LACTOBACILLUS REUTERI ATCC 55730

A clinically proven probiotic
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INTRODUCTION

Lactobacillus reuteri ATCC 55730 is widely used as a
probiotic in dairy foods. Milk supplemented with
L. reuteri ATCC 55730 was first introduced in
Sweden in 1991 under the BRA brand and current-
ly, dairy products containing L. reuteri ATCC 55730
are sold in the US, Finland, Japan, Korea, Spain,
Portugal and the UK. In 2000, chewable tablets
containing L. reuteri ATCC 55730 were introduced
in the US and these tablets have since been intro-
duced into Europe, S. Africa and Asia. To date the
equivalent of more than 200 million doses of 10s
CFU L. reuteri ATCC 55730 have been sold through
the various products described above (BioGaia
internal market information) and no clinical infec-
tion or untoward side-effect involving L. reuteri has
been reported. The FAO/WHO definition of a pro-
biotic is a live microorganism which when admin-
istered in adequate amounts confers a health bene-
fit to the host. Lactobacillus reuteri ATCC 55730 has
been demonstrated to be a true probiotic as
described below and the main supportive clinical
data is described in this review.

Lactobacillus reuteri (L. reuteri), a distinctive species
(1) originally described by Gerhard Reuter, in 1980
is a heterofermentative species that resides in the
gastrointestinal (GI) tract of humans and all ani-
mals tested (2-5) and is considered to be one of the
few true autochthonous (indigenous) Lactobacillus
species in man (5). Members of the species L.
reuteri have the ability to successfully inhibit the
growth of pathogenic microorganisms by a combi-
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nation of different mechanisms
including excretion of lactic and
acetic acids as well as other short
chain fatty acids, hydrogen perox-
ide, antimicrobial substances and
bacteriocins (3) and like other lac-
tic acid bacteria, are able to convert
milk sugar (lactose) into lactic acid.
Axelsson et al. (6) reported that L.
reuteri converted glycerol into a
potent, broad-spectrum antimicro-
bial that was termed ‘reuterin’
which is a low molecular weight,
neutral, water-soluble compound
(3-hydroxy propionaldehyde)
capable of inhibiting growth of
species representing several bacte-
rial genera including Escherichia,
Shigella,
Pseudomonas, Clostridium and

Salmonella, Proteus,
Staphylococcus as well as yeasts,
fungi, protozoa and viruses (6).

Reuterin is excreted by L. reuteri
during anaerobic growth in the
presence of glycerol (7) and both of
these conditions are satisfied in the
human bowel. Chung et al. (8)
showed that reuterin was synthe-
sized under environmental condi-
tions similar to those that exist in
the GI tract and that reuterin syn-
thesis was stimulated by contact
with other bacteria found in the
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human gut, such as E. coli, Salmo-
nella typhimurium, Shigella, Proteus,
Pseudomonas fluorescens, Staphylo-
coccus epidermidis, Bacillus megateri-
um, Clostridium sporogenes, Pedio-
coccus pentosaceus, Leuconostoc me-
senteroides and Streptococcus cre-
moris.

The B-hydroxy moiety of reuterin
renders its aldehyde function reac-
tive, capable of spontaneous reac-
tion with available amino and
sulfhydryl functional groups in the
gut lumen. Thus, reuterin action is
local and it is not systemically
absorbed. The structure of another
unique compound with antimicro-
bial effect produced by L. reuteri,
reutericyclin (a tetramic acid), has
recently been elucidated and
reported (9,10). Reutericyclin has
been shown to exert an inhibitory
effect on several bacteria that are
pathogenic to humans or consid-
ered as food contaminants, such as
Bacillus cereus, Stafylococcus aureus,
Listeria and Entecococcus faecium.
Further studies have demonstrated
that L. reuteri exerts a strong
inhibitory action on GI tract
pathogens, including H. pylori but
that it is unique in that it does not
negatively affect the normal, bene-
ficial microflora (3,11-14). A true
probiotic active in the GI tract must
be shown to survive passage and
to colonize its proposed site of
action. L. reuteri ATCC 55730 not
only tolerates the very low pH of
the stomach, but also survives bet-
ter than other lactobacilli directly
isolated from the human stomach
(14). Adherence to intestinal muco-
sa (3,14,15) and growth at the site
of action are probiotic properties
that have also been demonstrated
for L. reuteri ATCC 55730 (see
below). Thus, oral administration
of L. reuteri ATCC 55730 in foods
and dietary supplements delivers
the live and active probiotic to the
entire human GI tract.

The studies below refer to clinical work with L.
reuteri ATCC 55730, unless otherwise indicated.
This is the commercial probiotic strain used in all
human L. reuteri product applications and is some-
times referred to in the literature under the syn-
onyms ‘L. reuteri SD2112’ (an earlier ATCC desig-
nation), ‘L. reuteri MM53’ and ‘L. reuteri ING1'.

CLINICAL TRIALS

The main clinical studies performed with L. reuteri
ATCC 55730 are presented in summary format in
Table 1.

Adults

Wolf et al. (16) studied the safety and tolerance of
L. reuteri ingestion in healthy adult males in a ran-
domized, double-blinded placebo controlled trial
(RTC). L. reuteri administration (1x101! CFU/day)
for 21 days significantly raised L. reuteri levels in
the feces compared to placebo without any clinical-
ly significant safety issues. Wolf et al (17) further
examined L. reuteri in immunocompromized indi-
viduals (with HIV infection) in a similarly con-
trolled trial. Subjects were supplemented with L.
reuteri (1010 CFU/day, 21 days) and again showed
an increase in fecal levels of L. reuteri and safety
was confirmed in this infection susceptible group.
There are no reports of clinical infections with or
isolation of L. reuteri in connection with any dis-
ease or pathological process in either animals or
humans. Indeed, an excellent study recently
reported on bacteremia in the Finnish population
(18) did not detect any cases of L. reuteri in the cir-
culation, although several other well-known
Lactobacillus species were detected in the blood.
These observations were made during a period
when L. reuteri was widely consumed in Finland in
dairy and juice products (approx. 1 million
litres / year with 1x10° CFU L. reuteri/litre).

Children

Ruiz-Palacios et al. (19) established the tolerance of
doses up to 1x1010 CFU/day of a probiotic mixture
containing L. reuteri , L. acidophilus and B. infantis in
children (12-36 m) and then went on to investigate
the ability of the probiotic mix to prevent commu-
nity-acquired diarrhoea in healthy children (20).
Children received the probiotic mix (n=119) or
placebo (n=120) for 14 weeks. The number of chil-
dren with diarrhoea was significantly lower in the
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Tablel Main clinical studieswith Lactobacillus reuteri ATCC 55730

Trial (ref) Aim Study design | Groups Number of | Duration | Main outcome
subjects
Wolf et a. (16) Safety R, DB, PC Placebo 15 21 days No clinical safety or tolerance problems
Healthy adults L. reuteri (1x10 CFU/day) 15
Wolf et a. (17) Safety R, DB, PC Placebo 20 21 days No clinical safety or tolerance problems
Immunocompromised adults L. reuteri (1x1010 CFU/day) 15
Ruiz-Palacios et al. (19) Safety R, DB, PC Placebo 20 21 days No clinical safety or tolerance problems
Children (1-3 years) L. reuteri (1x1010 CFU/day)* 18
L. reuteri (1x108 CFU/day)* 16
L. reuteri (1x10° CFU/day)* 18
Ruiz-Palacios et al. (20) Prevention of diarrhoea R, DB, PC Placebo 120 14 weeks | Probiotic significantly
Children (1-3 years) L. reuteri (5x107 CFU/day)* 119 reduced incidence of diarrhoea
Guerrero et a. (21) Prevention of diarrhoea R, DB, PC Placebo 130 16 weeks | L. reuteri-containing probiotic mix only
Children (1-3 years) Probiotic mix without 129 significantly reduced incidence of
L. reuteri** diarrhoea
Probiotic mix with L. reuteri
(1.5x108 CFU/day)** 129
Shornikovaet a. (22) Treatment of acute R,DB, PC Placebo 21 up to 5 days| L. reuteri significantly
gastroenteritis reduced duration of gastroenteritis
in children (0.5-3 years) L. reuteri (1x1010-11 CFU/day) 19
Shornikovaet al. (23) Treatment of acute rotavirus | R, DB, PC Placebo 25 up to 5 days| High dose L. reuteri significantly
gastroenteritisin children L. reuteri (1x10° CFU/day) 21 reduced duration of gastroenteritis
(0.5-3 years)
L. reuteri (1x107 CFU/day) 20 Low dose tendency to similar effect
Karvonen et a. (24) Safety & colonisation R, DB, PC Placebo 28 30 days No clinical safety or tolerance problems
from birth
Newborn term infants L. reuteri (1x10° CFU/day) 25
L. reuteri (1x107 CFU/day) 25 Significant reduction in watery
L. reuteri (1x105 CFU/day) 12 stoolswith L. reuteri
Vesikari & Karvonen Safety & colonisation R, DB, PC 28 days
(submitted) from birth
Newborn term infants Placebo 12 No clinical safety or tolerance problems
L. reuteri (1x108 CFU/day) 23
Premature infants Placebo 16 No clinical safety or tolerance problems
L. reuteri (1x10° CFU/day) 13
L. reuteri (1x107 CFU/day) 14
Weizman & Alsheikh (25) | Safety R, DB, PC Placebo 17 60 days No clinical safety or tolerance problems
Infants (3-65 days) L. reuteri (approx 108 17
CFU/day)*** B. lactis Bb12
(approx 1x10° CFU/day) 16
Weizman et . (27) Prevention of infection R, DB, PC Placebo 58 12 weeks | L. reuteri superior in significantly
Day-care children L. reuteri (3x108 CFU/day)*** 65 reducing incidence
(4-10 months) B. lactisBb12 71 of gastrointestinal infection
(approx 1x10° CFU/day)
Valeur et al. (31) Gastrointestinal colonization | Open L. reuteri (4x108 CFU/day) 19 28 days L. reuteri colonizes the human

Healthy adults

stomach, duodenum and ileum

Abbreviations: R, randomised; DB, double-blind; PC, placebo-controlled

*  asoreceived L. acidophilus and B. infantis at constant dose

*k

*** Personal communication

Probiotic mix contained L. acidophilus and B. infantis




18

NuTRAfOOdS 2004, 3(1)

probiotic group (29/119 vs 43/120)
as was the incidence of diarrhoea
per child (0.27 vs 0.42) compared
to placebo. A second blinded RCT
(21) compared the diarrhoea pre-
venting effect of two probiotic
blends; one group (n=129) was
given a blend of L. acidophilis and B.
infantis whilst a second (n=129)
received the same blend plus
1.5x108 CFU L. reuteri ATCC 55730
per day for 16 weeks. The relative
risk for diarrhoea compared to
placebo (1.0, n=130) was signifi-
cantly reduced to 0.67 for the L.
reuteri fed group and to 0.75 (not
significant) for the blend without L.
reuteri., showing the direct effect of
L. reuteri on infectious diarrhoea. In
a recent study in India (Jangle et al,
unpublished) children (aged 3-6y)
in a rural area were given either L.
reuteri (as tablets; n=160) at a dose
of 108 CFU/day or placebo (n=158)
for 35 days. Extensive blood safety
data revealed no negative effects of
L. reuteri.

Infants and neonates

Two randomized double-blind,
placebo controlled studies exam-
ined the effects of L. reuteri on acute
infectious diarrhoea in children
(22,23) and in both studies L. reuteri
was well-tolerated. In the first
study, children received 1010- 1011
CFU/d (n=19) or placebo (n=21).

L. reuteri significantly reduced the
duration of diarrhoea from 2.9 to
1.7 days. In the second study, the
duration of 2.5 days of rotavirus-
induced diarrhoea for placebo
(n=25) was reduced to 1.9 days
with a dose of 107 CFU/d (n=20)
and to 1.5 days at 1010 CFU of L.
reuteri/d (n=21). Notably, the lower
dose gave almost the same efficacy
as the higher dose. Karvonen et al.
(24) studied further doses of L.
reuteri between 105-109 CFU/d
given to healthy neonates (as pow-
der added to breast milk or infant

formula) from birth for 28 days. There was no evi-
dence of adverse effects (GI symptoms) compared
to placebo but there was a significant reduction in
the incidence of watery stools in the treated infants.
The same group has recently studied the safety and
colonizing efficacy of an oil suspension of L. reuteri
(doses 107-10° CFU per day) given from birth for 28
days in newborn (n=23 treated) and premature
(n=27 treated) infants (Vesikari & Karvonen, sub-
mitted for publication). No safety issues were
reported, the formulation was again well-tolerated
by the infants and excellent fecal colonisation was
observed from the oil formulation. A recent place-
bo-controlled, double blind clinical trial (25) has
confirmed the safety of L. reuteri ATCC 55730-sup-
plemented infant formula given to healthy infants
(3-65 days of age) for 4 weeks.

The infant studies above, as well as a pre-clinical
study in infant rhesus monkeys (26), are of particu-
lar interest with reference to the existing CODEX
guidelines for use of live bacteria as fermentation
aids for the acidification of infant formulas. These
guidelines refer to clinical data from the late 1950°s
and perpetuate the idea that lactobacilli that pro-
duce D-lactic acid are unsuitable for use in infant
formulas. However, the CODEX recommendations
refer to acidifying agents used in fermenting milks
in production as opposed to freeze-dried probiotic
ingredients added to the final infant formula prod-
uct. A review of the existing literature (Connolly,
unpublished) and data from our own clinical trials
with L. reuteri, clearly show that there is no evidence
describing D(-)-lactic acidosis in healthy infants (or
humans of any age), despite extensive use of probi-
otic D-lactic acid producing Lactobacillus supple-
ments around the world. This is, of course, not a sur-
prise since these bacteria are a natural contaminant
of mother’s milk and cannot be expected to adverse-
ly affect the newborn. Fortunately, the EU Scientific
Committee on Foods has recognized this in their
Opinion (http:/ /europa.eu.int/comm/food/fs/
sc/scf/outcome_en.html, see out199IF SCF May
2003_en.pdf, section XI) which will come into force
early 2004 and safe and potentially very efficacious
lactobacilli normally found in mothers milk will be
acceptable for use as ingredients in infant formulas,
irrespective of the lactic acid metabolic profile.

Recent clinical findings

Weizman et al. (27) have just presented data from a
double-blind, placebo controlled trial in infant for-



mulas supplemented with either L. reuteri ATCC
55730 (approx 108 CFU/day) or B. bifidum (Bb12)
for 12 weeks. Infants given the probiotics showed
less febrile episodes and fewer GI illnesses and
infections than the placebo group (Fig 1) and the
authors noted that L. reuteri ATCC 55730 was
found to be superior to both placebo and supple-
mentation with Bifidobacterium lactis (Bb12) in
maintaining the gastro-intestinal health of the
infants and reducing the use of visits to the doctor
and prescription of antibiotics (27 and personal
communication). Interesting new clinical data is
being generated by Rosenfeldt et al. (28-30) with a
mixture of L. reuteri (strain DSM 12246) and L.
rhamnosus (19070-2) indicating amelioration of

Figurel Prevention of gastrointestinal infections and
fever in infants given L. reuteri ATCC 55730
in infant formula

50
Placebo (n=58)
0 B. bifidum (n=71)
& L. reuteri (n=65)
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Full-term hedlthy infants were fed formula containing the L. reuteri ATCC
55730 or Bifidobacterium Bb12 for 12 weeks. The incidence (% of al illness
episodes) of fever, infections of the Gl tract and respiratory illnesses were
recorded. P<0.001 compared to placebo group. Adapted from data in
Weizman et al (27)
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rotavirus induced acute diarrhoea
as well as potential effects on acute
dermatitis. Unfortunately, the mix-
ture of strains does not allow the
determination of which of the bac-
terial strains has effect. BioGaia is
currently sponsoring a major mul-
ticentre trial on the effect of supple-
mentation of newborn infants with
L. reuteri ATCC 55730 on the inci-
dence of atopic allergy in the first
two years of life, so new data
should soon be available.

Further new clinical data (31)
demonstrates in situ colonization
of the human gastro-intestinal
mucosa after dietary supplementa-
tion with L. reuteri ATCC 55730
tablets and subsequent immune
responses at these sites. In this
open clinical study, 10 healthy vol-
unteers and 9 subjects with ileosto-
my underwent gastroscopy or
ileoscopy and biopsies were taken
from the stomach, duodenum or
ileum before and after supplemen-
tation with 4x108 CFU live L.
reuteri per day for 28 days.
Biopsies were analysed for colo-
nization (using fluorescent in situ
hybridisation with a molecular
beacon probe) and for immune cell
populations. Endogenous L. reuteri
was detected in the stomach of 1

in healthy volunteers

Figure2 FISH detection L. reuteri in situ in the human gastrointestinal tract after supplementation

A B

tation is clearly seen as bright green fluorescent colony-like formations.

Biopsies were taken from the gastric antrum of one subject before (A) and after (B) the daily administration of L. reuteri ATCC 55730 for
28 days. L. reuteri was detected using an L. reuteri-specific FISH molecular beacon probe. The appearance of L. reuteri after supplemen-
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subject and the duodenum of 3
subjects (of 10). After L. reuteri
tablet supplementation, the stom-
achs of 8 and the duodenums of all
subjects were colonized. Three
ileostomy subjects (of 6 tested) had
endogenous L. reuteri at baseline
whilst all 6 displayed colonization
after L. reuteri supplementation.

Our data (see examples Fig 2) pro-
vide the first clear and direct indi-
cation of colonization of the healthy
human stomach, duodenum and
ileum by any exogenously deliv-
ered probiotic. Colonization of the
stomach and upper GI tract (the
sites of H. pylori infection) by L.
reuteri from the tablet supplement
as well as the known ability of L.
reuteri to kill H. pylori (14), encour-
ages our continued investigations
in this area. Emerging evidence
suggests that the probiotic effects
of L. reuteri may be related to its
ability to modulate the immune
system of the gastrointestinal tract.
In the Valeur et al. (31) study, L.
reuteri administration induced a
significantly higher amount of
CD4-positive T-lymphocytes in the
ileal epithelium of the subjects.
These findings in humans agree
well with earlier observations in
Salmonella typhimurium infected
poultry (32), where L. reuteri sup-
plementation led to an increased
CD4:CDS8 ratio in the ileum mucosa
and a consequent dramatically
improved survival of the chicks (3,
32). Further studies performed by
our group have shown that ileal
growth is stimulated by L. reuteri
supplementation in the mouse with
consequent reductions in Salmo-
nella-induced inflammation and
mortality (3; unpublished data).
Mao et al. (33) studied methotrex-
ate-induced enterocolitis in rats and
found that L. reuteri could increase
both ileal and colonic secretory IgA
levels as well as CD4+ and CD8+
cell populations in the gut lamina

propria and that these changes were associated with
decreased intestinal permeability, increased mucosal
mass and recovery from enterocolitis (34). Ferreira
et al. (35) have shown that activated T-lymphocytes
in the human small intestinal lamina propria are
involved in enhancing proliferation of intestinal
epithelial cells and further L. reuteri (3) has been
shown to stimulate mucosal growth in animals. L.
reuteri is known to be a predominant indigenous
species in the ileum (3) and thus, L. reuteri stimula-
tion of T-helper cells in the human ileum may be a
central mechanism of symbiosis for improving the
health of the host gut and a key mechanism of
action for this probiotic bacterium.

FUTURE PERSPECTIVES

Molecular investigation of the mechanisms by
which L. reuteri ATCC 55730 exerts its effects has
shown us that some probiotic effects are specific to
strains of lactobacilli and that these cannot be
extrapolated to the Lactobacillus species as a whole
or to other Lactobacillus species. BioGaia has
focussed much of its recent research on the selec-
tion of new probiotic strains of L. reuteri and other
lactic acid bacteria species that have specific prop-
erties that enhance human health. Our develop-
ment of new anti-inflammatory strains (36) as well
as strains with strong effects on oral health and
allergy prevention will provide the basis of the
next generation of probiotics with targeted action
in the field of maintaining human health.

SUMMARY

Lactobacillus reuteri (L. reuteri), one of the few true
autochthonous (indigenous) Lactobacillus species in
the gastrointestinal tract of man, is widely used for
its probiotic properties as a food additive to
improve gastrointestinal health. This review covers
12 major clinical trials documenting the safety and
efficacy of L. reuteri ATCC 55730 over 600 supple-
mented subjects from adults to premature infants.
Sound clinical data shows that L. reuteri ATCC 55730
administration significantly reduces the incidence
and the severity of diarrhoea of different origins and
reduces gastrointestinal illness and infections. The
ability of L. reuteri ATCC 55730 to influence basic
immune responses in the human gastrointestinal
tract may be the basis for an improved protection
against pathogen infection and further enhanced
health of the host consuming this probiotic.
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