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EXTENDED ABSTRACT

Relationship between number of bacteria and their probiotic effects

ELISA BERTAZZONI MINELLI & ANNA BENINI

Department of Medicine and Public Health, Pharmacology Section, University of Verona, Policlinico ‘‘G.B. Rossi’’ P. le L.A.

Scuro, Verona, Italy

Abstract
The effects of probiotics on human health are positive and well defined in diarrhoea treatment. There are no clinical results
regarding the relationship with dose or duration of treatment. The results from clinical studies have not been conclusive in
that the effects of probiotic are dependent on strains, acute or chronic gastrointestinal infection and immunological or
inflammatory disease and different dose and duration of treatment. The concentration of probiotics needed to obtain a
clinical effect is often quoted as]106 cfu/ml in the small bowel and]108 cfu/g in the colon. The dose for treatment of an
acute illness by a particular probiotic agent may be lower or higher, in the order of 10-fold or 100-fold or more in terms of
colony forming units (cfu). In acute infectious diarrhoea it seems that higher doses of probiotics given for short courses are
more effective than lower doses. In chronic or immunological diseases (allergic, inflammatory and/or immune diseases) the
effects depend also on the interaction with gut immune system and duration of treatment. To evaluate the efficacy of
probiotics it may be essential to identify specific target groups of individuals with more specific higher susceptibilities to the
potential effects of probiotics.
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Introduction

As defined by FAO/WHO, probiotics are live micro-

organisms which, when administered in adequate

amounts, confer a health benefit to the host.

Probiotics encompass live bacteria, belonging to

the natural non-pathogenic bacterial flora, which

are thought to exert healthy benefits beyond inherent

basic nutrition. They consist of different strains of

bacteria (lactic acid bacteria (LAB), bifidobacteria,

bacilli, Escherichia coli, clostridia, propionibacteria)

and yeasts (Saccharomyces) (1,2). Their utilization in

antibiotic-associated diarrhoea (AAD), Clostridium

difficile diarrhoea and diarrhoea caused by virus or

bacteria demonstrated positive results at standard

doses (107�108 cfu/day), e.g. reduction of stool

frequency and mean duration of diarrhoea in adults

and children (3).

Probiotics are effective in the treatment of diar-

rhoea but are variable in diarrhoea prevention (4).

The literature on the efficacy of probiotics in the

prevention of travellers’ diarrhoea and Helicobacter

pylori infection gives conflicting findings.

Protective effects have been shown with probiotic

preparations of L. rhamnosus GG and Saccharomyces

boulardii, while preparations comprising a mixture of

L. acidophilus and L. bulgaricus, L. acidophilus or

L. fermentum have not been shown to be effective.

Preparations of non-viable L. acidophilus showed

no efficacy in prevention of travellers’ diarrhoea.

A number of clinical studies on the effects of

probiotics on H. pylori infection indicate a sup-

pressed growth of H. pylori without eradication,

although there are differences in the effectiveness

between strains.

Differences in the populations involved in the

studies, the probiotic strains used (and their viabi-

lity), and methodological and statistical problems �
such as subgroup analysis or similar � could explain

the discrepancies. Additional trials may still be worth

considering with probiotics that have demonstrated a

protective effect for the prevention and the treatment

of acute infectious diarrhoea in children (3). Lactic

acid bacteria seem to exert better effects when

administered in combination.
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A body of data has stressed the differences among

bacterial species and strains as regards resistance to

intestinal conditions, their survival and colonization,

as well as their different probiotic effects.

Stability

To be effective probiotic cultures must be able

to withstand processing conditions, retain their

probiotic properties after processing and survive in

sufficient numbers in the product during shelf-life

storage. The stability of a probiotic is linked to

various factors, including genus, species, strain

biotype and, above all, the formulation storage

conditions.

Viability

The survival capacities of various strains of L.

acidophilus, L. plantarum, L. salivarius, L. casei and

L. johnsonii in acid conditions are higher than those

of L. bulgaricus. Approximately 1�10% of L. acid-

ophilus ingested in fermented product were found to

survive until the ileum in several human studies

using intestinal intubation techniques (2).

L. plantarum NCIB 8826, L. salivarius 433118

and some Bifidobacterium spp. (commercial milk

product) showed a very high survival capacity.

Their concentration in the ileum reached 108 and

107 cfu/ml, respectively, after a single dose; they

passed through the ileum at a concentration above

105 cfu/ml for more than 5 h. No small bowel

colonization was observed.

Similarly, some Bifidobacterium spp. from fermen-

ted dairy products and L. plantarum NCIB 8826

exhibited a high survival in the whole gastrointestinal

tract; 25�30% of the ingested bacteria being recov-

ered from faeces. Faecal concentrations reached

108 cfu/g, and these bacteria did not colonize the

gut (5).

Other studies in healthy volunteers with different

probiotic preparations showed that the faecal con-

centrations of ingested L. acidophilus, L. reuteri, L.

salivarius UCC118 and L. rhamnosus strain GG

reached around 106 cfu/g (2).

The faecal recovery of bifidobacteria and lactoba-

cilli in healthy subjects exhibited a dose�response

relationship. Despite the amount up to 1011 cfu/day

of Lactobacillus paracasei subsp. paracasei (CRL-431)

viable CRL-431 bacteria could not be isolated from

the fresh faecal samples from 2 weeks of treatment

and 2 weeks of wash-out. In contrast, recovery of

Bifidobacteriun animalis ssp. lactis (BB-12) exhibited

a dose�response relationship, with 1010 cfu/day

being the lowest dose giving a statistically significant

chance of recovering viable strain BB-12 from the

faeces (6).

A 10-fold increase of ingested bacteria caused the

average number of recovered viable strain BB12 to

increase by a factor of 20 (1013). It seems evident

that the higher the ingested dose, the greater

the number of subjects positive for viable bacteria

(1011 cfu/day) in young healthy adults (1).

The concentration of probiotics needed to obtain

clinical effects is often quoted as]106 cfu/ml in the

small bowel and]108 cfu/g in the colon (7).

The pharmacokinetics of three strains of LAB

were studied in the human gastrointestinal tract.

L. plantarum NCIMB 8826 in the ileum reached

108 cfu/ml after a single dose (108 cfu/ml) in fer-

mented milk. L. fermentum KLD and Lactococcus

lactis MG 1363 showed lower and shorter ileal

survival (8).

L. plantarum NCIMB 8826 was present at high

concentrations (108 cfu/g) in the faeces on day 7 of

the 1 week ingestion period. It was undetectable in

the faeces 2 weeks after the end of the ingestion

period (2).

In a healthy human subject receiving 1 g/day

(about 3�1010 viable cells) of lyophilized S. bou-

lardii fecal levels were reported to be 1.4 �107/g (9).

A dose�response effect was observed in the pre-

vention of castor oil-induced acute diarrhoea, where

S. boulardii at 120�1010 cfu/kg protected rats from

acute manifestations (10). A linear relationship was

obtained ranging from no protection with 3�108/ml

viable S. boulardii to 85% survival when a prepara-

tion containing 3.3�1010/ml was employed in a

mouse experimental model of C. difficile colitis. The

transient presence of high levels of living S. boulardii

in the gastrointestinal tract of gnotobiotic mice

seems to be necessary to protect from C. difficile

mortality in an animal model for human pseudo-

membranous colitis (9).

In most cases, even if viability is not required, it is

likely correlated with most effects, as it is a useful

indicator of the number of cells present, regardless of

what cell component may be active.

Situations where viability is not required for

probiotic activity include improved digestion of

lactose, anti-hypertensive effects, and some immune

system modulation activities. Certain effects have

been linked to non-viable cells, e.g. cell components,

enzyme activities or fermentation products (11).

Probiotic dose

As yet not much is known about the minimal dose

and/or frequency of probiotics required for the

probiotic effect. The dose for treatment of an acute

illness by a particular probiotic agent may be lower
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or higher, in the order of 10-fold or 100-fold or more

in terms of cfu. In acute infectious diarrhoea it seems

that higher doses of probiotics given for short

courses are more effective than lower doses (4). In

chronic or immunological diseases (allergic, inflam-

matory and/or immune diseases) the effects also

depend on the duration of treatment.

Probiotic effects seem to be dose-dependent.

However, the dose effect is controversial and most

of the reported studies were in vitro experiments. The

usual effective dosage in humans is 107�109 cfu/mg

per day.

Effects on the immune system

The effects on health or physiology may be either

direct or indirect through modifications of the

endogenous ecosystem or the immune response,

suggesting that a single mechanism of action for all

probiotics and all effects is unlikely.

In addition to a direct impact on epithelial cells

and cytokine responses, probiotics may also influ-

ence the development and activity of regulatory T

cells (2).

The study of immune-modulating effects in

healthy adults is problematic, because it cannot be

concluded that the tested bacteria exert no health-

promoting effects. The relationship between the

immune system and commensal flora is a precarious

one, and perturbation in immune or epithelial

homeostasis can led to gut inflammation. Therefore,

to evaluate the efficacy of probiotics it may be

essential to identify specific target groups of indivi-

duals with more specific higher susceptibilities to the

potential effects of probiotics, e.g. low bifidobacteria

or lactobacilli count, microflora imbalance or in-

testinal immunological alterations (inflammatory

bowel disease, irritable bowel syndrome, atopic

dermatitis, etc.).

Different preparations of LAB stimulate intestinal

lymphoid foci and their accessory cells in different

ways, lending further support to the notion that live

forms of LAB can stimulate specific compartments

of the immune system differently to killed forms.

L. rhamnosus HN001, delivered orally as a viable

probiotic supplement in a milk-based substrate,

is able to enhance phagocytic capacity in mice (6).

In the case of immune enhancements a dose of 107

L. rhamnosus daily for 14 days was enough to

enhance the phagocytic capacity of blood leucocytes

in mice but a dose of 109 was found necessary to

enhance the phagocytic capacity of peritoneal cells.

Heat-killed L. rhamnosus HN001 was as effective as

live cells in enhancing innate cellular immune

function, while only live forms enhanced specific

gut mucosal antibody responses to orally adminis-

tered cholera toxin vaccine (6).

No significant statistical differences were observed

for phagocytic activity in blood lymphocytes, IgA

faecal concentrations or production of interferon

(IFN)-g and interleukin (IL)-10 in blood cells,

following L. johnsonii administration (106 cfu/ml).

The IFN-g and IL-10 production in blood cells was

significantly reduced when evaluated according to

number of viable faecal bacteria (12). A minimum

daily dose of 109 seems to be required to modulate

certain forms of non-specific, anti-infective mechan-

isms of defence.

Cell debris of L. delbrueckii subsp. bulgaricus

MB453 and L. plantarum MB 452 stimulates per-

ipheral blood mononuclear cells (PBMNCs) when

used at a concentration higher than 104 cfu/ml, while

both L. azidophilus MB443 and L. casei MB451

strains only require concentrations higher than

106 and 105 cfu/ml. L. casei subsp. rhamnosus (L.

GG) had a very low stimulation capacity compared

with other strains (13). Bifidobacteria stimulate pro-

and anti-inflammatory cytokines more significantly

than lactobacilli, but the stimulation pattern is

different. The highest concentration of bifidobacteria

(107 cfu/ml) induces PBMNCs to produce less pro-

and anti-inflammatory cytokines than the lower

concentration of the strains (103 cfu/ml).

E. coli Nissle, which has been shown to be effective

in maintaining remission of ulcerative colitis, has a

high stimulating capacity for IL-10 and IL-1b,

compared with other strains, but a low capacity for

tumour necrosis factor (TNF)-a (13).

The dose, timing and selection of patients are

critical in clinical results of atopic dermatitis. Early

treatment, age and long periods of administration

(2 years) induce better and long-lasting improvement

in newborns than in children and/or short-course

therapy with Lactobacillus species (L. rhamnosus

119070/2, L. GG, L. reuterii) (14). Lactobacilllus

species are beneficial in decreasing severity and

extent of moderate-to-severe atopic dermatitis

among childrenB2 years old (15).

Inflammatory bowel diseases

The intestinal microflora has been suggested to be

involved in the pathogenesis of inflammatory bowel

diseases in genetically predisposed subjects with

immunological alterations, triggering an overly

aggressive cell-mediated immune response (16). In

experimental dextran sodium sulfate-induced colitis

L. crispatus reduced the severity of tissue damage in

a dose-dependent manner, while B. subtilis was

ineffective (17). In trinitrobenzene sulfonic acid-

induced experimental colitis in mice similar results
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were obtained following administration of high dose

combination of different lactobacilli and bifidobac-

teria by immunomodulation and IL-10 production

(18).

The intestinal microbiota plays a critical role in

the pathophysiology of pouchitis, a major complica-

tion after ileal pouch and anastomosis in patients

with ulcerative colitis (19).

Recent studies have shown that probiotic treat-

ment with VSL#3, a mixture of eight different

probiotic bacterial strains at high dose (300 billion

viable lyophilized bacteria) is effective in maintaining

remission in pouchitis. Patients received doses of

VSL#3 twice daily (3�3 g) for 9 months or until

relapse: 17 of 20 patients remained in remission while

all those on placebo relapsed. The same preparation

administered as prophylaxis once daily (VSL#3, 6 g)

maintained antibiotic-induced remission for at least a

year in patients with recurrent or refractory pouchi-

tis, ameliorating their quality of life (20). The

administration of lactobacilli to patients with acute

pouchitis showed no effects while in patients with

mild active pouchitis it induced partial effects.

Results in Crohn’s disease and irritable bowel

disease are variable, but several probiotics are

promising. The timing of probiotic administration,

the dose and the duration of treatment increased the

positive effects in selected patients (8,20).

Conclusions

We need adequate clinical trials on microbial strains

with defined characteristics, as well as a better

definition of patients and a more appropriate use of

probiotic in terms of number of bacteria, adminis-

tered doses and expected effects.

At present, we cannot define the optimal amount

of bacteria for probiotic effects. Thus, we need

further investigations to define the effective dose

for each strain, and their appropriate utilization for

different clinical situations.

Declaration of interest: The authors report no

conflicts of interest. The authors alone are respon-

sible for the content and writing of the paper.
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