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Probiotics and prebiotics in infant formula

Probiotiki in prebiotiki v mlec¢nih formulah za dojencke

Yvan Vandenplas,' Abdallah Ghanma,** Johan Franckx,® Stefaan Peeters,* Michel

Pletincx,® Bruno Hauser®

Abstract

The gastrointestinal flora of breast-fed infants
and those on classic standard infant formula dif-
fers. While mother’s milk is rich in prebiotic oli-
gosaccharides and also contains some probiotics,
a standard infant formula contains none of both.

There is evidence that addition of pro- and pre-
biotics bring the gastrointestinal (GI) flora com-
position of formula-fed infants closer to that of
breastfed infants. However, there is only limited
evidence that these changes in GI flora induce
a health benefit. Almost no adverse effects have
been shown.

Pre- and probiotics are added to infant formula
because they are present in mother’s milk, and
since the risk for adverse events seems minimal
to non-existent. The evidence of a relevant clini-
cal benefit is limited. However, since most stu-
dies suggest a trend for beneficial effects (which
differs from study to study and which is most of
the time insignificant) and since these ingredi-
ents are very safe, most infant formula compa-
nies do add prebiotics or probiotics, or both, to
infant formula.

Izvleéek

Dojeni dojencki imajo druga¢no ¢revesno floro
kot tisti, ki so hranjeni z mle¢no formulo. Med-
tem ko je materino mleko bogato s prebioti¢nimi
oligosaharidi in vsebuje tudi probiotike, jih obi-
¢ajne mle¢ne formule nimajo.

Dokazano je, da dodatek pre- in probiotikov
povzroci, da se ¢revesna flora dojenckov, hra-
njenih z mle¢nimi formulami, pribliza flori, ki
jo imajo dojeni otroci. Vendar so dokazi, da so
te spremembe tudi koristne za zdravje, omejeni.
Stranskih uc¢inkov prakti¢no nimajo.

Pre- in probiotike dodajajo mle¢nim formulam,
ker so prisotni tudi v materinem mleku in ker
je tveganje za stranske ucinke zelo majhno ali ga
celo ni. Dokazi za pomemben klini¢ni u¢inek so
omejeni. Vendar kaze vecina raziskav trend kori-
stnih uc¢inkov (kar se sicer razlikuje med raziska-
vami in vec¢inoma ni statisticno pomembno) in
ker so tovrstni dodatki zelo varni, ve¢ina podjetij
dodaja prebiotike ali probiotike oz. kar oboje v
mle¢ne formule za dojencke.

Introduction

The gastro-intestinal (GI) flora can be
considered an organ within an organ con-
tributing to host nutrition, developmental
regulation of intestinal angiogenesis, pro-
tection from pathogens and development of
the immune response. It is well known that
GI flora develops differently in breastfed
and formula-fed infants.” There are many
aspects in the composition of mother’s milk
and cow’s milk that contribute to these dif-
ferences, such as the carbohydrate, protein,

iron and phosphorus content. Prebiotic oli-
gosaccharides are the third most prevalent
component in mother’s milk, and they are
virtually absent in cow’s milk. Prebiotic oli-
gosaccharides are “bifidogenic”

Some selected probiotic strains are pre-
sent in mother’s milk in small amounts. Pro-
biotics are non-pathogenic live micro-or-
ganisms that, when consumed in adequate
amounts, have a positive effect on the health
of the host. There are minimum require-
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ments for a status of “probiotic microorga-
nism” which include:® i) the assessment of
strain identity (genus, species, strain level);
ii) in vitro tests to screen potential probio-
tic strain’s activity; iii) assessment of safety
and in vivo studies for substantiation of he-
alth effects in the target host. Probiotics are
considered to be safe in ambulatory care in
non-immunocompromised patients.

Only these commercialized products for
which convincing data are available can be
recommended for medical use. Since some
commercialized products are combinations
of different strains, clinical testing of each
product or infant formula is mandatory.
Moreover, dosage and duration of admi-
nistration should be taken into account as
different doses and different durations may
have opposite effects.*

Prebiotics are non-digestible food ingre-
dients that stimulate the growth and/or ac-
tivity of bacteria in the digestive system in
ways claimed to be beneficial to health. In
infant formula, mostly galacto-oligosaccha-
rides (GOS) and/or fructo-oligosaccharides
(FOS) are used. The majority of research
done on prebiotics is based on full-spectrum
prebiotics.

A major shortcoming of infant formula
studies is their different definitions of outco-
mes.” There is a need for well-designed and
carefully conducted randomized controlled
trials, with relevant inclusion/exclusion cri-
teria and adequate sample sizes.” These stu-
dies should use validated clinical outcome
measures.’

Probiotics or prebiotics?

The addition of prebiotics is intended to
result in a bifidogenic effect on the GI flora
of the host. This effect is per definition glo-
bal. However, not all prebiotics are the same.
Short-chain prebiotics are mainly fermented
in the caecum and colon ascendens. Long
chain oligosaccharides are fermented in the
entire colon. As a consequence, prebiotics
change the GI flora composition. Probiotics,
on the contrary, are specific strains that are
additional to the GI flora of the host.

Alterations of the maternal GIT micro-
biota composition via supplementation
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with probiotics and prebiotics have been
shown; however, transfer of these benefits to
the offspring remains to be demonstrated.’
This review focuses on the influence of ma-
ternal GIT microbiota during the pre- and
postpartum periods on the colonization of
the infant GIT.° Not only pre- and probiotics
determine the GI flora composition, but. Li-
pids (B-palmitate) do too.” Protein, as well as
the source (whey, alpha-lactalbumin) quan-
tity, lactose, low phosphor and iron have a
bifidogenic effect.

There are a number of studies on the ef-
fect of probiotics added to infant formula.
They do not lower the incidence of diarrho-
ea, colic, spitting up / regurgitation, crying,
restlessness or vomiting.® Probiotics in for-
mula also fail to have any significant effect
on growth, stool frequency or consistency.

Prebiotics in formula increase weight
gain but had no impact on length or head
circumference gain.® Prebiotics increase
stool frequency but have no impact on stool
consistency, the incidence of colic, spitting
up / regurgitation, crying, restlessness or
vomiting.® The quality of evidence is com-
promised by imprecision, inconsistency of
results, use of different study designs and
publication bias.® As a consequence, the evi-
dence for benefit of synbiotics added to in-
fant formula is equally limited.

Necrotizing enterocolitis (NEC)

NEC is a severe condition occurring
especially in preterm babies. Abnormal ga-
strointestinal flora development has been
hypothesized as one of the possible etiolo-
gic factors. The first publication reporting
that L. acidophilus and B. infantis reduced
NEC dates back to 1999.° Shortly afterwards,
oligofructose was not shown to decrease
NEC," which was followed by a negative
study showing that seven days of L. GG su-
pplementation starting with the first feed
was not effective in reducing the incidence
of urinary tract infection, NEC and sepsis in
preterm infants.'! Then, several randomized
trials with different lactobacilli and bifido-
bacteria showed a significant reduction in
the development of NEC.'»"* Although S.
boulardii was shown to ameliorate hypoxia/
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reoxygenation-induced NECs in young
mice,'* it did not protect against NEC in
infants.'> A Cochrane review in 2008 con-
cluded that enteral probiotic supplementa-
tion reduced the incidence of NEC Stage II
or more and mortality rates.'® No systemic
infections or serious adverse events were
directly attributed to the administered pro-
biotic microorganism.’® According to the
published trials, the number need to treat
or to prevent one case of NEC is 21 and 27
respectively.'® However, the centers in whi-
ch these trials have been performed have a
much higher incidence of NEC than most
European or North American centers. The
recommendation may be different in centers
with a high incidence of NEC in which the
other measures to decrease NEC are difficult
to apply. The updated Cochrane review from
2011 comes to different conclusions: enteral
supplementation of probiotics prevents se-
vere NEC and reduces all-cause mortality
in preterm infants.'” The updated review of
the available evidence supports a change in
practice. More studies are needed to assess
efficacy in ELBW infants and assess the most
effective formulation and dose to be utili-
zed.'” The debate whether probiotics should
be given to preterms routinely or not is still
going on. The American Pediatric Surgical
Association Outcomes and Clinical Trials
Committee systematic review concluded
in 2012 acknowledges that recent Cochra-
ne reviews support the use of prophylactic
probiotics in preterm infants weighing less
than 2500 grams to reduce the incidence of
NEGC, as well as the use of human breast milk
rather than formula when possible. There is
no clear evidence to support delayed initiati-
on or slow advancement of feeds.'® However,
an expert group of nutritionists and neona-
tologists concluded that there is insuffici-
ent evidence to recommend routine use of
probiotics to decrease NEC." According to
this group, there is encouraging data, which
justifies further investigations regarding the
efficacy and safety of specific probiotics in
the circumstances of a high local incidence
of severe NEC."” According to others, the
available evidence is still too limited to re-
commend probiotics to reduc NEC.*° Other
experts suggest that it may be unethical not

to give probiotics to preterm babies to dec-
rease NEC.*!

Allergy and atopic dermatitis

The use of GOS/FOS in dietary products
was shown to possibly provide an opportu-
nity to stimulate the adaptive immune re-
sponse in a Thi-direction and subsequently
inhibit infections and Th2-related immune
disorders in humans, eg. allergies.** Prebio-
tics were shown to reduce immunoglobulin-
-free light-chain concentrations in infants at
risk for allergy.?® Simultaneous pro- and pre-
biotic treatment (a mixture of 4 strains and
GOS) given to pregnant women during 2—4
weeks before delivery and to infants during
6 months compared with placebo showed
no effect on the cumulative incidence of al-
lergic diseases at the age of 2 years but ten-
ded to reduce IgE-associated (atopic) disea-
ses since a significant reduction of (atopic)
eczema was noticed.** However, Taylor and
coworkers challenge the role of probiotics in
allergy prevention since they recorded that
early probiotic supplementation with L aci-
dophilus did not reduce the risk of AD in hi-
gh-risk infants and was even associated with
increased allergen sensitization in infants
receiving supplements.?® A Cochrane review
from 2007 concluded that there was insuffi-
cient evidence to recommend the addition
of probiotics to infant feeds for prevention
of allergic disease or food hypersensitivity.*®
Although there was a reduction in clinical
eczema in infants, this effect was not consi-
stent between studies and caution was advi-
sed in view of methodological concerns re-
garding the studies included.?® However, the
efficacy of probiotic intervention to reduce
atopic dermatitis and/or allergic disease
may depend on the moment of intervention.
Preventive administration of probiotics may
only be effective if given during pregnancy.
Probiotics given to nonselected mothers re-
duced the cumulative incidence of AD, but
had no effect on atopic sensitization.”” A
recent meta-analysis showed that the admi-
nistration of lactobacilli during pregnancy
prevented atopic eczema in children aged 2
to 7 years.”® However, a mixture of various
bacterial strains does not affect the deve-
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lopment of atopic eczema, independent of
whether they contain lactobacilli or not.*®
Lactobacillus rhamnosus HNoo1 was repor-
ted effective against eczema in the first 2 ye-
ars of life, the effect persisting upto 4 years of
age, while Bifidobacterium animalis subsp
lactis HNo19 had no effect.?® Therefore, not
only timing of administration but also strain
specificity seems to be important. However,
timing of administration and strain specifi-
city were then again contradicted in the me-
ta-analysis by Pelucchi and coworkers, being
in support of a moderate role of probiotics
in the prevention of atopic dermatitis and
IgE-associated atopic dermatitis in infants,
but regardless of the time of probiotic use
(pregnancy or early life) or the subject(s) re-
ceiving probiotics (mother, child, or both).*
Being somewhat contradictory, the data on
probiotics and allergy require further cla-
rification. It might be that geographical or
genetic differences play a detrimental role,
especially for atopic dermatitis.

In a large study of 259 high risk infants,
prebiotic supplements to formula feeding
reduced the development of atopic derma-
titis at the age of 6 months.>* However, sys-
tematic reviews failed to prove the efficiency
of prebiotics in atopic dermatitis preventi-
on.*?

Recently, in a double-blind, placebo-
-controlled multi-centre trial, 9o infants
with atopic dermatitis, aged <7 months,
were randomized to receive an infant for-
mula with B. breve M-16V and a mixture
of short-chain GOS and long-chain FOS, or
the same formula without synbiotics during
12 weeks.>® There were no significant diffe-
rences between the synbiotic and the pla-
cebo group.’® The same group showed that
synbiotics prevent asthma-like symptoms in
infants with atopic dermatitis.** At the same
time, another group reported that a synbio-
tic combination of L. salivarius plus FOS is
superior to the prebiotic alone for treating
moderate to severe childhood AD.*

While some studies with probiotics as a
treatment for atopic dermatitis show a bene-
fit,*® most studies are negative.
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Colic

Colic is a frequent problem in infants and
often parents are desperate for a solution. In
this indication, the effect of L. reuteri has
been exhaustively studied in breastfed in-
fants.>*"*! However, there are no data with L.
reuteri in formula fed babies. Dupont et al.
reported efficacy of another probiotic strain
in formula fed infants.** There are very limi-
ted data with prebiotics in the prevention or
treatment of colic. One study suggests oligo-
saccharides may contribute to an improved
intestinal comfort.**

Safety and side effects

Probiotics have a long record of safety,
which relates primarily to lactobacilli and bi-
fidobacteria.** Experience with other forms
of probiotic is more limited. There is no such
thing as zero risk, particularly in the context
of certain forms of host susceptibility.** Pro-
biotics are “generally regarded as safe” and
side-effects in ambulatory care have almost
not been reported. Large-scale epidemiolo-
gical studies in countries where probiotic
use is endemic demonstrate (in adults) low
rates of systemic infection, between 0.05 and
0.40 %.*> Administration during pregnancy
and early infancy is considered safe.*® Pro-
biotic compounds may contain hidden aller-
gens of food and may not be safe for subjects
with allergy to cow’s milk or hens eggs.*’
Documented invasive infections have been
primarily noted to occur in immuno-com-
promised adults.*® Invasive infections in
infants and children are extremely rare.**™°
Two cases of bacteriemia attributable to
Lactobacillus supplementation, with identi-
cal molecular clinical and supplement isola-
tes, were recently reported in an infant and
a child without underlying gastrointestinal
disease or immuno-compromised status.>!
Sepsis with probiotic lactobacilli has been
reported in children with short gut. Recen-
tly, the occurrence of plasmid transfer of an-
tibiotic resistance has been shown to be cli-
nically possible. Long-term use of probiotics
under antibiotic selection pressure could
cause antibiotic resistance, and the resistan-
ce gene could be transferred to other bac-
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teria.>® Translocation from the gastro-inte-
stinal tract into the systemic circulation has
not been reported. There is poor public un-
derstanding of the concept of risk, in gene-
ral, and risk/benefit analysis, in particular.**
Uncertainty persists regarding the potenti-
al for transfer of antibiotic resistance with
probiotics, but the risk seems to be low with
currently available probiotic products.** As
with other forms of therapeutics, the safety
of probiotics should be considered on a stra-
in-by-strain basis.** The potential benefits of
supplementation should be weighed against
the risk of development of an invasive infec-
tion resulting from probiotic therapy.

Conclusion

There is not enough evidence to state
that supplementation of term infant formula
with synbiotics, probiotics or prebiotics does
result in relevant clinical benefit.* However,
many studies show some advantages. Since
pro- and prebiotics are present in mothers’
milk, and since their addition to infant for-
mula is safe, there seems to be no reason to
not add them in infant formula, although-as
said-the evidence for a benefit of doing so
is limited. Future research has to focus on
specificity, safety, dosage, and combinations.
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