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reast milk is the optimal nutrition source for

infants and exclusive breastfeeding from birth to

4-6 months is encouraged by pediatric societies

worldwide. Infant formula plays a positive role
in providing adequate nutrition when breastfeeding is not
possible, or mothers have elected not to do so. Parents’
selection of infant formulas is driven by stronger awareness
that infancy is the most critical window of opportunity to
shape a child’s long-term health outcomes. The plethora
of infant nutrition products available results in mounting
concern for selecting the “right” product. Which formula-
tion will provide targeted health benefits such as cognitive,
bone, immune or digestive health? Furthermore, parents
are becoming increasingly aware of the health benefits of
probiotics. How can I give my baby probiotics? What makes
one probiotic better than others?

Worldwide probiotic consumption is on the rise; with the
global probiotic market projected to reach $74.7 billion
over the next decade (1). Probiotic consumption via food is
the largest piece of the proverbial pie at 70%, however the
fastest growth in the probiotic market is seen in supplements
(2). According to Lux Research, infant formula contain-

ing probiotics is projected to attain a market size of $17.3
billion by 2024 (3).Infant probiotic products are a unique
and relatively untapped domain within this industry, paving
the way for exciting opportunities in product development.
The market for infant formula has expanded over the past
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decade and competition is high amongst leading manu-
facturers to make claims that differentiate their products
from others. Ingredients like probiotics that were previous-

“We have to make sure that
what we are doing in that first
year of life 1s beneficial down

the road.”

— Gregor Reid, Canadian Research and

Development Centre for Probiotics

ly considered components of specialty formulas are now
included in commercially-available formulations and the
need for well-substantiated claims is vital. This white paper
will examine the regulatory climate, the evidence base and
current claims surrounding probiotics in infant formula and
present the gaps in knowledge for probiotic supplementa-
tion in infants.
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It is important to first understand that claims are evaluated
against how they may influence breastfeeding practices, a
viewpoint on which all international pediatric societies are
aligned in promoting breastfeeding as the gold standard

of infant nutrition. Any claim that implicitly or explicitly

“While we have come to understand
that companies manipulate consum-
ers’ emotional responses to sell a
variety of products, this behavior is
especially unethical when it comes to
the health of vulnerable babies”

— Nusa Urbancic, campaigns director for the Changing Markets

Foundation

suggests a product is superior or equivalent to breast milk
violates the 1981 World Health Organization’s Inter-
national Code of Marketing of Breast-Milk Substitutes

(4). Furthermore, marketing claims that are perceived to
promote early weaning or interfere with breastfeeding are
also not permitted. Many developed nations adhere to this
code, however according to the latest update of UNICEF’s
“state of the code by country”, the United States has taken
no official action to implement the code (5). National and
international standards render the infant food product
sector one of the most rigorously regulated food sectors in
the world. Claims on probiotic products are under a great
deal of scrutiny to ensure benefits are not overstated as the
“newborn” is an especially vulnerable stage where critical
growth and developmental processes are occurring,

In September 2016, the Food and Drug Administration
(FDA) released a Draft Guidance for Industry: Substantia-
tion for Structure/Function Claims Made in Infant Formu-
la Labels and Labeling (6), which highlights the need for
appropriately designed clinical trials of sufficient sample
size to demonstrate meaningful clinical outcomes, for the
indication studied, for claim substantiation. This followed a
report stating that the majority of claims on infant for-
mula products, including probiotic-containing formulas,
available in the United States were not based

on evidence deemed acceptable by the FDA (7).
Although pre-approval for structure/function
claims for infant formula is not required, the
claim must be truthful and not misleading (7).
In Canada, infant formula is subject to the spe-
cific mandatory nutrient requirements set out
under Division 25 of the Food and Drug Reg-
ulations, which states: all infant formulas meet
basic nutrient requirements and therefore one
cannot be superior to the other (8). Regarding
probiotics, Health Canada (HGC) currently has
not accepted any strain-specific claims but has
published a list of acceptable structure/function
probiotic claims (9).

The European Food Safety Authority (EFSA)

does not provide any recommendations per-

taining to probiotics in infant formula in the
current 2017 Guidance on the risk assessment of substanc-
es present in food intended for infants below 16 weeks of
age (10). Currently, probiotics have failed to achieve health
claims in Europe, both on infant and adult products alike.
Some European infant formula brands, for example HiPP,
have formulations containing probiotics but are marketed
without associated claims.

The classification of a probiotic is determined mainly by
its intended use; food or food ingredient, medical food,
dietary supplement, and drug or biological product (11).
With regards to current products and classifications,
Infloran and FloraBaby are probiotics used in neonatal
intensive care units in Australia and Canada respective-
ly and are classified as a drug as they are required to be
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administered under the supervision of a physician. Infant
formulas with an added probiotic are classified as a food
and commercially-available probiotic drops for babies are
categorized as a dietary supplement.

Successful claims have been made for probiotic-containing
infant formulas. “Strengthen the body’s defense system”,
“caring for the digestive system” “probiotic that contributes
to healthy gut flora” are examples of some of the current
claims in the probiotic marketplace in Canada and the

US. Mead Johnson Nutramigen with Enflora™ LGG®
contains L. rhamnosus and claims to help avoid an immune
system response “for the dietary management of cow’s milk
allergy”; Gerber contains L. reuteri with the claim that it
“will reduce crying time”; and Nestle Good Start contains
B. Lactis with the claim that the “Probiotic contributes to
your baby’s healthy gut flora. A healthy gut flora is part of
an overall part of a healthy gut”.

High quality scientific research serves as the foundation

on which a successful claim is built. Taking Mead Johnson
Nutramigen with Enflora™ LGG® for example, the first
claim relating to allergy, “Help infants consume milk pro-
tein without an allergic response in as early as 6 months of
feeding” is substantiated by citing a randomized controlled
trial (RC'T) in 69 infants that evaluated the effect of that
particular probiotic strain on results of skin prick tests, ato-
py patch tests, and a full clinical evaluation (12). The second

allergy-related claim, “Helps reduce the likelihood of other
allergic manifestations by ~50% at 3 years of age” was at-
tributed to results of a 3-year RC'T in 220 infants (13). Both
studies were published in peer reviewed medical journals.
Other infant probiotic products that have successful claims
are those that are not coupled with an infant formula prod-
uct (i.e. Jamieson and BioGaia oral probiotic drops). Liquid
probiotic drops can be provided to infants directly through
the mouth, dropped onto the breast before a feeding or
added to infant formula. In this sense, they are considered
complimentary feeding products and thus do not promote
infant formula over breastfeeding, thereby abiding by the
1981 WHO code. Successful claims on oral probiotic drops
include “probiotic drops for colic and digestive comfort” on
BioGaia ProTectis Baby drops and “helps support gastroin-
testinal health” on Jamieson Probiotic Baby drops.

The complex and dynamic ecosystem of microorganisms
in our gut, known as the microbiome, play a major role in
directing bodily processes and overall health from birth.
The neonatal period represents a critical window for devel-
opment of the gut microbiota in infants. The developing
infant microbiome is extremely sensitive to disruptions in
the first year of life that have a lasting impact on health

in later life (14). Probiotics, the “good” bacteria, help to
promote a balance of bacteria in the intestines and combat
the growth of “unfriendly” organisms capable of causing
infections and inflammation. The role of probiotics as part
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of an infant nutrition regimen is to repair deficiencies in
gut microbiota and restore the protective effect of beneficial
bacteria.

Scientific evidence exists to support a beneficial role for
probiotics in early infant nutrition regimens (15) however
whether the positive health effects are mediated via the
presence or absence of specific species, overall diversity or
both deserves further exploration. The gaps in knowledge
described below can inform the design of clinical trials for
targeted probiotic products in the infant arena.

Allergies. Recent research suggests that the microbiome of
children with allergies is different from that of those who
do not demonstrate allergies. The development and direc-
tion of the immune response in infants is largely dictated
by exposure to microbes (16,17). Given that the immune
system 1s involved in the allergic response, there may be an
association between the bacterial species present in the gut
and in the development of allergies. The role for probiotics
in early infancy has not been elucidated yet, however some
initial results of development of eczema and probiotic
supplementation and indicate potential benefits for use in
allergies (18,19).

Infant colic. Probiotics, specifically a strain of L. reuteri,
has been shown to reduce inconsolable crying and fussing
in breastfed, colicky infants (20—22). The mechanism under-
lying this effect is not fully understood and is a relatively
underexplored area with great promise.

Infections. L. fermentum is a probiotic strain isolated from
human milk and has been evaluated as a preventive mea-
sure against infection in infants. In an RCT infant formu-
la supplemented with L. fermentum in 215 infants 6-12
months of age had significantly less gastrointestinal and
upper respiratory tract infections (23). Similar results were
obtained with the same probiotic strain in a formula admin-
istered to 126 infants aged 1-6 months old in that the rate
of gastrointestinal infections was higher in the group that
did not receive the probiotic (24). Further investigation into
how L. fermentum supplementation reduces gastrointesti-
nal and upper respiratory tract infections is warranted.

Necrotizing enterocolitis (NEC) in preterm infants. NEC,
an inflammatory bowel disease, is one of the leading causes
of death in premature infants (25). NEC is characterized by
a low bacterial diversity and a lower proportion of benefi-
cial bacteria such as Lactobacilli and Bifidobacteria. Probi-
otics have been reported to reduce the incidence of NEC as
well as all-cause mortality (25,26). Probiotic administration
is part of standard clinical practice in neonatal intensive
care units in some countries such as Canada and Australia.
The gastrointestinal benefits of probiotics for both preterm
and full-term infants remain to be determined, specifically

i

which strains exert benefits and if there is a gestational
age-dependent effect.

Opverall health. Currently, the bulk of research is focused
on the efficacy of probiotics on specific health outcomes

or singular health focuses, such as “digestive health” or
“Immune support”. Given the multi-factorial effects of pro-
biotic supplementation, it is surprising that such a paucity
of research has been conducted on the efficacy of pro-
biotics in a more global context. Feeding habits, growth,
digestive symptoms and cognition are all aspects of infant
health that are likely to be influenced by the microbiome
and thus, a probiotic and therefore deserve more attention.
One study in the US provides some insight into probiotics
and general infant health, where two levels of probiotic
supplementation (high and low) and a formula without
probiotics were evaluated in 118 infants for 18 months (27).
Less colic and irritability and fewer prescriptions for antibi-
otics were reported in the infants receiving probiotics, and
no adverse events were reported for any of the formulas.
The overall health effect of probiotics in the absence of a
condition such as colic, allergies or infection remains to be
explored.

From a claims perspective, probiotics are a burgeoning
area in the infant nutrition market. High quality clinical
trial data generated through RC'T5, the gold standard in re-
search, are urgently needed to provide safe and efficacious
infant probiotic products into the infant market.
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Factors shaping
the infant microbiome

While it has long been accepted that development of the
human microbiome begins from birth, this belief has been
challenged by studies reporting the presence of microbes
in the placenta (28—30). Research is required to determine
firstly which microorganisms are residents versus invaders,
secondly what defines a “healthy placental microbiome”
and thirdly the role that the placental microbiome plays
in colonization of the infant microbiome. This knowledge
may aid in the future development of probiotic products
specific to pregnancy that contribute to a healthy placen-
tal flora and beneficial outcomes for the infant in the long
term.

Colonization of the infant’s microbiome continues immedi-
ately after birth; in as soon as twenty minutes after delivery,
the baby’s microbiome either resembles the mother’s vag-
inal microbiota if delivered vaginally or it contains organ-
isms commonly found on skin or in a hospital environment
if the infant was born via Caesarean section (31-34).
Diversity increases linearly with exposure to the mother’s
body, to pets and other human contacts, objects present in
the infant’s environment and their diet (35,36). Fecal sample
collection as part of an infant case study revealed that
significant changes in gut microbiota composition were ap-
parent at five major time points over a 2.5 year period (35).
These major changes corresponded with the ingestion of
breast milk, a fever at day 92, first introduction of rice ce-
real at day 134, formula feeding and table foods at day 161,
and antibiotic treatment and adult-like diet at day 371 (35).
Each of these events was accompanied by an enrichment of
bacterial species and corresponding genes associated with
different digestive functions such as vitamin biosynthesis
and polysaccharide digestion (35). While individual infants
display differences in presence and abundance of species
over time, the consortia is not random which suggests mi-
crobial plasticity. The species within the microbiota depend
both on each other and on the environment.

Twenty-four-hour patterns, known as circadian rhythms,
regulate behavior, organs, cellular function and can even
mediate the influence of the microbiome on the body (37).
The purpose of circadian rhythms is to line up biological
functions with regular and predictable environmental hab-
its, such as sleeping and eating. Aligning them in a diurnal
rhythm is the body’s way of optimizing biological function
and physical health. Recently research has revealed that the
microbiome may be affected not only by diet but also by
time of feeding, as it too is regulated by circadian rhythms
(38). This is especially important for newborn infants in

whom the microbiome is still being established, as feeding
occurs frequently for these babies. The effect of probiotic
supplements on infant circadian rhythms and sleep patterns
represents an exciting area of research in the infant supple-
ment arena.

Even the healthiest of infants may encounter factors capa-
ble of disrupting their delicate microbiomes, thus the need
for probiotic products that can protect against long-lasting
disturbances is very real. The microbiome converges toward
an adult-like microbiota between the first 2.5-5 years of
life (28,29,39) and is relative stable throughout adulthood
yet still sensitive to external perturbations (14). Although a
great deal of research has been conducted on probiotics,
much remains to be discovered. Knowledge of the fac-
tors that disrupt the microbiome in infancy can provide a
springboard for the development of probiotic products-
which effect is desired and which strain is safe and likely to
achieve a protective effect?

What makes a
claim successful?

It is widely accepted that early life nutrition shapes growth
and development and can have long-term impact on health.
Current recommendations from pediatric societies and
committees regarding probiotic use in infancy are cautious
and accordingly, have mandated that well-designed and
well-controlled studies support all claims. The vulnerability
of this population demands high quality data to support the
efficacy and most importantly, safety, of all products intend-
ed for infant ingestion.
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“To subvert health needs to marketing needs is unconscionable.”

- Elisabeth Sterken, Director of INFACT Canada

Although rigid, the current structure of the regulatory
processes adopted by FDA, EFSA and HC is one that en-
courages scientific investigation (11,40). Thus, the goal for
claims-based research is very clear; to provide strong data
generated from rigorous and carefully designed trials with
clearly defined measurable outcomes to support probiotic
products is of value.

Considering the regulatory requirements and enhanced
scrutiny, a one-system, one-outcome approach is not suffi-
cient to appropriately capture the multi-factorial effects of
probiotic-containing products for claims substantiation pur-
poses. In the absence of long-term data on the efficacy of
probiotics as part of early-life nutrition regimens, we pro-
pose that the short-term evaluations of probiotics in infancy
must be comprehensive and contain measures by which to
assess efficacy and safety at various stages of development.
A single endpoint specific to a claim is still acceptable,
however, we propose that it should be evaluated in tandem

Highlights

with a developmental stage-specific, global index to deter-
mine efficacy. A global index allows researchers to answer
questions that might not have otherwise been possible with
a single endpoint. Furthermore, it has the added advantage
of an increase in both the efficiency and clinical relevance
of a study. A Global Index for infant nutrition is currently
being formulated with intent for more robust claim substan-
tiation. The Global Index allows for a better quantification
of efficacy of supplements in RC'Ts with infants.

In summary, the most effective means to achieve an infant
probiotic claim is firstly, to meet the evidentiary burden
required by regulatory agencies through data generated
from well-designed, “gold-standard” RC'T. Secondly;, it is
imperative that the marketing claim refrain from comparing
non-breast milk products to breast milk itself. Lastly, a glob-
al index that captures the multi-faceted effects of probiotics,
will provide more comprehensive and robust data on which
to substantiate probiotic claims and demonstrate benefit.

1. In countries that abide by the World Health Organization’s International Code of Marketing of Breast-
Milk Substitutes, formulating standalone probiotic formulas as opposed to probiotic-containing infant formu-
las may help to avoid the added scrutiny stemming from the worldwide initiative to promote breastfeeding

2. Ensure that clinical trial results are publicly available (especially applicable for FDA)

3. Infants are not simply little adults- a specific global index for probiotic use in infants will provide a com-
prehensive and targeted knowledge foundation on which to substantiate claims
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