LACTOBACILLUS
RHAMNOSUS GG
The Ideal Probiotic for Children

Table of Contents

1. The Intestinal Microbiota ......................................... 4-9
2. Probiotics ............................................................ 10-13
3. Lactobacillus rhamnosus GG ............................... 14-21
4. Lactobacillus GG Clinical Support ....................... 22- 47
4.1 Gastrointestinal Benefits ..................................... 23-33
4.2 Immune Benefits ................................................ 34-41
4.3 Additional Benefits ............................................. 42-43
4.4 Emerging Science ............................................. 44-46

1.

The Intestinal Microbiota
on the human body. These microorganisms vastly outnumber the cells

Symbiosis between the microbiota
and the host is the basis for the

“

“

of our bodies.1 Each of us has varied types and quantities of these

importance of the microbiota in
health and disease

microorganisms; each person’s microbiota is unique, like their fingerprints.1
In exchange for a stable environment and adequate nutrients, the
gut microbiota contributes to maturation of the gastrointestinal tract,
provides the host with nutritional contributions, and helps safeguard
the host from harmful microbes.
The definition of what comprises a “healthy” microbiota remains to be
determined, although low microbial diversity appears to be associated
with disease. This diversity and abundance of microorganisms generates
millions of unique bacterial genes- that is, there are millions of genes in
the gut microbiome alone compared to approximately 22,000 genes
contributed by our human genome. The genes of the microbiome are
more unique to an individual than their human genes.2
Colonization of the gastrointestinal tract begins immediately at birth and
within a few days the large intestine is home to a complex and dynamic
microbial ecosystem, with a high density of living bacteria.
By one month, the microfl ora established in
a newborn is predominantly lactobacilli and
bifi dobacteria3 and by one year of age the
microfl ora is stabilized, resembling that of a
young adult.4
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THE INTESTINAL MICROBIOTA

The microbiota consists of all the microorganisms that live inside and
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The Intestinal Microbiota
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the commensal microbiota impact the integrity of the physical barrier
and influence the development and function of the immune system.
DIGESTION & ABSORPTION FUNCTIONS: The microorganisms in the
gut impact its function, specifically digestion and intestinal transit.
These microorganisms modulate their own environment by regulating
pH and other features that infl uence the diversity and abundance
of these microorganisms. The intestinal microbiota is responsible for
providing the enzymes and biochemical pathways required for humans
to obtain nutrients from polysaccharides, the most abundant food source
on the planet.7 These microorganisms also affect lipid uptake and
deposition4 and absorption of nutrients such as calcium, magnesium,
and iron. Ultimately, the commensal microorganisms shape the way
our bodies use nutrients by impacting how vitamins, minerals, and other

The gut microbiota is essential to our health in a number of ways. Adverse

compounds are absorbed.

changes in the gut microbiota, known as dysbiosis, are associated with a variety
of diseases.5 The gut microbiota directs or contributes to a variety of processes

IMMUNE MODULATION: The microbiota helps to balance our bodies’

that can be organized into five categories.

immune responses. Approximately 80% of all immunoglobulin-producing
cells in the body are located in the gastrointestinal tract, making it the
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GUT BARRIER PROTECTION: Optimal intestinal mucosal barrier function prevents

body’s largest site of immunological response.8,9 The gastrointestinal

the diffusion of toxins, antigens, and pathogens into the systemic circulation.

microbiota is key to preventing foreign microbes, benign or otherwise,

Integrity of the intestinal epithelial barrier relies on the commensal

from becoming permanent residents. The mucosal immune

microbiota, the mucus gel layer, and the intestinal epithelium to form the

system relies on the integrity of the intestinal epithelial layer as well

fi rst line of defense; providing a physical and chemical barrier. Intestinal

as the system’s ability to readily discriminate commensal organisms

epithelial cells communicate extensively with the microbiota.

from pathogenic bacteria.

THE INTESTINAL MICROBIOTA
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The Intestinal Microbiota
Various neurotransmitters, for example serotonin and noradrenaline,

and food sources within the gastrointestinal tract and interfering with

as well as precursors to neuroactive compounds, such as tryptophan,

colonization by crowding potential pathogens. When the epithelial

are produced by the microbiota.14 Elucidating the players and pathways

barrier is breached by an unwanted compound or microbe, the

of communication between the gut microbiota, the immune system,

gut microbiota plays a role in activating the appropriate immune

and the nervous system remains a key interest of in vitro and in vivo studies.

reaction, which includes inflammatory and allergic response pathways.
Gastrointestinal microbiota fortifi es the physical-chemical barrier
against antigens introduced into the body by microorganisms

Diet, our environment, and medications will infl uence

and food.

the diversity and abundance of microorganisms in the

NUTRIENT PRODUCTION: The gut microbiota is responsible for the

intestinal ecosystem, infl uencing all the processes for

utilization of key energy and nutrient sources that are otherwise

which the gut microbiota is responsible. These relatively

inaccessible to the human body. Through the fermentation activity

simple microorganisms are able to rapidly respond to

of the microbiota, non-digestible carbohydrates are transformed into

changes in their environment in ways that human cells

absorbable short chain fatty acids. The unique chemical capabilities

cannot, making the microbiota a perfectly designed

of the human microbiota also play an important role in producing

evolutionary tool.

additional compounds that are essential for good health, such as
enzymes like lactase and bile acid hydrolase, as well as B vitamins

The Intestinal Microbiota

and vitamin K.10-12
NEUROENDOCRINE COMMUNICATION: The significance of the two-way
communication between the gut and the brain is truly an emerging area
of microbiota science. Recent research has demonstrated the influence
of the microbiota on behavior and mental health.13 An imbalance in the
gut microbiota has been associated with stress, anxiety, and depression.
The gut microbiota produces hundreds of different compounds that may
enter the bloodstream and act in the brain and other organs.14
Short chain fatty acids not only act as an energy source but also as
signaling molecules.
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THE INTESTINAL MICROBIOTA

To this end, the microbiota are constantly competing for binding sites

2.

Probiotics
Probiotics provide numerous health benefits, such as promoting intestinal

This is a way of supplementing the microbiota with “friendly, live bacteria.”

microbiota balance, digestive assistance, and immune support. These

An offi cial, and widely accepted, defi nition of probiotics has been

health benefits are generated through many of the same mechanisms as

provided by the United Nations’ Food and Agriculture Organization

the endogenous microbiota. Like the endogenous microbiota, probiotics

and the World Health Organization:

directly compete with pathogens for epithelial binding sites on the
cells, as well as the mucus layer, to support epithelial barrier integrity.1
Probiotics also help digest compounds to provide various essential nutrients

“

to the host, including short chain fatty acids that can modulate the luminal pH

Probiotics are live
microorganisms which
when administered in
adequate amounts

“

confer a health benefi t
on the host

as well as influence apoptosis and cell diversity. Through apoptosis mitigation
and mucin production, probiotics influence aspects of the epithelial barrier
function.2 Probiotics have been shown to directly release antimicrobial
substances and to induce host cells to express them.3 All of this activity
contributes to the strength of the epithelial barrier, which in turn provides
a defense against potential toxins and pathogens.
Adaptive immune responses are also sensitive to probiotic activity,
influencing pathogen specific secretory IgA production as well as beneficial
cytokine and chemokine production.4

The World Gastroenterology Organization Practice
Guidelines on Probiotics and Prebiotics concludes that the
potential probiotic health benefi ts “can only be attributed
to the strain or strains tested, and not to the species or the
whole group of lactic acid bacterias or other probiotics.” 5
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PROBIOTICS

One way to benefit the microbiota is through the use of probiotics.

Probiotics

2.

Strain-specific benefits are derived from microorganisms’ varying abilities to adhere
to gastrointestinal mucosa, produce diverse antimicrobial substances, and employ
different mechanisms to compete with pathogens among other strain-specific

The amount of the probiotic strain delivered to the individual, the product
matrix in which the probiotic is consumed, and the probiotic’s ability to
survive the gastrointestinal tract are also important variables when evaluating
the specifi c health benefi ts of probiotics.6,7
Based on scientific research, we have learned some basic requirements for
microbiota supplementation to qualify as probiotic and these studies continue
to define the characteristics of an ideal probiotic.
THE IDEAL PROBIOTIC:
• Acid and bile resistant
• Adheres to human intestinal cells
• Colonizes the human intestinal tract
• Inhibits illness-causing bacteria
– Competes for resources and binding sites
– Produces antimicrobial substances
• Balances immune response
• Supports fermentation
• Demonstrated safe, clinical use

Probiotics
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PROBIOTICS

features that may lead to overall health benefits.

3.

Lactobacillus rhamnosus GG
Mechanisms of action for Lactobacillus rhamnosus GG include interference

studied probiotic strain since its identifi cation in 1985 at Tufts

with enteropathogen colonization through competition as well as secretion

University by scientists Sherwood Gorbach and Barry Goldin.

of antibacterial substances, stimulation of the cell proliferation rate of bowel

Seeking naturally occurring, intestinal bacteria that could produce

epithelial cells, and enhanced secretion of protective mucins1,2

health benefits as a probiotic, Lactobacillus rhamnosus GG was the

Physiologically this translates into improved epithelial barrier function delivered

ideal candidate because of its ability to survive stomach acid and bile,

by Lactobacillus GG. The epithelial barrier is exposed to a broad spectrum

adhere to human intestinal epithelial cells, and produce an antimicrobial

of substances and organisms and is a critical control point for good health

substance that could support digestive and immune health.

and appropriate immune responses. Adhesion is fundamental to competitive
exclusion, particularly in the case of pathogen competition. Lactobacillus

rhamnosus GG was shown to adhere to mucus proteins far better than even
closely related strains (Figure A)4. The Saxelin laboratory went on to examine
the dose dependence of Lactobacillus rhamnosus GG survival and colonization5
as well as the effects of the delivery matrix.6,7 They also compared other

The unique features of

Lactobacillus rhamnosus GG
have been recognized in
over 1000 scientifi c studies

“

including over 200 human
clinical trials

Lactobacillus GG is superior to the other strains not only in fecal recovery
but in persistence as well.

The Superiority of Lactobacillus GG in Adhesion
to Intestinal Mucus Glycoproteins 3 (Figure A)
45 –
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“
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Segers, ME, et al., Microb Cell Fact. 2014;13 Suppl 1:S7-2859-13-S1-S7.
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Lactobacillus rhamnosus GG (ATCC 53103), is the most extensively

3.

Lactobacillus rhamnosus GG
Additional clinical studies show, via fecal recovery analysis, that

We now know that pili are composed of strain-specifi c proteins, or

Lactobacillus rhamnosus GG survives the gastrointestinal tract

pilins, that zip together holding the lactobacilli fast to the epithelium.

via fecal recovery analysis but also through biopsy results further
Proteins Spa A, B, and C work together

emphasizing its ability to bind to the mucosal lining of the large

to create this unique mechanism of

intestine.5-7 Furthermore, evidence for survival and persistence was

attachment as shown in Figures D

demonstrated in several clinical studies that demonstrate Lactobacillus

and E. SpaA (blue) is the major subunit

GG is present in fecal samples following supplementation.8-12

shown in Figure D.13 SpaB (yellow) is

of a healthy adult, has been completely sequenced- revealing over

incorporated as a signal for termination

300 strain-specifi c proteins.

of the pilus and binds peptidoglycan.

It is these strain-specific proteins that give rise to the unique features of

The pilin named SpaC (green) is the key

Lactobacillus GG as a probiotic. One subset of these specific proteins is
responsible for Lactobacillus GG’s ability to adhere to the epithelial cells
that line the intestines. These proteins are structural components of the

adhesion protein of Lactobacillus GG.

Figure D.
Tripathi P, Dupres V, Beaussart A, et al. Langmuir.
2012;28(4):2211-2216.

pili; hair-like projections that physically attach the lactobacilli to specific

SpaC binds mucin and collagen and can interact with other SpaC pilins.

sites on epithelial cells. These pili are visible in the electronmicrograph

SpaC can act like the teeth of a zipper- lying across and protecting the

in Figure B.13 Tripathi and colleagues visualized the pili using a second

cell surfaces and junctions. It is through the adhesion of Lactobacillus

method, atomic force microscopy (Figure C).13

GG to the intestinal epithelium that gives rise to its digestive and immune
benefits (Figure E). 13

Figure B.

Figure C.

Tripathi P, Dupres V, Beaussart A, et al. Langmuir. 2012;28(4):2211-2216.

Figure E.
Tripathi P, Dupres V, Beaussart A, et al. Langmuir. 2012;28(4):2211-2216.
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of the pilus, forming the backbone as

Lactobacillus GG, a Gram positive bacillus, isolated from the intestine

3.

Lactobacillus rhamnosus GG
Lactobacillus rhamnosus GG has targeted and systemic effects on the

Although there may be many additional benefits, not all gastrointestinal

immune system that appear to be mediated via the gastrointestinal tract.

concerns have been clinically tested and/or validated in children.

By influencing such processes of the humoral and cell-mediated immune
response, along with important features of innate immunity, Lactobacillus
GG impacts immune regulation.14-16 In vitro studies have shown that

Lactobacillus rhamnosus GG attachment is required for attenuation

Extensive scientific and clinical research on Lactobacillus rhamnosus GG
demonstrates many of the ideal features of a probiotic that are critical to
its ability to provide local and systemic benefits.

of the immune response.17 This tight attachment allows Lactobacillus GG

LACTOBACILLUS RHAMNOSUS GG:

fortifying the gut barrier, Lactobacillus GG has been shown to stimulate

• Human derived

processes that improve:

• Acid and bile resistant

• The activity of macrophages and other immune cells18-20

• Adheres to the intestinal epithelium

• Production of immunoglobulins and cytokines15

• Competes against pathogens for resources and binding sites

• The balance of infl ammatory processes including
the response to allergens, such as food antigens21,22

• Produces an antibacterial substance that contributes

Lactobacillus rhamnosus GG has been studied extensively in adults,
infants and children for a variety of outcomes including immune support
and gastrointestinal benefits It has been found to be both safe and
easy to administer. Practical experience from over 30 years of use

to its ability to inhibit pathogens
• Balances immune responses
• Supports fermentation
• Demonstrated safe, clinical use

in 90 countries confi rms the large-scale safety and tolerability of

Lactobacillus rhamnosus GG.23

These characteristics of Lactobacillus GG have

A few areas in which the probiotic strain, Lactobacillus rhamnosus

been demonstrated in both in vitro and animal studies,

GG, has demonstrated benefi ts include acute diarrhea, antibiotic-

as well as human safe, clinical trials,

associated diarrhea (AAD), and C. diffi cile induced colitis.24

making Lactobacillus rhamnosus GG the most
scientifi cally and clinically studied probiotic strain.
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to exert its benefits where they are needed. Beyond adhering to and

3.

Lactobacillus rhamnosus GG
By virtue of the body of scientifi c studies and especially human trials, the
safety of Lactobacillus rhamnosus GG has been more extensively studied
than any other probiotic.

Lactobacillus rhamnosus GG, isolated from a healthy adult person, has a safe
history of use in foods since 1990. Large epidemiological studies show that
rapidly increasing consumption of the strain in Finland did not increase the
incidence of lactobacilli or Lactobacillus rhamnosus GG isolates in blood culture

nutritional, metabolic, or immune parameters due to Lactobacillus rhamnosus
GG administration. The Lactobacillus rhamnosus species has achieved Qualified
Presumption of Safety (QPS) status from the Scientific Committee of European
Food Safety Authority.
The safety of Lactobacillus rhamnosus GG is supported by surveillance studies26,27
that evaluated potential increases in clinical infections with increased probiotic
consumption. Such studies showed that during a nine year period, despite a
notable increase in Lactobacillus rhamnosus GG consumption (~10-fold) in
Finland, the number of infections involving lactobacillus species reported to
Helsinki health authorities remained at a constant background level of 10-20
cases per year. Cases of bacteremia have occurred in patients with underlying
immune compromise, chronic disease or debilitation.28 No reports have
described sepsis related to probiotic use in otherwise healthy persons.29,30
Taking together the hundreds of clinical studies in healthy and vulnerable
populations including adults, children and infants, along with the above
assertions, the totality of the evidence shows that the use of Lactobacillus

rhamnosus GG is both safe and effective.
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samples.25 Dozens of clinical studies have demonstrated no adverse impact on

Lactobacillus rhamnosus GG

4.

Lactobacillus GG Clinical Support
Lactobacillus rhamnosus GG has been studied extensively in children for
a variety of outcomes including gastrointestinal benefi ts and immune health.
By actively colonizing and balancing the gastrointestinal microbiota, as well as
influencing the humoral and cell-mediated immune response, Lactobacillus GG
helps keep kids healthy by supporting their digestive functions and natural
defenses to help treat and prevent common childhood illnesses.1-3

4.1 GASTROINTESTINAL BENEFITS

LACTOBACILLUS GG REDUCES THE DURATION
AND SEVERITY OF ACUTE GASTROENTERITIS
Acute Gastroenteritis (AGE) is a major cause of mortality in children
around the world. AGE causes inflammation of the gastrointestinal tract,
affecting the stomach lining and the small intestine resulting in loose or liquid
stools and/or increased frequency of evacuations (three or more in
24 hours), with or without fever or vomiting.
AGE is caused by a range of factors including viruses, bacteria, and parasites.

“

Viruses are the most common cause of AGE, with rotavirus being the most
prevalent viral pathogen worldwide. According to the Centers for Disease

A properly balanced

Control and Prevention, most children by the age of five will have had a

intestinal microbiota

rotavirus infection regardless of where they live.

promotes healthy intestinal

the duration and severity of acute diarrhea.4-13 Isolauri and associates

“

optimized immune system
thereby promoting health

investigated the impact of Lactobacillus GG (L.GG) on AGE in one of the first
clinical studies of probiotics in infants and children and found the intervention
group experienced fewer days of diarrhea than the placebo group. 4 (Figure A)

Lactobacillus GG Shortens the Duration of Acute Diarrhea
in Children (Figure A)

Number of Days

4.00 –
3.20 –

Placebo

2.40 –
1.60 –

Age: 4-45 Months

L.GG

.80 –

Isolauri, E, et al., Pediatrics. 1991;88(1):90-97.
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N=71
Duration: 5 Days
Dose: 10 x 10 9 - 100 x 10 9 CFU
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mucosa that supports an

There are several clinical studies showing that Lactobacillus GG reduces

4.
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Clinical trial results with respect to acute diarrhea, published by Berni

For those children with rotavirus-asociated diarrhea, the addition

Canani and colleagues, described the comparison of several commercially

of Lactobacillus GG reduced the duration of diarrhea to an average

available probiotic interventions in an oral rehydration solution (ORS) as

of 56.2 hours, as compared to 76.6 hours in the ORS only group (Figure B).

compared to the oral rehydration solution alone.16 The probiotic products

Only 2.7% of children receiving L.GG+ORS exerienced diarrhea lasting longer

were Lactobacillus rhamnosus GG (12 billion cfu/day), S. boulardii (10 billion

than 7 days while that number was 10.7% in children taking

live organisms/day), B. clausii (2 billion cfu/day), a mixture of L. delbrueckii var.

ORS alone. The addition of Lactobacillus GG to ORS also reduced

bulgaricus, S. thermophilus, L. acidophilus, and B. bifidum (each ranging from

the duration of hospitalization.

1-2 billion cfu/day), and E. faecium (0.15 billion cfu/day). After one day, stool
output was lower in the Lactobacillus GG and the five strain mixture groups.
The duration of diarrhea was signifi cantly lower with Lactobacillus GG

Lactobacillus GG Signifi cantly Reduces Duration
of Rotavirus-Associated Diarrhea in Children (Figure B)

and with the fi ve-strain mixture groups as compared to the other single
strain preperations or oral rehydration solution alone. This study highlights

90 –

Guandalini and colleagues sought to determine if Lactobacillus GG might
acute diarrhea.7 Children were given either oral rehydration solution (ORS)
plus up to 50 billion cfu of Lactobacilus GG + ORS alone. The treatment
period lasted a minimum of 24 hours. The average duration of diarrhea in
the L.GG+ORS group was 58.3 hours versus an average of 71.9 hours in the
ORS only cohort.

Placebo
+ORS

80 –
70 –
60 –

L.GG
+ORS

50 –
40 –
30 –
20 –
10 –

Guandalini S, et al., J Pediatr Gastroenterol Nutr. 2000;30(1):54-60.
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N=287
Duration: >24 Hours
Dose: 20 x 10 9 CFU/day
Age: 1 Month - 3 Years
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provide benefits for children who have been admitted to the hospital due to

Duration of Diarrhea
(hours post-treatment)

the importance of strain specifi city with respect to effectiveness.
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Nixon and co-workers conducted a study administering Lactobacillus GG to
children who presented to the emergency room with diarrhea.10

Lactobacillus GG Reduces the Duration and Frequency
of Diarrhea and Shortens Hospitalization (Table1)

After consuming 20 billion CFU/day of Lactobacillus GG for fi ve days,
the subgroup of children who presented with two or more days of

Statistically Signifi cant Reduction in:

symptoms returned to normal stool earlier in response to Lactobacillus GG

Frequency of
Diarrhea

Duration of
Hospital Stay

Lactobacillus GG Helps Resolve Acute Diarrhea Faster
in Children (Figure C)

Kaila (1992)

YES

YES

NA

Majamma (1995)

YES

YES

NA

Raza (1995)

YES

YES

NA

Percentage of Children
Responding to Treatment

90 –

Pant (1996)

YES

YES

NA

80 –
70 –
60 –

L.GG

Shornikova (1997)

YES

YES

NS

Guandalini (2000)

YES

NS

YES

Placebo

50 –

N=129
Duration: 5 Days
Dose: 20 x 10 9 CFU/day
Age: ~25 Months

Berni Canani (2007)

YES

YES

NS

Basu (2009)

YES

YES

YES

Nixon (2012)

YES

YES

NA

40 –

Aggarwal (2014)

YES

YES

NS

30 –

NS: non-significant difference between placebo and control groups

NA: not studied

20 –
10 –
Additionally, Sindhu and associates investigated intestinal permeability
in children with acute diarrhea due to rotavirus and Cryptosporidium.24
Nixon et al. Pediatr Emerg Care. 2012;28(10):1048-1051.

While their study didn’t reveal a significant difference in the duration of
diarrhea between the two groups, they found that fewer children with

Other studies supporting the use of Lactobacillus GG to control diarrhea have been
published by Shornikova,17 Basu,14,18 Majamma,19 Raza,20,21 Pant,22 Aggarwal,5 and
Kaila.23 These findings, summarized (see Table1), highlight that Lactobacillus GG
administration significantly reduces the duration and frequency of diarrhea, as well
as length of hospital stay, compared to control group individuals.

26

rotavirus-induced diarrhea experienced recurrent diarrheal episodes and
impaired intestinal function when supplemented with Lactobacillus GG
compared to placebo.
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Duration of
Diarrhea

supplementation as compared to the placebo group. (Figure C)
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LACTOBACILLUS GG REDUCES INCIDENCE
OF ANTIBIOTIC-ASSOCIATED DIARRHEA
Children commonly suffer from antibiotic-associated side effects such as
diarrhea, nausea, vomiting, bloating, and abdominal pain. These side effects

Lactobacillus GG Reduces the Incidence of
Antibiotic-Associated Diarrhea (Figure D)

are due to the disruption that antibiotics cause to the gastrointestinal system.
Antibiotics disturb the balance of the microbiota causing pathogenic

microbiota. Unfortunately, these side effects lead some patients to discontinue
their use of antibiotics, causing a high risk of treatment failure and possible
development of antibiotic resistance.

Lactobacillus GG has been extensively studied and regarded as the ideal
probiotic to lower the occurrence of antibiotic-associated side effects.

Lactobacillus GG should be recommended for children who are prescribed

microorganisms and avoid potential side effects.

Placebo

25 –
N=200
Duration: ~10 Days
Dose: 10 - 20 x 10 9 CFU
Median Age: 4 Years

20 –
15 –
10 –

L.GG

5–

A clinical trial, conducted by Vanderhoof and associates, administered 10-20
billion CFU/d of Lactobacillus GG or placebo to children ages six months–
10 years old.25 They found that children who received Lactobacillus GG were
significantly less likely to suffer from antibiotic-induced diarrhea than those
children in the placebo group. Lactobacillus GG reduced stool frequency
and improved stool consistency during antibiotic therapy, reaching statistical
significance by the tenth day compared to placebo (Figure D).

28

Vanderhoof JA, et al. J Pediatr 1999;135:564-568.
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antibiotic therapies to help maintain the proper balance of bacterial

Percentage of Children
with Diarhhea

bacteria to become overactive while impeding the function of the benefi cial

30 –
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LACTOBACILLUS GG HELPS REDUCE THE FREQUENCY
AND SEVERITY OF ABDOMINAL PAIN
Beyond diarrhea, a variety of symptoms associated with gastrointestinal
distress have been seen in children. It is suspected that inflammation maybe

Another study by Arvola and co-workers showed that probiotic intervention with

responsible for these complaints. Probiotics, specifi cally Lactobacillus GG,

Lactobacillus GG reduced the incidence of antibiotic-associated diarrhea in

may help address the infl ammatory response and have been shown to

infants and children prescribed antibiotics for acute respiratory infections.26

assist with abdominal pain in children irrespective of a diagnosis.

Patients were administered placebo or Lactobacillus GG at a dose of 40 billion
cfu/d for two weeks. At the end of the intervention period, the incidence of
diarrhea was significantly less in children from the intervention group compared
to the placebo group.

Lactobacillus GG on abdominal pain in children with functional abdominal
pain disorders including dyspepsia, irritable bowel syndrome (IBS), and
functional abdominal pain (FAP).28 Children were administered

Lactobacillus GG Reduces Incidence of Antibiotic-Associated
Diarrhea in Children with Respiratory Infections (Figure E)
18 –

Lactobacillus GG (6 billion CFU/d, N=52) or placebo (N=52) for four weeks.
At the end of the intervention, they found that children in the Lactobacillus GG
group were more likely to experience zero pain (25%) compared to children

Placebo

16 –

in the placebo group (9.6%).

14 –

Francavilla and colleagues confirmed Gawronska’s findings in a study with
N=119
Duration: 2 Weeks
Dose: 40 x 10 9 CFU
Median Age: 4.5 Years

12 –
10 –
8–
6–

a similar aim. They investigated the effect of Lactobacillus GG on abdominal
pain in children with irritable bowel syndrome or functional abdominal
pain.29 They found that children who were administered 6 billion CFU/d of

Lactobacillus GG for 8 weeks experienced a significant reduction in both

L.GG

4–
2–

the frequency and severity of abdominal pain compared to children who
were administered placebo. Treatment with Lactobacillus GG also resulted
in a significant decrease in the number of patients with abnormal results
from the intestinal permeability testing as compared to placebo. These
effects were primarily in children with irritable bowel syndrome. The benefits of

Arvola, et al. Pediatics. 1999;104(5):e64.

Additionally, Korpela and colleagues investigated the long-term use of

Lactobacillus GG were confirmed through follow up as much as 8 weeks
after the treatment period.

Lactobacillus GG administration on preschool children’s antibiotic use and

The significant body of work demonstrating the benefits of Lactobacillus

antibiotic-associated gastrointestinal complaints.27 They found that milk,

rhamnosus GG in children demonstrates its survival within the gastrointestinal

supplemented with Lactobacillus GG (400 million CFU/d), prevented some

system to foster healthy gastrointestinal balance. Lactobacillus GG helps keep

microbiota-associated changes related to penicillin use and reduced the

kids healthy by supporting their natural defenses and helping their digestive

frequency of post macrolide-administration gastrointestinal complaints.

system work better by managing occasional digestive upset, diarrhea and
general discomfort.

30
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Percentage of Children
with Diarrhea

A study by Gawronska and associates investigated the effect of
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GASTROINTESTINAL BENEFITS:
ADDITIONAL RESOURCES

Probiotics for the prevention of pediatric antibioticassociated diarrhea
Goldenberg, J., et al. Cochrane Database of Systematic Reviews. 2015; 12

Systematic review with meta-analysis:
Lactobacillus rhamnosus GG in the prevention of
antibiotic-associated diarrhea in children and adults
Szajewska, H. & Kotodziej, M. Aliment Pharmacol. 2015; 42:1149-57.

This meta-analysis reviewed twelve clinical trials where treatment
with Lactobacillus GG compared to placebo was used to investigate
the effects of probiotics on antibiotic-associated diarrhea. Szajewska
and Kotodziej concluded that the evidence for Lactobacillus GG is
solid and strongly recommend using Lactobacillus GG when the use
of probiotics are considered for the prevention of antibiotic-associated
diarrhea in children.

This review assessed the efficacy and safety of probiotics used for the
prevention of antibiotic-associated diarrhea in children. Twenty-three
studies that investigated various probiotic strains were evaluated,
including combined strains. Goldberg, et al. found moderate quality
of evidence for using probiotics in the prevention of antibiotic-associated
diarrhea and indicated that Lactobacillus GG may be appropriate
for children due to its lack of reported adverse events.

What are the indications for using probiotics in children?
Szajewska, H. Arch Dis Child. 2016;101:398-403.

This study reviewed clinical trials and meta-analyses published within
the last five years on the use of probiotics in children. Szajewska

Probiotics for prevention and treatment of diarrhea
This review covered several clinical trials and meta-analyses that investigated
the role of probiotics in acute gastroenteritis, antibiotic-associated diarrhea,

the prevention of antibiotic-associated diarrhea, the prevention of
nosocomial diarrhea, the prevention of infections in children attending
day care centers, abdominal pain, and other related functional
gastrointestinal disorders.

and necrotizing enterocolitic (NEC). Guarino, et al. concludes that

Lactobacillus GG has some of the strongest evidence for prevention of
antibiotic-associated diarrhea and acute gastroenteritis. Additionally,
although the indications of probiotic use are debated for preterm infants
with NEC, they recommend the careful consideration of Lactobacillus GG
as a probiotic therapy in these patients.

Nonpharmacologic treatment of functional abdominal
pain disorders: a systematic review
Rutten, J. Pediatrics. 2015;135(3):522-535.

This systematic review provides an overview of the efficacy of
nonpharmacologic approaches to functional abdominal pain in children
including probiotic therapy, hypnotherapy, dietary interventions,
and alternative medicine. The authors conclude that, while additional
studies are needed, the evidence for the benefits of probiotics
(Lactobacillus GG and VSL#3), hypnotherapy, and cognitive behavioral
therapy in pediatric abdominal pain-related functional gastrointestinal
disorders is promising.
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Guarino, A., et al., J Clin Gastroenterol. 2015; 49(1):S37-S45

recommends Lactobacillus GG for the treatment of acute gastroenteritis,
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4.2 IMMUNE BENEFITS

Gastrointestinal and respiratory infections are an important cause of
school and daycare absence in children. Several studies show that

Optimal intestinal barrier function prevents the diffusion of toxins, antigens and

Lactobacillus GG can help prevent and reduce the duration and

pathogens into the systemic circulation. This is accomplished through the

severity of gastrointestinal and respiratory infections in children.9,32,33,36

establishment of a physical and chemical barrier by the intestinal epithelium, the

Nosocomial infections are often gastrointestinal or respiratory in nature.

mucus layer, and the host microbiota. The introduction of probiotics help stabilize

The administration of Lactobacillus GG has also been shown to help

the intestinal barrier primarily through the innate immune response and to a

prevent these nosocomial infections in hospitalized children.37,38

lesser extent through the adaptive immune response.

By supporting children’s immune systems, via their digestive tracts,

Lactobacillus GG has been demonstrated to benefi t immune defense by
contributing to the integrity of the intestinal epithelial barrier and stimulating

Lactobacillus GG can reduce the number of sick days children have
throughout the year.33
Kumpu and colleagues observed benefits from Lactobacillus GG

shown to balance cytokines, generate antimicrobial substances,

(0.1 billion CFU/day) supplementation in children 2-6 years old when

and elicit phagocytic activity in response to potential attacks. The benefits

compliance was assured.36 Within the 68% of participants

of Lactobacillus GG on natural defenses and the overall health of children

representing the sub-cohort with demonstrated fecal recovery of

has been demonstrated in several clinical trials involving thousands of

Lactobacillus GG, the number of days each month with respiratory

healthy participants.31-36

symptoms was signifi cantly lower.
In a study of children, ages 1-6 years, Hatakka and co-workers
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LACTOBACILLUS GG HELPS REDUCE THE INCIDENCE OF
GASTROINTESTINAL, RESPIRATORY & NOSOCOMIAL INFECTIONS

observed modest but consistent benefits delivered by Lactobacillus GG

Many children across the world contract gastroenteritis and respiratory tract

The Lactobacillus GG group had 16% fewer absences from daycare

infections each year. Children’s developing immune systems are continually

due to illness. The Lactobacillus GG group also had a 17% reduction in

being exposed to new pathogens, especially in environments that encourage

number of children suffering from respiratory infections along with a 19%

close social interactions- such as school and daycare- that leave children

reduction in antibiotic use. Benefits with respect to gastrointestinal

more susceptible to infection than adults.

symptoms did not reach statistical significance in this trial.

(0.1 to 0.3 billion cfu/day) over a seven month study.33
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the innate and adaptive immune response.30 Lactobacillus GG has been

Lactobacillus GG Clinical Support
Hojsak and colleagues demonstrated that daycare children receiving

The same research group investigated nosocomial infections in

one billion CFU/d of Lactobacillus GG had a reduced risk of upper respiratory

young children and found that children who began supplementation

tract and gastrointestinal infections, experienced a reduced risk of respiratory

with one billion CFU/day of Lactobacillus GG upon hospital admission

tract infections lasting longer than three days, and significantly fewer days

were less likely to acquire both respiratory and gastrointestinal

with respiratory symptoms (Figure F).38

nosocomial infection (Figure G).39

Lactobacillus GG Reduces Risk to Respiratory & GI Tract
Infections in Children Attending Daycare (Figure F)

Lactobacillus GG Helps Protect Hospitalized Children
from Respiratory Tract and GI Infections (Figure G)

Placebo

100 –
75 –

N=281
Duration: 3 Months
Dose: 10 9 CFU
Median Age: 4 Years

L.GG
Placebo

50 –
L.GG

25 –

Respiratory Infection
Hojsak, I, et al. Clinical Nutrition 29.3 (2010): 312-316.

36

GI Infections

50 –

Placebo

40 –

N=742
Duration: Length of
Hospital Stay

30 –
Placebo

20 –
10 –

L.GG

L.GG

Respiratory Infection
Hojsak, I, et al. Probiotics 125.5 (2010): e1171-e1177.

GI Infections

Dose: 10 9 CFU
Median Age: 10 Years
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Number of Children

125 –

Number of Children

4.
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In support of these findings, prophylactic use of Lactobacillus GG was

Oberhelman and co-workers also showed that Lactobacillus GG

investigated by Szajewska and colleagues who studied children hospitalized for

supplementation is a useful prophylactic measure for children at

conditions other than gastroenteritis.37 Children were supplemented with either

increased risk for diarrhea due to undernourishment.40 Additionally,

six billion cfu/d of Lactobacillus GG or placebo, and they found that the risk

Korpela and colleagues showed that supplementing daycare children

of nosocomial diarrhea was reduced in children who consumed the probiotic

with Lactobacillus GG long-term prevented select bacterial infections

compared to placebo (Figure H).

for up to three years after stopping Lactobacillus GG supplementation.27

Also of note, while the incidence of rotavirus infection was similar in
the treated and placebo groups, Lactobacillus GG signifi cantly reduced
the risk of rotavirus gastroenteritis.
“Perhaps the most important fi nding was that the

Lactobacillus GG Reduces The Incidence of Nosocomial
Diarrhea and Nosocomial Rotavirus Gastroenteritis (Figure H)

use of macrolide and sulphonamide-tri-methoprim
antibiotics was signifi cantly and persistently
reduced after the intervention for up to 3 years.”

Number of Children

Dose: 6 x 10 9 CFU/day
Median Age: ~10 Years

25 –
20 –

Placebo

15 –
10 –

L.GG
L.GG

Nosocomial Diarrhea
Szajewska, et al. J. Pediatr. 2001. 138:361-365.

Nosocomial Rotavirus

-Korpela, et al., 2016
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30 –

5–

38

N=81
Duration: Length of
Hospital Stay

Placebo

35 –
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IMMUNE BENEFITS:
ADDITIONAL RESOURCES
How colonization by microbiota in early life shapes
the immune system
This review describes the importance of the microbiota in the

Probiotics for prevention and treatment
of respiratory tract infections in children:
A systematic review and meta-analysis of randomized
controlled trials

developing immune system and discusses the “window of opportunity”

Wang, Y., et al. Medicine. 2016;95(31).

Gensollen, T. et al. Science. 2016;352(6285):539-544.

that defines a critical period during infancy when microbial colonization

The authors analyzed the available data from current clinical trials

has a potentially critical impact on long-term health and disease.

investigating the efficacy of probiotic supplementation for prevention
and treatment of respiratory infections in children. They conclude

Probiotics for the prevention of pediatric upper respiratory
tract infections: a systematic review
Ozen, M. et al. Expert Opinion on Biological Therapy 2015; 15(1): 9-20.

that probiotics should be considered as an intervention to decrease
the incidence and duration of respiratory infections in children and
in doing so reduce absenteeism.

This review focuses on use of probiotics use in the prevention of

modest effect in diminishing the incidence of URTIs and the severity

Weizman, Z. Beneficial Microbes. 2014; 6(2): 181-183.

of the infection symptoms. Furthermore, even a small reduction in the

The review describes several well-controlled clinical trials that

incidence of URTIs will have large clinical and economic impacts.

address the efficacy of probiotics and prebiotics in the prevention

Furthermore, the safety of long-term administration of probiotics in

of common gastrointestinal and respiratory infections in children

childhood is supported.

who attend day-care centers. Probiotic supplementation was
found to be safe and effective in preventing gastrointestinal
and respiratory infection in this population.

40

LACTOBACILLUS GG CLINICAL SUPPORT

that the use of probiotics in immunocompetent children have a

The role of probiotics and prebiotics in the prevention
of infections in child day-care centres

upper respiratory infections (URTIs) in children. The authors conclude
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Lactobacillus GG has been studied for the treatment and prevention
of atopic dermatitis in infants and children. Lactobacillus GG was

4.3

shown to improve the symptoms of AD in infants using the standardized

ADDITIONAL BENEFITS

SCORAD symptom score.41
The Isolauri lab went on to study Lactobacillus GG and its benefits in additional

THE ATOPIC MARCH: POTENTIAL FOR PROBIOTIC THERAPY
WITH LACTOBACILLUS RHAMNOSUS GG

clinical trials.42-44 Lactobacillus GG was given prenatally to mothers who met high
risk criteria for allergy followed by postnatal administration to their infants. Atopic

Atopic dermatitis (AD), as defined by the World Allergy Organization (WAO), is a

dermatitis was diagnosed in 46 of 132 (35%) children at 2 years of age.42 Asthma

chronically relapsing, non-contagious, itchy, inflammatory skin disease. Approximately,

was diagnosed in six of these children, and allergic rhinitis in one. The frequency

2-5% of infants are diagnosed with atopic dermatitis during infancy. Also known as

of atopic eczema in the probiotic group was half that of the placebo group.

eczema, atopic dermatitis comes and goes periodically throughout an individual’s

The babies were followed for seven years and the results consistently show a

life with symptoms of ranging severity. Atopic dermatitis tends to be common in

reduction in incidence of atopic dermatitis as demonstrated in figure J.43,44

infants with a family history of AD, hay fever, and asthma.
Overall, AD is based upon complex

Lactobacillus GG Reduces the Incidence of Eczema
in High Risk Children (Figure J)

The Atopic March

interactions of genetic predispositions,

Placebo

environmental triggers, and

the Atopic March (at right),
AD to allergic rhinitis
and asthma.

Food Allergy
Eczema

Birth 3 Mo. 1Year 2 Years

3 Years

7Years

15 Years

Placebo

50 –

Placebo

40 –
30 –

L.GG
L.GG

L.GG

N=132
Duration:
4 Months Prenatal,
6 Months Postnatal
Dose:
1 x 1010 CFU

20 –
10 –

Typical Age of Onset
Leap Study 2011, http://ww.leapstudy.co.uk/LEAP.html

2 Years

4 Years

7 Years

Kalliomaki M, et al., J Allergy Clin Immunol. 2007;119(4):1019-1021.

Beneficial interactions between microbes and the allergic host may arise from
the modulation of allergic inflammation, a critical factor in the propagation of

The rapid increase in the prevalence of allergic diseases and the associated

atopic disease. Confrontation with antigens begins in the gastrointestinal tract

burden requires the development of new strategies for effective prevention,

with the establishment of the indigenous microbiota.

diagnosis, and treatment. Because the microbiota, early in life, is a key

41

contributor to immune development, probiotics may be benefi cial
in preventing allergic diseases.

42
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Rhinitis

also part of a process called

Percentage of Children
with Atopic Dermatitis

immune dysregulation. AD is

a progression from

60 –

Asthma
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4.4

EMERGING SCIENCE
THE GUT MICROBIOTA AND ORAL HEALTH

According to the CDC, the estimated prevalence of Autism Spectrum Disorders

While the digestive and immune benefits of Lactobacillus GG have been

(ASD) in 1970 was 1 in 2,000 children, however that figure in children today is

well established in children, research regarding the oral health benefits

1 in 68. The underlying cause for this increase is still debated.45

of Lactobacillus GG have emerged over the past few years. Nase

Nevertheless, similar to the research that indicates a connection between

and associates investigated the incidence of dental caries in daycare

the gut microbiome, digestive health, and gastrointestinal diseases, there

children that received milk supplemented with either Lactobacillus GG

is also data to indicate a strong gut-brain connection.46 Scientists now

or placebo.48 They found that children who received Lactobacillus GG

appreciate the impact that commensal bacteria in the gut play in the function

had fewer dental caries, and lower risk of dental caries, than control

of the brain. Partty and associates investigated the effect of Lactobacillus GG

group children. They also found that Lactobacillus GG lowered mutans

on the diagnosis of ADHD and/or Asperger’s Syndrome by the age of 13.

streptococci counts, the causative agents of dental caries, by the end

Pregnant mothers began the intervention, 10 billion CFU/d for the four weeks prior

of the intervention period. Additionally, Glavina and associates

to their due date, and their newborn infants continued the same intervention

administered yogurt containing Lactobacillus GG to healthy children

for six months. Compared to the placebo in which 17.1% of children were

for 14 days and found that Lactobacillus GG reduced the Streptococcus

diagnosed with ADHD or Asperger’s Syndrome, none of the children were effected

mutans count, especially in children with a high risk of dental caries,

in the Lactobacillus GG group,47 Although only one study supports using

that persisted at day 30.49 These studies indicate that Lactobacillus GG

Lactobacillus GG in the prevention of ADHD and/or Asperger’s Syndrome

supplementation may benefi t oral health in children and help prevent

so far, this is one of the fi rst gut-brain clinical trials to be published in

dental caries, especially in high risk children.

47

children and the only clinical trial to investigate the prevention of these
disorders using probiotics.
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