60 patients required to
consume 200 ml of fermented milk
containing strains of S. thermophilus,
L. bulgaricus and LP33 (1x107 cfu/ml) on
a daily basis for 30 days. The control
group (n=20) was given fermented milk
containing only S. thermophilus and
L. bulgaricus. 

Changes to their symptoms and quality
of life were evaluated via a standardi-
zed test*. At the end of the 30-day
study, the scores obtained in this test
showed an improvement in the ampli-
tude (p=0.022) and frequency (p=0.037)
of the symptoms in those patients recei-
ving the milk containing LP33 compared
to the control group. None of the
patients suffered any side effects (fever,
diarrhoea, etc.) after taking the fer-
mented milk. 

These results show that the consumption
of fermented milk containing the pro-

biotic Lactobacillus paracasei-33 makes
an effective contribution to improving
the symptoms and discomfort caused by
allergic rhinitis. Other clinical studies
will however be needed before the
consumption of probiotics can be envisa-
ged as an alternative treatment for
allergic rhinitis. 

Efficacy of probiotics in fighting allergic rhinitis

* The allergic reaction is regularised by T-helper (Th) lym-
phocytes. The Th2 subclass is responsible for the allergic
response via the production of cytokines, in particular IL-
and IL-5. Th1 lymphocytes, on the other hand, counter
Th2 type responses via the production, among others, of
IL-12 and IFNγ. The appearance of the allergy will there-
fore depend on the balance between the Th1 et Th2 type
responses.

** Dendritic cells are cells specializing in antigen presen-
tation. In their immature state, these cells are located in
the peripheral tissues. Contact with an antigen triggers
the maturation process that is accompanied by phenotypi-
cal and functional modifications. 

17• Veckman V, Miettinen M, Pirhonen J, Siren J,
Matikainen S, Julkunen I (2004). Streptococcus pyogenes
and Lactobacillus rhamnosus differentially induce matura-
tion and production of Th1-type cytokines and chemokines
in human monocyte-derived dendritic cells. J Leukoc Biol.
75(5):764-71.
18• Kimoto H, Mizumachi K, Okamoto T, Kurisaki J
(2004). New Lactococcus strain with immunomodulatory
activity: enhancement of Th1-type immune response.
Microbiol Immunol. 48(2):75-82.

The ability of probiotics to reduce sensi-
tivity to allergy may result from their
ability to influence the immune
response by modulating the balance bet-
ween the Th1 and Th2 type responses*.
A Finnish team has attempted to clarify
the underlying mechanisms (17). 

The goal of this research was to com-
pare the ability of two Gram-positive
bacteria – one pathogenic (Strepto-
coccus pyogenes) and the other probio-
tic (Lactobacillus rhamnosus GG) – to
induce maturation of dendritic cells**. 

The maturation of dendritic cells is cha-
racterized by the production of chemo-
kines and cytokines by co-stimulatory
molecules and by their endocytosis
potential in response to bacterial stimu-
lation.

The tests performed in vitro show that
S. pyogenes stimulates the maturation
of human dendritic cells more strongly
than L. rhamnosus GG. Stimulation by
this pathogen results in a strong expres-
sion of the co-stimulatory molecules
(CD80, CD83 and CD86) and the produc-

tion of cytokines and chemokines cha-
racterised by a Th1 type response inclu-
ding IL-2 and IL-12 interleukins.
Stimulation by the probiotic causes a
lesser production of chemokines and
cytokines, a moderate expression of the
co-stimulatory molecules and the
absence of IL-2 and IL-12 induction.

These results show that, in vitro, S. pyo-
genes and L. rhamnosus GG do not
induce the same response in human den-
dritic cells. These cells are able to dis-
tinguish between pathogenic and non
pathogenic Gram-positive bacteria.
These different response modalities of
dendritic cells result in the implementa-
tion of a suitable immune response. The
probiotic and the pathogen influence
the Th1 type differently in the dendritic
cells, leading scientists to believe that
the probiotic’s ability to prevent the
allergic response is based in part on a
specific modulation of the equilibrium
between the Th1 and Th2 responses in
the dendritic cells. This conclusion is
supported by the results of another
team (18). This shows that the probiotic
Lactococcus lactis G50 suppresses the

Th2 response (and consequently hyper-
sensitivity reactions) in human macro-
phages cultivated in vitro.

Preventing allergy with probiotics: hypothesis for a mechanism of action
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Yoghurt consumption inhibits cancer of
the colon induced in mice by a chemical
carcigenous agent. More precisely, this
anti-tumour activity affects the stages
of promotion and progression of the
development of the tumour but does not
concern the initiation stage. This ability
linked to yoghurt consumption appears

to be exerted through the modulation of
the immune response and stimulation of
the apoptotic cells (19). The cytoplas-
mic fraction of Lactobacillus casei or
Bifidobacterium longum counters the
proliferation of tumourous cells in vitro,
and exerts an antitumourigenic effect
on mice carrying tumours (20).

Probiotics fighting cancer - promising results in tests on mice

19• De Moreno de Leblanc A, Perdigon G (2004). Yogurt
feeding inhibits promotion and progression of experimen-
tal colorectal cancer. Med Sci Monit. 10(4):BR96-104.
20• Lee JW, Shin JG, Kim EH, Kang HE, Yim IB, Kim JY,
Joo HG, Woo HJ (2004). Immunomodulatory and antitu-
mor effects in vivo by the cytoplasmic fraction of
Lactobacillus casei and Bifidobacterium longum. J Vet Sci.
5(1):41-8.

Colonisation of newborns with Lactobacillus GG -
early mother-child transmission

A team of researchers from the Industrial
Fermentation Institute (Spain) has eva-
luated the ability of different industrial
fermented milks to inhibit the enzyme
AC* (21). In vitro, the majority of these
milks present only moderate ACE inhibi-
tion, signifying that they contain very
few active peptides. Two of them, that
presented significant activity, were sub-

jected in vitro to enzymatic hydrolysis
simulating physiological digestion. After
this incubation, in particular with pan-
creatic juices, the anti-ACE activity was
either stable or increased. The authors
conclude that physiological digestion is
capable of stimulating active peptide
formation from the proteins present in
the fermented milk.

Active biopeptides from lactic fermentation 

* In humans, angiotensin plays a role in regulating arterial
pressure. Angiotensin is a powerful vasoconstrictor and its
vasoconstrictor effect is responsible for its hypertensive
effect. The angiotensin-converting enzyme (ACE) trans-
forms inactive angiotensin I into active angiotensin II and
deactivates bradykinin. Bradykinin is an endogenous
polypeptide that unlike angiotensin has a vasodilatory
effect. 

21• Hernandez-Ledesma B, Amigo L, Ramos M, Recio I
(2004). Angiotensin converting enzyme inhibitory activity
in commercial fermented products. Formation of peptides
under simulated gastrointestinal digestion. J Agric Food
Chem. 52(6):1504-10.

American researchers have observed
that Lactobacillus GG can colonize the
intestine of newborn babies whose
mothers consumed probiotics towards
the end of pregnancy (22). Five mothers,
4 babies born by routine vaginal delivery
and 1 by caesarean were involved.
Lactobacillus GG was detected in the
mothers’ faeces at the time of birth
and in the babies’ faeces at the age of

1 month and 6 months. The probiotic
was not administered to any of the
newborn babies. According to the
authors, Lactobacillus GG appears to
have been transmitted to the babies
during birth through contact with the
mother’s intestinal microflora, even in
children born via caesarean. This study
did not examine the potential benefits
to health of this early colonisation.

22• Schultz M, Gottl C, Young RJ, Iwen P, Vanderhoof
JA (2004). Administration of oral probiotic bacteria to
pregnant women causes temporary infantile colonization.
J Pediatr Gastroenterol Nutr. 38(3):293-7.

This scientific letter “Yoghurts & fermented milks” is also available on the following website :
www.maison-du-lait.com
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