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Abstract

For many years, microbial adjuncts have been used to supplement the diets of farm animals and humans. They have evolved since the 1990s to
become known as probiotics, i.e. functional food with health benefits. After the discovery of a possible link between manipulation of gut
microflora in mice and obesity, a focus on the use of these beneficial microbes that act on gut microflora in animal farming was undertaken and
compared with the use of probiotics for food. Beneficial microbes added to feed are classified at a regulatory level as zootechnical additives, in
the category of gut flora stabilizers for healthy animals and are regulated up to strain level in Europe. Intended effects are improvement of
performance characteristics, which are strain dependent and growth enhancement is not a prerequisite. In fact, increase of body weight is not
commonly reported and its frequency is around 25% of the published data examined here. However, when a Body Weight Gain (BWG) was
found in the literature, it was generally moderate (lower than or close to 10%) and this over a reduced period of their short industrial life. When
it was higher than 10%, it could be explained as an indirect consequence of the alleviation of the weight losses linked to stressful intensive
rearing conditions or health deficiency. However, regulations on feed do not consider the health effects because animals are supposed to be
healthy, so there is no requirement for reporting healthy effects in the standard European dossier. The regulations governing the addition of
beneficial microorganisms to food are less stringent than for feed and no dossier is required if a species has a Qualified Presumption of Safety
status. The microbial strain marketed is not submitted to any regulation and its properties (including BWG) do not need to be studied. Only
claims for functional or healthy properties are regulated and again growth effect is not included. However, recent studies on probiotic effects
showed that BWG could also be observed in humans, or not, according to species and strains. Determining the significance of farm animal
results for extrapolation to humans, especially regarding body weight improvement, was not easy because they do not use the same microbial
strains nor always the same species. Furthermore, the framework for the management of microbials added to feed or to food differ, especially
with regard to goal, timescale and lifestyle. So no one can exclude the possibility that beneficial microorganisms having probiotic effects may
have long-term effects in humans that cannot be seen to date in animals, where short-term use is the rule. A possible link to obesity cannot be
excluded in relation to timescale, species and strain specificity. To conclude, beneficial microorganisms added in feed are key factors stringently
regulated for short-term improvement of zootechnical performances in animals and their use does not entirely parallel that of human
probiotics. So extrapolation of farm animal results to humans is biased and not sufficient to be conclusive regarding the existence or not of a link
between probiotics and obesity. From a toxicological and nutritional point of view and considering recent findings on a link between antibiotic
use in early life and excessive risk of becoming overweight, one suggestion is to study the at-risk population in Europe, pregnant women and

their babies before and after birth and during early childhood, in an epidemiological long-term cohort survey.
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Presentation and Comparison of Probiotics
use in the Feed/food Chain

Probiotics are defined as ‘Live microorganisms which when
administered in adequate amounts confer a health benefit on
the host’ [1]. They cover a wide range of living microorganisms
with supposed positive effects on gut flora and producing a
large number of substances (defined or not) supporting many
different effects which are, for the time being, far from proven.
For example, many specific health claims proposed by
industrial partners for food probiotics failed recently to be
validated by the European Food Safety Agency commission
because of insufficient scientific or clinical evidence [2]. To
date, probiotics are classified in the category of functional
products [3] and considered to be beneficial microorganisms
[4]. However, regulatory texts do not mention the word
probiotic anywhere, and refer to beneficial microorganisms
without any other details. This situation differs from that of
antibiotics, which also act on gut microbiota and are used in
animal husbandry. Antibiotics are stable chemical substances,
have a well-defined specificity, and were recognized and named
as growth promoters in regulatory texts until the publication
of the regulation (EC) 1831/2003 [5] in which they were
banned.

Beneficial microbes are feed additives in Europe [6] and are
called Direct Fed Microbials in other world regions. In animal
husbandry, they were initially used, in the twentieth century,
to reduce intestinal colonization by Salmonella in chickens, to
increase the feed utilization efficiency and reduce diarrhoea in
pigs, and to increase milk production and decrease diarrhoea
in cattle. Their beneficial effects were complementary with
those of the antibiotics used simultaneously as growth
promoters at low doses in animal diets [7]. This growth
promoter effect observed with antibiotics was supposed to be
related to gut health stabilization [7] and it was a proof that
manipulation of animals’ microflora through diet was efficient
in enhancing animals’ productivity. So when antibiotics were
banned from the feed market in 2006 [8], interest in beneficial
microbes having potentially similar effects increased and their
regulation was updated in 2003 [5,9].

In human food, beneficial microorganisms are mainly
present in fermented items [10] or as ingredients or process-
ing aids and are known to have a long history of use, especially
through the use of fermented milk products [6]. The use of
probiotics as ingredients or functional foods conferring a
health benefit has gained scientific attention since the 1980s,
first in Japan then in Europe, and it has mushroomed since
2000 [4]. However, a recent suggestion hypothesized that a

widespread and haphazard ingestion of microorganisms may
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promote obesity in humans by altering the intestinal flora
balance [I1,12]. This remains controversial and probiotic
specialists reacted quickly to this bombshell [13,14], especially
the well-known and recognized International Scientific Asso-
ciation of Probiotics and Prebiotics, which was founded in
2000 [I5]. However, the discovery of a link between the
manipulation of gut microflora and obesity, as demonstrated in
mice for certain bacterial species [16], lends credibility to this
hypothesis [17]. In the present themed review, we underline
some important differences between microbial feed additives
and probiotics for food, taking into account species and strains
requirements resulting from the regulations in force and the
main literature dealing with effects in farm animals or humans,
especially body weight gain and health properties. An evalu-
ation of the significance of extrapolation of data from animal

studies to humans is presented.

Comparison of Species and Strains

Requirements in Feed/food

Both bacteria and yeast are used as microbial feed additives.
Around 20 microbial feed additives are authorized in the
European Union [9]. Depending on the animal species,
ruminant, pig or poultry, specific microorganisms are pre-
ferred, i.e. yeast (especially Saccharomyces cerevisiae) plays a
major role in ruminants, whereas Bacillus spp., Enterococcus spp.
and Lactobacillus spp. are more likely to be efficient in pigs and
poultry [18,19]. Different strains belonging to similar species
have different properties and so effects/benefits can be
different from one strain to another within the same species
[20].

According to regulation 1831/2003/EC [5], in force at the
time of writing, microorganisms are authorized as ‘zootech-
nical additives’ for feed. A zootechnical additive is ‘any additive
used to affect favourably the performance of animals in good
health or used to affect favourably the environment’. This
group includes, among others, gut flora stabilizers, a category
that includes microorganisms. Applications for approval must
follow guidelines to establish a relevant dossier [21]. Approval
is granted for a strain or a mix for which molecular
characterization and identification at species and strain levels
are needed. Zootechnical performance for at least one
characteristic must be demonstrated to obtain an authoriza-
tion for a target animal species only and more specifically for a
category of age for this species (i.e. weaning piglets, post-
weaning piglets, fattening pigs and sows) but growth enhance-
ment is not a prerequisite (the category ‘Growth Enhancers’
was deleted in EEC regulation 1831/2003 [5]). In fact these
additives ‘must affect favourably

animal  production,
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performance or welfare by affecting the gastrointestinal flora
or digestibility of feedingstuffs’ as cited in the article 5(3) of
regulation 1831/2003/EC [5]. Performance characteristics
include feed efficiency through improvement of feed conver-
sion ratio, average daily weight gain through improvement of
body weight gain (BWG), milk or egg production, carcass
composition or herd performance [22]. A scientific dossier for
the approval process is needed for each marketed product.

To put microorganisms on the feed market or to improve
their efficiency, much of the current research focuses on the
choice and the properties of a suitable strain. It is important
(but not required for the European dossier) to understand the
mode of action of probiotics in the gut. This makes it possible
to achieve a better level of control and to define appropriate
dosages for a specific target. For the choice of strains, basic in
vitro prerequisite criteria, related to identification, enumera-
tion [23,24], safety, gut survival and colonization ability, as well
as other criteria related to technological process and probi-
osis, are necessary [25]. It is worth mentioning that in general
only a few strains have the right basic profile [26] and only 19/,
become a marketable strain. This improves the accumulation
of knowledge and reinforces the quality and traceability of
those beneficial microbes and the supposed reproducibility of
a given effect at a strain level along with appropriate dose
administration. However, in spite of all of these accurate
precautions of selection, the results of probiotic supplemen-
tation are still dependent on numerous known and unknown
parameters: doses, compatibility with other additives present
in the diet, type of feeding, technology used to formulate the
diet (pelleting or not), type of animal target, quality of hygiene
in the herd and environment [27].

Regulations governing the addition of beneficial microor-
ganisms with probiotic effects to food are less stringent than
for feed; the simple fact of belonging to a species with a
known safe history of use with a Qualified Presumption of
Safety status is enough and no dossier is required. Further-
more, there is no regulation at the strain level for human
probiotics used as ingredients. Within a species with Qualified
Presumption of Safety status, many different strains can be
used whatever their phenotypic and genotypic specificities
although important genomic intraspecies variations have been
identified, for example for lactobacilli (Lactobacillus acidophilus
[28], Lactobacillus casei [29], Lactobacillus plantarum [30],
Lactobacillus  salivarius [31]). Those genomic strain-specific
diversities can provide important phenotypic differences
associated with a range of effects from adverse [32] to
positive [20]. These intra-species specificities are illustrated by
the following examples: adhesion and mucus-binding proper-
ties in Lactobacillus reuteri strains [33]; mechanisms of protec-

tion of transepithelial barrier function in L. salivarius strains

(bacteriocin and hydrogen peroxide production) [34]; and
enzymatic production such as that of a-glucosidase activity in
lactic acid bacteria, a trait considered negative for diabetic and
obese humans [35]. So knowledge of strain-specific properties
is lacking in food use and this is the main critical point for a
targeted use. This explains recent failures in validation of the
specific health claims proposed by industrial partners for these
food probiotics by the European Food Safety Agency
commission because of insufficient scientific or clinical
evidence [2,20].

Comparison of Occurrence of BWG in
Animals and Humans

As a result of the increase in livestock production, modern
methods of massive livestock rearing (i.e. intensive industrial
production) have generated many animal stresses, especially
density stress. As a result, digestive diseases have increased
and animal performances have been negatively affected [18].
Microbial adjuncts were used as diet supplements to counter-
act those performance losses. Simon et al. [36] who compiled
data from the literature published between 1973 and 2000,
found that BWG and feed conversion ratio improvements
were rare for this period of time with such supplements.
Efficiency of these microbial adjuncts can also be deduced from
the review of Bernardeau et al. [4]: from 46 published animal
trials where Lactobacillus strains were used, only ten trials
showed a significant BWG. In another review [6] where
different species and strains of probiotics were tested in
different animal trials, eight of the 33 referenced trials
presented a significant BWG. Other data gave similar results
[37]. So increase of body weight is not commonly reported
and its frequency is around 25% of published data examined
here. However, when BWG was found in the literature
(Table I) it was generally lower than or close to 10% (Table I)
as previously reported [38,39]. Recently [40], BWG was
shown to be species dependent and some species had
negligible effects on weight or reduced it; however, some
species can improve weight gain by >10%, especially Lactoba-
cillus ingluviei in chickens and ducks [41], and by >20% in fish or
shrimp (Table 1) over a reduced period of their short
industrial lifespan as defined in the regulatory guidelines [42].
This BWG is mainly a protein anabolism inducing lean meat
formation rather than a fatty weight gain [l14] and is
consequently compliant with consumer and public policy
objectives. For example, it has been demonstrated that
beneficial microbes fed to weaner and grower—finisher pigs
provide significantly higher proportions of carcasses classified

in the top two categories of the SEUROP scale (S, superior,
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TABLE I. Recent examples of beneficial microbes used in animal husbandry and having growth promotion effects

Animal target

Strains

Inclusion dose

Significant
improvement of
growth parameters
compared with
negative control

Hypothetical mode of action
proposed by authors [reference]

Poultry production

Broilers

Broilers
Broilers

Broilers

Broilers

Ducks

Pig production

Pigs

Growing-finishing
pigs
Ruminant production

Preweaning calves

Male buffalo calves
Bubalus bubalis

Aquaculture

Fish
Epinephelus coioides.

Fish
Oreochromis niloticus

Shrimp
Litopenaeus vannamei

Processed at Low/high

drying temperature
Lactobacillus acidophilus KNU 31
Bacillus subtilis KNU 42
Saccharomyces cerevisiae KNU 55
Aspergillus oryzae KNU 48
Clostridium butyricum
B. subtilis LS 1-2

L. acidophilus

B. subtilis

S. cerevisiae

Lactobacillus ingluviei CIP 102980

L. ingluviei CIP 102980

Propionibacterium freudenreichii
ssp. shermanii CIRM-BIA129

Two strains of Bacillus
licheniformis
and one strain of B. subtilis

B. subtilis natto

L. acidophilus
S. cerevisiae

S. cerevisiae P13

Rhodopseudomonas palustris
G06

B. subtilis strains, L10 and G1

LT/HT
4.0 x
4.8 x
1.0 x
43 x

10%/1.0 x 10*
10°/2.0 x 10*
10%71.2 x 10*
107/1.0 x 10°

3 x 107 CFU C. butyricum/kg of diet
0.45% in diet

107 CFU multi-microbe probiotic/kg of diet,
108 CFU multi-microbe probiotic/kg of diet,
10° CFU multi-microbe probiotic/kg of diet
4 x 10'° Lactobacillus spp. per
animal inoculated: once,
or twice
4 x 10'° Lactobacillus spp. per animal
inoculated:
once,
or twice

Pigs gavaged daily with

2 x 10" CFU of P.
freudenreichii CIRM-BIA 129
for 2 weeks

147 x 10° CFU of Bacillus
per g of supplement added
at 0.05% in diet

Daily dose of | x 10'® CFU of B.
subtilis natto

L. acidophilus and S. cerevisiae
at the dose of | x 10° and
3 x 10° and CFU/flask/kg

10%, 10° and 107 CFU kg/diet

Added to water at final concentration
of | x 107 CFU/mL every 2 days

Two different doses 10° and 10®
CFU/g feed until the end of the
experiment (8 weeks)

BWG at day 42
LT/HT
+9.0%/ +7.5%

+3.7% BWG at day 42
+8.35% BWG at day 35

+4.87% BWG at day 35
+8.28% BWG at day 35
+8.53% BWG at day 35
+10.2% BWG
+13.5% BWG

+7.7% BWG
+14% BWG

+10% BWG at day 14

G:F increased in finisher
phase and in the overall
growing-finishing period.

FE—15.5%

ADG + 12.9%

Advance the weaning age
of the calves—7.3 days

FBW + 4%

Variations compared with
control groups:

PWG (10°): +6.66%

PWG (10°): +19.9%

PWG (107): +27%

Higher final weight,

BWG +23.37% at day 40
DWG + 22.64%
SGR + 12.28%
Dose 10° CFU/g feed
FW: +36.14%
BWG: +45.60%
Dose 0% CFU/g feed
FWV: +38.95%
BWG: +53.29%

Higher gains and better feed
conversion ratios may be due to the
greater crude protein retention [64]

[65]

Greater nutrient retention and
improvement of gut health [66]

Greater apparent digestibility of
nutrients and improvement of gut
health [67]

[41]

[41]

Production of vitamins, modulation of
the intestinal microbiota or
anti-inflammatory properties [68]

Production of extracellular degrading
enzymes, better nutrient digestion
and utilization of feed; modulation
of immunity [69]

[70]

Beneficial influence on rumen
fermentation [71]

Colonize the intestines, improve FE
and growth rate, induce
upregulation of innate cellular
and humoral immune
responses, increase the
resistance to challenge by
Streptococcus sp. and iridovirus [72]

Enhance immune and health status,
thereby improving growth
performance [73]

Competitive exclusion, creation of a
hostile environment for pathogen
colonization; reduction of Vibrio spp.
populations in the gastrointestinal
tract; induction of digestive enzymes
stimulate the natural digestive
enzyme activity of the host; improve
appetite [74]

Growth parameter abbreviations: ADG, average daily gain; BWG, body weight gain; DWG, daily weight gain; F, feed; FE, feed efficiency; FBW, final body weight; G, gain; LT/HT,
low drying temperature/high drying temperature; PWG, percentage of weight gain = [100 x (final body weight — initial body weight) (initial body weight) ']; SGR, specific

growth rate.

and E, excellent: lean meat >55%) giving an additional benefit to

the farmer [43]. The mode of action of beneficial microbes is still

hypothetical (Table I) and has been reviewed in animals [44].

Human probiotics that promote health benefits have received
aboost through increasing consumer demand for such products

[45]. As a consequence, there has been extensive research,

opening up doors for the use of probiotics and in various areas

[46]. Million et al. [40] were the first to identify growth effects of
lactobacilli in humans, including infants <2 years old, lean adults

©2013 The Authors
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and overweight/obese adults, and highlighted that moderate
BWG in humans is Lactobacillus species-dependent.

Health Effects and Relation to Weight Gain
in Animals and Humans

Several studies (Table ) have highlighted the health value of
lactobacilli in pigs, poultry, cattle, fish and other animals [4].



CMI Bernardeau and Vernoux Probiotic use in feed or food and body weight gain 325

Those benefits may be a result of the active metabolites
synthesized by probiotic microorganisms, such as organic
acids, hydrogen peroxide, bacteriocins or bacteriocin-like
substances and cell-wall components, and imply their com-
mon adjuvant properties in relation to immunity [47].
Probiotic supplementation is recommended for the treat-
ment or prevention of a range of stress conditions and
diseases in a number of species submitted to intensive
rearing and promiscuity [18]. In fact, growth enhancement
effects are more likely in situations involving a stress of
some kind, as found on real farms rather than in university-
based trials, assuming that health effects and zootechnical
effects are closely related [4]. In animals, ingestion of a
supplemented diet containing selected microorganisms pre-
sented as probiotics makes it possible to counteract some of
the negative effects of stress [48,49] and leads to a
compensatory BWG. For example, in mice it was reported
that with a conventional diet, there were no significant
differences between the mice receiving and those not
receiving the probiotic supplementation, in contrast to mice
fed a sub-optimal diet (i.e. having a nutritional stress) for
which BWG was around 30% with probiotic supplementa-
tion, although the nutritional value of these microorganisms
alone is negligible [50].

The use of live bacterial cultures in the animal industry,
whether to improve resistance to specific pathogens or to
non-specifically enhance animal health, improves production
parameters [51]. This health approach, although not taken into
consideration in regulation (which targets ‘animals already in
good health’, as indicated above), is reminiscent of that
described for food probiotics for which functionality is
associated with health benefits. So, modification of feed
additive regulation to include health effects (as Welfare
additives or Product quality additives) was proposed by the
FEEDAP Panel [52] at the European level, but this approach
has not been successful to date and some hurdles were
recently identified regarding use of probiotics in feed/food [2].
In fact, regulations on feed do not consider health effects, even
if supported by consistent scientific knowledge proving health
benefits (which implicitly justify their use), because animals are
supposed to be healthy, so such regulations are not required for a
European dossier.

In food, the microbial strain used is not submitted to any
regulation and so its properties (including BWG) do not need
to be studied. However, as intended uses are for functional or
healthy properties only probiotic claims are recognized and
regulated [53] and again effect on body weight is not included.
In humans, recent papers have discussed the limits of current
studies related to the significance of the link between

probiotics and weight gain or obesity [54-56].

Significance of Animal Results for

Extrapolation to Humans

To assess the significance of animal results for extrapolation to
humans we chose to see if there were any data where the same
probiotic strain was used in both animals and humans. To our
knowledge, no beneficial microbes commercialized for feed/food
use in Europe or other world regions have been simultaneously
used both in animal husbandry and in humans, probably because
of the risk of confusing the marketed image. We therefore
focused on published data related to research (Table 2). Effects
concern mainly gut stabilization and immunity, and with a few
exceptions they are not identical for animals or humans, as
reported in the corresponding data (Table 2). Extrapolation of
farm animal results to humans is therefore biased and not
sufficient to make a conclusive argument for the existence or
not of a link between probiotics and obesity because we do not
have any sustained history of use, nor any data regarding the
same strain applied both to animals and humans.

To find an explanation for the aforementioned differences,
we addressed framework characteristics between microbials
for feed and probiotics for food because they differ greatly,
especially with regard to their conditions of use and their goals
(Table 3). In the timescale, long-term effects are also expected
from food probiotics, whereas feed microbial additives, to be
economically useful, must produce a quick response. For
example, typical industrial lifespans are 42-80 days for a
broiler chicken, around 120-200 days for shrimps, 6 months
for pigs, 18-24 months for fish, a few months for calves and a
few years for beef cattle. This duration is <5% of the entire life
expectancies of the corresponding animal species, which are
generally >10 years except for fish and shrimp (57 years). As
regards specific use in humans, safety assessment should
integrate long-term effects and consider possible chronic
effects, which were not deducible in humans on the basis of
this short-term use in animals. The stress effects linked to
lifestyle could also have a different incidence in humans, when
compared with animals because rearing in animals is exclusively
density dependent (intensive breeding) in contrast to humans
evolving in a less constrained environment.

Discussion and Conclusion

The main points identified here concerning the action of
beneficial microorganisms added to feed/food on farm animals
and humans are (i) regulations for species and strain require-
ments is not parallel in feed/food; (i) BWG is moderate in
animals and humans and not frequent; (iii) health effects in

©2013 The Authors
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TABLE 2. Effects of identical beneficial strains studied for potential use in animal production and for human consumption

(adapted from Bernardeau and Vernoux, [6] and updated)

Strains

Human applications

Animal applications

Bacillus cereus ATCC
14893 = IP 5832

Escherichia coli
Nissle 1917 (EcN)

Lactobacillus
rhamnosus GG

Lactobacillus reuteri
MM53 = ATCC 55730

Lactobacillus casei
Shirota

Bactisubtil®: probiotic medication used since 1955 under taxonomic
label Bacillus subtilis IP 5832 to treat diarrhoea, but is in fact Bacillus
cereus ATCC 14893, used in the 20th century as a feed additive
under the commercial name ‘Paciflor’ (Prodeta, Vannes, France) [75]

Adult patients with inflammatory bowel disease: a systematic review [77]

Premature infants: significantly stimulates specific humoral and cellular
responses and simultaneously induces non-specific natural immunity [78]

Children, infants and toddlers: exerts a strong immunomodulatory
effect, stops acute diarrhoea [79]

Human patients: strain frequently used for the treatment of gastrointestinal
complaints and is well tolerated [80]; significant improvement of irritable
bowel syndrome-related constipation [81]; overview of the mechanisms
of action and clinical studies related to Mutaflor (EcN) [82]

LGG®, Gefilus® and Gefilac® are trademarks of Valio Ltd. Together with
other branded products containing the same organisms; they are sold in

35 countries around the world (http://ammattilaiset.valio.fi/portal/page/
portal/valiocom)

Prenatal: prenatal administration failed to modulate diversity of early infant
gut microbiota despite promoting a beneficial bifidobacteria profile [88]

Fetal status: maternal probiotic supplementation significantly modulated the
expression of Toll-like receptor-related genes both in the placenta and in
the fetal gut. Microbial contact in utero is associated with changes in fetal
intestinal innate immune gene expression profile [89]

Extremely low-birth-weight infants (ELBW): improves growth velocity in
ELBW infants, but no improvement in the % of infants with growth delay at
34 weeks postmenstrual age, no adverse events [90]

Infants from 0 to 6 months: children grew better [59]

Indian children with acute watery diarrhoea (AWD): effective to decrease the
frequency and duration of diarrhoea and reduction in hospital stay of AWD
patients [91]

Children: abundant colonization of the gastrointestinal tract of infants from birth
up to | year of age [102]; reduction of the number of febrile episodes and
episodes of gastrointestinal infection, doctors’ visits and antibiotic use in
children [103]

Adults: significantly stimulates immune system in the mucosa by increasing
the number of B lymphocytes in the duodenum and the number of T
lymphocytes in the ileum [104]; reduce gastrointestinal illness and infections and
the incidence and the severity of diarrhoea of different origins [105]

Hospitalized adults: decreases antibiotic-associated diarrhoea and safely tolerated
when administered twice daily for 4 weeks [106]

Dairy fermented milk helping to maintain a healthy balance of the intestinal flora
and good for digestion (http://www.yakult.com.my/html/fags.html)

Smokers: higher increase in cytotoxic activity and CD16" cell numbers in
comparison to the placebo intake group [110]

Patients and cancer: review suggests that this specific strain may help the
reinforcement of defence system against cancer by modulating innate
immune functions [111]

Paciflor: strain widely used before 2003 as feed additive in
animal nutrition (Paciflor™; Prodeta) [75]

Sow and litter: administration benefits the end of pregnancy
and lactation period of sows and improves the survival and
growth of their offspring during suckling and the flat-deck
period [76].

Pigs: prevents acute secretory diarrhoea in pigs infected with
enterotoxigenic E. coli Abbotstown [83].

Piglets: EcN colonizes the intestine and persists in
conventionally reared piglets for at least 4 weeks upon oral
administration [84]

Swine: partial establishment of the strain in swine herds [85];
EcN is partially established in swine herds in Germany with
individual variability [85]

Adult healthy female pigs*: EcN administration not sufficient for
stable colonization of porcine gut but induced significant
changes in the enterobacterial microbiota [86]

Calf: clear beneficial effect on the prophylaxis and treatment of
neonatal calf diarrhoea [87]

Piglets: does not prevent or reduce the detrimental effect of
the E. coli F4 infection on the growth performance and health
status of weaned piglet [92]; effective in ameliorating
diarrhoea in post-weaning piglets induced by E. coli K88,
possibly via modulation of intestinal microflora, enhancement
of intestinal antibody defence, and regulation of production of
systemic inflammatory cytokines [93]

Horses and foals: absence of negative side effects [94]

Rainbow trout: enhancement of immune parameters [95]

Nile tilapia: important regulator of gut associated immune
systems [96]

Fish: suppression of fish pathogen growth [97]

Dogs: reduction of carriage of Clostridium perfringens [98];
absence of negative side effects and colonization at
10" CFU/g [94]; unsuccessful to treat tylosin-responsive
diarrhoea [99]

Chickens: binds to aflatoxin AFBI in vivo [100]

Calves: absence of negative side effects (as no p-lactate is
produced), survive intestinal transit in young calf [101]

Weaning pigs: produces the same body weight gain as
sub-therapeutic levels of antibiotic [107]; daily fluctuation in
specific bands of L. reuteri MM53 revealing an antagonistic
relationship between MM53 and another indigenous
Lactobacillus assemblage [108]

Chick infection model: antimicrobial activity and
immunomodulation in vitro, which were confirmed in vivo by
the use of animal models [109]

Pigs: acts on gastrointestinal tract transit, stimulate colonic
fermentation and indigenous Lactobacillus [112—114]

Rabbit: protects against Shiga toxin-producing E. coli
OI57:H7 [115]

Fish: sensitive to fish bile [97]

?Small adult pigs were used as experimental omnivore models to study human gastrointestinal functions.

animals and humans were observed and could explained the
compensatory BWG; (iv) significance of results in animals is
biased and not realistic for extrapolation to humans because of
different framework characteristics especially goal, timescale,
lifestyle and species and strain specificities.

Data on farm animals are not sufficient for the purpose of
developing a conclusive argument for or against the existence
of a link between probiotics and obesity and no one can
exclude the possibility that beneficial microorganisms with
probiotic effects may have long-term effects in humans that
cannot be seen in animals, where short-term use is the rule.

The development of food probiotics occurred at the end of
the second millennium and the epidemic of obesity in Europe
has been on the increase since the beginning of the third

©2013 The Authors

millennium [57] so there is a need for research to discover
whether a link exists. A better way to investigate this question
would be to work directly on human cohorts. From a
toxicological and nutritional point of view, and considering
recent findings on antibiotic use in early life and an associated
and inadmissibly high risk of becoming overweight [58], the at-
risk population to be taken into consideration should be
pregnant women and their babies before and after birth and
during childhood. Zwiauer [59] reported that there are limited
data from well-designed controlled studies on the growth of
infants fed formulas supplemented with probiotics. The study
also pointed out that these widely used formulas presented no
indication of negative influence on infant growth in accordance

with previous studies, which also reported a growth effect

Clinical Microbiology and Infection ©2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, 321-330
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TABLE 3. Differences between framework characteristics of

microbial feed additives and probiotics for food when applied

for animal or human nutrition (adapted from [6])

Human nutrition

Animal nutrition

Ingestion <5% of life
(duration) All life expectancy
Goal Long-term effects, health Quick response,
benefits, well being zootechnical
performance
Safety No acute or chronic No acute oral toxicity
oral toxicity
Effectiveness Difficult to assess Easy to assess
Intake Wet media Dry media
characteristics
Nutritional Daily diversity of offer Daily uniformity of offer
supply
Matrix Included in small portion As additive in mixed
of food feed
Often via fermented milk Plant material
(feed matrix)
Frequency Once per day or more 10-20 times per day
of intake

Microorganisms
(most frequent)

Number of
probiotic strains

Lactobacillus spp.,
Bifidobacterium spp.,
Enterococcus spp.

Mono- or multi-strain
products.

Enterococcus spp.,
Bacillus spp.,
Saccharomyces cerevisiae

First generation:
multi-strain

Second generation:
mono-strain

Process Organoleptic characteristics Organoleptic
(taste, aspect) important characteristics not
Non-drastic dairy technology important
Pelleting process very

drastic

Storage H4°C Room temperature

Natural habitat Digestive tract, milk products Digestive tract, soil,
fruits

Regulation None if history of use in humans  Severe

Lifestyle Variable Density stressed under

farming and sedentary
conditions

[60,61]. In France, only appropriate epidemiological surveys,
such as the current French national cohort study Elfe [62],
reinforced by the current French national study Epifane [63]
could provide answers to this crucial question of the origins
of obesity. Meanwhile, promotion of ‘pharmacovigilance’
regarding probiotics applied for human use, especially by at-
risk populations as proposed by Bernardeau and Vernoux [4],
is highly recommended and should be investigated by scientists
as well as industrialists.

Transparency Declaration

The authors declare no conflicts of interest related to this
manuscript. Comments in this review are the author’s

independent opinions.

References

I. FAO/WHO. Guidelines for the evaluation of probiotics in food. London,
Ontario, Canada: Food and Agriculture Organization of the United
Nations and World Health Organization Working Group Report,
2002. ftp://ftp.fac.org/es/esn/food/wgreport2.pdf.

20.

21.

. Morelli L. Probiotics and health claims: hurdles for new applications?

In: Kneifel W, Salminen S, eds, Probiotics and health claims. Oxford, UK:
Wiley-Blackwell, 201 1; 283-302.

. Roberfroid MB. Global view on functional foods: European perspec-

tives. Br | Nutr 2002; 88 (suppl): 133-138.

. Bernardeau M, Gueguen M, Vernoux JP. Beneficial lactobacilli in

food and feed: long-term use, biodiversity and proposals for specific
and realistic safety assessments. FEMS Microbiol Rev 2006; 30: 487—
513.

. Bernardeau M, Vernoux JP. Overview of the use of probiotics in the

feed/food chain. In: Pérez Guerra N, Pastrana CL, eds, Probiotics:
production, evaluation and uses in animal feed. Kerala, India: Biotech-
nology & Applied Biochemistry, 2010; 15-45.

. Dibner JJ, Richards |JD. Antibiotic growth promoters in agriculture:

history and mode of action. Poult Sci 2005; 84: 634-643.

. EFSA. Regulation (EC) No 1831/2003 of the European Parliament and

of the council of 22 September 2003 on additives for use in animal
nutrition. Off | Eur Union 2003; 268: 29—43.

. Koluman A, Dikici A. Antimicrobial resistance of emerging foodborne

pathogens: status quo and global trends. Crit Rev Microbiol 2013; 39:
57-69.

. Meieregger A, Mayrhuber E, Lettner HP. Probiotics and health claims:

the perspective of the feed industry. In: Kneifel W, Salminen S, eds,
Probiotics and health claims. Oxford, UK: Wiley-Blackwell, 201 1;
223-248.

. Imran M, Desmasures N, Vernoux JP. Complex microbial communi-

ties as part of fermented food ecosystems and beneficial properties.
In: Mehta BM, Kamal-Eldin A, Iwanski RZ, eds, Fermentation: effects
on food properties. Chemical & Functional Properties of Food
Components, New York: CRC Press, Taylor & Francis Group, LLC,
2012; 7-49.

. Raoult D. Human microbiome: take-home lesson on growth

promoters? Nature 2008; 454 (7205): 690-691.

. Raoult D. Probiotics and obesity: a link? Nat Rev Microbiol 2009; 7: 616.
. Ehrlich SD. Probiotics—little evidence for a link to obesity. Nat Rev

Microbiol 2009; 7: 901.

. Delzenne N, Reid G. No causal link between obesity and probiotics.

Nat Rev Microbiol 2009; 7: 901; author reply 901.

. International Scientific Association for Probiotics and Prebiotics

(ISAPP). No link between probiotics and obesity. An ISAPP response
to Raoult D. Probiotics and obesity: a link?. Nature Rev Microbiol 2009;
7:616.

. Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial ecology: human

gut microbes associated with obesity. Nature 2006; 444: 1022—-1023.

. Delzenne N, Neyrinck AM, Backhed F, Cani PD. Targeting gut

microbiota in obesity: effects of prebiotics and probiotics. Nat Rev
Endocrinol 201 1; 7: 639—646.

. Bernardeau M, Vernoux JP. Utilisation des probiotiques en alimentation

porcine et avicole. Proceedings 9éme Journée des Productions Porcines
et Avicoles « Impact de I'alimentation sur la sant€ animale : nouveaux
développements » 2009, Belgique: Université de Gembloux.

. European Union. European Union Register of Feed Additives pursuant to

regulation (EC) N°1831/2003 (release 06/09/2012) Edition 147. Health
and Consumer directorate general, Directorate G, Veterinary and
International affairs, Unit G1-Feed. 2012; Appendix 3c and 4; Annex:
List of additives.

Fukushima Y, Hurt E. Probiotics health claims in Japan and Europe. In:
Sonomoto K, Yokota A, eds, Lactic acid bacteria and bifidobacteria:
current progress in advanced research. Norfolk, UK: Caister Academic
Press, 201 1; 253-279.

EFSA. Guidance for the preparation of dossiers for zootechnical
additives. EFSA Panel on Additives and Products or Substances used in
Animal Feed (FEEDAP). European Food Safety Authority (EFSA),
Parma, Italy. EFSA J 2012; 10: 2536.

©2013 The Authors

Clinical Microbiology and Infection ©2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, 321-330



328

Clinical Microbiology and Infection, Volume 19 Number 4, April 2013

CMI

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

EFSA. Guidance for the preparation of dossiers for zootechnical
additives. Prepared by the Panel on Additives and Products or
Substances used in Animal Feed. (Question No EFSA-Q-2008-403).
Adopted on 16 July 2008. EFSA | 2008; 776: 1-17.

Coeuret V, Gueguen M, Vernoux JP. Numbers and strains of
lactobacilli in some probiotic products. Int | Food Microbiol 2004; 97:
147—-156. Erratum in: Int | Food Microbiol 2005; 105: 273.

Leuschner RG, Bew J, Domig K], Kneifel W. A collaborative study of a
method for enumeration of probiotic enterococci in animal feed. |
Appl Microbiol 2002; 93: 781-786.

Kneifel W. Probiotic products: how can they meet the requirements?
In: Kneifel W, Salminen S, eds, Probiotics and health claims. Oxford, UK:
Wiley-Blackwell, 201 1; 271-282.

Coeuret V, Gueguen M, Vernoux JP. In vitro screening of potential
activities of selected lactobacilli isolated from unpasteurized milk
products for incorporation into soft cheese. | Dairy Res 2004; 7 | : 451-460.
Gabriel I, Mallet S, Sibille P. La microflore digestive de volailles:
facteurs de variation et conséquences pour I'animal. INRA Prod Anim
2005; 18: 309-322.

Berger B, Pridmore RD, Barretto C et al. Similarity and differences in
the Lactobacillus acidophilus group identified by polyphasic analysis and
comparative genomics. | Bacteriol 2007; 189: 1311-1321.

Cai H, Thompson R, Budinich MF, Broadbent JR, Steele JL. Genome
sequence and comparative genome analysis of Lactobacillus casei:
insights into their niche-associated evolution. Genome Biol Evol 2009;
14: 239-257.

Molenaar D, Bringel F, Schuren FH, de Vos WM, Siezen R,
Kleerebezem M. Exploring Lactobacillus plantarum genome diversity
by using microarrays. | Bacteriol 2005; 187: 6119-6127.

Raftis EJ, Salvetti E, Torriani S, Felis GE, O’Toole PW. Genomic diversity
of Lactobacillus salivarius. Appl Environ Microbiol 201 1; 77: 954-965.
Tsilingiri K, Barbosa T, Penna G et al. Probiotic and postbiotic activity
in health and disease: comparison on a novel polarised ex-vivo organ
culture model. Gu 2012; 61: 1007—-1015.

Mackenzie DA, Jeffers F, Parker ML et al. Strain-specific diversity of
mucus-binding proteins in the adhesion and aggregation properties of
Lactobacillus reuteri. Microbiology 2010; |1: 3368-3378.

Miyauchi E, O’Callaghan |, Buttd LF et al. Mechanism of protection of
transepithelial barrier function by Lactobacillus salivarius: strain
dependence and attenuation by bacteriocin production. Am | Physiol
Gastrointest Liver Physiol 2012; 303: G1029-G1041.
Monteagudo-Mera A, Caro |, Rodriguez-Aparicio LB, Rua |, Ferrero
MA, Garcia-Armesto MR. Characterization of certain bacterial strains
for potential use as starter or probiotic cultures in dairy products. |
Food Prot 201 1; 74: 1379—1386.

Simon O, Jadamus A, Vahjen W. Probiotic feed additives—
effectiveness and expected modes of action. | Anim Feed Sci 2001;
10: 51-67.

Prajapati B, Shah NP. Probiotics and health claims: an Indian
perspective. In: Kniefel W, Salminen S, eds, Probiotics and health
claims. Oxford, UK: Wiley-Blackwell, 201 I; 134-148.

Anonymous. Une procédure d’homologation stricte, gage de crédibilité.
Revue de I'alimentation animale, Hors Série, Mai 1999; 6-8 ISSN 0242
6595, 1999.

Musa HH, Wu SL, Zhu CH, Seri HI, Zhu GQ. The potential benefits of
probiotics in animal production and health. | Anim Vet Adv 2009; 8:
313-321.

Million M, Angelakis E, Paul M, Armougom F, Leibovici L, Raoult D.
Comparative meta-analysis of the effect of Lactobacillus species
on weight gain in humans and animals. Microb Pathog 2012; 53:
100-108.

Angelakis E, Raoult D. The increase of Lactobacillus species in the gut
flora of newborn broiler chicks and ducks is associated with weight
gain. PLoS One 2010; 5: el 0463.

©2013 The Authors
Clinical Microbiology and Infection ©2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, 321-330

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

56.

57.

58.

59.

60.

6l.

62.

63.

EFSA. Scientific opinion. Technical guidance; tolerance and efficacy
studies in target animals. Efsa Panel on Additives and Products or
Substances used in animal feed (FEEDAP). EFSA | 201 1; 9: 2175.
Alexopoulos C, Georgoulakis IE, Tzivara A, Kyriakis CS, Govaris A,
Kyriakis SC. Field evaluation of the effect of a probiotic-containing
Bacillus licheniformis and Bacillus subtilis spores on the health status,
performance, and carcass quality of grower and finisher pigs. | Vet Med
A Physiol Pathol Clin Med 2004; 51: 306-312.

Ohashi Y, Ushida K. Health-beneficial effects of probiotics: its mode
of action. Anim Sci | 2009; 80: 361-371.

Frost & Sullivan. Probiotic market—advanced technologies and global
market (2009-2014). Markets and markets. Dallas: Frost & Sullivan,
2009; 167.

Kneifel W, Salminen S, eds, Probiotics and health claims. Oxford, UK:
Wiley-Blackwell, 201 I; 340.

Lalles JP, Bosi P, Smidt H, Stokes CR. Nutritional management of gut
health in pigs around weaning. Proc Nutr Soc 2007; 66: 260-268.
Bosi P, Trevisi P. New topics and limits related to the use of beneficial
microbes in pig feeding. Benef Microbes 2010; 1: 447-454.
Mohapatra S, Chakraborty T, Kumar V, Deboeck G, Mohanta KN.
Aquaculture and stress management: a review of probiotic interven-
tion. J Anim Physiol Anim Nutr (Berl) 2012. doi: 10.1111/j.1439-0396.
2012.01301.x. [Epub ahead of print].

Bernardeau M, Vernoux JP, Gueguen M. Safety and efficacy of
probiotic lactobacilli in promoting growth in post-weaning Swiss mice.
Int | Food Microbiol 2002; 77: 19-27.

Kenny M, Smidt H, Mengheri E, Miller B. Probiotics—do they have a
role in the pig industry? Animal 201 1; 5: 462-470.

Bories G. New paradigms for the assessment of feed additives New
perspectives for functional feed additives. Georges Bories member of
FEEDAP panel. www.recercat.net.

EFSA. Regulation (EC) No 1924/2006 of the European Parliament and
of the council of 20 December 2006 on nutrition and health claims
made on foods. Off | Eur Union 2006; L 404/9-L 404/25.

. Sanz Y, Rastmanesh R, Agostonic C. Understanding the role of gut

microbes and probiotics in obesity: how far are we? Pharmacol Res
2012; 9: S1043-S6618. (12)00208-3

. Million M, Raoult D. The role of the manipulation of the gut

microbiota in obesity. Curr Infect Dis Rep 2012. [Epub ahead of print].
Million M, Raoult D. Publication biases in probiotics. Eur | Epidemiol
2012; 27: 885-886.

Kosti RI, Panagiotakos DB. The epidemic of obesity in children
and adolescents in the world. Cent Eur | Public Health 2006; 14: 151—
159.

Trasande L, Blustein ], Liu M, Corwin E, Cox LM, Blaser MJ. Infant
antibiotic exposures and early-life body mass. Int | Obes (Lond) 201 3;
37: 16-23.

Zwiauer K. Probiotics research: the pediatric perspective. In: Kniefel
W, Salminen S, eds, Probiotics and health claims. Oxford, UK: Wiley-
Blackwell, 201 1; 178-198.

Vendt N, Griinberg H, Tuure T et al. Growth during the first 6 months
of life in infants using formula enriched with Lactobacillus rhamnosus GG:
double-blind, randomized trial. | Hum Nutr Diet 2006; 19: 51-58.
Kitajima H, Sumida Y, Tanaka R, Yuki N, Takayama H, Fujimura M.
Early administration of Bifidobacterium breve to preterm infants:
randomised controlled trial. Arch Dis Child Fetal Neonatal Ed 1997; 76:
FIOI-F107.

Vandentorren S, Bois C, Pirus C, Sarter H, Salines G, Leridon H, the
Elfe team. Rationales, design and recruitment for the Elfe longitudinal
study. BMC Pediatrics 2009; 9: 58.

Salanave B, de Launay C, Deschamps V, Castelbon K. Epifane: étude
nationale 2011-2013. Epidémiologie en France de lalimentation et de
I'€tat nutritionnel des enfants pendant leur premiére année de vie. Saint
Maurice: Institut de veille sanitaire, Université Paris |3.



CMI

Bernardeau and Vernoux Probiotic use in feed or food and body weight gain

329

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

78.

79.

80.

Shim YH, Ingale SL, Kim JS et al A multi-microbe probiotic
formulation processed at low and high drying temperatures: effects
on growth performance, nutrient retention and caecal microbiology
of broilers. Br Poult Sci 2012; 53: 482—490.

Yang CM, Cao GT, Ferket PR et al. Effects of probiotic, Clostridium
butyricum, on growth performance, immune function, and cecal
microflora in broiler chickens. Poult Sci 2012; 91: 2121-2129.

Sen S, Ingale SL, Kim YW et al. Effect of supplementation of Bacillus
subtilis LS 1-2 to broiler diets on growth performance, nutrient
retention, caecal microbiology and small intestinal morphology. Res
Vet Sci 2012; 93: 264-268.

Kim ]S, Ingale SL, Kim YW et al. Effect of supplementation of
multi-microbe probiotic product on growth performance, apparent
digestibility, cecal microbiota and small intestinal morphology of
broilers. | Anim Physiol Anim Nutr (Berl) 2012; 96: 618-626.

Cousin FJ, Foligné B, Deutsch SM et al. Assessment of the probiotic
potential of a dairy product fermented by Propionibacterium freud-
enreichii in piglets. | Agric Food Chem 2012; 60: 7917-7927.

Davis ME, Parrott T, Brown DC et al. Effect of a Bacillus-based direct-
fed microbial feed supplement on growth performance and pen
cleaning characteristics of growing-finishing pigs. | Anim Sci 2008; 86:
1459—1467.

Sun P, Wang JQ, Zhang HT. Effects of Bacillus subtilis natto on
performance and immune function of preweaning calves. | Dairy Sci
2010; 93: 5851-5855.

Malik R, Bandla S. Effect of source and dose of probiotics and
exogenous fibrolytic enzymes (EFE) on intake, feed efficiency, and
growth of male buffalo (Bubalus bubalis) calves. Trop Anim Health Prod
2010; 42: 1263-1269.

Chiu CH, Cheng CH, Gua WR, Guu YK, Cheng W. Dietary
administration of the probiotic, Saccharomyces cerevisiae PI3,
enhanced the growth, innate immune responses, and disease resis-
tance of the grouper, Epinephelus coioides. Fish Shellfish Immunol 2010;
29: 1053—1059.

Zhou X, Tian Z, Wang Y, Li W. Effect of treatment with probiotics as
water additives on tilapia (Oreochromis niloticus) growth performance
and immune response. Fish Physiol Biochem 2010; 36: 501-509.
Zokaeifar H, Balcazar JL, Saad CR et al. Effects of Bacillus subtilis on the
growth performance, digestive enzymes, immune gene expression and
disease resistance of white shrimp, Litopenaeus vannamei. Fish Shellfish
Immunol 2012; 33: 683-689.

Kniehl E, Becker A, Forster DH. Pseudo-outbreak of toxigenic Bacillus
cereus isolated from stools of three patients with diarrhoea after oral
administration of a probiotic medication. | Hosp Infect 2003; 55: 33—
38.

Alexopoulos C, Karagiannidis A, Kritas SK, Boscos C, Georgoulakis
IE, Kyriakis SC. Field evaluation of a bioregulator containing live
Bacillus cereus spores on health status and performance of sows
and their litters. | Vet Med A Physiol Pathol Clin Med 2001; 48: 137—
145.

. Jonkers D, Penders ], Masclee A, Pierik M. Probiotics in the

management of inflammatory bowel disease: a systematic review of
intervention studies in adult patients. Drugs 2012; 72: 803-823.
Cukrowska B, Lodlnova-Zadnlkova R, Enders C, Sonnenborn U,
Schulze ], Tlaskalova-Hogenovd H. Specific proliferative and antibody
responses of premature infants to intestinal colonization with
nonpathogenic probiotic E. coli strain Nissle 1917. Scand | Immunol
2002; 55: 204-209.

Henker J, Laass M, Blokhin BM et al. The probiotic Escherichia coli
strain Nissle 1917 (EcN) stops acute diarrhoea in infants and toddlers.
Eur | Pediatr 2007; 166: 311-318.

Krammer HJ, Kamper H, von Buinau R et al. Probiotic drug therapy
with E. coli strain Nissle 1917 (EcN): results of a prospective study of
the records of 3,807 patients. Z Gastroenterol 2006; 44: 651-656.

8l

82.

83.

84.

85.

86.

87.

88.

89.

90.

9lI.

92.

93.

94.

95.

96.

97.

98.

99.

100.

. Krammer HJ, Schlieger F, Harder H, Franke A, Singer MV. Probiotics
as therapeutic agents in irritable bowel syndrome. Z Gastroenterol
2005; 43: 467-471.

Jacobi CA, Malfertheiner P. Escherichia coli Nissle 1917 (Mutaflor): new
insights into an old probiotic bacterium. Dig Dis Sci 201 1; 29: 600-607.
Schroeder B, Duncker S, Barth S et al. Preventive effects of the
probiotic Escherichia coli strain Nissle 1917 on acute secretory
diarrhea in a pig model of intestinal infection. Dig Dis Sci 2006; 51:
724-731.

Barth S, Duncker S, Hempe ), Breves G, Baljer G, Bauerfeind R.
Escherichia coli Nissle 1917 for probiotic use in piglets: evidence for
intestinal colonization. | Appl Microbiol 2009; 107: 1697—1710.

Kleta S, Steinrlick H, Breves G et al. Detection and distribution of
probiotic Escherichia coli Nissle 1917 clones in swine herds in
Germany. | Appl Microbiol 2006; 101: 1357—-1366.

Smajs D, Bures |, Smarda ] et al. Experimental administration of the
probiotic Escherichia coli strain Nissle 1917 results in decreased
diversity of E. coli strains in pigs. Curr Microbiol 2012; 64: 205-210.
von Buenau R, Jaekel L, Schubotz E, Schwarz S, Stroff T, Krueger M.
Escherichia coli strain Nissle 1917: significant reduction of neonatal calf
diarrhea. | Dairy Sci 2005; 88: 317-323.

Ismail IH, Oppedisano F, Joseph S], Boyle R], Robins-Browne RM,
Tang ML. Prenatal administration of Lactobacillus rhamnosus has no
effect on the diversity of the early infant gut microbiota. Pediatr Allergy
Immunol 2012; 23: 255-258.

Rautava S, Collado MC, Salminen S, Isolauri E. Probiotics modulate
host—microbe interaction in the placenta and fetal gut: a randomized,
double-blind, placebo-controlled trial. Neonatology 2012; 102: 178—184.
Al-Hosni M, Duenas M, Hawk M et al. Probiotics-supplemented
feeding in extremely low-birth-weight infants. | Perinatol 2012; 32:
253-259.

Basu S, Paul DK, Ganguly S, Chatterjee M, Chandra PK. Efficacy of
high-dose Lactobacillus rhamnosus GG in controlling acute watery
diarrhea in Indian children: a randomized controlled trial. J Clin
Gastroenterol 2009; 43: 208-213.

Trevisi P, Casini L, Coloretti F, Mazzoni M, Merialdi G, Bosi P. Dietary
addition of Lactobacillus rhamnosus GG impairs the health of Escherichia
coli F4-challenged piglets. Animal 201 1; 5: 1354—1360.

Zhang L, Xu YQ, Liu HY et al. Evaluation of Lactobacillus rhamnosus
GG using an Escherichia coli K88 model of piglet diarrhoea: effects on
diarrhoea incidence, faecal microflora and immune responses. Vet
Microbiol 2010; 2: 142—148.

Weese ]S, Anderson ME. Preliminary evaluation of Lactobacillus
rhamnosus strain GG, a potential probiotic in dogs. Can Vet | 2002;
43: 771-774.

Nikoskelainen S, Ouwehand AC, Bylund G, Salminen S, Lilius EM.
Immune enhancement in rainbow trout (Oncorhynchus mykiss) by
potential probiotic bacteria (Lactobacillus rhamnosus). Fish Shellfish
Immunol 2003; 15: 443-452.

Pirarat N, Pinpimai K, Endo M et al Modulation of intestinal
morphology and immunity in nile tilapia (Oreochromis niloticus) by
Lactobacillus rhamnosus GG. Res Vet Sci 2011; 91: 92-97.
Nikoskelainen S, Salminen S, Bylund G, Ouwehand AC. Character-
ization of the properties of human- and dairy-derived probiotics for
prevention of infectious diseases in fish. Appl Environ Microbiol 2001;
67: 2430-2435.

Rinkinen M, Jalava K, Westermarck E, Salminen S, Ouwehand AC.
Interaction between probiotic lactic acid bacteria and canine enteric
pathogens: a risk factor for intestinal Enterococcus faecium coloniza-
tion? Vet Microbiol 2003; 2: 111-119.

Westermarck E, Frias R, Skrzypczak T. Effect of diet and tylosin on
chronic diarrhea in beagles. | Vet Intern Med 2005; 19: 822-827.
El-Nezami H, Mykkanen H, Kankaanpaa P, Salminen S, Ahokas ].
Ability of Lactobacillus and Propionibacterium strains to remove

©2013 The Authors

Clinical Microbiology and Infection ©2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, 321-330



330 Clinical Microbiology and Infection, Volume 19 Number 4, April 2013

CMI

aflatoxin B, from the chicken duodenum. J Food Prot 2000; 63: 549—
552.

101. Ewaschuk B, Naylor JM, Chirino-Trejo M, Zello GA. Lactobacillus 109.

rhamnosus strain GG is a potential probiotic for calves. Can J Vet Res
2004; 68: 249-253.
102. Abrahamsson T, Jakobsson T, Sinkiewicz G, Fredriksson M, Bjorkstén

B. Intestinal microbiota in infants supplemented with the probiotic 110.

bacterium Lactobacillus reuteri. | Ped Gastroenterol Nutr 2005; 40: 692;
abstract PN [-17.

103. Weizman Z, Asli G, Alsheikh A. Effect of a probiotic infant formula on 1.

infections in child care centers: comparison of two probiotic agents.
Pediatrics 2005; | 15: 5-9.

104. Valeur N, Engel P, Carbajal N, Connolly E, Ladefoged K. Colonization 112.

and immunomodulation by Lactobacillus reuteri ATCC 55730 in the
human gastrointestinal tract. Appl Environ Microbiol 2004; 70: | 176—1181.
105. Connolly E. Lactobacillus reuteri ATCC 55730 A clinically proven

probiotic. Nutrafoods 2004; 3: 15-22. 113.

106. Cimperman L, Bayless G, Best K et al. A randomized, double-blind,
placebo-controlled pilot study of Lactobacillus reuteri ATCC 55730 for

the prevention of antibiotic-associated diarrhea in hospitalized adults. 114.

J Clin Gastroenterol 201 1; 45: 785-789.
107. Mackie RI. Probiotics as an alternative to antibiotics in the diet of weaning
pigs. Research program 2001-2004. 2004 University of lllinois at

urbana-Champaign; project number 02E-092-3. 115.

108. Simpson JM, McCracken V|, Gaskins HR, Mackie RI. Denaturing
gradient gel electrophoresis analysis of 16S ribosomal DNA amplicons
to monitor changes in fecal bacterial populations of weaning pigs after

©2013 The Authors

introduction of Lactobacillus reuteri strain MM53. Appl Environ Microbiol
2000; 66: 470547 14.

Zhang D, Li R, Li . Lactobacillus reuteri ATCC 55730 and L22 display
probiotic potential in vitro and protect against Salmonella-induced
pullorum disease in a chick model of infection. Res Vet Sci 2012; 93:
366-373.

Reale M, Boscolo P, Bellante V et al. Daily intake of Lactobacillus casei
Shirota increases natural killer cell activity in smokers. Br | Nutr 2012;
108: 308-314.

Nanno M, Kato |, Kobayashi T, Shida K. Biological effects of
probiotics: what impact does Lactobacillus casei shirota have on us?
Int | Immunopathol Pharmacol 201 1; 24 (Suppl 1): 455-50S.

Ohashi Y, Tokunaga M, Ushida K. The effect of Lactobacillus casei
strain Shirota on the cecal fermentation pattern depends on the
individual cecal microflora in pigs. | Nutr Sci Vitaminol (Tokyo) 2004; 50:
399-403.

Ohashi Y, Umesaki Y, Ushida K. Transition of the probiotic bacteria,
Lactobacillus casei strain Shirota, in the gastrointestinal tract of a pig.
Int | Food Microbiol 2004; 96: 61-66.

Ohashi Y, Inoue R, Tanaka K, Matsuki T, Umesaki Y, Ushida K.
Lactobacillus casei strain Shirota-fermented milk stimulates indigenous
Lactobacilli in the pig intestine. | Nutr Sci Vitaminol (Tokyo) 2001; 47:
172-176.

Ogawa M, Shimizu K, Nomoto K et al. Protective effect of Lactoba-
cillus casei strain Shirota on Shiga toxin-producing Escherichia coli
O157:H7 infection in infant rabbits. Infect Immun 2001; 69: 1101—
1108.

Clinical Microbiology and Infection ©2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 19, 321-330



