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Dear Dr. Gaynor,

Pursuant to criteria provided 1n proposed 21 CFR 170.36, Mead Johnson & Company
(MJ} submits the attached GRAS Exemption Claim and Exemption Notification for the
addition of Lactobacillus Casei, Subspecies Rhamnosus GG, (LGG) to the exempt infant
formula, Nutramigen LIPIL

A panel of experts convened by MJ determined that .GG and the source of LGG is
GRAS for use 1n exempt infant formula.

Pre-notification meetings were held with representatives of the Office of Food Additive
Safety and the Office of Nutritional Products, Labeling and Dietary Supplements

Sincerely,

Matias Diez, PRasnD
Associate Director, Regulatory Science North America
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I. GRAS Exem ption Clarm
' Pursnant to the criteria provided in proposed 21 CFR 170.36 (62 FR 18938; April

17, 1997; Substances Generally Recognized as Saﬁz (GRAS); the GRAS proposal), Mead
Johnson & Company (MT) hereby notifies the ¥ood and Drug Adnﬁni‘sttaﬁon that the use
of Lactobacillus GGA(LGG) in Bxémpt Hypoallergenic Infant Formula powder with
Extensively Hydrolyzed Casein and without added MCT oil with DHA' & ARA _at: levels not
exceeding 10% colony forming units of LGG per g:ram (cfu/g), intended for the feed:fng of
term infants from ﬂ:e time of birth under the supérvision ofa physmian, is exempt from
. the pre—market approval requ:xrements of the Federal Food, Drug, and Cosmetic Act,

g beca,use MJ has detezmmed that Such 1156 is generally recognized as safe (GRAS) tbrough

' sc1ent.1.ﬁc procedures
Aoyt 3, R00p
Matias R 11ez Dat A
“Associate Directof; Régulatory Selence North America -

_Mead J ohnson & Company

A. Name and address of notlfler -

- Mead Johnson & Company..

' 2400 W. Lloyd Expressway
f Evansvﬂle Indiana 47721 0001

Matzas R Diez, Assoaa’re Dﬂector Regula‘rory Science North Amenca '

: '_Contact ‘
s Telephone (812) 429 5714
Mobﬂe.. (812) 499-95 15

- Fassimile:  (812)429-5054
E—ma_ﬂ o maﬁas dlez@bms com
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B. Name and identification of GRAS substance

The name of the substance that is subject of this GRAS determination is Lactobacillus casei,
subspecies rhamnosus GG, (LGGQG). This specific LGG product is manufactured by Valio by
accepted fermentation techniques in facilities and under conditions that are suitable for

human food use. Food grade hydrolyzed whey permeates and hydrolyzed whey/casein

proteins are used as growth media ingredients in the fermentation process. After
fermentation, LGG is concentrated by ultra filtration and thoroughly washed with sterile
water to remove impurities (e.g., fermented media components are removed in order to

increase cell concentration), and saccharose is added as a cryoprotectant.

C. Intended conditions of use and consumer exposure

MJ has developed this dossier consisting of data and information establishing that the
LGG powder containing Lactobacillus casei, subspecies rhamnosus GG, (LGG) is generally
recognized as safe (GRAS) for use under the supervision of a physician in an exempt
hypoallergenic infant formula powder with extensively hydrolyzed casein and without added

MCT oil with DHA & ARA intended for term infants from the time of birth.

MIJ proposes to add LGG powder at levels of 10® colony forming units of LGG per
gram (cfu/g) of powdered formula. This level of LGG is intended to ensure a minimum
concentration of 10° cfu/g throughout the 12-18 month shelf life of the formula. Based on
this range of LGG concentrations, with normal dilution of the powder formula in water
according to label directions (i.e., 13.5 g/100 mL), and assuming an average daily formula
intake of 800 mL, the estimated daily intake of LGG is approximately 10%-10'° cfu per day
over the shelf-life of the product.

MJ proposes to add LGG powder to an exempt hypoallergenic infant formula powder
with extensively hydrolyzed casein and without added MCT oil with DHA & ARA used

under the supervision of a physician and intended for term infants from the time of birth.

M1 proposes to add LGG powder to an exempt hypoallergenic infant formula powder
with extensively hydrolyzed casein and without added MCT oil as a line extension with DHA
& ARA in the United States. The product name has not been determined. This will be a

powdered exempt infant formula for use under the
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supervision of a physician in allergy management. This exempt hypoallergenic infant
formula powder with extensively hydrolyzed casein and without added MCT oil with
DHA & ARA is considered by the U.S. Food and Drug Administration (FDA) to be a
food for special dietary use for infants. This formula containing LGG would also be
marketed for the dietary management of food allergies and would not be intended to be
fed to premature infants or infants who might have immune problems unless directed and

supervised by the infant’s physician.

MJ has added LGG to its Nutramigen (hypoallergenic infant formula powder with
extensively hydrolyzed casein and without added MCT oil) line of infant formulas in the
EU since 2003 at a level of 10® cfu/g powder. This level of LGG has been demonstrated
to ensure a minimum concentration of 10° cfu/g throughout the 12-18 month shelf life of
the formula. Through 2005, an estimated 51,900 infants have been fed Nutramigen LGG,
representing over eight million days of consumption (based on annual production and/or

sales of marketed formulas).

D. Basis for GRAS determination

MIN’s GRAS determination for the prbposed use of LGG is based on scientific
procedures as described under 21 CFR 170.30(b).

To demonstrate that LGG is GRAS under its intended conditions of use, the safety
of the intake of both LGG itself and the whole product is established under its intended
conditions of use. This intake of the whole product and of L.GG is determined to be
GRAS by showing that the safety of these levels of intake is generally recognized by
experts qualified by scientific training and experience to evaluate the safety of substances
directly or indirectly added to food, and is based on generally available and accepted

information.

The publicly available data demonstrating the safety of the proposed use of LGG

was reviewed by a GRAS panel consisting of:

5
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Dennis M. Bier, M.D. Michael P. Doyle, Ph.D.
Baylor College of Medicine University of Georgia
Houston Texas, USA Griffin Georgia, USA
Joseph I'. Borzelleca, Ph.D. Berthold Koletzko, M.D.
Virginia Commonwealth University University of Munich
Richmond Virginia, USA Munich, Germany

Roger A. Clemens, Dr.P.H. Daniel J. O’Sullivan, Ph.D.
University of Southern California University of Minnesota
Los Angeles California, USA St. Paul Minnesota, USA

This panel reviewed a monograph prepared by JHeimbach LLC and Hogan &
Hartson LLP as well as any other information available to them which they deemed
pertinent. The panel evaluated the dietary exposure, source of the substance, method of
manufacture, specifications, and contaminant levels, as well as information from
published ix vitro, animal, and human studies. The panel also reviewed unpublished
genomic information regarding LGG which corroborated the safety established through
the published information. The GRAS panel, which MJ regards as qualified by scientific
training and experience to evaluate the safety of substances added to food, concluded that

LGG meeting food grade specifications is GRAS under its intended conditions of use.

Therefore, it is concluded, based on scientific procedures, that the intended use of
LGG is safe and is also GRAS. A signed conclusion statement by the expert panel is
attached in appendix C.

E. Availability of information

The data and information that serve as the basis for this GRAS notification will be
sent to the FDA upon request, or are available for the FDA’s review and copying at
reasonable times at the office of Mead Johnson & Company, 2400 West Lloyd
Expressway, Evansville, IN 476721, telephone: (812) 429-5000, e-mail

matias.diezi@bms.com

30G007
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Il. General Introduction to the Class of Ingredients

A. Benefits of adding lactic acid bacteria to infant formula

The infant intestinal tract is essentially sterile at birth and experiences a
period of steady colonization over the following weeks and months as it is exposed to
microorganisms from the environment. It is generally accepted that these
microorganisms have a major impact on the overall development and function of the
gastrointestinal mucosa and immune system. The most important early sources of
bacteria include the birth canal, maternal feca! flora and the hospital or birthing
environment (Conway, 1996; Heavey and Rowland, 1999), and during the first year of
life diet plays a role in shaping the microflora composition as the infant transitions from
breast-feeding to iron-containing infant formulas and then to the introduction of solid
foods (Edwards and Parrett, 2002). Over time the intestinal microflora evolves into a
complex ecosystem, ultimately reaching as high as 10'* organisms representing over 400
species (Zetterstrom, et al. 1994, Edwards and Parrett, 2002). These organisms are
important in the breakdown of some food components (Edwards and Parrett, 2002),
development of the immune system (Zetterstrom et al., 1994), contributing to an
environment that resists colonization by potential pathogens (Heavey and Rowland,
1999) and maintaining gut-barrier function (Majamaa and Isolauri, 1997). In some
instances, it may be desirable to influence the composition of the microflora to enhance
these beneficial activities or make up for known insufficiencies. For example, infants
with cow’s milk allergy (CMA) have been shown to have impaired mucosal barrier
function (Isolauri, 1995) and therefore may benefit from microbiota that strengthen

endogenous barrier mechanisms.

While permanent changes to the indigenous microflora are extremely difficult to
effect by modification of the diet, certain types of beneficial bacteria, particularly strains
of lactic acid bacteria (LAB) have been shown in both adults and infants to temporarily
colonize the intestinal tract during regular oral consumption. These bacteria have long

been consumed for their ability to impart beneficial effects on the host. The daily level of

000008
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beneficial bacteria consumed by both infants and adults through consumption of yogurts,
fermented products and dietary supplements is typically about 10*-10'° colony forming
units (cfu), a level that is more than 1000-fold lower than the number of bacteria resident
in the entire intestinal tract (Zetterstrom et al., 1994). This suggests that, despite being
present in sufficient quantities during the consumption period to impart beneficial
activities in the gastrointestinal tract, these ingested bacteria are greatly outnumbered by
indigenous strains in both infants and adults and would therefore not result in significant

alterations (1.e., substantial or permanent changes) in the established intestinal biota.

B. Scientific rationale for the use of LGG

In addition to its primary role of digestion and absorption of nutrients, the
gastrointestinal tract also functions to protect the host from potentially harmful agents
such as intestinal microorganisms and food antigens. As previously mentioned, infants
with CMA have been shown to have impaired gut barrier function, potentially leading to
aberrant antigen transfer and immune responses and the breakdown of oral tolerance in
infancy (Isolauri, 1995). Based on these observations, there is a strong scientific
rationale for the use of infant formula containing beneficial bacteria that positively
influence gut barrier function and immune responses by infants suffering from CMA. MJ
has selected LGG to be used in such an exempt infant formula because it is among the
most extensively studied and best documented bacterial strain available for commercial
application. There is an abundance of scientific information pointing to both its safety
and its usefulness in the dietary management of infants with atopic dermatitis and CMA.
A number of clinical studies have evaluated the effects of LGG when fed with
extensively hydrolyzed casein-protein formulas to infants with a history of CMA. In
these studies, most infants and toddlers that were fed LGG for up to six months showed
symptomatic improvement of cow milk protein allergy (atopic dermatitis) with no

evidence of adverse effects on growth or on plasma and clinical markers.

8
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C. Mead Johnson’s European experience

Based on the strong safety and scientific profile of LGG, MJ has been marketing
hypoallergenic Stage ! and Stage 2 infant formulas containing LGG in Europe since
2003. Through the end of 20035, this represented an estimated 8.5 million days of feeding
with no adverse events being reported that could reasonably be attributed to the presence
of LGG. Research was done in the form of a survey by an independent contractor to
obtain information from health care providers in Sweden, Netherlands, and Belgium to
determine their recommendation of, clinical experience with and use of the marketed
formula with LGG.

Among the respondents, most (85%) reported that they currently recommend
Nutramigen LGG, either Nutramigen L.GG Stage 1 (for infants less than 4 months of age)
or Nutramigen LGG Stage 2 (for infants older than 4 months of age). The majority of
respondents (72%) reported recommending both Nutramigen LGG products. Only 3%
indicated they are no longer recommending Nutramigen LGG although they did
recommend the product in the past. There is little difference in the recommendation
behaviors of European physicians of Nutramigen LGG Stage 1 and Stage 2. Both
products are widely recommended for the dietary management of symptoms of cow milk
protein allergy, GI manifestations, and atopic dermatitis. Additionally, Stage 1 formula
with LGG is also used for infantile colic and urticaria.

Over half of those recommending Nutramigen LGG reported symptom
improvement beyond that offered by Nutramigen without LGG. In addition, a majority
of respondents sce benefits of Nutramigen LGG beyond that of cow milk protein allergy
symptom management. These physicians indicated recommending Nutramigen with LGG
for: the positive effect of LGG on gut flora, earlier resolution of symptoms, improved
efficacy (compared to Nutramigen without LGG), published clinical data, stimulation of
the immune system, and improved gut heaith.

Nearly all physicians (97%) indicated that they see no difference in the incidence

of adverse events related to the use of Nutramigen L.GG compared to Nutramigen that

000040
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does not contain LGG. Physicians defined adverse events as: digrrhea, loose stools,
vomuting, refusal to drink, colic, and no improvement in symptoms. Physicians reported
that only 2% of patients had experienced adverse events while using Nutramigen L.GG,
and the adverse events reported by the physicians are similar to the symptoms of the

underlying condition for which Nutramigen LGG was being recommended.

D. Safety of LGG

For the past twenty vears, LGG has been commercialized and consumed in a wide
variety of food products and dietary supplements throughout the world including the U.S.
Recently, the Dannon Company began marketing its Danimals drinkable yogurts with
LGG for children in the U.S. LGG is nonpathogenic and nontoxigenic, and is known not
to produce exotoxins. It has no plasmids; therefore, its risk for disseminating antibiotic
resistance is lower than plasmid-containing bacteria. The safety of LGG has been
verified using n vitro methods, genetic sequencing, animal models, and controlled trials
of human subjects consuming extremely large doses. In addition, MJ has had the
complete genome of LGG sequenced and analyzed for potential safety risks. The
conclusion of the expert panel is that no evidence exists in the genome data that
demonstrates or suggests a hazard from the intended use of LGG. The effects of LGG
consumption on both short- and long-term microbiota colonization have been studied, as
have the effects of metabolic products produced by LGG. Furthermore, .GG’s capacity
for invasiveness, infectivity, and degradation of the human intestinal mucus has been

evaluated and found to present no safety hazard.

Historically, both Lactobacillus and Bifidobacterium strains associated with food
products have been considered to be generally safe and documented cases of systemic
infections that may be associated with consumption of lactic acid bacteria are extremely
rare. Over the past 30 years there have been about 180 published cases of bacteremia
and 69 cases of endocarditis putatively caused by lactobacilli (Aguirre and Collins, 1993;

Gasser, 1994; Salminen and Donohue, 1996). These cases have occurred with various

000011
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lactobacillt and the vast majority have occurred in patients with compromised immune
status and/or mucosal barrier function due to underlying conditions such as heart disease
and diabetes or therapeutic treatment (e.g., dental surgery). In order to evaluate the
impact of increased consumption of LGG on systemic infections, surveillance studies
have evaluated potential increases in clinical infections with increased LGG
consumption. These studies showed that during a nine-year period, despite a notable
increase in LGG 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 (Salminen et al., 2002, Saxelin et al., 1996a).
Saxelin et al.(1996a) found that over the 1989 — 1992 period, “the results did not provide
evidence that any particular species or subspecies of Lactobacillus was the cause of the
infections; no infections caused by isolates similar to LGG were observed.” Salminen et
al. (2002) identified 11 out of a total of 48 isolates to be identical to LGG over the 1994-
2000 period but concluded that “[t]he results indicate that increased probiotic use of LGG

has not led to an increase in Lactobacilius bacteremia.”

Eight case reports have been published on clinical infections involving
lactobacilli where the use of LGG is implicated as the potential source for the infection.
All the cases occurred in subjects with some type of underlying disease or health
condition (e.g., liver abscess, diabetes, heart damage, short gut syndrome). Of these
eight, four infections were in infants who received LGG supplementation in an attempt to
manage complications resulting from severe underlying illnesses (Kunz, et al.,2004, De
Groote et al,, 2005, Land et al., 2005). In the two cases reported by Kunz et al., both
patients had ultra-short guts which were chronically inflamed and had experienced
cholestasis prior to LGG consumption. In a case reported by De Groote et al., the patient
had experienced necrotizing enterocolitis and had a history of short bowel syndrome
secondary to resection of approximately 80% of the small intestine. The patient’s history
included other complicating medical factors including multiple surgeries, cholestasis,
cirrhosis, secondary hyperslenism, hypothyroidism and chronic lung disease. In the
fourth case, reported by Land et al., the patient had undergone heart repair surgery,

006012
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pacemaker placement and pulmonary artery banding. Complications prior to LGG

supplementation included seizures, acute renal insufficiency, prolonged respiratory

support and suspected sepsis for which the patient received several 7-10 day courses of

broad-spectrum antibiotics.

These four cases demonstrate that LGG, like other lactobacilli, has the potential in
rare instances to be an opportunistic pathogen in severely compromised subjects. In all
four cases, the patients’ gut integrity was severely impaired, either due to short-gut
syndrome or gut ischemia due to poor cardiac function. In addition, all four patients had
central venous catheters and were fed LGG from opened capsules through their
gasirostomy tubes, leading all of the authors to conclude that contamination of the central
line was a possible point of possible point of entry of the bacteria. These cases describe
special situations with complicating factors that are widely divergent from what is seen in
infants with food allergies and therefore do not indicate a safety risk for the intended
conditions of use which includes the dietary management of food allergies and does not
include premature infants or infants who might have immune problems unless directed
and supervised by the baby’s doctor. The in vitro and animal evidence, the absence of
adverse effects of LGG in extensive clinical studies involving healthy subjects and those
with less severe medical conditions, the lack of increased infections despite a ~10-fold
increase in LGG consumption over a nine year period and the experience with
Nutramigen L.GG in Europe all provide overwhelming evidence that .GG is generally

recognized as safe for the intended conditions of use.

Il. CONGLUSION
In summary, MJ and a qualified expert panel have determined that the use of

LGG in an exempt hypoallergenic infant formula powder with extensively hydrolyzed
casein and without added MCT with DHA & ARA intended for the feeding of term
infants from the time of birth under the supervision of a physician is generally recognized
as safe (GRAS) based on the published scientific literature and that this safety is .
confirmed by the genomic sequence of LGG and MJ’s experience using LGG in Europe

for the past four years.
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L. PROPOSED USE
A, Summary

Mead Johnson Nutritionals (Mead Johnson) has developed this dossier
consisting of data and information establishing that the LGG powderl/ containing
Lactobacillus casei, subspecies rhamnosus GG, (LGQ) is generally recognized as
safe (GRAS) for use under the supervision of a physician in infant formula intended

for term infants from the time of birth.

B. Overview of Intestinal Biota

At birth, the intestinal tract of the human infant is essentially devoid
of microbial inhabitants. (Conway, 1996; Heavey and Rowland, 1999). As the
infant 18 exposed to bacteria from its environment, including the birth canal,
maternal fecal bacteria, and other sources (Zetterstrom, et al., 1994), the
colonization process begins and follows a characteristic pattern during the ensuing
weeks. (Conway, 1996; Heavey and Rowland, 1999). These early colonization
events lead to the development of the indigenous intestinal biota, which undergoes
changes during the first year of life as the infant transitions from breast-feeding to
iron-containing infant formulas and the introduction of sohd foods. (Edwards and

Parrett, 2002).

1/ The term “LGG powder” is used throughout this document to indicate the
powder formulation supplied by Valio, Inc. and added to the infant formula
manufactured by Mead Johnson. This terminology 1s used to distinguish between
the LGG powder and the LGG bacteria contained in the powder.

-1-

SASNDC 087097/000006 - 2360895 v4

000019



18

Once established, the bacterial biota along the entire intestinal tract is
extremely complex and includes an estimated 1013 or more bacteria representing
over 400 different species. (Zetterstrom, et al., 1994; Edwards and Parrett, 2002)
These indigenous bacteria break down some food components into more easily
assimilable forms (Edwards and Parrett, 2002), support local immune responses
(Zetterstrom, et al. 1994), and contribute to an environment that resists colonization
by potential pathogens (Heavey and Rowland, 1999). Probiotic strains are selected
to impart beneficial effects on the composition and/or metabolism of the intestinal
biota without causing adverse changes (e.g., invasion of the epithelial cells,
degradation of the intestinal mucin layer, production of toxins, transference of

antibiotic resistance) that would imperil the health or nutritional status of the host.

While the complex microbiota of the adult 1s difficult to change on a
long term basis, the infant microbiota is more amenable to change from diet, at
least on a temporary basis. (Edwards and Parrett, 2002). Lactic acid bacteria
(LAB), which include members of the genera Lactobacillus, are among the early
inhabitants of the intestinal tract and mucus membranes. (Axelsson, 1998).
Because of their ability to survive gastric transit, adhere to intestinal epithelial
surfaces, and release potentially beneficial substances, lactobacilli are among the
most commonly used probiotic bacteria. (Goldin et al., 1992). The daily dose of
probiotic strains in both infants and adults is typically about 108-1010 colony
forming units (cfu), a level that is more than 1000-fold lower than the number of

bacteria resident in the entire intestinal tract. (Zetterstrom et al., 1994). This
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suggests that any probiotic strains would be greatly outnumbered by indigenous
strains 1n both infants and adults and would not result 1n significant alterations

(t.e., drastic or permanent changes) in the established intestinal biota.

C. Selection of LGG as a Probiotic for Infant Formula

Mead Johnson selected LGG to be used in infant formulas because it 1s
among the most extensively studied and best documented probiotic available for
commercial application. (Salminen and Donohue, 1996). LGG is nonpathogenic
and nontoxigenic, and 1s known not to produce exotoxins. It has no plasmids;
therefore, its risk for disseminating antibiotic resistance likely 1s lower than
plasmid-containing bacteria. The safety of LGG has been verified using in vitro
methods, genetic sequencing, animal models, and human subjects consuming
extremely large doses. The effects of LGG consumption on both short- and long-
term microbiota colonization have been studied, as have the effects of metabolic
products produced by LGG. Furthermore, LGG’s capacity for invasiveness,

infectivity, and degradation of the human intestinal mucus has been evaluated.

As described 1n Section VIII.D., studies in neonates, infants, and

children who are either healthy or compromised due to premature birth, acute
diarrhea, or allergies, have shown that the ingestion of LGG at 108-101% colony

forming units per day (cfu/day) for two days to 15 months (most common treatments
periods were 5 days to one month) reduces the risk and severity of rotavirus
diarrhea, enhances recovery from antibiotic-associated diarrhea, and may have a
role in preventing the development of allergies or alleviating the symptoms of

3.
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inflammatory bowel disorders. Collective assessment of these studies 20

demonstrates that consumption of LGG is safe for use in infant formula and
confers beneficial health effects for both healthy and compromised term

infants from the time of birth.

In addition, during several years of consumption by infants of
Mead Johnson’s Nutramigen® LGG (hypoallergenic infant formula powder
with extensively hydrolyzed casein and without added MCT oil} in the
European Union (EU), no adverse effects have been reported to the
manufacturer that could be ascribed to LGG. 1/ Mead Johnson began
marketing a casein hydrolysate formula with LGG (i.e., Nutramigen LGG) in
the EU in 2003. As displayed in the following table, through 2005, an
estimated 51,915 infants appeared to have been fed Nutramigen LGG,

representing over eight million days of product consumption.

ESTIMATED CONSUMPTION OF NUTRAMIGEN LGG IN EUROPE

Number of Infants 2
PRODUCT 2003 2004 2005 Total ®
Nutramigen LGG — 4,657 5,463 10,120
(Stage 1)
Nutramigen LGG 7,691 15,272 18,832 41,795
(Stage 2)
NOTES:

2 Based on the total amount of product manufactured and shipped and assuming
formula consumption as follows — Stage 1: 10 cans/month x 4 months; Stage 2: 6
cans/month x 6 months.

b Represents a total of more than 8.5 million days of feeding formula to infants.

i See additional explanation in section VI and accompanying footnote 3.
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No adverse events have been confirmed in relat_ion to Nutramigen
LGG consumption. Relative to Nutramigen LGG sold in the EU, the extensively
hydrolyzed casein and without added MCT oil with DHA & ARA formula that will be
marketed in the U.S. differs only in that it will contain long-chain polyunsaturated
fatty acids (LCPUFA). There is no evidence to indicate that LCPUFA affects either

the solubility of the product or the viability of LLGG in the product.

A.Proposed Use

Mead Johnson proposes to add LGG powder at levels of 108 colony
forming units of LGG per gram (cfu/g) of powdered formula. This level of LGG is
intended to ensure a minimum concentration if 108 cfu/g throughout the 12-18
month shelf life of the formula. Based on this range of LGG concentrations, with
normal dilution of the powder formula in water according to label directions (i.e.,
13.5 g/100 mL), and assuming an average daily formula intake of 800 mL, the daily
intake of LGG would be approximately 108-1010 cfu per day.

Mead Johnson proposes to add LGG powder to our extensively
hydrolyzed casein and without added MCT oil with DHA & ARA as a line extension
of this product in the United States. The product name has not been determined.
This will be an extensively hypoallergenic Infant Formula powder with extensively
hydrolyzed casein and without added MCT oil with DHA & ARA powdered, exempt
infant formula for use in allergy management under the supervision of a physician.
This extensively hypoallergenic infant formula powder with extensively hydrolyzed
casein and without added MCT oil with DHA & ARA is considered by the U.S. Food
and Drug Administration (FDA) to be a food for special dietary use for infants. The

formula would be marketed for the dietary management of food allergies.
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II. IDENTITY AND DESCRIPTION OF LGG
A. Identity

Lactobacillus caset, subspecies rhamnosus GG, (LGG) is a gram-
positive bacterium that is a member of the broad classification of lactic acid bacteria
(LAB). Although they are not a strictly defined taxonomic grouping, LAB generally
are considered to include the following phylogenetically related genera, which have
several biochemical and ecological features in common: Aerococcus, Alloicoccus,
Carnobacterium, Dolosigranulum, Enterococcus, Globicatella, Lactobacillus,
Lactococcus, Lactosphaera, Leuconostoc, Oenococcus, Pediococcus, Strepiococcus,
Tetragenoccus, Vagococcus, and Weissella. Due to similarities in its biochemistry,
physiology, and ecology, the genus Bifidobacterium 1s often considered to be a LAB,
as well, even though it is phylogenetically unrelated. (Axelsson, 1998). With the
possible exception of some Enterococcus strains, most LAB strains are considered
commensal microorganisms with no pathogenic potential. (Donochue and Salminen,
1996; Adams, 1999). LAB have a long history of use 1n fermented and non-
fermented foods and have been noted for their ability to inhibit other
microorganisms capable of causing foodborne illness or food spoilage. (Adams, 1999;
Donohue and Salminen, 1996). Furthermore, LAB are ubiquitous in the intestinal
epithelium and the gastrointestinal tract of humans of all ages. All of these factors
lead to the reasonable conclusion that most LAB strains are safe for use in food,

mcluding infant formula.
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Lactobactllius is a non-pathogenic genus of bacteria that consists of
over 50 species. (Axelsson, 1998). Lactobacilli grow under reduced oxygen
conditions in habitats where ample nutrients exist and are used 1n commercial
applications for the fermentation of dairy products, fruits, vegetables, and meats.
(Aguirre and Collins, 1993; Gasser, 1994). Some Lactobacillus strains are found 1n
the gastrointestinal tract of healthy humans of all ages where they are among the
“normal” bacterna. (Saxelin et al., 1996b; Goldin et al., 1992). Some studies suggest
that LAB, particularly bifidobacteria and to a lesser extent lactobacilli, dominate
the biota of the breast-fed infant, while the formula-fed infant has a more diverse
biota that more frequently resembles that of adults. (Edwards and Parrett, 2002).
While the greater prevalence of lactobacilli in breast-fed infants relative to formula-
fed infants is not observed in all studies, it has been detected 1n the feces of

approximately half of all infants up to 19 weeks of age. (Conway, 1996).

LGG was 1solated 1n 1985 by Drs. Gorbach and Goldin of Tufts
University from the intestinal biota of a healthy human, and the GG designation
refers to its discoverers. Drs. Gorbach and Goldin selected LGG for its research and
commercial potential due to its: (1) stability in acid and bile, a property that 1s
necessary for survival through the upper gastrointestinal tract; (2) demonstrated
adherence to human intestinal epithelial cells, a property that is necessary for
potential gut colomzation; (3) strong antimicrobial activity to pathogenic bacterial
strains such as E. coli, Streptococcus, Clostridium, and Salmonella; and (4) strong

growth rate. (Gorbach, 1996). LGG is a patented strain and is given the American
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Type Culture Collection (ATCC) number 53103. Valio, Ltd. (Valio) of Helsinki,
Finland was granted an exclusive license to manufacture, market, and distribute

LGG in 1987.

B. Genetic Sequence and Profile

In an unpublished analysis, the complete genome of Lactobactlius
rhamnosus strain GG was sequenced to 8X coverage revealing a genome of
predicted size 2.84 mb in 532 contigs. All contigs, which are expected to contain at
least 98% of the genes present, were annotated in each of their s1x possible open
reading frames (ORFs) using standard computerized annotation programs. The
annotations were manually checked, predicting a total of 2,405 potential genes in
464 contigs. All genes were compared to known GenBank sequences using the

BLAST program at the National Center for Biotechnology Information (NCBI).

The Clusters of Orthologous Groups of proteins (COG) database at the
NCBI found motifs for 1,761 of the potential genes, meaning that some information
on possible function was available for 73% of the genes identified. Computerized
and manual reviews of all matches did not find notable genes that would suggest
significant virulence elements other than two putative hemolysin genes. It was also
found that another sequenced lactobacillus species, L. johnsonii, also contains two
of these genes. While LGG is resistant to vancomycin, no analogue to any
characterized vancomycin gene was found, (see also, Tynkkynen et al., 1998)
suggesting 1t may be an inherent property of its cell wall and thus not transferable.

While there were several proteins with motifs that may be present on antibiotic

8-
NNADC - 087097000006 - 2360855 v4 “) 0 0 O 2 6



25

resistance proteins, a more in-depth analysis suggested only two of them might be

involved.

The conclusion of this analysis, based solely on the 8X sequence
coverage, 1s that there 1s nothing unusual from a safety perspective about the LGG
genome when compared to other lactobacillus genomes. No evidence exists 1n the
genomic data that demonstrates, or suggests reasonable grounds to suspect, a
hazard from the intended use of LG(G. This unpublished analysis corroborates the

available published information, which establishes the safety of LGG.

The genetic profile of LGG is maintained by a well-controlled cell
banking system (see Appendix A) and evaluated periodically by various testing
procedures performed by Valio (see Appendix B). Aliquots of the mother cultures
are maintained in a freeze-dried state and periodically used to generate frozen
cultures, which are then used to generate short-term subcultures that are
individually thawed and used for production purposes. Production cultures are
checked for microbiological purity by colony morphology assessment and
carbohydrate fermentation profile, and genetic patterns are assessed by pulse field
gel electrophoresis (PFGE) pattern. Additional information on the genetic stability

of LGG i1s provided 1n Section V.

C. Antibiotic Resistance Profile

The potential for a probiotic to be resistant to the major antibiotics

used to treat clinical infections is an important consideration in the overall safety of
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the microorganism. The antibiotic susceptibility profile of LGG was most recently
evaluated by Charteris et al. (2001). Mimimum inhibitory concentrations (MICs) of
a variety of antibiotics were determined by three protocols (i.e., swab method
without antibiotic prediffusion, swab method with prediffusion, and sloppy agar
overlay method without prediffusion) of gradient diffusion (i.e., E test) for LGG and
11 closely related Lactobacillus rhamnosus strains, as well as for two positive
control strains of Lactobacillus. The antibiotics tested included selected inhibitors
of cell wall synthesis (i.e., benzylpenicillin, ampicillin, and vancomycin), protein
synthesis (i.e., gentamicin, streptomycin, tetracycline, chloramphenicol, and
erythromycin), and nucleic acid synthesis (i.e., co-trimoxazole, rifampicin, and

metrodazole).

The antibiotic susceptibility of the 12 Lactobacillus rhamnosus strains,

as provided collectively by Charteris et al. (2001), is presented in the following table.

ANTIBIOTIC SUSCEPTIBILITY OF CERTAIN
LACTOBACILLUS RHAMNOSUS STRAINS =

Susceptibility (ng/mlL) Susceptibility
Antibiotic Range MICso® MICoo© Assessment

Penicillin G 0.034-0.50 0.25 0.375 Sensitive
(Benzylpenicillin)

Ampicillin 0.068-1.0 0.75 0.75 Sensitive
Vancomycin >256 >256 >256 Resistant
Gentamicin 24-256 64 128 Resistant
Streptomycin 8-256 128 >256 Resistant

-10 -
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ANTIBIOTIC SUSCEPTIBILITY OF CERTAIN

LACTOBACILLUS RHAMNOSUS STRAINS 2

Susceptibility (ug/mL) Susceptibility

Antibiotic Range MICso® MICog < Assessment
Tetracycline 0.375-8 1 1.5 Sensitive
Chloramphenicol 2-8 6 8 Sensitive
Erythromycin 0.375-8 1 2 Sensitive
Trimethoprim- >32 >32 >32 Resistant
sulfamethoxazole
(Co-trimoxazole)
Rifampicin 0.068-0.50 0.188 0.375 Sensitive
Metronidazole >32 >32 >32 Resistant
NOTES:

a Charteris et al. (2001).

b Minimum susceptibility concentration of 50% (i.e., 6 of 12) of strains tested.

¢ Minimum susceptibility concentration of 90% (i.e., 11 of 12) of strains tested.

All Lactobacillus strains tested were deemed to be resistant to

vancomycin, co-trimoxazole, gentamicin, and metromdazole. According to the

investigators:

Intrinsic vancomyein resistance in lactobacilli has

been attributed to the synthesis of modified cell
wall peptidoglycan precursors that terminate 1n

lactate. ... [The mechanism] which confers intrinsic
co-trimoxazole resistance 1n lactobacilli is

unknown. ... Aminoglycoside [i.e., gentamicin]

resistance 1s attributed to the absence of
cytochrome-mediated electron transport in
lactobacilli, which mediates drug uptake.

SNADC 087087/000006 2360895 vd
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(Charteris et al., 2001). No explanation was provided for the resistance to
metronidazole, but it was noted that these results correspond to previous
ohservations by these and other investigators. Genetic sequencing information for
LGG 1ndicates that no analog to any known vancomycin gene was found,
(Tynkkynen et al., 1998) suggesting that resistance is a property of the cell wall

structure.

Among the antibiotics tested by Charteris et al. (2001), those that are
frequently used in pediatric patients with appropriate indications include penicillin
G, ampicillin, vancomycin, gentamicin, erythromycin, trimethoprim-

sulfamethoxazole, and metromdazole.

NI, MANUFACTURING PROCESSES
A. LGG Powder Manufacturing Process

LGG powder is manufactured for Mead Johnson by Valio. A schematic
and further description of the manufacturing process 1s attached as Appendix B.
LGG 18 produced by standard fermentation techniques in facilities and under
conditions that are suitable for human food use. Food grade hydrolyzed whey
permeates and hydrolyzed whey/casein proteins are used as growth media
ingredients in the fermentation process. The method of hydrolysis for whey protein
substrates used to grow LGG 1s not known. However, the enzyme used 1n
hydrolysis of whey proteins as well as the end products is unlikely to cause allergic
reactions in infants. No reactions were observed among 29 confirmed milk-allergic

study participants who were challenged with LGG in a double-blind, placebo-

-12 -
NAADC - 087097/000006 2360895 v4
0¢6030



29

controlled, food challenge trial (unpublished, data on file at Mead Johnson). After
fermentation, LGG 1s concentrated by ultra filtration and thoroughly washed with
sterile water to remove impurities (e.g., fermented media components are removed
in order to increase cell concentration), and saccharose is added as a cryoprotectant.
The raw materials and the regulatory status of these materials used 1n the

manufacturing process are provided in the following table.

RAW MATERIALS USED IN THE PRODUCTION OF LGG POWDER

Raw Material FDA Regulatory Status
Hydrolyzed Whey Meets FCC criteria for partially
hydrolyzed proteins
Hydrolyzed Casein Meets FCC criteria for partially
hydrolyzed proteins
Manganese Sulfate Used in accordance with 21 C.F.R.
§ 184.1461
Alcalase 0.6L Meets JECFA and FCC criteria for food
grade enzymes
Lactase Meets FCC crniteria for food grade
enzymes
Structol J 673/A Used 1n accordance with 21 C.F.R.
§ 173.340 (Defoaming agents)
Saccharose (Sucrose) Used in accordance with 21 C.F.R.
§ 184.1854
NOTES:

JECFA = Joint FAO/WHO Expert Committee on Food Additives
FCC = Food Chemicals Codex

13 -
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The concentrated bacterial culture is freeze dried into a powder and
shipped to Mead Johnson in powder form. As described below, Mead Johnson will
incorporate the LGG powder during the dry blending process for manufacturing
powdered formula. As described previously, Valio maintains a Cell Bank System to

guarantee the origin and purity of LGG.

B. LGG Powder Specifications

Valio’s specifications for LGG powder are provided in the table below.
Certaficates of analysis for six batches of LGG “Grade P” powder are provided in

Appendix C.

VALIO SPECIFICATIONS FOR LLGG POWDER (GRADE P)

Parameter Specification
LGG concentration >3 x 101! cfu/g powder
Total viable aerobic count (non lactic < 1000 cfu/g
bacteria)
Yeasts < 100 cfu/g
Molds < 100 cfu/g
Enterobacteriaceae (and other gram- O/g

negative bacteria)

Clostridial spores < 3 cfu/g*®

Staphylococcus aureus < 10 cfu/g**

E. coli. 0/g

Salmonella 0/25 g

Pseudomonas aeruginosa < 10 cfu/g™*
14 -
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VALIO SPECIFICATIONS FOR LGG POWDER (GRADE P)

Parameter

~ Specification

Aerobic bacterial spores (30°)

< 100 cfu/g

Bacillus cereus

< 100 cfu/g***

Saccharose 25-55% (40% typical)
i Lactose <1%
B-lactoglobulin < 0.1 pglg
Water activity <0.1
| NoTES:

*Absent within detection limit of < 3 Most Probable Number (MPN).

**Absent within detection limit of < 10 cfu/g.
***Not tested separately if aerobic bacterial spores absent (i.e., < 10 cfu/g).

The only allergen that is tested for during the manufacturing process
is B-lactoglobulin. While no information is available on other relevant food
allergens, none are expected given the nature of the materials used to manufacture

LGG powder and normal practices in place to ensure product quality.

C. Manufacturing Processes for an extensively hypoallergenic
Infant Formula powder with extensively hydrolyzed casein and
without added MCT oil with DHA & ARA '

For manufacturing an extensively hypoallergenic Infant Formula
powder with extensively hydrolyzed casein and without added MCT oil with DHA &
ARA and LGG powder, base powder production, dryr blending, and packaging are
the same as used at Mead Johnson facilities to produce Infant formula powder with
the current extensively hydrolyzed casein and without added MCT oil with DHA &
ARA except for the use of LGG powder in base powder .blending. This process is
outlined below and involves a dry-blending operation, which consists of adding

powdered infant formula base, dry LGG powder, and various vitamin and

15 -
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mineral premixes to a ribbon blender for mixing, and which is followed by

canning in composite cans with reduced oxygen (nitrogen flushed).

Process flowsheet of Powder Finished Product with DHA & ARA and LGG Production
Mead Johnson Nutritionals, Zeeland, Michigan

ZSP Facility
Nutramigen Nutramigen
Base LGG Premixes Base

TR SR S

Ribbon Blender

Filler
Hopper,

v B
OgB o

Canning
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Process of Base Production
Mead Johnson Nutritionals, Zeeland, Michigan
ZSP Facility
Water
Protein Hydrolysate Pwd/Liquid
Corn 3yrup Solids

Moncglyceride Mod. Com Starch
Fat Blend oil Minerals
ARAJDH, %
& I Heat changer
Qil Tank Mix tank Heat surge tank

High
pressure pump

Homo surge tank
Homegenizer

Preheater

Dryer Feed Tank

S&ray Dryer
==

sifIzr

B0 Cis

C. Specifications for Exempt Hypoallergenic Infant Formula
Powder with Extensively hydrolyzed casein and without
added MCT oil with DHA & ARA

The formulations for extensively hydrolyzed casein and without
added MCT oil with DHA & ARA and LGG are identical to the formulations
that are currently p.roduced at Mead Johnson facilities with the following

exceptions:

e 333.33 ppm of LGG powder 1s added to Exempt
Hypoallergenic Infant Formula Powder with
Extensively hydrolyzed casein and without added

MCT oil with DHA & ARA (33.333 g/100kg powder).
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. Carbohydrate content is reduced by 133 ppm of LGG powder is added
to the extensively hydrolyzed caéein and without added MCT oil with
DHA & ARA (33.333 g/100 kg powder).Carbohydrate content is
reduced by 133 ppm to account for carbohydrate content of LGG

powder (on average 40% of LGG powder is sucrose).

) Because one-half of the sucrose content of LGG powder is fructose
(66.66 ppm), it is appropriate to determine if there might be a
potential risk to infants with hereditary fructose intolerance (HFI).
Subjects with HFI have a reduced capacity to metabolize fructose and
can present with symptoms of GI discomfort, hypoglycemia, nausea,
vomiting, sweating or convulsions. Assuming a 30 percentile
formula intake of 207 mL/kg bw per day, the daily intake of fructose
from the extensively hydrolyzed casein and without added MCT oil
with DHA & ARA is estimated at 1.9 mg/kg bw per day. This level of
fructose is not be expected to provide a serious threat to individuals
with HEFT because studies have shown that fructose is tolerated by
adults with HFI at 15-20 mg /kg bw per day (Briet et al., 1995) and in
a single infant with HFT at ~9.7 mg/kg bw per day (Barshop ef al.,
2003). |

II1. ANALYTICAL METHODOLOGY FOR LGG

The principal means for identiﬁcation of LGG is via traditional
microbiological and biochemical methods, with PFGE used for strain confirmation
and genetic stability assessment. The enumeration of lactobacilli from LGG powder
is performed by Method G 8112 (attached as Appendix D), which is based on
Fédération Internationale de Laiterie-International Dairy Federation (FIL-IDF)
standard 117A:1988. This method is able to adequately differentiate and quantify
viable LGG in the product.
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V. STABILITY OF LGG

The stability of LGG is defined primarily by the viability of cells in the
freeze dried powder and 1n the final infant formula. Stability depends on certain
product characteristics, including packaging and the storage conditions of the
powder and formula. Mead Johnson intends to add LGG powder at levels of 108 cfu
of LGG per gram of powdered formula. This level of LGG has been demonstrated to
ensure a minimum concentration of 106 cfu/g throughout the 12-18 month shelf life
of the formula. Experimental studies have shown that this shelf life period is
equivalent to storage of the product contaimng LGG at 30C at 50% relative

humidity for 18 months.

The genetic stability of LGG following the manufacturing process and
exposure to various conditions of environmental storage was assessed by
comparison of PFGE profiles for L.GG cultures before and after treatment (see
Appendix E). Conditions that were evaluated for effects on LGG genetic stability
included processing into finished product in both pilot plant and production
facilities and storage 1n finished formula product at either 25°C for up to 80 weeks
or 40°C for up to 12 weeks. Results using four different restriction endonuclease
enzymes show that PFGE profiles of LGG isolates from infant formula powder
samples were identical to the PFGE profiles of the starting LGG culture. These
resulte suggest that the genome of LGG 18 stable under normal conditions of

processing and storage in infant formula product.
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Under standard recommended conditions of uée, the ingestion of
non-viable LGG fiom the extensively hydrolyzed casein and without added
MCT oil with DHA & ARA is not anticipated to represent a safety concern.
Other lactic acid bacteria, including various Lactobacillus spp., have been
consumed for many years by both children and adults in a variety of product
forms (e.g., yogurts, fermented milks, dietary supplements, etc) without

adverse effects.
III. HISTORY OF L.GG USE IN FOOD

Lactobacilli have been consumed on a daily basis since humans
started using fermented milks as food, including the probiotic use of certain
Lactobacillus species for more than 75 years. (Salminen et al., 1998). More
specifically, since its discovery in 1985, LGG has been incorporated in a
variety of food products consumed around the world, with the majority of
these products sold in the EU and the U.S. LGG is added most commonly to
dairy products, including yogurt, milk, and other dairy-based drinks. In
addition, LGG is sold as a dietary supplement. A partial list of products
containing LLGG and the countries in which these products are sold is

attached as Appendix F.

LGG 1s marketed as a starter culture in fermented foods and
drinks in Denmark and the United Kingdom. In Japan, LGG is confirmed as
a Food for Specified Health Uses (FOSHU) by the Japan Health and
Nutrition Association. The Codex standards for infant formula (CODEX
STAN 72-1981) and follow-up formula (CODEX STAN 156-1987, amended
1989) both list “L(+) lactic acid producing cultures” as approved food

additives at levels subject only to good manufacturing practice (GMP).
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Furthermore, as mentioned previously, Mead Johnson has added LGG
to its Nutramigen line of infant formulas in the EU since 2003 at a level of 108 cfu/g
powder (i.e., 333 ppm of LGG powder or 33 g/100 kg powder). This level of LGG has
been demonstrated to ensure a minimum concentration of 106 cfu/g throughout the
12-18 month shelf life of the formula. Through 2005, an estimated 51,900 infants
may have been fed Nutramigen LGG, representing over eight million days of

consumption (based on annual production and/or sales of marketed formulas).

Although there are no requirements for monitoring adverse events
associated with intake of infant formulas in the EU, Mead Johnson has
implemented a system to monitor product complaints, including those of a medical
nature. Infants consuming Nutramigen LGG are typically under the supervision of
a medical professional, increasing the chance that any product-related adverse
events that occur are quickly identified and commumicated to the appropriate
individual. The product complaint system involves self-reporting of potential
adverse events by consumers or health care providers within individual countries,
with follow up by a Mead Johnson medical representative if warranted. These
reports of adverse feeding experiences and any follow up are archived in written
form within a centralized database. To date, no adverse effects have been reported

to the manufacturer that could be ascribed to LGG. 3/

3/ From January 2003 through November 2006, Mead Johnson recerved 35
complaints regarding Nutramigen LGG (Stages 1 and 2) from consumers, hospitals,
pharmacies and doctors. Only 6 of these complaints involved medical issues,
consisting of two cases of allergic reactions, two cases of sickness or vomiting, one
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VII. SAFETY OF LGG

The studies presented 1n this section provide a broad hasis for
establishing that LGG is generally recognized as safe for use in infant formula. As
described in detail below, a large variety of in vitro studies, animal toxicity studies,
and clinical investigations in both healthy and compromised populations have been
conducted on LGG. Collectively, these studies demonstrate that the daily
consumption of 108 cfu of LGG 1s generally recognized as safe for most infant
populations. However, certain compromised infant populations, such as those with
central lines, heart defects, or immune disorders (including severe combined
immune deficiency syndrome (SCIDS)), are shown to have an increased risk of

developing LGG-associated systemic infections.

A. In Vitro Studies

A variety of in vitro studies are used for evaluating characteristics of
probiotic bacteria that may impact safety and efficacy in vivo. Gastrointestinal
surfaces are dynamic, three-dimensional compartments composed of mucinous
glycoproteins that flow on glycocalix over the epithelial cell membrane, which is

convoluted into microvilli. (Sarem-Damerdji et al., 1995). The “normal” intestinal

case of constipation, and one case of reduced growth due to a child’s refusal to drink
the formula. In both cases of reported allergic reactions, the children were tested at
local hospitals with samples of casein hydrolysate and LGG. In one case, the child
tested positive for the casein hydrolysate but not the LGG; in the other case, neither
ingredient was found to elicit an allergic reaction. In the cases of reported sickness,
one case mvolved formula well past its expiration date, while no problems were
found with the formula in the other case and the complaint was rated not valid.

The case of constipation also could not be confirmed but may have involved the
administration of incorrect amounts of formula.
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biota is composed of a variety of nonpathogenic, opportunistic, and pathogenic
organisms, some of which have antibiotic resistance capabilities. Thus, the in vitro
studies focus on a probiotic’s potential to: (1) attach to intestinal cells, (2) degrade
intestinal mucin, (3) exhibit other virulence factors, (4) transfer antibiotic resistance
genes, and (5) impact the survival of other types of intestinal bacteria. Descriptions

of the in vitro studies performed on LGG or other lactobacilli are presented below.

1. Ability to Adhere to Intestinal Cells

Although adherence of probiotic bacteria to intestinal surfaces 1s not
confirmed to be required for health benefits, adherence generally is regarded to be a
prerequisite for colonization, stimulation of the immune system, and for
antagonistic activity against enteropathogens. In vitro cell culture systems are
frequently used to assess the ability of probiotics to colomze, and potentially invade,

intestinal epithelial cells.

Elo et al. (1991) tested the adhesive capacity of LGG from several
sources and multiple lots of freeze dried cultures using the human colon carcinoma
cell line Caco-2. Approximately 108 cfu of LGG was added to Leighton tubes
containing 63,000 Caco-2 cells per cm2, incubated for 30 minutes at 37°C, washed 3-
4 times with phosphate buffered saline (PBS), fixed with acetone, stained with
Giemsa solution for a couple of seconds, and mounted on light microscopy slides.
The authors concluded: “LGG was shown to adhere well to the cell line independent
of the source of bacteria” (i.e., 1t was given a “+++” on a scale of “—“ (no adhesion) to

“+++++" (very strong adhesion)). (Elo et al., 1991).

.93 -

NAADE - D8T7097/0000086 - 2366835 v4

000041



40

Sarem-Damerdji ef al. (1995) studied the in vitro colonization ability of
LGG and four other Lactobacillus strains 1n a human colon epithelium culture
model. Approximately 2 x 108 ¢fu of LGG was placed in suspension with a 56 mm?
sample of prepared colonic tissue, the culture was incubated for eight hours at 37°C,
and the tissue was washed five times with PBS and divided for enumeration and
electron microscopy. According to the authors, “good colonization was observed
after addition of LGG,” which “induced an intermediate bacterial colonization” (i.e.,
it was given a “+" on a scale of “-” (negative colonization) to “++” (high colonization)).

(Sarem-Damerdy et al., 1995).

Quwehand, et al. (2000) studied the adherence of several bifidobactena
and lactobacilli strains to a model of small intestinal mucus that consisted of
human ileostomy glycoproteins. Approximately 107 cfu of radioactively labeled
Bifidobacterium lactis Bb12, LGG, or one of three other lactobacilli strains was
added to immobilized human ileostomy glycoproteins and incubated for one hour at
37°C. The adhered bacteria were released and lysed, and adhesion was expressed
as the percentage of radioactivity recovered. A similar procedure was used with
one of the four non-radioactively labeled Lactobacilli strains in combination with
radioactively labeled Bifidobacterium lactis Bb12 (and vice versa), both sequentially

and simultaneously, to test synergistic binding.

The authors found that all tested strains adhered well {o the
immobilized ileostomy glycoproteins. The binding of Bifidobacterium lactis Bb12

was found to be significantly enhanced from 18% when incubated alone to 44%
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when incubated simultaneously with Lactobacillus GG, whale the adhesion of
Lactobacillus GG was not significantly affected. When one strain was allowed to
bind prior to another one, the adhesion of both strains was similar to when
incubated alone. The investigators concluded that “[t]hese results suggest that
combinations of probiotics strains may have synergistic adhesion effects.”

(Ouwehand, et al., 2000).

Due to its documented adhesion to adult human intestinal mucosa,
ileostomy glycoproteins, and Caco-2 tissue culture cells, Kirjavainen et al. (1999)
used LGQ as the control in adhesion studies of bacteremia-associated lactobacilla

gtrains.

While the specific mechamsms by which LGG (or other lactobacilli)
adhere to host surfaces have not been defined, adherence to cultured intestinal cells
or resected human colonic tissue was demonstrated in these in vitro studies. In an
in vivo study with an in vitro analytical component, Alander et al. (1999), also found
that LGG adhered to human intestinal mucosa. Twenty-one adult, healthy, human
volunteers undergoing routine diagnostic colonoscopy were fed a daily dose of
approximately 6 x 1010 cfu of LGG in a fermented whey drink for 12 days. The
subjects underwent colonoscopy and intestinal adherence was assessed in colonic
biopsy samples either immediately after the 12-day LGG administration (group A: 1
male, b females, 34 to 78 years old), one week after LGG administration (group B: 5
males, 3 females, 42 to 68 years old), or two weeks after LGG administration (group

C: 4 males, 3 females, 27 to 73 years old). Fecal samples were taken at days 0, 4-9,

.25 .
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and 11-13 (post-initiation of LGG administration) for all groups; additional days 15-

17 and 18-19 for groups B and C; and additional days 22, 24, and 26 for group C.

Biopsy and fecal samples of LGG isolates were confirmed by its
characteristic colony morphology, a lactose fermentation test, and PCR. LGG was
detected 1n biopsy specimens and final fecal samples of all group A subjects. In
group B, LGG was detected 1n seven of the eight biopsy samples and in two out of
eight final fecal samples. In group C, LGG was detected in two of the seven biopsy

samples and in none of the final fecal samples. (Alander et al., 1999).

The authors concluded that similar detection of LGG in the biopsy
samples of groups A and B “indicates that [L]GG can survive in high numbers in
colonic mucosae despite its rapid turnover. This finding suggests that L.
rhamnosus GG can multiply on the colonic surface at a rate that partially
counterbalances its shedding. However, as can be seen from the results from group
C, even an adherent strain can be gradually diluted out of the colon unless it is
replenished with a fresh inoculum. ... In accounting for the findings reported here,
the study of fecal samples alone may underestimate colonization by probiotic
strains.” Neither the occurrence of any adverse health effects nor evidence of

invasiveness was noted by the authors. (Alander et al., 1999).

The in vitro assays described above demonstrate that LGG has a

significant capability to adhere to intestinal surfaces.
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2. Ability to Degrade Mucin

It has not been established whether probiotic bacteria adhere to
epithelial cell surfaces or to the mucus layer covering the intestinal mucosa.
Mucins are highly complex polysaccharides released from intestinal goblet cells that
provide structure and viscosity to the mucus layer that covers the intestinal
epithelial surface. The primary function of this layer 1s to protect the underlying
epithelial cells from corrosive gastric acids, shear forces generated by the digestive
process, and 1nvasion by pathogenic microbiota. Thus, the potential for probiotic
bacteria to degrade intestinal mueins is often evaluated as a potential virulence
factor since damage or disturbance of the mucus layer could compromise the barrier

function and lead to intestinal or other climical infections.

While certain intestinal strains of lactobacilli are known to possess
mucin-degrading activities, several studies suggest that probiotic strains, such as
LGG, do not degrade intestinal mucins. Zhou, et al. (2001) studied the effects on
hog gastric mucin of three potential LAB probiotic test strains, including
Lactobacillus rhamnosus HN0O1, which is from the same species as LGG. No
significant changes in the carbohydrate or protein concentrations of the mucin were
found following 1incubation with the test strains, no mucin fragments were derived
from the mucin suspension incubated with the test strains, and no mucinolysis zone
was identified in agarose. The authors concluded: “These results demonstrate that

the potential probiotic LAB strains tested ... were unable to degrade
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gastrointestinal mucin in vitro, which suggests that these novel probiotic candidates

are likely to be non-1nvasive and non-toxic at the mucosal surface.”

Ruseler-van Embden, et al. (1995a and 1995b) studied the effect of
LGG and several other strains of probiotic bacterial cultures on hog gastric mucin
and human intestinal glycoproteins and measured mucus degradation by assaying
carbohydrates, proteins, and blood group antigenicity. The authors reported: “All
strains colonized the intestinal mucus but were not found in the deep cysts.
Degradation of mucus glycoproteins was observed neither in vitro nor in vivo.”
Corresponding in vivo tests, in which LGG was added to the drinking water of
germ-free and gnotobiotic rats at a concentration of 5 x 108 bacteria/mL for 10 days
prior to sacrifice, showed similar results. The authors concluded that “[t]he tested
strains do not break down intestinal mucus glycoproteins and thus far are safe to

use for therapy.” (Ruseler-van Embden, et al., 1995a and 1995b).

Collectively, these studies suggest that LGG does not break down

mucins in either in vitro models or germ-free rats.

3. Other Virulence Factors

Attributes or components that allow bacteria to overcome host defenses
and cause infections are known as virulence factors. Accordingly, harmless bacteria
associated with the normal biota are typically distinguished from disease-causing
microbes by the absence of virulence factors. Examples of virulence factors include
the ability to invade host tissues, to avoid immune elimination, and to produce
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toxins that harm the host. Furthermore, the ability of indigenous or probiotic
bacteria to adhere to platelets is often evaluated as an indication of the potential for

undesirable binding to non-mucosal host cells.

Studies by Harty et al. (1993a, 1993b, 1994) showed that certain
indigenous and clinical isolates of lactobacilli — including strains of Lactobacillus
rhamnosus (though not LGG, specifically) —1solated from patients with infective
endocarditis, are capable of binding or aggregating blood platelets. However,
platelet aggregation was not restricted to those species implicated in endocarditis.
(Harty et al., 1993b). Korpela ef al. (1997} demonstrated that concentrations of

LGG as large as 10° ¢cfu/mL do not induce aggregation of human platelets.

Oakey ef al. (1995) found that isolates of lactobacilli (though not LGG
specifically) from patients with endocarditis produce certain enzymes that “may
enable the breakdown of human glycoproteins and the synthesis and lysis of human
fibrin clots, characteristics which aid the colonization and survival of bacteria

infecting an endocarditis vegetation.”

In conclusion, the results from the above studies involving probiotic
lactobacilli, including L.GG, show little evidence for the existence of virulence
factors related to adhesion to host cells or enzyme activity related to disease
progression. While some strains of lactobacilli are capable of causing platelet

aggregation, LGG does not appear to possess this potential virulence factor.
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4, Transfer of Antibiotic Resistance Genes

It is generally accepted that intrinsic resistance to specific antibiotics
among normal intestinal biota may become a health and safety issue if such
resistance can be transferred to potential pathogens, thereby negatively impacting
the therapeutic effectiveness of the antibiotic. (Salminen and von Wright, 1998).
Antibiotic resistance plasmids are of particular concern because they can be easily
transferred among different species and genera of bacteria through a process known
as conyugation. Probiotic strains that contain genetically transmissible genes, such
as those providing antibiotic resistance, present a safety concern due to the

potential for exchange of harmful genes to pathogenic bacteria.

As described earlier, a variety of different Lactobacillus rhamnosus
strains, including LGG, have been demonstrated to be intrinsically resistant to
clinically important antibiotics such as vancomycin (Charteris ef al., 2001;
Salminen et al., 1998). Vancomycin resistance in lactobacilli is most often
chromosomal and not plasmid mediated. In conjugation experiments with strains of
enterococci, Tynkkynen et al. (1998) showed that LGG does not contain plasmids
and is unable to transfer i1ts chromosomal vancomycin resistance genes to
enterococcal strains via conjugation. As described previously, unpublished genetic
sequencing information for LGG corroborates this suggestion that resistance is a
property of cell wall structure by indicating that no analogs to any known
vancomycin gene are present. Therefore, it does not appear that LGG can transmit
vancomycin resistance genes to other organisms, especially enterococci. Moreover,
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as previously described, LGG is susceptible to a number of other antibiotics 1n the
rare event that this strain is associated with a clinical infection. (Charters et al.,

2001).

5. Impact on Intestinal Bacteria

LGG metabolizes common dietary nutrients and generates metabolic
end products that may in turn impact the survival or translocation of other types of
intestinal bacteria. Silva et al. (1987) evaluated the antimicrobial effect of LGG
against a wide range of bacterial species via microbiological assay. LGG was found
to inhibit anaerobic bacteria (Clostridium spp., Bacteroides spp., and
Bifidobacterium spp.), members of the Enterobacteriaceae family, Pseudomonas spp.
Staphylococcus spp., and Streptococcus spp. The inhibitory activity occurred at pH
3 — 5 and was found to be heat stable in research during which a 10-fold concentrate
of LGG was heated at 90°C for one hour and autoclaved at 121°C for 15 minutes.

The growth of other lactobacilli was not inhibited. The authors concluded:

The inhibitory substance produced by Lactobactlius
sp. strain GG, even though it 18 produced by a
gram-positive organism, has a low molecular
welght and is active against a broad spectrum of
gram-negative and gram-positive organisms,
including lactic acid bacteria, but not against other
lactobacilli. These characteristics make the
substance different from the bacteriocins (which
are generally produced by gram-positive bacteria,
have high molecular weights and are susceptible to
proteases, and have a spectrum of antimicrobial
activity limited to related species).
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Meurman et al. (1995) studied the inhibitory effect of LGG on the
growth of oral streptococei. The microbial inhibitory substance was isolated from
LGG cultures grown 1n two different media and added to suspensions of
Streptococcus sobrinus, S. sanguis, and S. salivarius, and S. faecalis. The authors

found:

The inhibitory ability of the isolated substance was
weak, but some growth inhibition was observed in
Streptococcus sobrinus pretreated with the
gubstance relative to untreated controls. Zones of
growth 1inhibition were apparent only at pH values
below 5, indicating that the inhibitory activity was
restricted to a low pH range. Growth curve
experiments showed a statistically sigmificant
inhibition between series with and without the
isolated substance (P<0.05). The ultrastructure of
S. sobrinus was not affected when treated with the
inhibitory substance.

Thus, it appears that LGG produces substance(s) that inhibit various strains of
streptococcl (and possibly other target bacteria) to help establish a presence among

other bacteria (both pathogens and commensal).

As described in the “Repeated Dosing Studies” section, below, Lee et al.
(2000) demonstrated that enterally-admimstered LGG decreases the frequency of E.
coli K1A translocation in a neonatal rabbit model. Mattar et al. (2001) attempted to
build on these findings in investigating whether LGG was effective in reducing the
rate of E. coli C25 translocation using an in vitro cell-culture model derived from
Caco-2 enterocytes. Concentrations of LGG ranging from 104 to 108 cfu, along with

negative controls, were incubated with the Caco-2 enterocyte monolayers at 37°C
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for 180 minutes prior to a 120 minute incubation period with 105 cfu of £. coli C25.
The integrity of the monolayer was measured with transepithelial electrical
resistance. The authors observed that “L.GG inhibited E. coli. C25 translocation at
all LGG concentrations tested,” which “appears to be secondary to an interaction

between probiotic and enterocyte.”

These studies suggest that LGG may have a beneficial effect on the
host by inhibiting the growth of a variety of potentially pathogenic intestinal

bacteria and decreasing the frequency of translocation of others.

B. Toxicity Studies

The safety and toxicity of several probiotic strains, including LGG,
have been evaluated and subjected to testing in both healthy and compromised

animals. A brief review of these toxicity studies is presented below.

1. Acute Toxicity

Donchue et al. (1993) conducted an acute toxicity study in healthy,
adult, male Swiss mice with several strains of probiotic bacteria that belong to the
genera Streptococcus, Lactobacillus (including 1.GG), and Bifidobacterium.
Graduated doses of 0, 1, 2, 4, and 6 grams of the test bacteria per kilogram body
weight (0, 1.5 x 1011, 3 x 1011, 6 x 101!, and 9 x 101! cfu/kg b.w.) were admimstered
by gavage to test groups of five mice apiece, and the anmimals were observed twice

daily for a seven day period between dosing and necropsy.
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There were no significant changes observed in ammal behavior, food
intake or body weight during the seven day evaluation period. No treatment-
related deaths or signs of toxicity were observed between groups, and no
remarkable changes reported for gross appearance of internal organs. No toxic
effects were obgerved for any of the organisms or doses administered, although a
trend towards lower specific growth rate was observed at the highest dose of LGG.

(Donohue ef al., 1993).

The researchers concluded that “the acute oral LD3o of each organism
after seven days for male Swiss mice 1s greater than 6 g/kg body weight [>9 x 1011
cfu/kg b.w.], and the tested strains can be considered nontoxic in an acute test
system.” The researchers added: “Although extrapolation of oral LDsp values from
animals to humans has limited validity, the values observed 1n this study would
correspond to a dose of more than 420 g of washed freeze-dried bacteria for a 70 kg

human.” (Donohue et al., 1993).

2. Repeated Dosing Studies

The safety and toxicity of LGG have been evaluated in several
repeated dosing studies where animals were treated experimentally to increase
susceptibility to potential adverse effects from the probiotic strain. The effect of
LGG on lethally irradiated mice was studied by Dong et al. (1987). Approximately
forty CD1 mice, 21-28 days old, were divided such that half were fed approximately
3.5-4.0 x 10" ¢cfu/day of LGG via suspension in drinking water available ad libitum.

Ten days after commencing administration of LGG, the mice were irradiated with
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1400 rads, and feeding of LGG was continued. Consecutive experiments, which

differed only as to diet (chow versus meat), were conducted.

Both experiments showed a significant reduction in mortality for the

LGG-fed animals relative to controls over the 1nitial 48 hours after death began in
these animals (i.e., starting at day 4 post-irradiation). Thereafter, the mortality in
the experimental and control groups converged to yvield no sigmficant differences.
Bacteremia was present 1n all dead mice, although no lactobacilli were isolated in
any blood culture. The LGG-fed mice were observed to have more streptococcal
1solates than controls and fewer pram-negative enteric organisms. In addition, in
one of the experiments, the administration of LGG appeared to correspond to a
reduction in Pseudomonas bacteremia. The authors concluded:

By feeding Lactobacillus GG strain, there was a

reduction in Pseudomonas bacteremia, leading to a

prolongation of survival in groups of mice colonized

by this organism. Even in the mice without

Pseudomonas colonization, Lactobacillus GG

somewhat extended survival times and reduced

Gram-negative bacteremia. In addition, there was

no evidence of lactobacillus bacteremia in the fed

animals. Hence Lactobacillus GG 1s a noninvasive

orgamism, which may reduce Gram-negative

bacteremia and prolong survival in irradiated mice.
(Dong et al., 1987).

Lee et al. (2000) evaluated the effect of LGG administration on the
bacterial translocation of ampicillin-resistant Escherichia coli K1 (EK1) in newborn
New Zealand white rabbit pups. The pups were separated into three test groups

plus controls and were administered erther 108 cfu of LGG, EK1, or a combination of
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the two twice daily for two days. The pups were sacrificed on day three, the tissue
specimens were aerobically incubated for 48 hours on selective media, and any

resulting LGG or EK1 colonies were assessed.

The 1nvestigators found that neonatal rabbits that were fed LGG
exhibited a 25 percent decrease in small bowel colonization by EK1. Furthermore,
the bacterial translocation of EK1 to the mesenteric lymph nodes, spleen, and liver
were all significantly reduced in these animals. No mucosal damage was detected
in the small bowel of any group of animals. Bacterial translocation of LGG to these
extraintestinal sites was observed at a very low frequency (1 of 8 pups in LGG
group; 1,2, and 4 of 33 pups in the LGG + EK1 group, depending on tissue). (Lee et

al., 2000).

The authors concluded that LGG

... inhibited the colonization of E. coli K1A and 1ts
translocation to extraintestinal sites. In previous
studies, the incidences of [bacterial translocation]
and dissemination were used as indicators of the
integrity of the [gut mucosal barrier]. Thus, our
results imply that Lacto GG was able to stabilize
the immature [gut mucosal barrier], establishing
its efficacy as a probiotic in the neonatal rabbit
model.”

The authors also noted “Although there was no apparent clinical distress among the
pups infected with Lacto GG, evidence of any translocation of putative probiotic is a
cause for concern, especially in immunodeficient hosts such as the neonate.” (Lee et
al., 2000).
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As part of a larger study, Naaber et al. (1998) observed the effects of
LGG administration on antibiotic-compromised, adult, Syrian hamsters that were
infected with Clostridium difficile. Intragastrically, the hamsters received a single
3 milhgram dose of ampicillin and were challenged with C. difficile 24 hours later.
The anmimals were admimistered either nothing additional or 0.5 mL of LGG in broth
culture (no specific LGG dose was specified by the investigators) and one mL of 20%
xylitol solution once daily starting 20 hours prior to the C. difficile challenge and

continuing for five days until sacrifice.

LGG was not found among translocating lactobacilli, despite the fact
that it was present in intestinal cultures from all LGG-treated animals, and it did
not become predominant 1n the intestinal microbiota. Four of the five hamsters
recelving probiotics remained healthy, and the inflammatory changes in their

intestinal mucosa were milder. (Naaber et al., 1998).

Pessi et al. (1998) studied the effects of LGG administered with
different diets on macromolecular degradation in the gut mucosa of neonatal rats.
Fourteen day old rat pups were divided 1nto five feeding groups, which, in addition
to maternal milk, were admanistered by daily gavage either: (1) bicarbonate buffer
(controls) (2) cow’s milk, (3) cow’s milk and 1010 cfu of LGG, (4) extensively
hydrolyzed whey formula, or (5) extensively hydrolyzed whey formula and 1010 cfu
of LGG. After a seven day test period, the animals were sacrificed, and the
absorption of macromolecules, horseradish peroxidase (chosen to represent the

molecular weight and intestinal transport properties of dietary antigens), and B-
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lactoglobulin across patch-free jejunal segments was studied 1n Ussing chambers,
while the degree of macromolecular degradation was studied by means of HPLC gel
filtration. Intestinal function and tissue damage was assessed by monmitoring
various electrical parameters with a voltage clamp: potential difference (PD),

electrical conductance (G) and short circuit current (Iso).

The authors observed that the absorption rate of intact horseradish
peroxidase across the jejunum was sigmficantly different in the feeding groups,
with higher rates in the milk and hydrolysate groups than the controls, while
supplementation with LLGG restored both rates to the control level. For B-
lactoglobulin, a greater absorption rate was observed in the milk group, relative to
controls, while the milk-LGG, hydrolysate, and hydrolysate-LGG groups did not
differ from controls. The addition of LGG to milk was observed to increase the
transport of degraded horseradish peroxidase relative to milk alone, while the
addition of LGG to hydrolysate was observed to reduce the transport of degraded
horseradish peroxidase relative to hydrolysate alone. During the study, absorption
of intact proteins was not increased and electrical parameters were unchanged,
which indicated LGG supplementation did not result in dysfunction of the gut

mucosa or tissue damage. (Pessi et al., 1998)

The authors concluded:

Our primary result indicates that probiotics restore
aberrant macromolecular transport, suggesting
their potential use in reversing increased mucosal
permeability in gut inflammation. In addition,

-38 -

NADC - 087027/000006 2360895 v4

000056



55

probiotic bacteria were here identified with a
contributory role in mucosal degradation of
antigens when antigen content of the diet is
enriched. Tt is intriguing to find that the more
reduced the antigen content of the diet, the less
pronounced 1s the effect of probiotic bacteria on
mucosal degradation. (Pessi et al., 1998).

Collectively, the repeated dosing studies described above demonstrate
that no evidence of bacteremia or other types of infections were reported in studies
with immune compromised mice, antibiotic-treated hamsters, neonatal rats, and

neonatal rabbits following short term feeding of LGG at levels as high as 5 x1010

cfu/day.

The potential for LGG to cause infections was also evaluated 1n
extremely immune deficient beige-athymic (nu/nu), germ-free, neonatal mice.
Wagner e! al. (1997a) “evaluated the capacity of probiotic bacteria to colonize and
infect congenitally immunodeficient germfree (GF) beige-athymic (bg/bg-nu/nu) and
beige-euthymic (bg/bg-nuw/+) mice.” The probiotic bacteria included Lactobacillus
acidophilus, Lactobacillus reuteri, Lactobacillus casei GG and Bifidobacterium
animalis. “The bacteria colonized and persisted in pure culture, in the alimentary
tract of both mouse strains for the entire period of study (12 weeks).” Translocation
was observed for 3 of the 4 probiotic strains, including about 27 percent for LGG in
both strains of mice. L. acidophilus and B. animalis were also shown to translocate
1n both strains of mice at rates of 30-52 percent and 31-55 percent, respectively.
Adherence of the bacteria to the mucosal and sub mucosal regions of the stomach
and small intestine was reported and there was no evidence of pathological changes
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1n the gastrointestinal tract or internal organs. “Colonization with probiotic
bacteria did not appear to affect reproduction.” “The probiotic bacteria neither
retarded nor enhanced the growth of both male and female (athymaic or euthymac)
mice.” “LGG did not significantly affect body weight gain in adult mice and
offspring of LGG-colonmized mothers.” Colonization was associated with an
increased production of antibodies in the serum but no increase in lymphocytes.
Probiotics, including LGG, did not affect survival of either strain of adult mice,
euthymic newborn mice born to probotic colonized mothers, or athymic 8-12 week
old mice born to probiotic colonized mice. In the most severely compromised group,
0-4 week old athymic mice, there was a significant increase in mortality 1in pups
born to mothers colomized with L. reuter: (21%) or LGG (36%). These germ-free
neonatal beige-athymic (bg/bg-nu/nu) mice represent an extreme in
underdevelopment and immunodeficiency (lack NK cell activity, phagoeytosis, and

T-cell mediated immunaity).

In a subsequent study, Wagner ef al. (1997b) “assessed the ability of
four probiotic bacterial species, L. acidophilus, Lactobactilus reutert, L. casei GG
and Bifidobacterium animalis, to protect immunodeficient bg/bg-nu/nu and bg/bg-
nu/+ mice from mucosal candidiasis and systemic candidiasis of endogenous
(alimentary tract) of origin.” “Each bacterial species and Candida albicans
colonized the gastrointestinal tracts of both strains of mice.” “None of the probiotic
bacteria species completely prevented mucosal candidiasis, but B. animalis reduced

its incidence and severity.” “Probiotic bacteria also modulated antibody- and cell-
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mediated immune response to C. albicans.” The data support the summary and
conclusion that “[t]he prolonged survival of mice, decreased severity of mucosal and
systemic candidiasis, modulation of immune responses, decreased number of C.
albicans 1n the alimentary tract, and reduced number of orogastric infections
demonstrated not only that probiotic bacteria have biotherapeutic potential for
prophylaxis against and therapy of this fungal disease but also that probiotic
bacteria protect mice from candidiasis by a variety of immunologic (thymic and

extrathymaic) and nonimmunological mechanisms in this model.”

In summary, the weight of the available evidence (absence of
bacteremia and deaths in immune competent neonatal rodents (Lee et al., 2000;
Pessi et al., 1998) and absence of LGG- induced toxicity in highly compromised,
germ free, athymic (bg/bg-nu/nu) neonatal mice (Wagner et al., 1997a, 1997b)
supports the safety of LGG in healthy and immunocompromised animals and, by

extrapolation, safety in healthy humans.

C. Human Studies

As discussed in detail in the following sections, the clinical studies on
LGG convincingly establish that it is generally recognized as safe in infant formula.
In these studies, the researchers typically administered LGG at levels ranging from
108 to 1010 cfu per day for as long as six months with no evidence of adverse

reactions.
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1. Studies in Healthy Subjects

A number of climcal studies have reported on the effects of LGG in
healthy adults, young children, and term and preterm infants. These studies,
described below and summarized in Table 1, evaluated a number of characteristics
of LGG, including the ability to colonize the intestinal tract and the resulting
impact on intestinal bacteria, the ability to prevent various types of common
pediatric infections, and the ability to prevent or treat diarrhea associated with

antibiotic use, and the impact on host nutrition.

a) Colonization of the Intestinal Tract

The ability of probiotic strains to survive gastric transit varies greatly
as some strains are killed rapidly in the stomach while others reach the intestines
in high numbers. Based primarily on excretion studies, LGG has been
demonstrated to survive gastric transit and colonize the gut temporarily. (Note
that although the term “colonize” likely is not the most appropriate terminology to
describe the temporary establishing of residence in the gut, it is used here because
it reflects the terminology most commonly utilized in the studies described below.)
The following are brief descriptions of studies performed in healthy adult and term

and preterm infant populations.

(1) Colonization in Adults

Saxelin et al. (1991) performed a dose response study in approximately
40 healthy, adult volunteers to determine the fecal colonization of LGG. Subjects

were fed freeze dried LGG powder once a day for seven days at doses of 1.5 x 106,
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1.5x 107, 1.5x 108 1.5 x 10% 1.5 x 101° and 1.1 x 10!! cfu per day. Fecal specimens
were collected prior to the admimstration of LGG and daily during the treatment

period and were analyzed for total lactobacilli and LGG.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. With an analytical limit of detection of 103
cfu per gram of feces, no LGG was detected in fecal samples prior to the dosing
period, and none was detected in the fecal samples of the 106-102 dosing groups
during administration. Two of seven subjects in the 10° dosing group were
colonized with LGG at a detectable level sporadically during the test period, while
all subjects 1n the 1010 and 101! test groups were colonized at fecal levels of 105 - 107
cfu per gram. The analyses of total lactobacilli demonstrated that LGG was never
the dominating strain in the feces and did not appear to influence the total number

of lactobacilli found. (Saxelin ef al., 1991).

In a set of experiments, Goldin et al. (1992) studied the survival of
LGG in the human gastrointestinal tract. In an in vitro analysis, a concentration of
approximately 108 efu per milliliter of LGG was shown to grow in human gastric
juice at pH levels as low as 3.0. Subsequently, 76 healthy male and female adult
volunteers were fed LGG as either a frozen concentrate (for 28 days), a fermented
milk (for 7 days), or a fermented whey drink (for 35 days). Daily doses were 4 x 1010
cfu, 3.6 x 1011 ¢fu, and 1.6 x 101! cfu, respectively. Survival of LGG in the gut was
determined by culturing fecal specimens during the dosing periods as well as three

and seven days after the feeding of LGG was discontinued.
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No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. LLGG was recovered in the feces of all
subjects receiving the fermented milk or whey and in 86 percent of those receiving
the frozen concentrate. LGG was found to persist in the feces of 87 percent of the
study subjects three days after the feeding was discontinued and 1n 33 percent of
subjects seven days later. The authors concluded: “These studies demonstrate that
Lactobacillus GG can survive and temporarily colonize the human gastrointestinal
tract and can affect the metabolic activity of the resident microflora.” (Goldin et al.,

1992).

Saxelin et al. (1993) studied the fecal concentrations of LGG in 44
healthy human adults who were fed either enterocoated tablets with daily doses of 1
x 109, 4 x 109, and 8 x 10° cfu of LGG or fermented milk with daily doses of 2.1 x 109
and 1.2 x 1010 c¢fu of LGG for seven days. Fecal specimens were collected prior to

LGG administration and daily during the test period.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. LGG was found in the feces of all subjects by
day three of the test period. While there were no statistical differences in mean
fecal LGG count between any of the groups admimstered LGG in tablet form, a
significant increase was observed in the higher of the two groups administered LGG
in fermented milk relative to the lower dosage group. “[LGG] administration did

not influence the total numbers of faecal lactobacilli.” The authors concluded: “The
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results indicate that fermented milk and enterocoated tablets are good carriers for

administering Lactobacillus GG as a probiotic orgamism.” (Saxelin et al., 1993).

Fecal recovery of LGG and total lactobacilli after admimstration of
LGG via gelatin capsule were studied by Saxelin ef al. (1995). Twenty healthy
human adults were given daily doses of 1.6 x 10% and 1.2 x 1019 cfu of LGG for seven
days, and fecal samples were collected prior to LGG administration and on test days

three, five, and seven.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. While none of the subjects had detectable
LGG 1n the feces prior to administration, LGG was detected in the feces of all
subjects in the higher dosage group by day three of the test period. In contrast, only
one (of 10) subjects in the lower dosage group had detectable LGG in the feces by
the end of the test period. “No effect was observed on the total number of fecal

lactobacilli.” (Saxelin et al., 1995).

These studies show that LLGG is able to survive gastric transit,
becomes established in the intestinal tract, and is present in the feces of treated
adults. No safety-related endpoints were discussed by the authors, and no specific
adverse effects were reported. No effects are expected in the total number of fecal
lactobacilli because the amount of LGG administered is several orders of magnitude
less than the lactobacilli and overall bacteria resident 1n the gastrointestinal tract.

Fecal levels 1n adults typically decreased over a several week period after
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administration of LGG was discontinued. Saxelin et ¢l. (1993) showed that
intestinal colomzation 1s enhanced when I.GG is administered in a milk-based
carrier, suggesting that neutralization of gastric acid increases survival of LGG

during gastric transit.

(2) Colonization in Term and Preterm Infants

Three studies 1n healthy, term infants and four studies in healthy,
preterm neonates further demonstrate the ability of LGG to survive gastric transit.
Sepp et al. (1993) studied the capability of LGG to colonize the intestinal tract of
newborn, full-term infants and the influence of its administration on the
establishment of the intestinal microbiota. Twenty-five infants were studied over
their first month of ife. Over the first two weeks after birth, 15 infants received
erther breast milk or breast milk and formula with freeze-dried LGG powder diluted
in water at a daily dose of 1010-101! ¢fu per gram, while the remaining 10 infants
gserved as controls and received only breast milk. The first meconium of 21 of the
infants was studied, along with the feces of 15 infants on days 3-4, 17 infants on

days 5-7, and 23 infants on days 28-32.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. The fecal microbiota of the meconium of both
the control and test group was similar, and LGG was not detected (detection limit of
103 cfu/g). LGG was detected in the feces of nine infants of the test group during
the administration period and in eight infants of the test group two weeks after

administration ended, with overall detection in 10 members (67%) of the test group.
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The fecal concentrations and relative proportions of LGG differed by
subject. LGG also was detected repeatedly in one of the control group infants.
While the fecal concentrations of lactobacilli in the group administered LGG was
consistently greater than that of the controls, the predominance pattern of the
intestinal microbiota in the test group did not change over the course of the month
(i.e., > 50% of the total microbes were similar in both study groups). The authors
concluded “The study shows that 2 wk administration of Lactobacillus GG, which
starts right after birth, increases intestinal lactobacilli concentrations and does not

impair the establishment of normal fecal microbiota.” (Sepp et al., 1993).

Petschow et al. (2003) compared the intestinal colonization and
tolerance of different doses of LGG in healthy, full-term infants. Forty-nine infants,
zero to three months of age, were fed, Nutramigen LGG a hydrolyzed, casein-based
infant formula, supplemented with 0, 108, 109, or 101° cfu of LGG per day for 14
days. The infants were fed unsupplemented formula for a seven day baseline period
before LiGG administration and for a 14 day follow-up period afterwards. Stool
characteristics and tolerance symptoms were recorded daily, and levels of viable
LGG were evaluated in stool samples obtained on days 3, 6, 9, and 12 ;)f the test

period and days 15, 21 and 28 of the follow-up period.

“Stool consistency, flatulence, and fussiness were similar among all
groups.” No other safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. LGG was detected in significantly higher

percentages of infants fed LGG than infants in the control group: 2 of 12 controls, 8
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of 12 1n the 108 dose group, 11 of 13 in the 10° dose group, and 10 of 12 1n the 1010
dose group. Furthermore, compared to the control group, a statistically greater
number of infants in the 108 and 101° dose groups had LGG in the feces seven days
after LGG administration ended, with similar results for the 108 dose group 14 days
after LGG admimstration. The authors concluded: “Feeding LGG at 108 — 1010 cfu
per day was well tolerated and led to transient colonization in healthy term infants.
LGG colonization was apparently not related to level of LGG administered and
tended to decrease 2 weeks after feeding supplemented formula.” (Petschow et al.,

2003).

Vendt et al. (2006) evaluated the influence of LLGG-enriched formula on
the growth and fecal biota of healthy Estonian infants up to six months of age 1n a
randomized, double-blind, placebo-controlled study. One hundred and twenty
infants (60 boys, 60 girls) of ages 0-2 months (average age of 37.4 days for the LGG
group and 42.2 days for the controls) were enrolled and divided equally into the
treatment and control groups. The test infants were fed a cow’s milk-based formula
enriched with 107 ¢fu of LGG per gram of formula, while the control infants were
fed regular formula. Infants participated in the study until they reached the age of
six months. Infants who were breast-fed for more than half of daily feedings were
excluded from the study. The infants underwent clinical examination monthly
during the study; any respiratory and gastrointestinal symptoms, along with
maternal estimates of the infant’s fecal consistency were recorded monthly; and a

general health questionnaire was collected at the end of the study. Summative
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indexes during the whole study period were formed for the main parameters of

tolerance (i.e., crying, consistency of feces, and rash at clinical examinations).

One hundred and five infants completed the study (LGG group n =51,
placebo group n = 54). Reasons for discontinuation from the study were similar in
both groups (LLGG/control) and consisted of colic pain (n = 1/3), cow’s milk protein
mtolerance (n = 2/1), constipation (n = 1/1), diarrhea (n = 2/0), or excessive
breastfeeding (n = 2/2). Mean formula intake increased during the course of the
study from 623 mL at study entry to 803 mL at three months to 933 mL at six
months, providing a minimum daily dose of LLGG that increased from 8.1 x 108 to 1.0

x 109 to 1.2 x 109, respectively. 4/ The authors noted

During the intervention there were no differences
between the groups regarding crying behavior (sum
of hours in study period 6.2 + 1.8 in the LGG group
versus 6.1 £ 1.4 1n the placebo group). There were
0.90 £ 0.70 1infectious episodes in the LGG group
and 0.75 £ 0.68 cases in the placebo group. The
LGG group had a significantly higher defecation
frequency 9.1+ 2.6 versus 8.0+ 2.8 (P < 0.05) and
greater summative indexes of loose stools 9.5 + 1.2
versus 10.2 £ 1.7 (P < 0.05) than the placebo group.

The authors concluded “[t]he LGG-enriched formula was well-tolerated ....” No
other safety-related endpoints were discussed by the authors, and no specific

adverse effects were reported. (Vendt et al., 2006).

4f The daily dose of LGG is based on a formula preparation, confirmed by the
authors of the study through personal correspondence, in which 130 g dry formula
18 mixed with 900 mL of water to yield 1 liter of finished formula.
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Infants receiving LGG-supplemented formula showed significantly
greater increases 1n length and weaght at the end of study compared to infants

receiving regular formula. The authors reported:
Despite randomization, the infants in the LGG
group were significantly smaller at entry, and a few
days younger than in the placebo group. Also,
when expressed in length and weight [standard
deviation scores] units, the groups differed
significantly, meaning that the effect was not due
to differing ages. The babies in the LGG group
were also smaller than average babies in the
Estonian population. We do not know the reason
for that, since the baseline and background

characteristics were similar in both groups. (Vendt,
et al., 2006).

Average daily consumption of formula during the study was

+ determined by a daily maternal log. Formula intake did not differ at the beginning
and at 3 months; at 6 months formula intake was significantly greater 1n the LGG
group (933 + 368 mL) compared to the control group (789 + 277 mL). The authors
concluded that the amount of supplemental food allowed after 3 months of age was
small and therefore considered not to be a significant contributor to growth. The
catch up of length and weight of the LGG group babies was evident 1n three months
of the study. At the age of six months there were no more differences between the

groups. (Vendt et al., 2006).

Fecal samples from a randomly-selected cohort of 25 infants (12 fed
LGG and 13 controls) were taken at enrollment in the study and at age six months.

Analyses of the fecal samples revealed that 50 percent (6 of 12) of the infants in the

-50 -

WD - 087097/000006 - 2360895 v4

000068



67

LGG group and 46 percent (6 of 13) of the infants in the control group harbored
lactobacilli, as analyzed by the plate count method. Microbial plate analysis with
PCR confirmation showed two of the 12 infants in the LGG group and one of the 13
infants in the control group to be harboring LGG. By the end of the study period,
the colomization frequency by lactobacilli was increased to 91 percent (11 of 12) in
the LGG group, with LGG isolated from nine infants. In the control group,
lactobacilli frequency increased to 71 percent (10 of 13), with LGG isolated from
three infants. Analysis by the fluorescent in situ hybridization (FISH) method
revealed no significant differences between the LGG and control groups in the
counts and colonization frequency of total lactobacilli together with enterococc: as
well as in the prevalence and counts of bifidobacteria and clostridia. (Vendt et al.,

2006).

The authors stated that “[t]he administration of LGG-enriched formula
increased colonization frequency with lactobacilly in general. ... LGG, although
present 1n 75% of the samples in the LGG group, did not generally dominate the
lactobacilli flora.” Two infants 1n each test group were breast fed, which was
thought to have no influence on the results. The authors theorized that the three
infants in the control group found to have 1solates similar to LGG “possibly ...
obtained the bacteria during family contacts or a similar strain may otherwise occur
m their autochthonous microflora.” The authors also observed that, in the overall
study population, the LGG group had a slightly greater defecation frequency and

number of stools, but these were within the range of normal stool consistency. The
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authors concluded “The 1infants in the LGG group were growing normally show[ Jing

even a better growth than placebo group.” (Vendt et al., 2006).

Millar et al. (1993) evaluated the ability of LGG to colonize the
immature bowel of premature infants; the effect of LGG colomzation on the
intestinal reservoir of nosocomial pathogens such as enterobacteriaceae, enterococei,
yeasts, or staphylococci; and the effect of LGG colonization on clinical progress and
outcome. Twenty preterm infants with a gestational age of 33 weeks or less were
studied from the initiation of milk feeds — consisting of expressed breast milk,
formula, or preterm formula — until discharge from the neonatal umt. Starting with
the initial milk feed, infants recewved either milk feeding alone or with LGG
supplementation at a dose of 102 c¢fu twice per day for 14 days. Some infants also
recerved antibiotic treatment, which included cefotaxime or flucloxacillin and
netilimicin. Fecal samples were collected daily until discharge and were analyzed
for viable LGG cells. The following clinical details were recorded daily: general well
being, any signs of abdominal distension, vomiting or regurgitation, feed intolerance,
the incidence of perineal rash, the frequency and consistency of stools, the number
of suppositories used, and fluid/formula intake. Other climcal variables evaluated
mcluded weight gain, energy intake, evidence of sepsis, antibiotic use or other
concomitant medication, oxygen and ventilatory requirements, and the duration of

hospital stay.

“There were no significant differences between the two group for any of

the clinical parameters recorded.” No adverse effects related to LGG were reported.
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The authors concluded that “[o]rally admimstered Lactobacillus GG was well
tolerated and did colonise the bowel of premature infants.” “There were no episodes
of infection attributable to Lactobacillus GG 1n the small number of included 1n this
study.” Overall, LGG was found in the feces of nine of the 10 treated infants and
one of the infants in the control group. Although concentrations declined over time,

four of the seven infants for whom fecal sample were available three weeks after

LGG administration ended still exhibited LGG in the feces. (Mallar et al., 1993).

In an attempt to reduce the fecal colonization of Kiebsiella oxytoca
following the deaths of two preterm infants in the neonatal intensive care unit
(NICU) from necrotizing enterocolitis (NEC) caused by this orgamsm, Grénlund et
al. (1997) fed all neonates in and entering the NICU (overall number unknown) a
dose of 2.5 x 108 c¢fu of LGG twice daily for two weeks or until discharge from the
hospital. The mean duration of LGG supplementation was 7.8 days. Fecal samples
were taken both before and after LGG supplementation, and the NICU colonization
rate of K. oxytoca was assessed at one, two and a half, six, and seven months after

the supplementation.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. The feces of 28 of 30 infants already in the
NICU and all infants entering the NICU tested negative for K. oxytoca prior to LGG
supplementation. LGG was detected in 82 percent of the fecal samples taken after
supplementation. The authors observed: “No new clinical infections caused by K.

oxytoca were found after the two cases,” and there were no reports of any infections
Y Yy
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caused by LGG. “No evident decrease of the colonization rate of K. oxytoca of the
treated infants could be observed after Lactobacillus GG supplementation.”

(Gronlund et al., 1997).

Marini et al. (1997) studied the intestinal colonization of LGG in
preterm neonates by evaluating the microbial composition of their stools. Ten
infants in the test group were fed an oral dose of 10° cfu of LGG for 15 days
beginning on the first day of life; the control group consisted of five infants of
similar gestational ages and weights. Stool samples for the test group were

collected on days 0, 2, 5, 10, and 15 of life.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. Fecal LGG was found in all treated infants,
with a peak level of cfu per gram of feces found, on average, after five days of LGG
administration. The fecal count of LGG exhibited a progressive decline over the
remaining 10 days of administration, with mean reductions of 31.4 and 94.6 percent
on treatment days 10 and 15, respectively. Significant decreases in the ratio of
aerobic to anaerobic microorganisms 1n the feces of treated infants relative to

controls also were observed over the administration period.
The authors concluded:

I) The administration of Lactobacillius GG induces
a quick intestinal colonization in the preterm
neonates. However, the permanence of
Lactobacillus GG in the intestinal crop is transient
in spite of the continuation of the treatments.

54 -
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IT) The decrease of the levels of Lactobacillus GG in
the gut is accompanied by the appearance and
progressive 1ncrease of intestinal specific
immunoglobulins (IgM, sIgA).

III) An amelioration and a regulatory effect on the
microbial intestinal component (decrease of the
aerobic and gram-negative bacteria, reduction of
the mycetic charge) were also observed.

IV) Comparing the effects of repeated
administrations of Sacch. boulardil, B. subtilis,
spores and Lactobacilius GG onto preterm neonates,

no significant difference were observed. (Marini et
al., 1997).

Agarwal et al. (2003) studied the ability of LGG to colonize the gut of
low birth-weight, preterm neonates and modify the microbial ecology. Seventy-one
infants weighing less than 2000 grams at birth received expressed breast milk
supplemented with 109 ¢cfu of LGG twice daily for either an average of 21 days (birth
weight less than 1500 grams) or eight days (birth weight 1500 — 1999 grams) or
served as controls. The less than 1500 gram test group consisted of 24 infants (with
15 controls), while of the 1500 — 1999 gram test group consisted of 23 infants (with 9
controls). To assess aerobic and anaerobic cultures, stools were collected before
treatment and on treatment day seven or eight and, for infants less than 1500
grams, days 14 and 21. “Data on maternal and neonatal variables including any

adverse events related to LGG administration were collected.”

The authors stated: “No side effects were observed in babies either fed
with or colonized by LGG,” and “LLGG was well tolerated in all infants.” LGG was

found in the feces of five of the 24 infants (21%) who weighed less than 1500 grams
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and 11 of the 23 infants (47%) who weighed 1500 — 1999 grams. No LGG was found
in the feces of the 24 controls. “Colonization was himited to infants who were not on
antibiotics within 7 days of treatment with LGG.” Also, an 1ncrease in microbial
species, primarily gram-positive bacteria and anaerobes, was found in treated
infants weighing less than 1500 grams, while no sigmificant changes 1n species
number or quantitative counts were found in the 1500 — 1999 gram treatment group.
No difference in species number was noted in controls. The authors concluded that
[a]lthough LGG is a relatively poor colonizer 1n infants, especially those infants
weighing less than 1500 g at birth, it does appear to affect neonatal intestinal

colonization patterns.” (Agarwal ef al., 2003).

In all of these colonization studies in healthy term and preterm infants,
no evidence of any adverse effects was reported. Changes in the composition of
resident intestinal microbiota associated with daily administration of LGG were
neglgible or nonexistent. These studies show that LLGG is capable of surviving, to
various degrees, intestinal transit in both term and preterm infants. In term
infants, the oral administration of LGG in amounts ranging from 108 to 100 cfu per
day for up to six months resulted in good rates of LGG colonization, as determined
by presence of LGG in fecal samples. In the studies of shorter duration where it
was studied, the incidence of LGG colonization, as measured by fecal recovery,
typically decreased to 50 percent or less by two to three weeks after LGG

administration was discontinued. Similar results were observed in preterm infants.
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b) Impact on Intestinal Bacteria

In several studies described previously, ingestion of relatively high
levels of LGG from birth was demonstrated not to significantly alter or impair the

establishment of a normal fecal bacterial biota in term or preterm infants.

Sepp et al. (1993) fed newborn, full-term infants a daily dose of 5 x 1010
- 5 x 1011 ¢fu of LGG per gram over the first two weeks of life. 5/ No safety-related
endpoints were discussed by the authors, and no specific adverse effects were
reported. The fecal concentrations of lactobacilli in the group administered LGG
was consistently greater than that of the controls. The predominance pattern of the
intestinal microbiota in the test group did not change over the course of the month
(t.e., > 50% of the total microbes were similar in both study groups). The authors
concluded: “The study shows that 2 wk admanistration of Lactobacilius GG, which
starts right after birth, increases intestinal lactobacilli concentrations and does not

impair the establishment of normal fecal microbiota.”

In the Vendt et al. (2006) study previously described, healthy infants
were fed, on average, approximately 10° of LGG daily for up to six months, and a
cohort of 25 of the overall study population was selected randomly for fecal
microbial analysis (i.e., taken at enrollment in the study and at age six months).
The authors stated that “[t]he LLGG-enriched formula was well-tolerated ....” No

other safety-related endpoints were discussed by the authors, and no specific

af The dosing units are not clearly defined in the publication: “Lactobacillus GG
was administered as a freeze-dried powder diluted in about 5 ml of water, as a dose
of 1010 - 1011 cfu/g ....”
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adverse effects were reported. Based on the results of the study cohort, the authors
concluded that “[t]he admimstration of LGG-enriched formula increased
colonization frequency with lactobacilli in general. ... LGG, although present in 75%

of the samples in the LGG group, did not generally dominate the lactobacill flora.”

Agarwal et al. (2003) fed preterm, low birth-weight neonates 10° cfu of
LGG twice daily for either an average of 21 days (birth weight less than 1500 grams)
or eight days (birth weight 1500 — 1999 grams). “No side effects were observed in
babies either fed with or colonized by LGG,” and “LGG was well tolerated in all
infants.” Relative to controls, an increase was observed in gram-positive and
anaerobic microbial species in the stools of treated infants weighing less than 1500
grams, while no significant changes were found in the 1500 — 1999 gram treatment

group. The authors found L.GG to be well tolerated in all infants.

) Effects on Common Pediatric Infections

A number of studies have been conducted to evaluate the effects of
LGG administration on infections in infants and children. As described above,
Millar et al. (1993) evaluated the ability of LGG to colonize the immature bowel of
premature infants; the effect of LGG colonization on the intestinal reservoir of
nosocomial pathogens such as enterobacteriaceae, enterococcl, yeasts, or
staphylococei; and the effect of LGG colonization on clinical progress and outcome.
Starting with the initial milk feed, infants received either milk feeding alone or
with LGG supplementation at a dose of 108 cfu twice per day for 14 days. Some

infants also received antibiotic treatment, which included cefotaxime or
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flucloxacillin and netilimicin. No significant differences were observed between
treatment and control groups 1n either the numbers of nosocomial pathogens and
anaerobes 1n the feces or the clinical parameters recorded (i.e., general well being,
signs of abdominal distension, vomiting or regurgitation, feed intolerance, the
incidence of perineal rash, the frequency and consistency of stools, the number of
suppositories used, weight gain, and formula intake). “There were no episodes of
infection attributable to Lactobacilius GG in the small number included in the

study,” and no other adverse effects related to LGG were reported.

Also, as previously described, in an attempt to reduce the fecal
colonization of Kiebsiella oxytoca, Gronlund et. al. (1997), fed all neonates in and
entering the NICU a dose of 2.5 x 108 c¢fu of LGG twice daily for two weeks or until
discharge from the hospital (mean duration of treatment was 7.8 days). Fecal
samples were taken both before and after LGG supplementation, and the NICU
colonization rate of K. oxytoca was assessed at one, two and a half, six, and seven
months after the supplementation. “No new clinical infections caused by K. oxytoca
were found after the two cases,” and there were no reports of any infections caused
by LGG. No safety-related endpoints were discussed by the authors, and no specific
adverse effects were reported. No evident decrease of the colomization rate of K.
oxytoca of the treated infants could be observed after Lactobaciilus GG

supplementation.”

Biadaioli et al. (1998) performed a double-blind, placebo-controlled,

multi-center center on premature infants in neonatal intensive care units (NICUs)
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to determine whether the daily administration of LGG reduces the enteric infections
found to afflict those neonates receiving antibiotic treatment. The selection criteria
for study participation required that infants be less than 33 weeks of gestational
age and/or weigh less than 1500 grams, and a total of 224 infants were enrolled in
the study (119 in the treatment group, 105 controls). Treated subjects received 109
cfu of LGG per day (versus placebo) in the food supply from the date of NICU

admittance to discharge, with the average treatment period lasting 49.7 days.

The authors stated that “...there were no negative clinical effects of a
relevant nature to be reported.” “No statistically appreciable difference was found
against the overall number of infections (ascertained or suspected) between the
group that received the placebo (15.2%) and the group that received the

Lactobacillus GG infants (18.4%).” The authors concluded:

To date our work has been unable to show a
significant difference in the overall incidence of
infection between the study and control group. In
any event, 92.3% (12/13) of infections etiologically
ascertained in the placebo group is determined by
germs of intestinal origin compared to 66.6% 1n the
treated group although only eight of 12 infections
etiologically ascertained in the treatment group
(8/12). (Biadaioli ef al., 1998).

In a similar study, Dani et al. (2002) conducted a randomized, double-
blind, placebo-controlled, multi-center evaluation of preterm infants in NICUs to
assess the effect of LGG administration on the incidence of urinary tract infections
(UTIs), bacterial sepsis, and NEC. The selection critera for study participation
required that infants be less than 33 weeks of gestational age and/or weigh less
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than 1500 grams, and a total of 585 infants were enrolled in the study (295 in the
treatment group, 290 controls). The majority of subjects in both the treatment and
control groups received at least one course of parenteral antibiotics (unspecified)
during the study. Treated subjects received 6 x 10% cfu of LGG per day (versus
placebo) 1in standard milk feed imitiated at the discretion of the physician and
continued until discharge from the NICU, with the average treatment period lasting

47.3 days.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. The incidences of urinary tract infections
and NEC were less than that of controls, and there were no statistically significant
differences in the incidences of bacterial sepsis, which were caused by coagulase-

negative staphylococci or enterobacteriaceae. (Dani et al., 2002).

In contrast to the studies on neonates reported above, Hatakka ef al.
(2001) examined whether the long term consumption of LGG in cow’s milk affected
the gastrointestinal and respiratory infections in children in day care centers. In a
randomized, double-blind, placebo-controlled, multi-center study, 571 children of
ages 1-6 years received milk either with (282 subjects) or without (289) LGG
supplementation. Supplemented milk contained 5-10 x 105 cfu of LGG per milhiliter,
and the average daily milk consumption (5 days/week) was 260 milliliters for both
the treatment and control groups over the course of the 18 month study. During the
study, parents recorded daily any respiratory symptoms (e.g., fever, runny nose,

sore throat, cough, chest wheezes, earache) and gastrointestinal symptoms (e.g.,
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diarrhea, vomiting, stomach ache), as well as absences from day care centers
because of illness. Fecal samples were collected at the beginning, middle, and end
of the study to measure L.GG recovery and assess compliance. An eight-month
follow up period was included, as well, although 58 children did not complete this

phase of the study.

No differences 1 adverse events — listed as of stool frequency or
consistency, abdominal pain, allergic symptoms, or side effects — between the LGG
treatment group and the controls were reported. It was found that children in the
LGG treatment group had a 16 percent reduction in days of absence from the day
care centers (4.9 versus 5.8 days for controls), which was age-adjusted to yield an 11
percent reduction (5.1 versus 5.7 days for controls). The treatment group also had a
17 percent relative reduction in children suffering from doctor-diagnosed
respiratory tract infections with complications and lower respiratory tract infections
and a 19 percent relative reduction 1n antibiotic treatments for respiratory infection.
LGG was recovered in the feces of 97 percent of the treated subjects (versus 9
percent of controls) by the end of the study period. The authors concluded:
“Lactobacillus GG may reduce respiratory infections and their severity among
children in day care. The effects of the Lactobacillus GG were modest but

consistently 1n the same direction.” (Hatakka et al., 2001).

In all of these studies focusing on the effects of LGG on common
pediatric infections, no adverse effects related to the admimstration of LGG were

reported.

62 -

\SADC - 087097/000006 - 2360895 v4

000050



79

d) Effects on Antibiotic-Associated Diarrhea

Several studies have evaluated the ability of LGG to reduce or prevent
the incidence of diarrhea and other gastrointestinal effects that are commonly

associated with antibiotic treatment in both children and adultis.

In a randomized, placebo-controlled, double-blind study, Arvola et al.
(1999) evaluated the effects of LGG on the incidence of diarrhea in infants and
chaldren following seven to 10 days of antibiotic treatment (consisting of amoxicillin,
penicillin, kephalosporins, erythromycin, or trimetoprim-sulpha) for acute
respiratory infections. The 119 test subjects were from two weeks to 12 years old
(mean age of 4.5 years), had not received antibiotics over the three months prior to
the study, did not suffer from gastrointestinal disorders, and did not need
intravenous antibiotic treatment. Subjects received either placebo or 2 x 1010 c¢fu of
LGG in capsules twice daily during antibiotic treatment. Parents of the subjects
kept a daily symptoms diary and recorded stool frequency and consistency at home
for three months. The primary outcome measure was diarrhea during the first two

weeks after antibiotic treatment was initiated.

“The parents reported no adverse effects of Lactobacillus GG or
placebo.” In the two week period following the imtiation of antiobiotics, the
mcidence of diarrhea in the subjects administered LGG was five percent compared
to 16 percent in controls; the severity of the diarrhea was comparable. The age of
the subjects with diarrhea was between three months and five years in 75 percent

of cases 1n both groups. The authors concluded that “... Lactobacillus GG is effective
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1n the prevention of diarrhea in children receiving antimicrobial treatment to

respiratory infections.” (Arvola et al., 1999).

Vanderhoof et al. (1999) performed a randomized, placebo-controlled,
double-blind study to assess the efficacy of LGG in reducing the incidence of
antibiotic-associated diarrhea in children with acute infections of the respiratory
tract, urinary tract, soft tissues, or skin. A total of 202 subjects, of ages six months
to 10 years, received capsules contaiming 10% or 2 x 109 cfu of LGG per day (based on
weight) while on a 10-day course of oral antibiotics (consisting of amoxicillin,
amoxicillin/clavulanate potassium, cefprozil, clarithomyaein, or other antibotics).
The median age of the 188 subjects completing all phases of the protocol was four
years. The primary caregivers were questioned by investigators every three days
regarding the incidence of gastrointestinal symptoms, including stool frequency and
consistency, presence/absence of visible blood in the stool, abdominal pain, nausea,

vomiting, bloating, and appetite suppression.

Fourteen children failed to complete the study primarily due to
antibiotic noncompliance or inability of the investigators to contact the primary
caregiver at the assigned follow-up times. The authors noted that “[t]here were no
failures [to complete the study] resulting from untoward effects of either LLGG or
placebo.” The incidence of diarrhea was found to be significantly less in those
subjects administered LGG (8%) compared to control subjects (26%), and the mean
duration of the diarrhea incidences was reduced, as well (4.7 days for LGG-treated

versus 5.9 days for controls). “No differences were seen between the active and
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placebo groups in any of the other parameters assessed,” and no adverse effects
related to LGG consumption were noted by the authors. The authors concluded:
“Lactobacillus GG reduces the incidence of antibiotic-associated diarrhea in

children treated with oral antibiotics for common childhood infections.”

(Vanderhoof et al., 1999).

In contrast to studies in the pediatric population, described above,
Siitonen et al. (1990) studied the efficacy of LGG-supplemented yogurt in
preventing erythromycin-associated diarrhea in healthy adult males. Sixteen
subjects were admimistration 400 mg of erythromycin three times a day for seven
days and consumed 125 mL of either LGG fermented yogurt or pasteurized regular
yogurt (control group) 30 minutes after the morning and evening doses of antibiotic.
Subjective symptoms were recorded by all subjects daily, and stool samples were

taken on the first and last day of treatment.

Subjects receiving the LGG supplementation experienced significantly
less diarrhea and other side effects of erythromycin treatment, including abdominal
distress, stomach pain, and flatulence, than the control subjects. Although the
count of total fecal lactobacilli was found not to be significantly altered during the
erythromycin treatment for either the treated or control groups, LGG colonies were
found 1n the feces of the LGG-treated subjects, while none was found in the feces of
the controls. The authors concluded: “This study suggests that Lactobacillus GG
yoghurt may have the potential for preventing erythromycin associated

gastrointestinal side effects, especially diarrhoea. Lactobacillus GG is also able to

SNADC - 087047/000006 2360895 v4

000083



82

colonize the intestinal tract despite antibiotic treatment, and it may thereby help to
restore the normal intestinal microflora during and after erythromycin therapy.”

(Siitonen et al., 1990).

e) Impact on Host Nutrition

Due to the fact that probiotic strains are typically found as part of the
normal intestinal biota, probiotic bacteria are not expected to have adverse effects
on nutrient availability, host absorption and metabolism, or growth. Accordingly,
there have been relatively few studies on the impact of probiotic strains on host
nutrition. Carbohydrates are a primary source of energy for probiotic strains. The
majority of dietary sugars are absorbed in the proximal gut before reaching the
lower gut where probiotic bacteria reside. Thus, probiotic lactobacilli are unlikely to
have a significant effect on the levels of dietary carbohydrates available for use as

energy by the host.

Moreover, the food sources utilized by probiotic bacteria are
predominantly those components of the diet that have passed through the small
intestine undigested, primarily carbohydrates. Carbohydrates that reach the colon
mclude non-starch polysaccharides (i.e., plant cell wall polysaccharides that are
resistant to digestion by enzymes present in the upper gastrointestinal tract),
resistant starch polysaccharides, and stmple carbohydrates that passed through the
small bowel undigested. (Rombeau and Kripke, 1990). Consumption of a typical
western diet would result in approximately 20 grams of carbohydrate per day

reaching the colon and could be higher if the dietary fiber intakes are high.
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(Cummings, 1983). The primary metabolic end products produced by probiotic
lactobacilli (e.g., lactic acid, acetic acid, ethanol, formic acid, and acetaldehyde) do
not represent safety concerns in the quantities typically found in fermented foods or
generated in the gastrointestinal tract. (Stansbridge et al., 1993). These
metabolites are either absorbed, metabolized and excreted, or simply excreted.
Additionally, the long history of lactobacilli use without any adverse health effects

18 the best proof of their safety.

In addition, LGG and other probiotic bacteria are known to produce
certain nutritionally important substances such as short-chain fatty acids (SCFA).
(Cummings, 1983; Rombeau and Kripke, 1990). Nevertheless, based on the intake
of probiotic relative to indigenous bacteria, the probiotic strain would be expected to
have neghgible effects on total SCFA production compared to the pattern and
amount of SCFA produced by the indigenous biota. The available studies that have

evaluated the effect of LGG on host nutrition are described below.

As mentioned previously with regard to colonization and impact on
intestinal bacteria, Vendt et al. (2006) evaluated the influence of LGG-enriched
formula on the growth and fecal biota of healthy Estonian infants up to s1x months
of age in a randomized, double-blind, placebo-controlled study. No adverse events
were reported, and the investigators concluded: “The results of this randomized,
controlled trial suggest that LGG-enriched formula was safe and well tolerated and

resulted in normal growth.”
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In a study on the same preterm infant population as Millar et al.
(1993), described above, Stansbridge et al. (1993) studied the effects of feeding LGG
on gut fermentation of carbohydrates. Starting with the first milk feeds (days 1 to 3
of life), 20 preterm infants with a gestational age of 33 weeks or less received either
milk feeding alone — consisting of breast milk, standard formula, or low-birth
weight formula milk, or a combination of these — or milk feeding with LGG
supplementation at a dose of 108 cfu twice per day for 14 days. Some infants also
received antibiotic treatment, which consisted of cefotaxime, flucloxacillin with
netilmicin, erythromycin, or multiple antibiotics. Fecal samples were collected daily
until up to 35 days from the start of oral feeds, and quantitative microbiology was
performed on or within 48 hours of samples obtained on days 1, 7, 14, 21, 28, and 35
after the initial feedings. Fecal samples from these or adjacent days were collected

for biochemical analysis of SCFA, ethanol, and urinary 2,3-butanediol.

“Clinically, there were no adverse effects, but no obvious benefits
either.” “Colonization with Lactobacillus GG had little impact on faecal SCFAs and,
1t may be assumed, enteric production of these nutritionally important compounds.
Weight gain was similar for Lactobacillus GG colomized babies and controls,
although SCFA production would be only one of several factors contributing to this
observation.” For both infants treated with LGG and controls, data were pooled for
those infants receiving either no antibiotics or cefotaxime only, respectively, while
data from infants receiving erythromycin or multiple antibiotics were excluded

because these antibiotic regimens were associated with decreased counts of fecal
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bacteria. Fecal SCFA from treated infants did not differ significantly from controls
from days 1-28. Ethanol excretion was increased 1n the treated infants in both
proportion of samples (34 of 52 (65%) from infants fed LGG versus 31 of 83 (37%)
from infants not fed LGG) and concentration in positive samples (median (range) for
LGG-fed infants: 6.3 pmol/g (trace — 40 pmol/g) and for non-LGG-fed infants: 3.3
pmol/g (0.6 — 0.8; one 229 umol/g). The small increase in ethanol secretion 1s

unhikely to have clinical significance.” (Stansbridge et al., 1993).

Elmadfa et al. (2001) studied the effect of a commercially available
vogurt contaimng Streptococcus thermophilus, Lactobacilius acidophilus, and LGG
on the status of vitamins B, B, or Bs status 1n healthy adults. Twelve subjects, all
of whom were not taking medications or dietary supplements, consumed 500 grams
of yogurt daily for four weeks. A control group was not used. The yogurt contained
5 x 107 c¢fu of LGG per gram for an intake of 2.5 x 1010 ¢fu of LGG per day. During
the first two weeks, the yogurt cultures were thermally inactivated to assess the
influence of the B-vitamins in yogurt on the subjects overall B-vitamin status.
Blood was obtained from each subject on study days 1, 15, and 29; urine and feces

were collected daily.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. Vitamin B levels in plasma decreased
significantly and progressively over the course of the study, and a shight but
significant decrease of this vitamin was found in the urine, as well. These changes

were attributed to a 25 percent reduction of bioavailable vitamin B; 1n the diet of
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the test subjects. The levels of the Bz and Bs vitamins in plasma and urine differed
slightly throughout the study, with most of them decreasing, but all were
considered to be within normal ranges. The authors concluded: “Our observations
show that the bacterial flora of the examined yoghurt does not influence the vitamin
Bi, Bz and Bg status of man.” “Moreover, 1n our study we observed that L. casei or a
compound probiotic yoghurt seem to reduce the bioavailability of vitamins Bi, B2

and Bs.” (Elmadfa et al., 2001).

2. Studies in Compromised Subjects

A number of probiotic strains, including LGG, have been shown to be
well tolerated and without adverse effects in healthy infants; however, the risk of
adverse events could be higher in neonatal patients that are immune deficient or
have impaired intestinal barrier function. LGG has been evaluated in a number of
studies involving preterm infants or term infants with acute diarrhea or allergies to
various dietary substances. The safety and tolerance of LGG in these study subjects
is relevant because such conditions may be associated with compromised immune
function, mucosal barrier function, or both. In total, these studies, summarized in
Table 2, show that the oral administration of LGG at levels exceeding 101! cfu/day
appears to be well tolerated, and adverse effects have not been reported in neonates,
infants, and children that are immune deficient or have impaired intestinal barrier
function due to many forms of acute diarrhea or allergies to various dietary

substances.
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a) Studies in Neonates

Premature 1infants are highly susceptible to infections due to the
immature nature of their immune system and gastrointestinal tract. As described
previously, i1 clinical research studies conducted by Biadaioli et al. (1998), Dani et
al. (2002), Gronlund et al. (1997), and Millar et al. (1993), investigators fed LGG to
premature infants 1n an attempt to reduce the incidence of various types of serious
infections. LGG was well tolerated and no adverse events were reported on any
safety-related endpoints or such outcomes as incidence of urinary tract infections,
sepsis, NEC, and growth progression. Similarly, as described above, studies on gut
colomzation or the impact on host nutrition in preterm neonates by Agarwal et al.
(2003), Marni ef al. (1997), and Stansbridge et al. (1993) demonstrated that LGG is

well tolerated, and no adverse effects in this vulnerable population were reported.

b) Studies in Term Infants and Children
(1) Effects on Recovery from Acute Diarrhea

Term infants and young children were fed LGG in an attempt to
enhance recovery from acute diarrhea. Infants in these studies could be considered
to have a compromised mucosal barrier function due to the effects of acute

infections (e.g. rotavirus). A description of these studies follows.

Kaila ef al. (1992) studied the effect of LGG on the chinical recovery of
well-nourished children suffering from acute rotavirus diarrhea of less than seven
days duration. Thirty-nine children of ages 7 — 37 months (mean age of 16 months)

received 125 grams of either pasteurized yogurt containing less than 103 of LAB (17
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controls) or a fermented milk product containing 1010-11 ¢fy of LGG (22 test subjects)
twice dauly for five days. The subjects were weighed daily, stool quality was
described throughout the study and follow-up period, and blood was drawn both one

day and three weeks after admission for immunological assessment.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. In the test group, the duration of diarrhea
was significantly reduced compared to controls, and no recurrences of diarrhea
occurred during the three-week follow-up period. Based on the IgG, IgA, and IgM
Ig-secreting cell numbers, test subjects had a significantly enhanced non-specific
humoral response during the acute phase of the infection relative to controls, and at
convalescence, 90 percent of the test group versus 46 percent of the control group
had developed an IgA-specific antibody-secreting cell response to rotavirus. The
authors concluded: “The results indicate that Lactobacillus GG promotes recovery
from rotavirus diarrhea via augmentation of the local immune defense.
Furthermore, specific IgA response to rotavirus is endorsed, which is possibly

relevant in protection against reinfections.” (Kaila ef al., 1992).

In a randomized, placebo-controlled study, Isolauri et al. (1994)
admimstered a dose of 1010 ¢fu of LGG 1n a freeze-dried powder twice daily for five
days to 21 well-nourished children who suffered from acute diarrhea (i.e., less than
seven days of symptoms prior to enrollment), had more than three watery stools
during the previous 24 hours, and were diagnosed to have rotavirus-caused acute

gastroenteritis. Counting the 21 control subjects, a total of 42 children, all of ages
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five to 28 months (mean age of 13.6 months for test group and 14.4 months for
controls), participated in the study. The subjects were weighed and had the
consistency of their stools described daily, and bacterial enzyme activities in the
feces were assessed within six hours of admission, 30 — 36 hours after admission,

and 21 — 24 days after admission to the study.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. “Recovery was uneventful in all cases.” No
LGG was found 1n the feces of any study participant upon admission. At a detection
limit of 103 cfu, LGG was found in the feces of 15 of 18 subjects from the study
group 30 — 36 hours after the start of LGG administration, but it was not detected
1n any samples from the control group. The reduction 1n the duration of diarrhea
was reduced to a statistically sigmficant extent in the test group (mean 1.5 days)
relative to controls (mean 2.3 days). Urease activity during diarrhea transiently
increased in the control group but not 1n the test group, while no inter-group
differences were found 1n fecal levels of B-glucuronidase, B- glucosidase, and
glycocholic acid hydrolase. Based on these results, the investigators theorized “...
that rotavirus infection gives rise to biphasic diarrhea, the first phase being osmotic
diarrhea and the second associated with overgrowth of specifically urease-producing
bacteria. Oral bacteriotherapy appears a promising means to counteract the

disturbed microbial balance.” (Isolauri et al., 1994).

Raza et al. (1995) studied the effect of LGG on the course of acute, non-

bloody diarrhea 1n a triple-blind, placebo-controlled clinical trial in hospitalized,
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undernourished children in Pakistan. Forty children of ages one to 24 months
(mean age of 13 months) who were admitted with acute diarrhea and at least
moderate dehydration participated in the study; children with severe malnutrition
or suspected septicemia were excluded. The treatment group of 21 subjects received
1010-11 ¢fy of LGG mixed in 10 mL of oral rehydration solution twice daily for two
days while the control group of 19 subjects received placebo in the same manner.
Subjects were discharged from the hospital after 48 hours. Frequency of vomiting
and diarrhea, character of the stool, and treatment prior to admission (i.e.,
antibiotics or antidiarrheal medication) were recorded, while stool samples were
taken at admission and discharge from the hospital. The duration of diarrheal

episodes was not recorded and no follow-up was undertaken.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. Aside from less frequent vomiting, there
were no significant differences 1n the chinical indices measured between the test and
control groups. The authors state that LGG “...treatment was well tolerated.” The
use of antibiotics prior to admission was significantly higher in LGG-treated
subjects (19 of 21) than controls (8 of 19), although the details of this usage are not
known. Rotavirus was found in 22 percent of subjects’ stools. The authors reported:
“In those who had presented with acute nonbloody diarrhea (n = 82), the percentage
of children with persistent watery diarrhea at 48 hours was significantly less in the
Lactobacillus group: 31% vs. 75% (P<0.01). No significant difference was observed

by 48 hours in those presenting with bloody diarrhea.” (Raza et al., 1995).
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In a randomized, double-blind study, Majamaa et al. (1995) evaluated
the effect of several LAB, including LGG, on the immune response to rotavirus in
children with acute rotavirus gastroenteritis. Forty-nine children of ages 6 to 35
months who were admitted to the hospital for acute gastroenteritis of less than
seven days duration completed the study; exclusion criteria included rotavirus-
negative status, rotavirus-positive patients who had three or more watery stools in
the 24 hours prior to admission, and totally breast fed infants. The subjects
recewed either 6.25 x 109 cfu of LGG (16 subjects), 2.75 x 108 cfu of Lactobacillus
casel ssp. rhamnosus (Lactophilus) (14 subjects), or a 3.5 x 10? cfu of a combination
of (95%) Streptococcus thermophilus, (4%) Lactobacillus delbriickir subsp.
bulgaricus, and (1%) L. caset subsp. rhamnosus (Yalacta) (19 subjects) mixed with
5 mL of water and given with food or via nasogastric tube twice daily for five days.
Five subjects not receiving any lactobacilli were studied, as well. A stool sample
was taken on the first day after admission, the number and quality of stools and the
number of vomiting episodes were monitored during the hospital stay, incidence of
recurring diarrhea was noted through the follow-up period, and blood samples were
taken to assess rotavirus antibodies on the day of admission and during a medical

examination three weeks later.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. Those subjects who received LGG had a
statistically significant shorter duration of diarrhea (1.8 days) than those receiving

either Lactophilus (2.8 days), Yalacta (2.6 days) or no lactobacilli preparation at all
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(2.6 days). The total number of immunoglobulin-secreting cells was comparable in
the three treated groups, as were the levels of IgM and IgG rotavirus-specific
antibody secreting cells. Relative to the other treated groups, the LGG-treated
group had enhanced IgA-specific antibody secreting cells to rotavirus and serum IgA
antibody levels during the convalescent stage. The authors stated that “[t]he
results of our study confirm previous findings that LGG promotes clinical recovery
from acute gastroenteritis and potentiates gut immune response to rotavirus.”

(Majamaa et al., 1995).

As follow-up to their earlier research, Kaila et al. (1995) assessed the
effect of viable or heat inactivated LLGG on the immune response to acute rotavirus
diarrhea in children 1in a randomized, double-blind study. Forty-one well-nourished
subjects of ages one to 38 months (mean age of 13 months) who experienced acute
gastroenteritis of less than seven days’ duration received either 1010-11 ¢fu of viable
(20 subjects) or heat inactivated LGG (21 subjects) in approximately 5 mL of water
twice daily for five days. The subjects were weighed daily, stool quality was
described throughout the study and follow-up period, and blood was drawn both one
day and one month after admission for immunological assessment. Thirteen

subjects 1n each group participated in all phases of the study.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. “In the study, clinical recovery from
rotavirus diarrhea was equal 1n the two groups receiving viable or heat inactivated

L. caset strain GG during the diarrhoea.” Those subjects receiving LGG treatment
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weighed an average of 120 grams more upon discharge (an unspecified time period
that depended on the discretion of the attending pediatrician) relative to admission,
while subjects in the control group weighed an average of 320 g more upon
discharge relative to admission (p=0.51). Furthermore, “... viable L. casei strain GG
enhanced the rotavirus specific IgA secreting cell response and the serum IgA
antibody response to rotavirus.” “The results indicate that viable L. caser strain GG
stimulate rotavirus specific IgA antibody responses, theoretically significant in the

prevention of reinfections.” (Kaila et al., 1995).

Shornikova et al. (1997) investigated the effects of oral rehydration and
LGG on recovery from acute diarrhea in a randomized, double-blinded, placebo-
controlled study in the Karelian Republic of Russia. Upon hospital admission, a
total of 123 infants of ages 1-36 months were administered one of two ORS
(differing in osmolarity and sodium concentration) or intravenous rehydration
therapy after experiencing acute diarrhea of less than five days’ duration with one
or more watery stools during the previous 24 hours. LGG (5 x 10° cfu per dose) or a
cellulose powder placebo was administered twice daily in ORS or food starting with
the first rehydration and continuing for five days. “The normal, full diet for age was
started after the first rehyration,” but yogurt, fermented milk and sour cream was
excluded. Upon admission, the subjects were weighed, clinically examined, and the
severity of dehydration (i.e., fluid loss) was estimated from clinmical signs or, when
possible, calculated from acute weight loss. The number and quality of stools were

followed by attending nurses, and the duration of diarrhea was determined to be the
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last appearance of watery stools. Stool samples were cultured for Salmonella and

Shigella, as well as tested for rotavirus antigen.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. “LGG was administered without
dufficulties....” Thirty-four subjects tested positive for rotavirus antigen, and 26 had
a confirmed bacterial etiology, including 11 cases of Salmonella enteritidis, 13 cases
of Shigelia sonnei, and two cases of Shigella flexneri. Ninety-six subjects received
ORS orally, 26 received intravenous fluids for rehydration, and one received neither.
The subjects receiving intravenous fluids had a significantly longer mean duration
of diarrhea relative to those subjects receiving ORS. Subjects receiving LLGG had a
significantly shorter mean duration of diarrhea (2.7 days) relative to controls (3.8
days). “The frequency of watery stools began to decrease significantly in the LGG
group from the second treatment day, and the cumulative number of diarrhoeal
stools was signmificantly smaller in the LGG group on days 2 and 3 after initiation of
treatment.” LGG was found to significant decrease the number of watery stools in
rotavirus-positive subjects (n = 13) on days 0-5 of treatment relative to controls (n =
21), while no effect was observed between those subjects with confirmed bacterial
diarrhea who received LGG (n = 11) versus placebo (n = 15). (Shornikova et al.,

1997).

Guarino ef al. (1997) studied the effect of LGG on the duration of
diarrhea in children of ages 3 to 36 months. One hundred subjects were enrolled in

the study and were randomly assigned to the treatment (n = 52) or control (n = 48)
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groups. Oral rehydration was administered alone (control) or in combination with
twice daily feedings of 3 x 109 cfu of LGG suspended in 200 mL of milk or formula
(treatment) for a maximum of five days. “Full, age-appropriate feeding was
introduced soon after imtial rehydration. Diarrhea was defined as three or more
watery stools per day. Exclusion criteria were the admimstration of antibiotics in
the pervious 3 weeks, the onset of diarrhea more than 48 hours before the visit,
breast-feeding, and a weight:height ratio below the fifth percentile. Recovery from
diarrhea was defined as the time since the last loose or liquid stools.” The cutcome
of diarrhea was evaluated by the mothers of enrolled children who were provided
instruction and communicated with daily. Stools were collected upon enrollment

and six days after the onset of diarrhea and were analyzed by ELISA for rotavirus.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. The treatment and control groups were
similar 1n sex, age, body weight, and duration of diarrhea prior to enrollment.
Diarrheal duration was significantly reduced by approximately 50% in children
receiving LGG compared with controls. The admimstration of LGG as an adjunct to
rehydration also significantly reduced the duration of diarrhea relative to controls
in both rotavirus-positive and rotavirus-negative subjects (the cause of diarrhea in
these subjects was not determined. The number of subjects excreting rotavirus six
days after onset of diarrhea was significantly reduced in the LGG group relative to
the control group, as well. The authors concluded: “Oral administration of

Lactobacitllus GG is effective in rotavirus-positive and rotavirus-negative
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ambulatory children with diarrhea. Furthermore, it reduces the duration of

rotavirus excretion.” (Guarino et al., 1997).

Guandalini et al. (2000) studied the effect on acute diarrhea of LGG
administered 1n the oral rehydration solution (ORS) 1in children of ages one to 36
months. Two hundred and ninety-four subjects (147 each in test and control groups)
who were hospitalized with acute diarrhea of all causes participated in a
randomized, double-blind, placebo-controlled, multi-center study. Exclusion criteria
included previous use of probiotics, underlying chronic untreated small bowel
disease, inflammatory bowel diseases, and any other underlying chronic disease or
Immune-suppressive condition or treatment. During the first four to six hours after
admission to the study, the test subjects received oral rehydration solution 1n which
at least 1010 cfu of LGG per 250 mL was dissolved, while controls received the
solution with a placebo. Anthropometric measurements were taken at admission,
weight at short intervals thereafter, and the number and characteristics of stools
passed, fluid intake and occurrence of vomiting were monitored throughout the
observation period. Stool samples were collected on admission and 48 hours

thereafter and analyzed for microbial pathogens.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. Rotavirus was the most commonly detected
pathogen in both the test and control groups (38% and 32%, respectively), 15
percent of subjects in both groups were affected by invasive enteritis (caused by

Salmonella, Campylobacter, Yersinia enterocolitica, or Shigella), and 24 percent of
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test subjects and 35 percent of controls had no identifiable pathogen in their stools.
Consumption of ORS by the test group subjects averaged 382 mL in the first four
hours after admission, 459 mL during the following 20 hours, and 1194 mL overall,
with large variation; consumption by the control group subjects were similar.
Overall, the duration of diarrhea was significantly reduced in the test group relative
to controls (approximately 58 versus 72 hours, respectively), even in those subjects
with no identafiable pathogen in their stools. Decreased duration of diarrhea was
found in those subjects with rotavirus, while no decrease was observed in subjects
with diarrhea caused by bacterial pathogens. The overall incidence of diarrhea
lasting longer than seven days was significantly reduced in test subjects compared
to controls (2.7% versus 10.7%, respectively) as were the length of hospital stays.
The rehydration therapy failed due to excessive vomiting or refusal to take the
rehydrating solution in approximately eight percent of both groups, resulting in
subsequent intravenous rehydration. The difference 1n positive weight gain of the
treatment and control groups over the first 24 hours of ORS administration was not

statistically significant. (Guandalin et al., 2000).

From these results, the investigators drew the following conclusions:

1. Lactobacillus GG can be safely administered in
the ORS used in the 1nitial rehydration of children
with acute diarrhea of different origins.

2. This intervention results in a shorter duration of
diarrhea. The effect is more evident 1n, but not
limited to, rotavirus-positive patients.
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3. Chaldren who receive Lactobacilius GG have a
markedly reduced chance of having diarrhea
lasting more than a week than do their control
counterparts.

4. Duration of hospital stay is 1 day less in patients
receiving Lactobactllius GG in ORS. (Guandalini et
al., 2000).

Salazar-Lindo et al. (2004) studied the effect of LGG in a milk formula
upon the duration and severity of acute diarrhea in infants in Peru who were
suffering from potential etiologic agents other than rotavirus. Male infants 3-36
months of age were eligible for the study if they met the following criteria: {a) a
history of three or more watery stools per day for less than 48 hours, (b) no bloody
stools at the moment of first examination, (¢) clinical signs of dehydration, (d) no
clinical features of hypovolemic shock, (e) no clinical signs of a coexisting acute
systemic illness or a recognized chronic disease, (f) no history of current antibiotic or
antidiarrheal medication use, (g) not exclusive feeders, and (h) weight for age
greater than 60% of the median established by the National Center for Health and
Statistics. A total of 179 male infants were rehydrated with WHO’s ORS and
randomly assigned to receive a milk formula with (n = 90) or without (n = 89) 109
cfu of LGG per mL of formula. A clinical history, physical examination, and
drawing of blood was completed before starting treatment, and blood was taken

again after 24 hours of treatment.

Baseline characteristics (i.e., age, nutritional status, and other clinical
and laboratory variables) of the treatment and control groups were comparable

upon admission, although the stool output in the treatment group was sigmficantly
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greater during the first four hours of the rehydration phase prior to admission.
Stool volume was periodically measured using a device suited to collect stools
separate from urine, and the duration of diarrhea was estimated based on the
physical characteristics of the stools. The first dose of formula was administered as
soon as rehydration was completed, and subsequent doses were provided every four
hours until cessation of diarrhea or for a maximum of five days. Each subject was
given 150 mL of formula per kilogram body weight per day to a maximum of 1000
mL per day; admimstration was not compulsive. Caloric requirements were
completed with a blended soft baby food for subjects six months of age or older.
“The dose of LGG 1n our study was 6-8 x 10'! cfu per day.” (Salazar-Lindo et al.,

2004).

“No adverse effects due to the study formula were notice[d] in either
group during the study.” Eight subjects from the LGG group and 11 from the
control group were prematurely withdrawn from the study because of bloody stools
within the first 24 hours after admission (n = 11), parental non-compliance (n = 4),
no diarrheal stools passed within the first 24 hours after admission (n = 2) typical
severe cholera-like diarrheal disease improperly included (n = 1), or severe systemic
infection present but not recognized at admission (n = 1). Total stool output was
significantly larger in the LGG group relative to the control group, although no
significant differences were found 1in duration of diarrhea, rate of treatment failure
(defined as recurrence or continued presence of more than 5% dehydration,

worsening electrolyte abnormalities, no weight gain, or development of ileus or
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severe diarrhea), and proportion of subjects with unresolved diarrhea after 120
hours. The rate of stools with reducing substances after 24 hours of treatment

increased significantly in both groups. (Salazar-Lindo et al., 2004).

“About 12% of patients had an unresolved diarrhea and an additional
20% were classified as treatment failures, mostly due to severe diarrhea.” The
authors concluded: “this study did not show a positive effect of LGG on the clinical
course of acute watery diarrhea. Positive beneficial effects of LGG, as had been
reported elsewhere, could have been masked in our study by worsening diarrhea

bH

due to transient lactose malabsorption.” “In more than 55 percent of subjects, an
enteropathogen could be identified. Thas figure could be higher because studies for
ETEC were not done. The most prevalent agents were rotavirus (30.7%), EPEC
(11.7%), Vibrio cholerae (10.1%) and Campylobacter sp. (8.4%), with an important

proportion of patients having mixed infections.” “LGG appears to be more effective

in viral than in bacterial diarrhea.” (Salazar-Lindo et al., 2004).

(2) Ability to Prevent Diarrhea

Several investigators studied the prophylactic ability of LGG 1n

preventing the occurrence of diarrhea in compromised infants and children.

Oberhelman et al. (1999} conducted a randomized, double-blind,
placebo-controlled study on 204 undernourished Peruvian infants of ages six to 24
months at initiation in which subjects received either 3.7 x 1010 cfu of LGG (99

subjects; mean age of 14.76 months) or placebo (105 subjects; mean age of 13.96
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months) in flavored gelatin once daily six days a week for up to 15 months. Infants
with second- or third-degree malnutrition were excluded. Stool specimens were
collected at three, six, and 13 months after enrollment from the same subset of 40
subjects selected randomly from both groups to document LGG colomization and
screen for LLGG 1n controls. Outcome variables were analyzed for the entire study
group and for subgroups stratified by breast milk intake and by age. Only subjects
with at least one month of analyzable surveillance were included. The incidence of
diarrhea was calculated by grouping, determining number of episodes, and total

observation time within the group, rather than by averaging individual rates.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. Surveillance lasted for 15 months, over
which 954 episodes of diarrhea were detected (490 in LGG group, 464 1n placebo
group), with etiological data available for 481 of this total. The primary focus of this
study was the incidence of diarrhea per subject per year (as reported below) and not
episodes of diarrhea in specific individuals. A bacterial or viral pathogen was
identified in 58.2 percent of the episodes, including enterotoxigenic E. coli (96 cases,
19.9%), Campylobacter jejuni (33 cases, 6.8%), rotavirus (26 cases, 5.4%), and
Shigella spp. (16 cases, 3.3%). Adenovirus was detected more frequently in
diarrhea specimens from subjects in the placebo group (19 episodes) than the LGG-
treated group (8 episodes), but no other differences in the distribution of any other

pathogen was observed between groups. (Oberhelman et al., 1999).
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The incidence of diarrhea was significantly lower in the LGG-treated
group (5.21 episodes per subject per year) compared to the controls (6.02 episodes
per subject per year), with the reduction most pronounced in the 18 — 29 month age
group. When subjects were stratified on the basis of breast feeding, a significant
reduction in the incidence of diarrhea was found for the non-breastfed group only.
Among breastfed subjects, the 30 ~ 41 month-old group administered LGG had
significantly more diarrhea than subjects of a similar age fed placebo, although the
overall incidence of diarrhea in this age group was not significantly different
between the LGG and control groups. No differences in the duration of diarrhea
were observed in the entire study population or in any subset thereof. (Oberhelman

et al., 1999).

Szajewska, ef al. (2001) evaluated the efficacy of LGG in the
prevention of nosocomial diarrhea in young children admitted to pediatric hospitals
in a randomized, double-blind, placebo controlled study. Eighty-one subjects of ages
one to 36 months met the study criteria in that they were admaitted to the hospital
for reasons other than diarrhea, had no history of probiotic use over the seven days
prior to admission, had no acute gastroenteritis over the three days prior to
admission, had no symptoms other than diarrhea that suggested gastroenteritis or
underlying intestinal disease (e.g., vomiting or blood in stool), and were not breast
fed. Subjects received either placebo (86 children) or a dose of 6 x 109 cfu of LGG
(45 children) reconstituted 1n a small amount of water with regular feedings twice

daily for the duration of their hospital stay and were evaluated daily for stool
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number and consistency. Stool samples were obtained weekly and during episodes

of diarrhea and were analyzed for bacteria and rotavirus antigen.

“LGG was well tolerated, and no adverse effects of the treatment were
noted.” Those subjects who received LGG had a significantly reduced incidence of
nosocomial diarrhea relative to controls (6.7% versus 33.2%, respectively).
“Rotavirus was the most common 1nfectious agent associated with nosocomial
diarrhea,” occurring in one of the three cases of nosocomial diarrhea observed 1n the
LGG treatment group and six of the 12 cases in the control group. Although the
prevalence of rotavirus infection (defined as asymptomatic and symptomatic
patients with rotavirus antigen shedding in stool) was similar in the treatment and
control groups (20% versus 27.8%, respectively), the incidence of gastroenteritis was
significantly reduced in the treatment group (2.2%}) relative to the control group
(16.7%). The investigators concluded that “[p]Jrophylactic administration of LGG
significantly reduced the risk of nosocomial diarrhea in infants, particularly with

respect to nosocomtial rotavirus gastroenteritis.” (Szajewska et al., 2001).

(3) Effects on Allergy Management

As explained by Isolaur1 (1995), infants with cow’s milk allergy (CMA)
have impaired mucosal barrier function, and such an impairment may predispose
this group of infants to bacterial translocation. A number of clinical studies have
evaluated LGG when fed with extensively hydrolyzed milk-protein formulas to
infants with a history of CMA. In these studies, most infants and toddlers that

were fed LGG for up to s1x months showed symptomatic improvement of cow milk
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protein allergy (atopic dermatitis), with no evidence of adverse effects on growth or
other plasma and clinical markers. No evidence of bacterial translocation or clinical

infection was reported.

In infants with atopic eczema and CMA, Majamaa and Isolauri (1997)
evaluated the effects of LGG in an extensively hydrolyzed whey formula on the
clinical and immunological changes resulting from elimination of cow’s milk from
the diet. Twenty-seven infants of ages 2.5 to 15.7 months who fulfilled the Hanifin
criteria (see Hanafin, 1987) for atopic eczema completed the randomized, double-
blind study. The mean age at onset of symptoms of atopic eczema was 2.4 months,
and the durations of exclusive and total breast-feeding averaged 2.8 and 5.9 months,
respectively. The subjects were placed on a cow’s milk elimination diet and received
an extensively hydrolyzed whey formula with and without 5 x 108 cfu of LGG per
gram of formula for one month followed by the same whey formula unsupplemented
with LGG for one month. After the study period, the subjects were allocated to
double-blind, placebo controlled cow’s milk challenge or open cow’s milk challenge,
and only those who had a positive reaction to the cow’s milk challenge (13 test
subjects and 14 control subjects) were included in the final study population. All
subjects were examined by a physician after one and two months of study
participation, and blood and fecal samples were collected at the initiation of the
study and after one and two months of study participation. Depending on the age of

the child, daily formula intake varied between 500 and 1000 mL.
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No safety-related endpoints were discussed by the authors, and no
spectfic adverse effects were reported. The severity of atopic dermatitis was
comparable between the control group (SCORAD = 21) and LGG group (SCORAD =
26) before treatment (p = 0.33). After the one-month study period, the clinical score
of atopic dermatitis improved significantly in subjects receiving LGG-supplemented
formula (SCORAD = 15) relative to controls (SCORAD = 19) due to the reduction of
the extent, intensity and subjective score. No significant differences were observed
after two months (i.e., one month after LGG-supplementation had ceased) between
the LGG group (SCORAD = 16) and the control group (SCORAD = 14). The
concentrations of ai-antitrypsin and the median (lower quartile to upper quartile)
concentration of fecal tumor necrosis factor-a decreased significantly in the treated
group but not in the controls. The authors concluded: “These results suggest that
probiotic bacteria may promote endogenous barrier mechanisms in patients with
atopic dermatitis and food allergy, and by alleviating intestinal inflammation, may

act as a useful tool in the treatment of food allergy.” (Majamaa and Isolauri, 1997).

Isolauri et al. (2000) conducted a randomized, double-blind, placebo-
controlled study to assess the ability of LGG or Bifidobacterium lactis Bb-12 to
control allergic inflammation 1n infants with atopic eczema. A total of 27 infants
(i.e., 9 subjects per group) with a mean age of 4.6 months, all of whom manifested
atopic eczema during exclusive breast feeding and had not been exposed to any
infant or substitute formula prior to enrollment, were weaned to extensively

hydrolyzed whey formulas with or without supplementation with 3 x 108 cfu of LGG
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or 10° cfu of Bb-12 per gram of formula for a least six months. The mean age at
onset of symptoms of atopic eczema was 1.6 months. The severity of atopic eczema,
body measurements, and venous blood and stool samples were taken prior to
introduction of the whey formulas, and two and six months after introduction. The
primary outcome measures were the extent, severity, and subjective symptoms (e.g.,
pruritus and sleep loss) of atopic eczema (via SCORAD scores) and the growth and
nutrition of the subjects. Secondary measures included serum concentrations of
soluble surface cell molecules and cytokines/chemokines and urinary concentrations

of methyl-histamine and eosinophilic protein X.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. The mean intake of probiotics over the six
month study period was 3 — 8 x 1010 cfu per day, and the growth of all subjects (as
measured by length-per-age standard deviation scores) during this period was
normal. The SCORAD score during breast feeding averaged 16 for study
participants. Relative to controls (SCORAD 13.4), after two months of
supplementation, a significant improvement 1n the severity of atopic eczema was
observed 1n all subjects fed LGG (SCORAD 1) and Bb 12 (SCORAD 0), in parallel
with a reduction on the concentration of soluble CD4 in serum and eosinophailic
protein X in urine, After six months, all groups had SCORAD scores of 0. The
authors concluded: “The results provide the first clinical demonstration of specific

probiotic strains modifying the changes related to allergic inflammation. The data
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further indicate that probiotics may counteract inflammatory responses beyond the

intestinal milieu.” (Isolauri et al., 2000).

Kalliomaki et al. (2001) conducted a randomized, double-blind, placebo-
controlled trial in which capsules containing placebo ar 1 x 1019 cfu of LGG were
given daily for two to four weeks prenatally to 159 mothers who had at least one
first-degree relative with atopic eczema, allergic rhinitis, or asthma. After delivery,
breastfeeding mothers could take the capsules; otherwise, the infants received the
same dose of placebo or LGG mixed in water and given by spoon for six months.
Children were examined during the neonatal period and at ages 3, 6, 12, 18, and 24
months, and the examination included inspection of eyes, ears, nose, and skin,
auscultation of heart and lungs, palpitation of abdomen, and assessment of growth
and neurological development. Sensitization by skin-prick tests were performed at
6, 12, and 24 months, and antigen-specific IgE assays were performed 1n umbilical
cord blood and at ages 3, 12, and 24 months. The outcome measure was atopic
disease at two years of age; therefore, chronie recurring atopic eczema was the

primary endpoint.

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. One hundred and thirty-two mfants
completed the two-year study, with non-compliance being the only reason for
discontinuation. Atopic eczema was diagnosed in 46 of the 132 chaldren (35%) at
two years of age, with mean age of onset of 4.9 months, while asthma was diagnosed

1n s1x children and allergic rhinitis in one. The frequency of atopic eczema in the
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LGG-treated group (15 of 64 subjects) was half that of the control group (31 of 68
subjects), although mean SCORAD scores of those with atopic eczema were not
statistically different. Approximately 56 percent of both groups of infants were fed
capsules (as opposed to maternal intake), but the effect did not depend on the mode
of administration. Concentration of total IgE and frequencies of increased antigen-
specific IgE concentrations and of positive reactions in skin-prick tests were similar
in the LGG and control groups. The authors concluded that “Lactobactllus GG was
effective in prevention of early atopic disease in children at high risk.” (Kalliomak1

et al., 2001),

Kankaanpaa et al. (2002) assessed the influence of LGG- and Bb-12-
supplemented formula on the composition of plasma lipids in a randomized,
placebo-controlled, double-blind study in atopic infants. Fifteen infants who were
referred to a pediatric clinic on the basis of atopic eczema (all fulfilled the Hanifin
criteria) and who were exclusively breastfed were weaned to an extensively
hydrolyzed infant formula alone or supplemented with either 3 x 108 cfu of LGG or
1 x 10° cfu of Bb-12 per gram of formula. The mean age of the infants was 5.2
months, and average length of feeding was 5.5 months, although this varied
considerably within the test groups (control: 5.7 months, LGG: 4.4 months, Bb-12:
7.3 months). Blood samples were collected prior to the initiation of formula feedings

and two months after study 1nitiation. (Kankaanpai et al., 2002).

No safety-related endpoints were discussed by the authors, and no

specific adverse effects were reported. “All formulas were well tolerated by these
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infants.” The average intake of formula for all groups was approximately 75
milliliters per kilogram of body weight per day, which calculates to approximately
600 milliliters per day over the course of the study. In plasma neutral lipids, a-
Iinolenic acid proportions were reduced by LGG supplementation, while in
phospholipids, LGG supplementation did not influence these proportions. The

investigators concluded:

In this pilot study we have shown that the use of
probiotic supplemented infant formula resulted 1n
altered plasma lipid PUFA composition when
compared to a regular, non-supplemented formula.
As the PUFA composition of mothers’ breast milk
was not determined here, one can speculate
whether these changes are simply due to the shift
in individual diets or the result of specific
interactions between priobiotics and PUFA.
(Kankaanpaai et al., 2002),

Pohjavuor: et al. (2004) examined the effects of LGG alone or in a
mixture of four bacterial species on treatment of CMA and IgE-associated
dermatitis in a randomized, double-blind, placebo-controlled study in infants. Two
hundred and thirty infants with atopic dermatitis who were suspected to have CMA
completed the study, and 119 of these subjects were taken for analysis. After
beginning a strict cow’s milk-free diet and skin treatment, the subjects received
either placebo, 5 x 109 cfu of LGG, or a mixture of 5 x 10? cfu of LGG, 5 x 109 cfu of .
rhamnosus LC705, 2 x 108 cfu of Bifidobacterium breve Bbi99, and 2 x 10° cfu of
Propiontbacterium freudenreichii ssp shermanit JS, twice daily with extensively

hydrolyzed whey formula for four weeks.
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Clinical improvement was evaluated prior to diet supplementation
with probiotics, after the four-week treatment period, and four weeks after the end
of treatment. After eight weeks of cow’s milk elimination (which included four
weeks of probiotic supplementation), a double-blind, placebo-controlled, crossover
cow’s milk challenge was imtiated. Skin prick tests were performed at the 1nitial
visit with commercial allergen extracts of egg white, cat, dog, and birch, and
duplicate tests were performed with fat-free cow’s milk, cereal grains, purified
ghadin, and a panel of 10 widely used adapted cow’s milk infant formulas,
extensively hydrolyzed amino acid-based infant formulas, and soy-based infant
formulas. Concentrations of serum cow’s milk and wheat-specific IgE were

measured, as well. (Poljavuor et al., 2004).

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. Of the 119 infants (mean age of 6.5 months)
taken for analysis, CMA was diagnosed in 65 subjects, IgE-associated CMA was
diagnosed in 42 subjects, and non-IgE-associated CMA was diagnosed 1n 32 subjects.
In 54 subjects, the cow’s milk challenge was negative, and CMA was excluded. IgE-
associated dermatitis was diagnosed in 72 subjects. Secretion of Tx1 cytokine IFN-y
by PMBCs before the probiotic treatment was signmificantly lower in subjects with
CMA and in subjects with IgE-associated CMA relative to subjects without CMA.

In those subjects fed LGG, the level of secreted IFN-y increased in those subjects
with CMA and 1n those subjects with IgE-associated dermatitis relative to controls.

Secretion of IL-4 increased significantly in subjects with CMA who consumed the
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mix of probiotics but not in the equivalent population who consumed LGG alone.

(Pohjavuon et al., 2004).

The authors concluded: “Deficiency in IFN-y response appears to be
related to CMA. LGG raises IFN-y production of PBMC 1n infants with CMA and in
infants with IgE-associated dermatitis and may thus provide beneficial Tx1
immunomodulatory signals. [The mixture of probiotics], although containing LGG,

appears to modulate the immune responses differently.” (Pohjavuori et al., 2004).

In a study similar to Pohjavuori et al. (2004), Viljanen et al. (2005)
studied the effects of LGG alone or in a mixture of four bacterial species on
treatment of atopic eczema/dermatitis syndrome (AEDS) in food-allergic infants.
Two hundred and thirty infants (mean age of 6.4 months) who were under 12
months of age upon entering, had symptoms suggestive of CMA, and consumed no
probiotics regularly (i.e., no use longer than one week or within six weeks of
entering the study) completed the study. After all products containing cow’s milk
were eliminated from the diets of the infants and the mothers of breast-fed infants,
the subjects received either placebo, 5 x 109 c¢fu of LGG, or a mixture of 5 x 109 cfu of
LGG, 5 x 109 cfu of L. rhamnosus LC705, 2 x 108 cfu of Bifidobacterium breve Bbi99,
and 2 x 109 cfu of Propionibacterium freudenreichii ssp shermanii JS, twice daily
with extensively hydrolyzed whey formula for four weeks. Parents recorded any

skin, gastrointestinal, or respiratory system symptoms in a daily diary.
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Eczematous lesions were treated with hydrocortisone as needed for a
maximum of two weeks in a row during the study period. Clinical improvement
was evaluated prior to diet supplementation with probiotics, after the four-week
treatment period, and four weeks after the end of treatment. After eight weeks of
cow’s milk elimination (which included four weeks of probiotic supplementation), a
double-blind, placebo-controlled, crossover cow’s milk challenge was initiated. Skin
prick tests were performed at the initial visit with commercial allergen extracts of
egg white, cat, dog, and birch, and duplicate tests were performed with fat-free
cow’s milk, cereal grains, purified ghadin, and a panel of 10 widely used adapted
cow’s milk infant formulas; extensively hydrolyzed, amino acid-based infant
formulas; and soy-based infant formulas. Various unspecified antibiotic treatments
(not specified) occurred throughout the study population during the testing period.

(Viljanen et al., 2005).

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. The mean SCORAD decreased by 65 percent,
with no differences between treatment groups both immediately following and four
weeks after the treatment ceased. No treatment differences were observed in
subjects with CMA; however, the LGG-treated group of IgE-sensitized infants
showed a statistically significant reduction in SCORAD relative to the placebo
group from the initiation of the study to four weeks after treatment ceased.
“Exclusion of infants who had received antibiotics during the study reinforced the

findings in the IgE-sensitized subgroup;”... “[flor all infants, however, these
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differences between treatments remained nonsignificant. The authors concluded:
“Treatment with LGG may alleviate AEDS symptoms 1n IgE-sensitized infants but

not in non-Igk sensitized infants.” (Viljanen et al., 2005).

The clinical and immunological effects of an extensively hydrolyzed
formula supplemented with either LGG or L. rhamnosus was studied by Brouwer et
al. (2006) in a randomized, double-blind, placebo-controlled trial. Fifty-three
infants below five months of age who fulfilled the Hanafin criteria for atopic
dermatitis, were suspected of having CMA, and were exclusively formula fed at
enrollment were recruited, and 50 completed the trial. Infants using
antihistamines, oral corticosteroids, probiotics, antimycotics, or antibiotics during
the four weeks prior to enrollment and those with congenital gastrointestinal

malformation were excluded.

All infants were fed extensively hydrolyzed whey formula (Nutrilon
Pepti) during the three to five week baseline period, followed by randomization into
a control group (n=17) or treatment groups in which the hydrolyzed formula was
supplemented with 5 x 109 cfu of LGG (n=16) or L. rhamnosus (n=17), respectively,
per 100 mL of formula for three months. Severity of atopic dermatitis was
measured by SCORAD before and after the baseline period and after one, two, and
three months of intervention with the study formula. Allergic sensitization was
evaluated by measurement of total IgE, a panel of food specific IgEs, and a skin
prick testing for cow’s milk, while inflammatory parameters were blood eosinophils,

eosinophil protein X in urine, fecal a-1-antitrypsin, and production of IL-4, IL-5 and
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IFN-y by peripheral blood mononuclear cells after polyclonal stimulation. Infants
who showed an improvement in atopic dermatitis, based on SCORAD and parental
observation, were given an open cow’s milk formula challenge for up to one week.
Those infants who had a reaction to the cow’s milk were placed 1n a randomized,
double-blind, placebo-controlled challenge to cow’s milk formula for 2 to 7 days,
based on whether the open challenge elicited an acute or delayed reaction.

(Brouwer et al., 2006).

No safety-related endpoints were discussed by the authors, and no
specific adverse effects were reported. Of the three infants who did not complete
the study, two were withdrawn for personal reasons not related to atopic dermatatis,
and one was withdrawn after CMA was excluded. “No statistically significant
effects of probiotic supplementation on SCORAD, sensitization, inflammatory
parameters or cytokine production between groups were found. Only four infants
were diagnosed with CMA.” The authors concluded: “Our results indicate that oral
supplementation with these probiotic bacterial strains will not have a significant

mmpact on the symptoms of infantile [atopic dermatitis].” (Brouwer ef al., 2006).

VIII. SPECIFIC SAFETY CONSIDERATIONS
The Joint FAO/WHO Expert Consultation on Evaluation of Health and

Nutritional Properties in Food, which was held in Cordoba, Argentina in October
2001, recognized that there is a need for guidelines to set out a systematic approach
for the evaluation of probiotics in food leading to the substantiation of health claims.

Consequently, FAO/WHO convened a Working Group to generate these guidelines
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and recommend criteria and methodology for the evaluation of probiotic safety. The
guidelines issued by the Joint FAO/WHO Working Group specifically recommend
that an assessment of the safety of a probiotic strain should include an evaluation of
the potential for adverse effects. These effects include the possible impact of
probiotic administration on systemic infections, deleterious metabolic activities and
host nutrition, excessive immune stimulation in susceptible individuals, and gene
transfer. (FAO/WHO, 2002). All of these topics are discussed 1n relation to LGG as

follows.

A. Systemic Infections

Historically, both lactobacilli and bifidobacteria strains associated with
food products have been considered to be generally safe (Donohue et al., 1993;
Gasser, 1994; Donohue and Salminen, 1996; Saxelin et al., 1996b; Salminen et al.,
1998). However, there are some case reports of clinical infections caused by
indigenous strains of lactobacilli, and recently, LGG, in immune compromised
patients. Therefore, the ability of a probiotic strain of lactobacilli, in general — and

LGG, in particular — to become an opportunistic pathogen must be addressed.

1. Clinical Infections Involving Lactobacilli

Cases of infection by lactic acid bacteria are extremely rare (0.6 — 0.8
positive blood cultures per million people per year). Over the past 30 years there
have been about 180 published cases of bacteremia and 69 cases of endocarditis
caused by lactobacilli (Aguirre and Collins, 1993; Gasser, 1994; Salminen and

Donohue, 1996). The majority of these cases have occurred in patients with
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compromised immune status and/or mucosal barrier function due to underlying
conditions such as heart disease and diabetes or therapeutic treatment (e.g., dental
surgery). Positive blood cultures for lactobacilli have also been regarded as an
indicator of serious or fatal underlying disease (Husni et al., 1997). With regard to
cases of endocarditis, strains of lactobacilli are only rarely involved (0.05 — 0.4% of
total) compared to bacteria shown to be most highly associated with endocarditis
(e.g., >79% by the Streptococcus-Staphylococcus group). Cases of lactobacilli
endocarditis are typically associated with serious underlying health conditions, such
as structural heart disease, that predisposed the patient to opportunistic infections.
These observations suggest that lactobacilli are much less capable of adhering to
intact cardiac valves than other bacteria and only become involved in infections
when a predisposing circumstance exists. Although lactobacilli play a minor
etiologic role in the context of all cases of endocarditis, 1n cases where etiologic
strains were 1dentified at the species level (a procedure that is not always done), the
majority of cases were caused by vancomycin-resistant strains of L. rhamnosus, L.

plantarum, and L. casei (Gasser, 1994; Donohue and Salminen, 1996).

2. Surveillance Studies

The safety of LGG is supported by surveillance studies that evaluated
potential increases in chinical infections with increased probiotic consumption. Such
studies showed that during a nine year perod, despite a notable increase in LGG
consumption (~10-fold) in Finland, the number of infections involving Lactobacilius
species reported to Helsinki health authorities remained at a constant background
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level of 10-20 cases per year (Salminen et al., 2002, Saxelin et al., 1996a). Saxelin et
al.(1996a) found that over the 1989 — 1992 period, “the results did not provide
evidence that any particular species or subspecies of Lactobacillus was the cause of
the infections; no infections caused by isolates similar to [L.GG] were observed.”
Salminen et al. (2002) identified 11 out of a total of 48 1solates to be identical to
LGG over the 1994-2000 period but concluded that “[t]he results indicate that
increased probiotic use of LGG has not led to an increase in Lactobacillus

bacteremia.”

3. Infections Associated With Lactobacilli

Documented cases of systemic infections that may be associated with
consumption of lactic acid bacteria are extremely rare. Seven case reports have
been published on clinical infections involving lactobacilli where the use of LGG as

a probiotic is implicated as the potential source for the infection.

In a case reported by Rautio et al. (1999), a 74-year-old woman with a
history of diabetes and hypertension who had been treated for many years with
enalapril maleate, bisoprolol fumerate, and ghpizide was admitted to the hospital
after experiencing mild abdominal discomfort and fever. A strain of L. rhamnosus
was isolated from a liver abscess, the strain was found to be 1dentical to LGG, and
its identity was confirmed by molecular methods (e.g., pulsed-field gel
electrophoresis (PFGE)). The fermentation pattern and enzymatic reactions of this
isolate were compatible with a probiotic strain L. rhamnosus GG used in dairy

products consumed by the patient during the four months before her symptoms
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onset. The patient was initially treated with penicillin G then
piperacillin/tazobactum, and, after her condition worsened, ciprofloxacin and
clindamycin. The patient recovered gradually, was discharged after six weeks, and

was 1n good health following an additional two months of antibiotic therapy.

In a second case, reported by Mackay et al. (1999), a 67-year-old man
with previously documented mild mitral valve regurgitation due to mitral valve
prolapse had persistent dry cough, slight shortness of breath, and weight loss. The
patient was taking (by chewing an swallowing) one or two capsules daily of a freeze-
dried probiotic containing 2 x10° L. rhamnosus and several other bacteral species
and had several carious teeth removed a few weeks earlier. He was diagnosed as
having endocarditis, and “[o]ne of the organisms cultured from the probiotic
capsules was indistinguishable from that 1solated from the blood cultures by virtue
of identical cultural appearance, reactions in API 50CHL, sensitivity patterns and
pyrolysis mass spectrometry. The patient was treated with ampicillintgentamicin
for two weeks prior to discharge, followed by pivampicillin+probenecid for six weeks,

and was well at follow-up three months after admission.

A third case, reported by Presterl et al. (2001), involved a 23-year-old
male with a previously documented bicuspid aortic valve and a four-year history of
diabetes 1nsipidus, which was being addressed with intranasal octreotid treatment.
The patient was consuming up to 1.5 liters of probiotic yogurt (reportedly
containing “2 x 10° cells of L. rhamnosus”) and sour milk when presenting with

fever, increased fatigue, and dyspnoea. He was diagnosed with endocarditis and a
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strain of L. rhamnosus was 1solated from his blood. Despite treatment with
amoxicillin clavulanic acid, the patient showed signs of acute heart failure and
underwent emergency valve replacement. “The postoperative course was
uneventful,” and “the patient was well at follow-up visits 3, 6, and 12 months after

the end of therapy.”

The isolate was compared to an L. rhamnosus isolate from the yogurt
in the Biolog system and was reported to differ in “10 of ... >100” reactions.
Although the identity of the patient’s isolate was confirmed at the species level
using biochemical methods, it was found to be different based on the molecular
genotyping method (e.g., random amplification of polymorphic DNA (RAPD)). The
authors concluded: “Thus, 1n the absence of any other possible entry site, the source

of the endocarditis remains unknown.” (Presterl ef al., 2001).

Kunz et al. (2004) reported on two cases of bacteremia in neonates who
suffered from short gut syndrome. The first case involved a 36-week gestation
infant whose syndrome was secondary to congenital intestinal atresia and volvulus.
Total parenteral nutrition was necessary, he experienced cholestasis, and a regimen
of LGG supplementation was prescribed on the 95t day of life. Following symptoms
consistent with infection or sepsis on the 23 day of supplementation, blood
cultures grew a Lactobacillus species sensitive to ampicillin. Blood cultures taken
after 10 days of treatment with ampicillin were negative, LGG supplementation
was discontinued, and the patient had no additional Lactobacillus bacteremia. Via

endoscopy, the patient’s intestine was found to be inflamed and friable. The
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authors stated: “We suspect that the fragility of the intestine may have promoted
transmigration of the supplemental Lactobacillus GG.” Although LGG was

suspected, fingerprinting of the isolate was not performed.

In the second case, a 34-week gestation infant’s syndrome resulted
from a severely infracted intestine at birth; he underwent a gastrostomy and
jejunostomy shortly after birth; he was dependent on total parenteral nutrition; and
after rapidly developing a cholestatic liver disease, he began a regimen of LGG
supplementation on day of hfe 17. Despite tolerating the LGG well, he experienced
an elevated temperature, tachycardia, and increased apneic events, and blood
cultures grew a Lactobacillus species sensitive to both ceftriaxone and ampicillin.
LGG supplementation was discontinued, the patient completed a 10-day course of
ceftriaxone and ampicillin without complications, and he experienced no additional
episodes of Lactobacillus bacteremia. The authors stated “Upper endoscopy after
the sepsis episode revealed mild inflammation of the intestine. As in Case 1, we
suspected that the patient’s intestinal inflammation led to translocation of
Lactobacillus GG from the intestinal lumen.” DNA fingerprinting (PFGE)
confirmed the blood culture 1solate to be indistinguishable from the LGG 1n the

supplement. (Kunz et al., 2004).

Land et al. (2005) reported on two cases of Lactobacillus sepsis
following admimstration of LGG. The first case involved a six week old infant born
at term who was admitted to the hospital for a scheduled repair of a double-outlet

right ventricle and pulmonic stenosis. The postoperative course was complicated by
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pacemaker placement, pulmonary artery banding, seizures, acute renal
insufficiency, and prolonged respiratory support. Following several courses of
antibiotics for suspected sepsis, on day 57 of hospitalization, the infant developed
copious non-bloody diarrhea and was afebrile. Beginning on day 79 of
hospitalization, his diet was supplemented with 1010 cfu of LGG daily through his
gastronomy tube. On day 99 of hospitalization, signs of endocarditis developed, and
blood cultures grew a Lactobacillus species susceptible to peniaillin G, erythromycin,
clindamycin, gatifloxacin, tetracycline, and trimethoprim-sulfamethoxazole that

was later identified by repetitive element sequence-based polymerase chain reaction
DNA fingerprinting as indistinguishable from LGG. Following a change in

antibiotics to penicillin G and gentamicin, the patient recovered fully.

The second case involved a six year old child with cerebral palsy,
microcephaly, mental retardation, and a seizure disorder who required feeding
through a gastrojejunostomy tube. She was admitted to the hospital for a urinary
tract infection, fever, and abdominal pain following revision of a spinal rod (for
scoliosis) one week earlier, received subsequent courses of ceftriaxone and
vancomycin, developed diarrhea, and after feeding was initiated through a central
venous catheter, catheter-related sepsis developed. Beginnming on day 25 of
hospitalization, 1010 ¢fu of LGG in water was administered by injection into the
gastrojejunostomy tube. On day 69 of hospitalization, the patient developed signs of
infection and blood cultures yielded a Lactobacillus species that was later identified

by repetitive element sequence-based polymerase chain reaction DNA
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fingerprinting as indistinguishable from LGG. Following another course of
ceftriaxone and vancomycin treatment, the patient was discharged from the
hospital (day 86 of hospitalization) and she had no signs of illness one month after

discharge. (Land et al., 2005).

In summary, all known cases of clinical infections where probiotic
lactobacilli involvement was suspected occurred 1n subjects with some type of
underlying disease or health condition (e.g., liver abscess, diabetes, heart damage,
short gut syndrome). The identity between the clinical isolate and the strain of
lactobacilli consumed by the subject was confirmed by appropriate molecular
methods in only four of these cases. The infections reported in the infant population
all involved hospitalized patients who received LGG supplementation in an attempt
to treat complications resulting from the underlying hospitalization: cholestasis and
cholestatic liver disease (Kunz et al., 2004); non-bloody diarrhea and catheter-
related sepsis (Land et al., 2005). These results establish that LGG has the
potential, in rare instances, to be an opportunistic pathogen in severely
compromised subjects. Nevertheless, the extensive clinical studies involving the
use of LGG 1n healthy subjects and those with less severe medical conditions — and
the usual absence of adverse effects of LGG in these populations — go far towards

establishing that LGG is general recognized as safe in these populations.

B. Adverse Impact on Host Nutrition and Growth

The impact of LGG on host nutrition in full and preterm infants is

described in detail, above. While relatively few studies have evaluated the impact
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of probiotics on host nutrition, the addition of LGG to infant formula does not
appear to impact nutrition or growth and development in the infant based on the

following data.

The randomized, double-blind, placebo-controlled growth study
conducted by Vendt et al. (2006) demonstrated that infants consuming cow’s milk
formula supplemented with 107 cfu of LGG per gram of dry formula, resulting in an
average daily dose of approximately 10° cfu of LGG, during the first six months of
Iife exhibited normal growth. Moreover, other clinical studies on infants, while not
designed as growth studies per se, have found no differences in growth indices
between those subjects consuming LGG and those serving as controls. (Millar ef al.,

1993; Stansbridge et al., 1993).

In general, probiotic strains such as LGG utilize the same types of
macronutrients and micronutrients needed by the host but in considerably lower
quantities relative to the nutrient needs of the human infant. In addition, the
majority of nutrient digestion and absorption in the human infant occurs in the
stomach and small intestine before reaching the colon, where the majority of LGG

would reside and utilize whatever nutrients may remain.

In some tn vitro studies, lactic acid bacteria have actually been shown
to synthesize some B vitamins 1n fermented dairy products (Elmadfa et al., 2001).
However, if this synthesis is indeed occurring in the gastrointestinal tract it would
be negligible given the low numbers of LGG present. Also, the vitamin synthesis of
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LGG would be relatively low as compared to the vitamin production by other

members of the gastrointestinal biota.

Evidence from clinical studies indicates that ingestion of up to 109 cfu
per day of LGG has little impact on the overall composition of the intestinal
microbiota. Therefore, it is reasonable to assume that LGG would have negligible

impact on nutrient levels in infant formula.

There is no scientific evidence indicating probiotic lactobacilli such as
LGG produce factors that might inhibit host enzymatic activity or nutrient
availability. In fact, it 1s more commonly believed that probiotics may benefit the
intestinal milieu by slightly increasing levels of substances that might positively
impact host nutrient availability, particularly SCFA. Increased SCFA produces a
lower intestinal pH, which improves the solubility of minerals such as Ca, Mg, Zn,
and Fe. That said, the overall impact on nutrient availability of daily consumption

of 108-109 cfu of LGG likely is minimal.

There is no evidence that consumption of LGG 1n relatively high
amounts by animals 1 toxicological studies has any adverse effects on overall

growth and nutritional status.

These lines of evidence lead to the conclusion that daily consumption of
at least 109 efu of LGG will not have an adverse effect on nutrient absorption that

would have a negative impact on growth and development.
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C. Unfavorable Immune Stimulation

Infants are most vulnerable to allergic sensitization during the first
months of life because they are born with an immature intestinal barrier. A key
dilemma of the developing host immune system 1s the ability to generate effective
responses to pathogenic microbes and yet maintain hypo-responsiveness to antigens
in food and the intestinal microbiota. In newborn infants, the balanced regulation
of signals from T helper 1-type (Thl) cells (e.g., [L4, IL5) and Th-2 cells (e.g., 116,
TNFa) appears to be important for normal development of the immune system
(Pene et al., 1988; Prescott et al., 1999; Nagler-Anderson, 2000). There is increasing
evidence that certain members of the 1intestinal microbiota, such as lactobacilli and
bifidobacteria, play a role in potentiating IgA responses towards potentially harmful
antigens as well as down-regulating IL4-mediated responses. IL-4 plays a key role
in development of Th-2 responses, which are involved in regulating IgE production
and eosinophilia, commonly associated with atopic diseases such as eczema and

asthma.

LGG has been shown to promote host defenses by reducing gut
permeability, enhancing nonspecific resistance and humoral immune responses
(Isolauri et al., 1995; Kaila et al., 1992; Majamaa et al., 1995), and down-regulating
inflammatory responses to antigen challenge (Majamaa and Isolauri, 1997). The
host conditions under which LGG modulates immune defenses have not been
determined. However, LGG appears to stimulate immune responses in healthy

subjects and down-regulate inflammatory responses in hypersensitive subjects.
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More importantly, there is no evidence that LGG enhances susceptibility to
infections in patients where it may be down-regulating immune responses, such as
in CMA infants, or that LGG causes adverse reactions due to over-stimulation of
immune responses. In fact, the ability of LGG to mitigate CMA has been evaluated
in clinical studies and shown, 1n some studies, to reduce the symptoms of the
allergy (Majamaa and Isolauri, 1997; Pohjavuor et al., 2004). In addition, LGG has
been used in limited clinical trials to improve conditions of patients with Crohn’s
disease (Gupta et al., 2000) or 1rritable bowel syndrome (O'Sullivan and O’Morain,

2000) with no evidence of adverse effects.

In summary, there 1s no reported evidence to indicate that ingestion of
LGG increases risk of disease by causing over-stimulation of immune responses in

healthy subjects or excessive down regulation 1n hypersensitive infants.

D. Gene Transfer Capability

The most important 1ssue involving the transfer of genetic material in
bacteria 1s the potential for one bacterium to transmit antibiotic resistance to
another bacterium that has pathogenic properties. As discussed previously, a
variety of different lactobacilli, including LGG, are known to be resistant to
clinically important antibiotics such as vancomycin (Charteris ef al., 2001;
Salminen et al., 1998). Vancomycin resistance in lactobacilli is most often
chromosomal and not plasmid mediated. (Tyvkkynen et al., 1998). In comjugation
experiments with strains of enterococci, Tynkkynen et al. (1998) showed that LGG

does not contain plasmids and is unable to transfer 1ts chromosomal vancomycin
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resistance genes to enterococcal strains via conjugation. As noted earlier, recent
unpublished genetic sequencing information for LGG indicates that no analog to
any known vancomyein resistance gene was found, confirming that resistance is a
property of the cell wall structure. Moreover, LGG is susceptible to a number of
other antibiotics in the rare event that this strain 1s associated with a clinical
infection. (Charteris et al., 2001). Based on these facts, it 1s apparent that the

capability of LGG to transfer antibiotic resistance is extremely low or nonexistent.

IX. CONCLUSION

In conclusion, extensive research indicates that LGG has no adverse
impact on nutritional, metabolic, or immune parameters at the level proposed for
use in infant formula intended for healthy, term infants from the time of birth or for
term infants with CMA or diarrhea from the time of diagnosis. Further, LGG has
little potential for infectivity, with the possible exception of its use in infants who
are severely immune compromised or have major gastrointestinal or other disorders
(i.e., short bowel syndrome, congenital heart disease). For this reason, it may be
advisable that infants with severe immune deficiency, short bowel syndrome, or
congenital heart disease be fed infant formulas containing LGG only under the
direct care and supervision of a physician, as is likely 1n any case. In addition,
proper samtary procedures should be followed in preparing infant formula
containing LGG (or any other probiotic) in the presence of infants with other

significant medical interventions (i.e., central lines).
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LGG is an extremely well characterized strain of probiotic lactobacill
and has been used in food products, including dietary supplements, in both Europe
and the United States for over 10 years. It has been used in infant formula 1n the
EU since 2003, accruing over 8 million infant-days of consumption, and no adverse
reactions have been reported. LGG has been evaluated in numerous clinical studies
mvolving preterm and term infants at dose levels ranging from 108 to 100 cfu per
day. Infants in these studies received LGG for up to several months at a time and
showed no evidence of adverse reactions or intolerance to treatment. In contrast,
most subjects experienced a health benefit such as a reduced risk of experiencing
diarrhea, shortening of the duration of acute diarrhea, or enhanced immune
response following viral diarrhea. Both the published experimental evidence and
the documented history of safe use of LGG confirm that there is a reasonable
certainty that no harm will result from addition of LGG to infant formula at the

levels proposed by Mead Johnson and under its intended conditions of use.

The GRAS status of Mead Johnson’s intended use of LGG was
confirmed through the deliberations of an Expert Panel consisting of Dennis M. Bier,
M.D., Joseph F. Borzelleca, Ph.D., Roger A. Clemens, Dr.P.H., Michael P. Doyle,
Ph.D., Berthold V. Koletzko, M.D., and Daniel J. O'Sullivan, Ph.D., who both

individually and collectively reviewed the information contained in this monograph.
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XI. TABLES

Table 1: Summary of Clinical Studies on Healthy Subjects

Table 2: Summary of Clinical Studies on Compromised Subjects
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TABLE 1: SUMMARY OF CLINICAL STUDIES ON HEALTHY SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Adults
Saxelin et al Intestinal Dose ~40 LGG treated 15x10%-11 7 days No LGG was detected 1n the No safety-related endpoints
(1991) “colomzation” response healthy subjects of | x 10! cfu as feces of the subjects in the discussed, no specific adverse
of LGG feeding study | ages 18-55 yrs freeze-dried 10-10# dosing groups, while events reported
powder all subjects 1n the 1019-10"!
dosing groups showed fecal
colomzation
Goldin ef af Intestinal Dose 76 LGG treated 4 x 10" cfu as 28 days LGG was recovered 1n the No safety-related endpoints
(1992) “colonization” response healthy subjects of | a frozen {frozen feces of all subjects recerving discussed, no specific adverse
of LGG feeding study | ages 21-55 yrs concentrate, concentrate), | the fermented milk or whey events reported
36x 101 cfu 7 days and 1n 86 percent of those
in fermented {fermented | receiving the frozen
milk; or 16 x milk}); or concentrate. “These studies
10 cfumma 35 days demonstrate that
fermented (fermented | Lactobactllus GG can survive
whey drink whey drink) | and temporarily colomze the
human gastrowntestinal tract
and can affect the metabohc
activity of the resident
maeroflora ”
Saxelin et of Intestinal Dose 44 LGG treated 1-8x 10% cfun 7 days LGG was found 1n the feces of | No safety-related endpoints
(1993) “colomization” response healthy adults of enterocoated all subjects by test day 3 discussed, no specific adverse
of LGG feeding study | ages 20-55 yrs tablets or “The results indicate that events reported
fermented fermented milk and
milk with21x enterocoated tablets are good
10%0r12x carriers for admimstering
10 ¢fu Lactobacillus GG as a
probiotic orgamsm ”
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TABLE 1: SUMMARY OF CLINICAL STUDIES ON HEALTHY SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Children
Hatakka et al | Prevention of Randomized, | 282 LGG treated Mean of ~1 3— | 5 daysiweek | “Lactobacillus GG may reduce | No differences m adverse
2001) common double blind, | subjects of ages 1-6 | 26 x 108 cfun | for 7 months | respiratory mfections and events — listed as of stool
infections in placebo yrs, mean=4 6 yrs | 1% milk their severity among children ( frequency or consistency,
day care controlled in day care The effects of the | abdeminal pain, allergic
centers Lactobacilius GG were modest | symptoms, or side effects —
but consistently 1n the same between the LGG treatment
direction ” group and the controls were
reported
Arvola et al Prevention of Randomized, | 61 LGG treated 2 x 10" cfu in 7-10 days “  Lactobacillus GG 1s “The parents reported no
(1999) antibiotic- double blind, | subjects {of 119 capsules, twice effective 1n the prevention of | adverse effects of
associated placebo total of ages 2 wks — | daily diarrhea in children recewving | Lactobacillus GG or placebo ”
diarrhea controlled 12 yrs, mean=45 antimicroal treatment to
yrs) respiratory infections ”
Vanderhoof et | Prevention of Randomized, | 93 LGG treated 1-2 x 10 cfu 10 days “Lactobactllus GG reduces the | “There were no failures [to
al (1999) antibiotic- double bhind, | subjects of mean 1n capsule medence of antibotic- complete the study] resulting
associated placebo age =3 9 yrs (of 188 | form (or) with associated diarrhea mn from untoward effects of
diarrhea controlled total of ages 6 mos — | meal children treated with oral either LGG or placebo ™ No

10 yrs)

antibwotics for common
childhoed 1nfections ”

adverse events were reported
by the authors
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TABLE 1: SUMMARY OF CLINICAL STUDIES ON HEALTHY SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Term Infants
Sepp et al Intestinal Placebo 15 LGG treated 1016101 efufg 14 days “The study shows that 2 wk No safety-related endpoints
(1993) “colomization” controlled subjeets {of 25 total | freeze-dried admimstration of discussed, no specific adverse
of LGG and newborns) powder 1n ~5 Lactobactlius GG, which events reported
effect on ml, of water starts right after birth,
gastromntestinal mereases mtestinal
microbiota lactobaeilli concentrations and
does not impair the
establishment of normal fecal
microhota ”
Petschow et Intestinal Placebo 37 LGG treated 108-10'¢ ¢fu 1n 14 days “Feeding LGG at 10% — 10" cfu | No safety-related endpoints
al (2003) “ecolomization” controlled subjects (of 49 total | hydrolyzed per day was well tolerated discussed, no specific adverse
and tolerance of of ages 0-3 mos} casewn-based and led to transient events reported. “Stool
LGG formula colomization 1n healthy term consistency, flatulence, and
{Nutramigen®) mfants. LGG colomzation fussiness were similar among
was apparently not related to | all groups”
level of LGG admimistered
and tended to decrease 2
weeks after feeding
supplemented formula ”
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TABLE 1: SUMMARY OF CLINICAL STUDIES ON HEALTHY SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Vendt et al Effect of LGG Randomized, | 60 LGG treated ~10% ¢fu 1n To age 6 Infants recerving LGG showed | No safety-related endpomts
(2006) on growth double blind, | subjects of ages 0-2 | cow’s milk- months greater increases 1n length discussed, no specific adverse
mndexes and placebo months, mean = based formula and weight at the end of study | events reported “The LGG-
fecal biota controlled 37 4 days compared to infants recerving | enriched formula was well-
regular formula “The tolerated . 7
administration of LGG-
enriched formula mereased
colomzation frequency with
lactobacilli in general.
LGG, although present in 75%
of the samples in the LGG
group, did not generally
dominate the lactobacilh
flora™
Preterm Infants
Mdlar et al Intestinal Randommzed, | 10 LGG treated 108 ¢fu 1n mulk 14 days [.GG was found 1n the feces of | No adverse effects related to
(1993) “colomzation” double blind, | neonates of feedings, twice mine of the 10 treated infants. | LGG were reported “Qrally
of LGG and placebo gestational age 26- | dauly Although concentrations admimistered Laciobacillus
effect on controlled 33 wks, mechan = dechined over time, four of the | GG was well tolerated and did
gastromtestimal 30 b wks seven nfants for whom fecal colomise the howel of
microbiota and sample were available three premature infants " “There
climeal weeks after LGG were no episodes of infection
outcome admimstration ended stall attmbutable to Lactobacillus

exhibited LGG m the feces.

GG
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TABLE 1: SUMMARY OF CLINICAL STUDIES ON HEALTHY SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Gronlund et Reduction of Treatment 30 neonates 1n the 2 5 x 108 cfu, <14 days, “No new chmcal infections No safety-related endpoints
al (1997) fecal study NICU and an twice daiy mean="7 8 | ecaused by K oxytoca were discussed, no specific adverse
colomzation of unspecified number days found .,” and there were no events reported
Klebsiella of neonates entering reports of any infections
oxytoca the NICU received caused by LGG  “No evident
LGG (gestational decrease of the colonization
ages not specified} rate of K, oxytoca of the
treated infants could be
ohserved after Laciobacillus
GG supplementation ”
Marim et al Intestinal Feeding 10 LGG treated 102 efuin a 15 days Fecal LGG was found 1n all No safety-related endpoints
(1997) “colomization” study, neonates “probiotic treated mfants, with a peak discussed, no specific adverse
of LGG and placebo (gestational ages human drug” level of cfu/g of feces found, on | events reported
mmpact on fecal | controlled not specified) average, after five days of
mcroflora LGG admimstration
Significant decreases 1n the
ratio of aerolce to anaerobic
micreorgamsms in the feces of
treated infants relative to
controls also were observed
over the admimstration
period
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TABLE 1: SUMMARY OF CLINICAL STUDIES ON HEALTHY SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Agarwal et al. | Intestinal Randomized, | 47 LGG treated 10¢ cfu n 21 days for | Transient colonization was “No side effects were observed
{2003) “colomzation” placebo neonates (24 with breast milk, neonates observed 1n 21% of test 1n babies either fed with or
of LGG and controlled birth weights less twice daily <1500 g, 8 | infants weighing <1500 g and | colomized by LGG ” “LGG was
mmpact on fecal than 1500 g, 23 days for 1 47% of test infants well tolerated 1n all infants ™
macroflora with birth weights neonates werghing 1500-1999 g.
1500-1999 g) 1500-1999 ¢ | “Although LGG 15 a relatively
{gestational ages poor colomzer 1n infants,
not specified) especially those infants
weighing less than 1500 g at
birth, 1t does appear to affect
neonatal intestinal
colomization patterns ”
Biadaiol et al. | Reduction of Double blind, | 119 LGG treated 10 cfun Average of | No dufference in the incidence | “[TThere were no negative
(1998) enteric placebo neonates of usual food 49 Tdays | ofinfection was found climcal effects of a relevant
mfections 1n controlled gestational age <33 | supply by between the treatment and nature to be reported ”
neonates wks of gestation enteral feeding control groups
recelving and/or <1500 g barth
antibiotics weight
Dam ef al Prevention of Randomized, | 295 LGG treated 6 x 10? cfuin Mean of 47 3 | There were lower incidences No safety-related endpoints
(2002) COMmmon double blind, | necnates of mlk days of UTI and NEC relative to discussed, no specific adverse
nfections 1n placebo gestational age <33 controls but no difference 1in events reported
NICU setting controlled wks or <1500 g bactenal sepsis
birth weight
-129 -
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TABLE 1: SUMMARY OF CLINICAL STUDIES ON HEALTHY SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Stansbridge et | Effect of LGG Randomized, , | 10 LGG treated 108 cfu 1n 14 days “Colomzation with “Clinically, there were no
al. (1993) on gut double blind, | neonates of standard milk Lactobactllus GG had hittle adverse effects ”
fermentation placebo gestational age <33 | feeds, twice mmpact on faecal SCFAs and,
controlled wks daaly 1t may be assumed, enteric
production of these

nutritionally important
compounds . The small
increase in ethanol secretion
15 unlikely to have clinieal
sigmficance ”
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TABLE 2: SUMMARY OF CLINICAL STUDIES ON COMPROMISED SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Term Infants and Children
Kaila et al Effect of LGG Unbhnded 22 “well-nourished” | 10" cfun 5 days “  LGG promotes recovery No safety-related endpoints
(1992) 01 recovery feeding study | LGG treated 126 ¢ from rotavirus diarrhea via discussed, no specfic adverse
from acute subjects (of 39 total | fermented augmentation of the local effects reported
rotavirus of ages 7-37 mos, mulk product, mmmune defense ”
diarrhea mean = 16 mos) twice daily
Isolaur: ef al Effect of LGG Randomized, | 21 “well-nourished” | 109 cfuin a 5 days LGG reduced the duration of No safety-related endpoints
{1994) on recovery placebo LGG treated freeze-dried diarrhea discussed, no specific adverse
from acute controlied subjects, mean age | powder, twice effects reported
diarrhea =13 6 mos (of 42 daily
total of ages 5-28
mos)
Raza et al Effect of LGG Triple-blind, | 21 “undernourished” | 1010-11 ¢fu 2 days LGG reduced the occurrence No safety-related endponts
(1995} treatment of placebo LGG treated mixed 1n 10 of non-bloody diarrhea at 48 discussed, no specific adverse
acute, non- controlled subjects (of 42 total | mL ORS, twice hrs effects reported “LGG was
bloody diarrhea of ages 1-40 months, | daily well tolerated ”
mean = 13 mos)
Majamaa et Effect of LGG Randomized, | 16 LGG treated 6 25 x 10? ¢fu 5 days “ LGG promotes climeal No safety-related endpoints
al (1995) o1 1Immune double-bhnd, | subjects (of 49 total | in 5 mL of recovery from acute discussed; no specific adverse
response to {small non- of ages 6-35 mos) water given gastroenteritis and effects reported
acute rotavirus | treatment with food or potentiates gut immune
gastroenteritis | group) via a response to rotavirus ”
nascgastric
tube, twice
daily
-131-
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TABLE 2: SUMMARY OF CLINICAL STUDIES ON COMPROMISED SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Katla et al Effect of vaable/ | Randomized, | 41 “well-nounished” | 1011 cfuin 5 days “  Clmeal recovery from No safety-related endpoints
(1995) heat double-blind | subjects of ages 1-38 | ~5 mL of rotavirus diarrhea was equal | discussed, no specific adverse
mactivated mos, mean = 13 water, twice 1n the two groups receiving effects reported
LGG on the mos; 20 recewved daily viable or heat inactivated L
mmune viable ILGG, 21 caser strain GG during the
response to received heat diarrhoea ”
acute rotavirus mactivated LGG
diarrhea
Shornmikova et | Effect of LGG Randomized, | 59 LGG treated 5 x 107 cfuin 5 days Subjects receiving LGG had a | No safety-related endpoints
al (1997) On recovery double- subjects (of 123 total | ORS or food, shorter mean duration of discussed, no specific adverse
from acute bhnded, of ages 1-36 mos) twice daily diarrhea relative to controls effects reported “LGG was
diarrhea placebo admimstered without
controlled difficulties .7
Guarino et al Effect of LGG Randomzed, | 52 LGG treated 3x 10°cfuin <H days arrheal duration was No safety-related endpoints
(1997) on duration of | placebo subjects (of 100 total | 200 mL of mulk reduced by approximately 50% | discussed, no specifie adverse
diarrhea controlled of ages 3-26 mos) or formula, i children receiving LGG effects reported
twice daily compared with controls
Guandahni et | Effect of LGG Randomized, | 147 LGG treated Approx 101 Unspecified, | Duration of diarrhea was No safety-related endpoints
al (2000) on acute double-blind, | subjects (of 294 total | cfu 1n ORS but assumed | reduced 1in LGG-treated discussed; no specific adverse
diarrhea placebo of ages 1-36 mos to be 1-3 subjeets with rotavirus effects reported
controlled days relative to controls
Salazar-Lindo | Effect of LGG Randomized, | 90 LGG treated 6-8 x 101 cfu <b days “[TThas study did not show a “No adverse effects due to the
et al. (2004) on duration placebo subjects {of 179 total | 1n milk positive effect of LGG on the study formula were notice[d]
and seventy of | controlled males of ages 3-36 formula chnical course of acute watery | in either group during the
non-rotaviral mos} diarrhea.” study ”
acute dharrhea
-132 -
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TABLE 2: SUMMARY OF CLINICAL STUDIES ON COMPROMISED SUBJECTS

Reference Objective Design Desecription of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Oberhelman et | Ability of LGG | Randomuzed, | 99 “undernourished” | 3 7 x 10 cfu 6 days/wk for | While the incidence of No safety-related endpoimnts
al (1999) to prevent double-bhnd, | LGG treated n flavored up to 15 mos | diarrhea was lower 1n the discussed, no specific adverse
daarrhea placebo subjects of ages 6-24 | gelatin LGG-treated group, no effects reported
controlled mos; mean = 14.76 dafference i duration of
mos diarrhea was observed
Szajewska, et | Efficacy of LGG | Randomized, | 45 LGG treated 6 x 10? cfu1n Duration of | Those subjects who received “LGG was well tolerated, and
al (2001) m the double-blind, | subjects, mean age | small amount | hospital stay | LGG had a reduced incidence | no adverse effects of the
prevention of placebo =116 mos (of 81 of water with of nosocormial diarrhea treatment were noted ”
nosccomial controlled total of ages 1-36 feedings, twice relative to controls
diarrhea mos) daily
Majamaa and | Effect of LGG Randomazed, | 13 LGG treated 5x 108 cfu/g 1 month The climcal score of atopic No safety-related endpoints
Isolaur1 (1997) | on CMA double-blind, | subjects {of 27 total | extensively dermatitis was less 1 the discussed, no specific adverse
placebo of ages 2 5-15.7 hydrolyzed LGG group relative to controls | effects reported
controlled mos}) whey formula at the end of the treatment
period
Isclaun et al Effect of LGG Randemized, | 9 LGG treated 3-8x10Wefu >6 months | After two months, an No safety-related endpoints
(2000) (or Bb-12) on double-blind, | subjects (of 27 total, | in extensively mmproverent 1n skin condition | discussed, no specific adverse
atopic eczema placebo mean age — 4 6 mos) | hydrolyzed was seen 1 the LGG and Bb- | effects reported
controlled whey formula 12 treatment groups relative

to controls
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TABLE 2: SUMMARY OF CLINICAL STUDIES ON COMPROMISED SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Kalhomaki et | Effect of LGG Randomized, | 77 LGG treated 1010 cfu by 6 months The frequency of atopic No safety-related endpoints
al (2001) on atopic double-blind, | infants (of 1569 total, | capsule eczema 1n the LGG group was | discussed; no specific adverse
diseases placebo mothers treated 2-4 | (mothers) or half that of controls, although | effects reported
controlled wks prenatally, with water mean SCORAD scores of those
erther mother or (infants) with atopie eczema were
infant treated from similar “Lactobactlius GG
barth} was effective m prevention of
early atopic disease 1n
children at high nisk ”
Kankaanpaa Effect of LGG Randomized, | 5 LGG treated 3 x 108 cfu/g Mean of 44 | “[T]he use of probwtic No safety-related endpoints
et al (2002) {or Bb-12} on double-blind, | subjects; mean age | extensively months supplemented infant formula | discussed; no specific adverse
plasma hipids i | placebo =4 5 mos (of 15 hydrolyzed resulted 1 altered plasma effects reported “All formulas
atopie mfants controlled total) formula hipid PUFA composition were well tolerated 1n these
compared to regular, non- mfants ”
supplemented formula ”
Pohjavuort et | Effect of LGG Randomzed, |83 LGG treated 5x 109 cfu 1n 4 weeks “LGG raises IFN-y production | No safety-related endpoints
al (2004) alone (or in double-bhind, | subjects (42 LGG- food or of PBMC 1n infants with CMA | discussed, no speeific adverse
combination placebo only and 41 extensively and in infants with IgE- effects reported
with 3 other controlled LGG/mix) (of 119 hydrolyzed associated dermatitis and may
bacterial total of ages 1 4-11 5 | whey formula, thus provide beneficial Tul
species) on mos, mean = 6 5 twice daily immunomodulatory signals 7
CMA mos)
-134 -
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TABLE 2: SUMMARY OF CLINICAL STUDIES ON COMPROMISED SUBJECTS

Reference Objective Design Description of Daily Dose Duration Conclusion Safety-Related Issues
Subjects Treated | and Delivery
with LGG; Age at of LGG
Entry
Viljanen et ol | Effect of LGG Randomized, | 156 LGG treated 5x 10 cfuin 4 weeks “Treatment with LGG may No safety-related endpoints
(2005} alone (or 1n double-blind, | subjects (80 LGG- food or alleviate AEDS symptoms 1n discussed, no specific adverse
comhnation placebo only and 76 extensively IgE-sensitized infants but not | effects reported
with 3 other controlled LGG/mx) (of 230 hydrolyzed 1 non-IgE sensitized infants ”
bacteral total of ages 1 4-11 9 { whey formula,
species) on mos, mean = 6 4 twice daily
CMA mos)
Brouwer et al | Effect of LGG Randomized, | 16 LGG treated ~5 x 107 ¢fu 3 months “QOur results indicate that oral | No safety-related endpoints
(2006) (or L. double-blind, | subjects of ages 1 6- | per 100 mL of supplementation with these discussed, no specific adverse
rhamnosus) on | placebo 5 2 mos, mean = 3 8 | hydrolysed promotic bacterial strains will | effects reported
atopic disease controlled mos (of 50 total) whey-based not have a sigmificant impact
formula on the symptoms of infantile

fatopic dermatatis] ”

SONDC - ETETA0ONNE 2360895 w4
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XII. APPENDICES

A. Cell Banking System for LGG
Manufacturing Process for LGG
Certificates of Analysis for LGG
Analytical Method for LGG

Genetic Stability Testing of LGG by PFGE

2 B D 0

Partial List of Producets Containing LGG Sold Worldwide
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Appendix A:

Cell Banking System for LGG
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ANNEX 551 Manufacturer Cell bank system

¢ valioLia 1
T ReD .
T.Susmalainen ’ Cell bank System of LGG
2022002 ‘
Cell Bark System of LGG

Valis Lid. Is maintaining 2 cell bank system of its own, The system s divided into “Isng term Stor-
age”, “intermediate lerm storage” and “short tenm storage” aceording to Kursop & Snell; Malntenance
of Microorganisms, American Proes, 1984,

MASTERCFLL RANK

. » Long terin storage at ~40°C for ten years,.

LGG cells afe freeze dried with a eryoprofeciint ina vactum system wid packed fn gléss dmpoules,
Process is described ih details in & docuinent “ Preparation of long term storage ampoules”.

Every 10 year aoulture Is renewed and checked for mierobiolopieal ptirity and Tor carbohipdrate soeta-
Bolic pattern (AT SOCUL, bioMeriewx) and for genetic patier (Pulsed Field Gl Elestropborests;
PFGE-profile). Résults are régistéred into a QC-book, After shecking new athpoules for fong term
storage are propared, ’

Once iirfive years e culture (an amponle) is regenerated twics tn MRS, broth at 37°C By 17138
houss, [dentity is checked by carboliydrate mictabolie pattern (API 50 CHL) and by penetic patfern
(PRGE-profite). Cell are coneentrated 10 to 15 fold with centrifygation at 5 0060 rpm. For preparation
of fhe.Infermediate storage ampoules the cells are suspended in 1:10 ml of Stesile MRS, Supple-
mented With-15% of glyéérol ). One mi of the suspemsion is transferred into stevile cryotubes {poly~

propene) and stoved af-80°C;

*  Inicrmedinte fernt sferage at ~80°C for five vears
LG zelf fozen in MUELS (15% glycerol) packed in 10 1o 20 cryo-tubes. Eah time a new eryo-tube is
ustd and then discarded,
Oneg in two years the fozen conventrate is regenerated twics i1 MR S, biioth af 37°C for 17 - 18
hours. Identity is checked by carboigdyate melabolic battern (APES0 CHL) and celt morpliology s
ing & microscopic method. Piirity is checked by plating on sugar free agdr (SF). For prepatation of
shoit term storage smpoules the cells are concéirttated 10 to 15 fold with centrifugation at 5 000 rpm.
1-3 rol of sterile MIR.S. suppléminted with 158 of glycerol is added on cell concentrate and snised
well, 0.1 mid 61 the suspension i transferyed into $térils polypropene ampoules and stored at —80°C.

WORKING CELL BANK

» Shortterm starage at ~80°C for two years
GG vells frozes in MRS(15% glycerol) packed 10 f0 15-cryotubes. Each time an inoculurm for
1LOG(R) praduction s prepared one cryofube Is used. Cells are identified microscopically by csll mor-
phology and checked for microblological purlty by plating on Stgar Free agar (SF).

~ Summary

Every 5% year { Freeze diied ampoule at ~40°C)
- API50 CHL: carbohydrate pattérn

NODC - 087097/000006 - 2360895 vd4
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[ ValieLud ‘ . 2
R&D o o
T.Suomalainen - Celi bank System of LGG
2022002

~ Pulsed Freld Gel Blsctiophoresis (PFFGE): genefic patiom
- Microbiological Purity (Sugar Pres Agar, 3F)
- Peparation of Intermédiate Tetrn Storage amponles

Ohoe fntwo yoais (every second year)

- API50 CHL patlem

- Morphology by Micrascopic imethod

- Microbiological Puriiy by plating on SF-agar
~  Preparation of short e storage ampouvles

.3-
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Appendix B:

Manufacturing Process for LGG
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Appendix B: Manufacturing Process for LGG

Lactobacillus GG — Valio Ltd.
LGG grade P
Freeze dried powder

Production flow chart (Appendix 1)

PROCESS DESCRIPTION

Inocula
1st ITnoculum to prepare 27 Inoculum

Medium preparation M.R.S. (Oxoid)
Inoculum 1%

2nd Tnoculum for use of manufacturing process

Medium preparation Hydrolysis of whey permeate and whey proteins
Medium sterilization 120+£1°C/22min. 120+10 rpm

Inoculum 1%(viv)

Fermentation process 18+1 h

Cooling cell suspensio<15°C

Production fermentation

Medium preparation hydrolysis of whey permeate and whey proteins
Sterilisation: 120£1°C/22min. 1204£10 rpm

Inoculum 3.4%(viv)

Fermentation process 18+1 h with pH control with ammonium hydroxide
Cooling cell suspension<15°C

Foam prevention: Structol J673: sterilized 120°C/30 min prior to use

Concentration by utrafiltration (UF)

pH: adjusted

Washing Concentrate is washed with sterile water (about 1000)
Begins when 500 kg of concentrate is left.

Concentration factor 13-16

Protective colloid Addition of cryoprotectant (46% saccharose at purified
water sterilized 110°C for 10 min.)

SNADC G87097/000006 - 2360895 vd
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Freeze drying, handling of end product and storage
¢ Drying on trays in a freeze dryer (trays are sterilized (120+1°C/22min) prior to
use)

e Handling: Room humidity<30%
Milling immediately after drying
Packaging Packaging into plastic containers or aluminum foliobags
Storage: at <-20°C
3.

\N\ADC o 087097/000006 - 2360695 v
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PRODUCTION FLOW CHART
LGG freeze dried powder

1t Inoculum

Viability, cell density

2n Inoculum

Control of cell morphology

Caontrol of cell morphology

Media preparaton

3 Inocuium

Cantrol of foreign lactobacih

Control of other foreign bactena

Media preparation

Praduction Fermentation

End of fermentation due to
Opt, density & NH, consumption,

LGG concentration {sclution)

Concenfration & Washing

End of fermentation due fc
Opt density & NH, consumption,

LGG concentration {solution)

Volume of concentrate
LGG concentraticn (solution}

Preparation of cryoprotectant

Freeze Drying

Milling and Packaging

Storage

Control of finished product
LGG content & identity
Microbiological purity

SANADC - B87087/000008 - 2360895 v4

Control of LGG stability according to

a 2 years shelfife test schedule
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Appendix C;

Certificates of Analysis for LGG
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Unit Opsration tavel Code
aﬁ VALIO .u.S 2] Production of Starter Culbirss [ TEA 01,552 BASIOOMIO
Rwvision | fage Drft Agtegted Cate

3 1{1) 1183003
Timo Hietala Huannikainen Jaakio
Hame
Lot specific analysis certificate for Mead Johnson
LACTOBACILLUS RHAMNOSUS GG - "Grade P"
Concentrated, freeze-dried bacterial powder
Baich number  BdA{124 Manutacturer Valio Best Before 24.11.2008
LGG counts
Lot Specification
: 18 M 11
Lactobacitius GG 4 8x10 >3x10
Hyglenic Quality
Lot
o
Total viabie asrobic count (non loctic bacteda) <10 <1
Yeasts <10 <100
Molds <10 <100
Enmtarobactariaceas and other Gram neg, 1] Qg
Clostridiat sporea* <3 <
Staphylococcus aureus * <10 <10*
E.coli 0ig oG
Salmonofia 02k g O/25g
Pssudomonas <10 <10*
Agrobic bacterial spores (30 %) <10 <100
“Bacikes corous <10 <100

Chamicel and physicsl parameters

“shawnt within dwtecton Smit <10 ohu/x Clostridial apores <3MPN
= i mercbic bactedal spores sbeent (<10 cluy). not testad separataly

13 < 10% (e A, <)1)
48,2 25-55%
0,19 <1%
<0,03 <01 ugly
4 1.2005
Time Histala

Nate: Stabiifty after 1 month st 4370 8.7E11 ciug

Wa herehy daciare that the starter cultures produced al Valio Lig, RAD Production of Starter Cullures,
including Lactobacilius rhamnosus GG Grade P, have not been geneticelly modified, nor do they contain

GMO-containing raw materiats or addifives.

Vallo Lick RAD PO Fhom 80 et 4 Tetsghore  +355 3031 121 VAT Ho. FEN 1RZ9TE
Production of FIN00D 1300 Vanism Tuinim +368 W 351 2640 Trado Mag N 17544
Starter Culturos FINLAND Fickard Reg Dorvigie

NDC 0870974000006 2360895 v4
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Unit ration Levei Code
az VALIO R0 Q1 moymm [ TEA 155204510000
Revision | Page iDraft Accepied Data
3 1{1) T.40.2803
Tirmo Hietala Hanniainen Jaakio
Name
Lot specific analysls certificale for Mead Johnson
LACTOBACILLUS RHAMNOSUS GG - "Grade P"
Concentrated, freeze-dried bacterial powder
Baich number  B31022 Manutacturer  Valio Best Before: 22.10.200%
LGG counts
Lot
clulg
Lactohaciius GG 5.6x10" »3x 10"
Hygisnic Quality
Lot Specification
Totai visble aerobio count (ron ledtic hacteda) <10 :%9
Yeasts <10 <100
Maics <10 <100
Enterchaciariacess and other Grem neg, o Og
Clostridial spores” <3 <3
Staphylococtus aursus * <10 <0
E.cob 0 ol
Salmoneita <10 Ori5g
soruginosa” <10 <10
Aesrobic bacterial spores (33 %) <10 <100
“Bacilius coreus <10 <100
“shaant within detection Bmit <10 chuig: Cloeiridial spores <3MPH
** . aarobic bacterial sporos abeent {<10 chaig), not tested saparitely
Chemicat and physical
Water activity (% RH) o1 <10% fha. A, <0,1)
Sacchaross (%) 518 25-56%
Lactone (%} <01 <{%
<0,03 0,1 ugly
Accoptance
Relaased 17.11.2003
Timo )

We hereby declare ihat the starler cuitures produced at Valio Lid, R&D Production of Starter Cultures,
hmwmmmmmmsemammmmmwmmmmm
GMO-containing

raw materials or additves.

Vallo Lid RAD PO fiox 10 Heldshehobe 4
Preckxfion of F-00006 VALKD B30 Vartan
Starter Culbwe FUAND Finkand

SNANDC 087097/000006 2360895 vd
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Unit Operation Level Coda
TAL RED Ot Proguction of Starter Cukures L[] TEA 01,552, 24 510000
[Revision | Page |Draft Accapted Date
3 1{1} 1182003
Timo Hietala Hannikainen Jaakko
Name
Lot spacific analysis cenificate for Mead Johnson

LACTOBACILLUS RHAMNOSUS GG - "Grade P"
Concentrated, freeze-dried bacterial powder

Baich number  B5C116 Marufactursr  Valio Best Before. 18.1.2007
LGG counts
Lot Spedification
] cluy 11
Lactobacitus GG 7.6x10 Z3x10
Hygienle Quality
Lot Specification
St
Tota! viable serobic coUM {non inclle bacieds) <10 <t
Yoasts <10 <100
Motds <t0 <t}
Enterobacteriacese and other Gramney,  0/g O/g
Clostridial spores* <3 <3*
Staphylococcus aureus * <10 <10*
E.colt Op g
Saimonaiia 259 0Rsg
Psaudomonas geruginoss* <10 <10*
Asrobic bacterial spores (30%) <10 <400
““Baciius coraus <10 <100

“wosant within deteciion Imd <10 clug; Clostiidial spores <3MPN
™ H asrobic bacteial spores abeert (<10 cAUgS, not toted separstety

Chemical and physical parameters
Water activity (% RH} 15 < 10% {ia. A, <0,1)
Saccharese (%) 452 25.55%
Lectose (%) 0,13 <1%
f-iactoglobutin <0,03 <0, uglg
Acceptance
Released 2 3.2005 2.3.2005 ‘
Timo Hiotala

W haraby declare that the starter cutures produced at Vatio Lid, RAD Producton of Starter Cultures,
including Lactobeculus rhiamnosus GG Grade P, have nat been genaticaliy madifiad, nor do they contain
GMOwcontaining raw matarisis or additives.

Yolle Lt RAD PG Box & Hoonufriths £ Tologhone  +858 10381 121 VAT Mo Frnia2amd

Prodacion of FIN-ONY VALY 1350 Varsian Telatex +35% 10 381 2010 Trads Reg. He. 1784

Tarior Qultures: FRLAND Fiekpnd Rog. Lonmioli Mook
t .-
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Unit ration Laved Code
HZVALIO RAD 01 mormm B TEA 04,552 045 100MJD
Ravision | Page |Dnft Accepiad Datls
3 1{1) 1.10.2803
Tino Hietola Hannlkainen Jaskko
Nams
Lot specific analysis carlificate for Mead Johnson
LACTOBACILLUS RHAMNOSUS GG - "Grade P"
Concantrated, freeze-dried bacterial powder
Bateh number  B31203 Manufecturer  Vallo Best Before 3.12.2008
LG3 counta
Lot Specification
chilg
Lackobacilus GG 8,3x10" 23210
Hygienic Quatity
Lot Speciication
o
Total vable acrobic count {noe Iaclic bectards; <10 <4
Yoasts <10 <100
Molds <10 <100
Enterobacieriaceze and other Gramneg. 0 g
Ciostridiel spores* <3 3"
Staphylococcus suraus * <10 <
E col 0 g
Salmoneils <10 0i2s5g
Pssudomonas eeruginoss” <10 <10*
Aeroblc hactasial apores (30 ™) <1 <100
~Bocillus cereus <19 <100
*abaent within deisction Bmit <10 chuig: Clostricial apores <3MPN
“* i mnroblc bactorul wpores sbeent (<10 i), not tostud soparsiely
Chemical and ]
Woter activity (% RH) 1.0 <10% fie. A, <0,1)
Saccharous (%) 494 25-56%
Lactose (%) <0,1 <i%
«<0,03 <0,1 ug/g
Acceptance
Reloased ¥ 1.2004
Timo Hiatala

Note water by Karl Frscher method 2,2%

We hereby daclare that the starter cultures produced st Valio Ltd, R&D Production of Starter Cutlures,
inchuding Lactobaciius rhamnosus GG Grada P, have nol been gensticaty modified, nor ¢o they contain
GMC-containing rew materials or additives,

Vadio Lid RAD PO Box 50 Heiclabwdnde 4 Toiephoow  +358 1081 129 VAT e F01 160578
Pyoduciion of FINOODI0 WALIC 1200 Vaniae Te'slan +58 16383 910 Troews fong. No. 17 844
Sarter Culbsee FINLAND Fiodaend Rig. Dovvcie Hetidh:
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Unit Cperation Lavel Cod

EZVALIO RAD OY Producton of Startsr Cufteres # TEA O mo:svm
Revision| Page |Deatt Accepiad [

3 1(1) 7103403

Timo Histala Hannikainen Jaakio
Nams
Lol specific analysis caertificate for Mead Johnson
LACTOBACILLUS RHAMNOSUS GG - "Grade P"
Concentrated, freeze-dried bacterial powder
Batch number  B4G218 Manufaciurer  Valio Best Defore: 16.2.2008
LGG counts
Lot Specification
* chuig 1"

Lactobacitus GG 74x10 >3x10

Hygianic Quality
Lot Spacification

Total viable perobic count tron incic bactecin) <10 3%9

Yeasts <10 <100

Mokis <t <106

Entorobucteriaceae and other Gram neg. O Og

Clostridia) spores® <3 <3

Staphylococcus sureus * <10 <"

E ook 0rg Uiy

Salmonelis ti2sg 0R5g

Pseudomongs seruginosa™ <{9 <10

Aarcbic bacterial spores (30 °) «19 <100

“*Baciius corous <¥0 <160

*atwont wihin dotoclion kil <tD chuig Clostridial 1porey <3MPN
“* If aergbic bactera spores abeent {< 13 chag), not wsted separstely

Note: water by Kari Fischer method 3,2%.

6.5 < 10% {ie. A, <0.1)
487 25-55%
0.8 1%
<003 <0,1 uglg
253.2004
Timo Hiotala

We hereby deciare that the starter cultures produced al Valio Lid, R&ED Production of Starter Cultures,
including Lactobaciius rhamnosus GG Grade P, have nol been genetically modified, ror do they contain

GMO-contairing raw malasials or addifives

Vatio Lidl RAD PO Box 50 Hadaholinte d ki +)58 Ok $2¢ VAT Mo, P01 2970
Prosustior of FINHO0GI VALXC G100 Viernaa Toesiax 358 10 381 2918 Yract flag Mo, 17844
Stuetwr Culrwn RRLANG Fudawt Fag. Dormycie Felsini:

NSADBC - 087097/000006 - 2360895 v4
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NVALIO ek Prodctor s Srr o | Ut | reao s csssown
Revision | Page |Draft Accepind Osle
3 1{1) 7.19,3503
Timo Hietala Hanrikainen Jaakko
Hama
Lot spacific analysis cerlificate for Mead Johnson

LACTOBACILLUS RHAMNOSUS GG - "Grade P"
Concentrated, freaze-dried bacterial powder

Batch number  BA103Y Manufacturer Vealio Bast Before 31.10.2008
LGG counts
Lot Specification
' ohuig 1]
Lacipbacfius GG 6,8x% 10 >3x10
Hygienic Quality
iot Specification
Total viable aerohic count (non Inclic bacteris) <10 -:1?;i
Yeastx <19 <100
Moids . <10 <100
Entarobacteriaceae and other Gramnag.  Ofg olg
Clostricial spores” <3 <3*
Staphyococcus mreys * <10 <14
E.colt oy cu'g
Saimonella 259 Q25¢g
Pseudomonas geruginosa* <10 <10*
Asrobic bactertat spores (30 9 <10 <100
*“Bacillus coreus <10 <180

“abaant within detection Gimit <40 chuy, Clostridal 1poms <SMPN
** of suwrchic hactarial spores aboect (<10 chufy), ot tested separately

Charnical and physical paramaters
Watar activity (% RH) 337 < 10% {e. A, <0,1}
Saccharose (%) $2.00 25-55%
Lactose (%} 047 <1%
f-tactogiobulin <003 <0.1ugly
Acceptance
Retessed 15.12.2004
Timo Hietala

Wa hereby daciare that the starter cutures produced at Vallo Lid, R&D Production of Siarer Cusltures,
Inchstiing Lactobacilus rhamnosus GG Grade P, have nol been goanefitally modifled, nor do they contain
GMO-containing raw materlais or additves.

Valio 124 AD FOBalg Facduhliui 4 Tateghone 358 10081 VT VAT Mo FD1 7570
Prochuciioe of 2400038 VALO 1200 Vantas Toistx 35410387 290 TradeRog No 17 844
Siaer Crivne FEL AN Ficpnrad R Civnicile Holenkd
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‘%ﬁ V AL IO LG Grade P Process Description 2
[ LGGE) . o
QC anafvsis protoeol .
! ‘The fests and limits (chv'e, others indiceied) ) '
Analysiz 1:® meeddum [2™ inoeu~ | Prodietioh fermen- | Consentrate Freezs difed pow-
e . L PC) | tasion GPCY (¢ | dor (€ 6
Microbipldeioal ]
Lactebeoillns 856G, o e jise > 5 x FO
serddited ‘ A :
Nag Bty a6id bacterds IFC izl PG PC 500
Coliformis at. 36°C ' ' ' [0/ g
*Enterobacteriacens md other - ad g
Tt ke . ) ‘ . ]
Yeail o . . ; I I =t00
Mailds _ . o . <164
‘Saliponslla, Botmidited. . . o (0725 g
Staphylococos maeis, ' ' <10
aferedited . " . ) ;
Pseudomonis aeruginass ) " [=<in
| Ciiidiabspores b R - SO = i
Aeiobic Batterlal spores 35°C B ) o <164 |
FEEHdcillugdirens, aocredifed . o - f=jn
| ¥} getoronet _ ' [io PG, - s [IBC
Enitracoél R PC IPE ird '
Chemicaland plivsical R ) 7
Saecharass ] L ] . { 25=350%
Lacfase (IPCy ‘ 1 i <05% .
Mojsiurg (IPC) N ] ) | <10% {55%)
Water yietivity (IBC) . 4 T | FLOTE {5y
B-factogfobulin IPC) ' e LSBT (<0,5%)
i
-
3
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Eaabity for Performance

[Stnkien Schill + Seilacher

Technical Daia Sheet

STRUKTOL J 673
Antifosm agent
Chemical Composition

Alkoxylated fatty acad esters on vegetable base

Properties

Appearance yellowish liguid

Odoue seunl

Specific Gravity 980 - 1020 kg/m’ at 20 °C DN 51757

Viscosity 230-490 mPasat25°C DN 53015

Flash Pomt =200°C DIN 51376

Solidificanon Point <.10°C 180 2207

Toxicological Behaviour inoffensive |
Ecological Behaviour inoffensive - seg safcty-data-sheet

Storage Stability at least ] year at adequate storage,

STRUKTOL J 673 comesponds to FDA

Application i

Dosage and most favourable adding point of STRUKTOL J 673 depend on the need of the
respective factory and have to be found out by trisls. STRUKTOL J 673 can be used as
delivered ss well as diluted with water.

-~
This publication 13 meant to advise 1o the best of our knowlegde Dhue to vanous appheanions snd working
mothods we cannot sccept any Hability. Patent rights of third parties have to be contidered mn any case This new
lexfict places all p Yy printed documentation.
Ahernaons reserved  09/05200

kY

Schill + Sedlacker "Struktol” Fhose 4040733624 wwwatrakiolde —"vFaR g
Aktieageselischafe Fax; +404073362-194 3
Maorflecter Sir, 28 B-Mail info@atruktolds iy . 5 4 2
22113 Hamburg &‘:‘_‘_’, §
GERMANY

9.
O0DC - 087097000008 2360845 v4 {)00 1 P'}f 0
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Appendix D:

Analytical Method for LGG
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G142
Version 1

j Vuiritisnals Mathod Description.  General Method for the Enumeration of
Laclic Acki Bactsria In Bacterie-Supplemented,
Products

Formuiated Nutriional

Effoctiva Date- MAR 10 2004

Supersedes’ G81120 dated March 18, 2002
PURPQSE OF ISSUANCE

Revisions to method format and versioning 15 enabie wab accessibity,

APPROVAL OF THIS PAGE INDICATES APPROVAL OF ALL PAGES IN THE QUALITY CONTROL

ANALYTICAL METHOD.
AUTHORED BY: DATE: 4/~ 5.3 £3
APPROVED BY. DATE: &% [Bafers

INFORMATION BELOW MUST BE COMPLETED BY INDIVIDUAL PRINTING THE METHOD.

PRINTED BY: DATE:

REFERENCE COPY - DFFICIAL DOCUMENT RESIDES WITHIN THE ELECTRONIC SYSTEM - PAGE 10F 4

SNWDC 0870977000006 - 2360895 v4 ()00 17 2



171

Ga12

Version 1
} Nutririanals Method Description:  Genarai Method for the Enumeration of
Lactic Acid Bacteria in ,
Formulated Nutriional Products
Eftaclive Date: VAR 10 2004
Superaodes: GB112e datad March 18, 2002

Thbmmdhwedmmeenmmmﬂonofudcaddmwwummmm
in formuistod, powdered nutritionst products. The method requires that the dry matoral be
blended with a tilusnt, relaasing the bacierial calls into the ki foliowsd by conventional plating,
incubation and counting procedures. This mathod may be useful in the enumeration of other
beclerial species in similar producis but the methods appiicstion must by valideted for each
organiam.
2 Equipmant and Supplies
29 Adhutablo Speed, Stomacher-Type Blendar, 400 ml. capacity
211 Seward Mods! 400 Clrcylator or squivalernt
212 Typicelly the stomacher is set 1o 200 excursions per mintte and the sample
blended for 60 seconds,
22 Stariie Stomacher Bags, 400 mi size
23 Sterile 100mm. Petri Dighes
24 Sterile Pipettes, 10/{1 mL,. 22 mbL, 1.1 mL
28 Sterile. Disposable Spatules or Spoons
28 Incubator, 37°C,, $% CO,
281  When an incubator capable of delivering 5% €O, s unavailable, incubation can be
accomplished in a standerd incubator using Jars with CO; generstion envelopes
{6.5% - 7.5%). BEL BB4370308
27 Fransmited Light Colony Counter with Magnifier

3. Chemicals, Reagents and Madia
34 Lactobacillus MRS Agar, GBO15

311 Sterils, bottlas agar for pour plates, temperad k& between 45* and 50° C. for use in
Pragaring pour plates
az Pepione-Saine Diuvent, GS018
321 99 mi Diuton Blanis
322 180 ml Dilution Bianks

Sample Preparation

The sampte must ba collected in such a manrer as to ensure i is representative form the container
from which Rt is derived. Ganeraily this requires that the sampie be mixed prior to opaning, or
stirrod with a starile implement. All ransfers, dilufions and plating operstions shalt be performad in
a ¢laan, drah free emvironment ushg appeopriate microbiological laboratary technique,

5. Test Procedurs
51 Perfotm all sample weightings in tiplicate

52 Prepars the primary dilufion of the sample by sseptically iransfersing 20.0 grams of the
weil-mixed sampile to a siarile stomacher bag. Add 180 mL of sterils peptone-aaline
dliuant. Place the bag in the stornachsr end blesd for 80 secards at 200 excursions par
minits,

REFERENCE COPY - OFFICIAL DOCUMENT RESIDES WITHIN THE ELECTRONIC SYSTEM - PAGE 2 OF 4

CDC - 087097/000006 2360895 vd 00 G 1’? 3
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Q8112
Version 1
jﬁmmuu Method Description.  Generat Method for the Enumeralion of
Lacdle Acid Bacteria in Bactera-Supplemented,
Formuiatad Nutritional Products
Effoctive Date: NAR 70 2004
Supersedes: GB8112e dated March 18, 2002

53 immediately remove this primary dilution from the stomacher and transter 10 mi to 2 69
mi. dilution bottle and 1.0 mb and 0.1 mb to sach of two saparste peti dishes. Stopperthe
dilvticn bottle and shake vigoroualy, From this dilution transfer & 1.0 ml. alkyuot to
additiona] 59 mL difution and 1.0 mi. and 0.1 ml, aliquots to each of two separate patri
dishes Prapare additionat serial dilutions, plating sach i » skmilar mannar, Baough the
10" difution. Shake sach dilution vigorously before making the fransfer to the nextin ths
sotias.

531 i the analyst can determine from axperisnce which dilutans are iikely 1o produce
countable plates, than plating need only be done on dilutiona surrounding that
dilution deermed most ikely to prodice countable piates,

54 Pour sach plate with appiodmetely 20 mL tempered MRS agar and carefully swirl 1o
distribute the inoculum throughout the ugrar. Allow the agar to solidify. invert the plates,
setling the bottomns and tope afar, und allow the surface to alr-dry (Le , 30 minutes).

S5  incubate the plates inverted at 37°C., 8% CO; for 72 hours.

8. Results Reporting - Colony Count Calculations
81 Caunt ail of the colonies of courtable plates {i.e,, plates having belween 25 and 258
colonies) and record il values including the ditition for that plate. Calculata the sverage of
the counts from sppropriate plates, being certain o apply the comrect dilution fector for the
dilution associatad with the set of countabie plates Report this count as coleny formung
units CFU, par gram of praduct.
811 {ote: For detadls about plate count imarpretation, the reader s referred to
rofarance 7.2 of this mathod,

ez Example: Twenty grams of the product were stumached with 180 ml. of peptone-saline
mmmwmammwm ‘This primary dilution was sorially
dilvted «0 the final dilution wes 10 Bmoodmmhﬁmdnm&numtm
repilcates) for ncreased accuracy, The 5, 8%, 7% and 8™ dlitions wers plated and

foflowing incubation, the following results reported. The reported couttia 2.5 x 10°

CFlijgram,

MRS Piate Count
Repheate | Raphcate 2 Replicate 3

0" THE TN TNC

g 228 240 748

10 56* 22 28"

Eh 0 [*] ]
Count Ratio: NA 1.04
Reporied Couat: 738 x 10‘“* 240X 10° + 248X 100~ 28X 10 =25%10°
CFU/gram
* Whan two of mare countable platas ars sncountered at difforing Sutions,
calcuiate the ratio of the higher of ihe counts 1o the lower. Inclde both numbers
in the calculations if the ratio is 2 or iess. If groater than 2, repeat the count.

REFERENCE COPY - OFFICIAL DOCUMENT RESIDES WITHIN THE ELECTRONIC SYSTEM - PAGE 30F 4
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G8112
,r"""“"t, Varsion 1
Meadiohnson’
‘hm-—-*' Nurritinhels Method Description:  Ganeral Method for the Enumarshon of
Lactiec Ackd Bactonia in Bactere-Supplemenied,
Formulated Nutritional Products
Effactive Oabe: MAR 10 2004
Supersades: 53112« dated March 18, 2002

7 Referances

74 Method G81124: General Method for the Determination of Tolel Lactic Acid Bacteria
Coind,

72 Compendium of Methaods for the Microbllogica! Examination of Foods
Amarican Public Health Associetion, 4™ Ediion, 2001,

Chronology
8.1 Method G8112e. This mathod represents a rewrits of Method G8112d and is being kssuad
for purposas of clarifivation. This method supersedes method G8112d.

REFERENCE COPY - OFFICIAL DOCUMENT RESIDES WITHIN THE ELECTRONIC SYSTEM -~ PAGE 4 OF 4

-5 - 0001775
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Appendix E:

Genetic Stability Testing of LGG

- 00176
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Appendix F:

Partial List of Products Containing LGG
Sold Worldwide
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Appendix F: Partial List of Products Containing LGG Sold
Worldwide
Country/ Company Brand Types of Year
Territory Products Launched
Conventional Food Products
Finland Valio Ltd Gefilus Fermented whey drink, 1990
fermented milk, yogurt,
mulk, juice drink,
Juice/milk drink
{man1 bottle), cheese
Netherlands Campina Vifit Yogurt, drinkable yogurt, | 1994
(Melkunie bv., quark
Mona division)
Norway Tine Norwegian Bola Fermented mulk, yogurt, 1995
Dairies drinkable yogurt
Chale Sociedad Uno al Dia Fermented milk drink 1995
Productores de
Leche S.A.
(Soprole)
Switzerland Emmi AG Aktifit Plus Fermented milk drink 1996
4 Plus (muin1 bottle), yogurt,
quark
Ecuador Industrias Lacteas | Tom Yogurt, drinkable yogurt 1996
Ton1 8.A.
Japan Takanashi Milk Onaka He GG! | Fermented milk drink, 1996
Products Co, Ltd. LGG & Mulk yogurt
Austraha Pauls Laimited Vaaha Yogurt 1997
Ttaly Granarclo Sp A Vivi Vivo Milk, yogurt 1998
Iceland Mjolkursamsalan LGGH+ Fermented milk drink 1998
{mim bottle), yogurt
Croatia, LURA d.d. BioAktiv Yogurt, yogurt drink 1998
Slovenia &
Bosma-
Herzegovina
Israel Tnuva Dawry LGG Yogurt, fermented milk 1998
Products drink (mim bottle)
Korea Maeil Dairy GG Fermented milk drink, 1998
Industry Co., Ltd. drinkable yogurt
Germany Emnu Deutschland | Emmafit Fermented milk drink 1998
GmbH {min1 bottle)
Estonia Valio Ltd Gefilus Fermented milk (Kefir), 1999
yogurt
Greenland Mjdlkursamsalan LGG+ Fermented milk drink 1999
(min1 bottle)
Portugal Emmi AG Emmafit Fermented milk drink 1999
{min bottle)
Sweden Valio Sverige AB Gefilac Fermented milk, vogurt, 2000
-9 .

SADC - 087097/000006 - 2360895 vd
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SWEDEN VALIO SVERIGE GEFILAC FERMENTED MILK, 2000
AB YOGURT, JUICE
DRINKS
Papua-New Pauls Limited Vaslia Yogurt 2000
Guinea
Taiwan Hey Song Hey Song Drinkable yogurt 2001
Corporation Beautiful Day
Spain Iparlat S.A. Kaiku Actif Fermented milk drink 2001
Indonesia Pauls Limited Vaalia Yogurt 2001
Ireland Glanbia Ple. Yoplait Drinkable yogurt 2001
] Everybody
United Arab Al Ain Dairy Farm | Laban with Fermented milk 2001
Emirates Gefilac
Clermany, Mead Johnson Nutramigen Hydrolysate infant 2002
France, Company LGG formula
Belgium,
Netherlands,
Norway,
Sweden,
Denmark
Italy
Spain
Other Products
Italy Dicofarm S.p.A. Dicoflor Bacterial powder in 1995
Giflorex sachets, ORS + LGG
Floridal
Finland Valio Litd Gefilus Hard gelatin capsules 1997
US.A. ConAgra Foods, Culturelle Hard gelatin capsules 1998
Inc.
Estonia Valio Ltd Gefilus Hard gelatin capsules 1998
Germany InfectoPharm InfectoDiarrsto | ORS + LGG, Hard gelatin | 2000
GmbH P capsules
GG
LGG
Lithuania Valio Ltd Gefilus Hard gelatin capsules 2000
France Nutergia/ Ergyphilus Hard gelatin capsules 2001
Lallemand Plus
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synovate

Research reinvented

To: Carlos Lifschitz, MD, Director Medical Affairs Europe, Mead Johnson Nutritionals,
Annette Leary, Manager, Global Customer Insights, Mead Johnson Nutritionals

From: Tracey Berkenbush, Assistant Vice-President, Synovate Healthcare
Date: February 28, 2007
PROJECT TITLE:  Clinical Experience with Nutramigen LGG

MRD NUMBER: Synovate: 6J94
Mead Johnson Nutritionals: 06-0321

EXECUTIVE SUMMARY

A survey was conducted with physicians in Europe who are recormmenders of hypoallergenic formulas to
determine their recommendation of, and experience with, Mead Johnson Nutritionals’ Nutramigen LGG
Infant Formula, a hypoallergenic formula that contains the probiotic Lactobacillus GG.

Among respondents, most (85%) report they currently recommend Nutramigen LGG — recommending
either Nutramigen L.GG Stage | (for infants less than four [4] months of age) or Nutramigen LGG Stage 2
(for infants older than four [4] months of age). The majority of respondents {72%) report recommending
both Nutramigen LGG products. In total, only 3% indicate they are no longer recommending Nutramigen
LGG although they did recommend the product in the past.

There is little difference in the recommendation behaviors of European physicians of Nutramigen LGG
Stage 1 and Stage 2. Both products are widely recommended for the dietary management of symptoms of
cow milk protein allergy, GI Manifestations, and Atopic Dermatitis. Additionally, Stage 1 is also used for
infantiie colic and Urticaria.

Over half of those recommending Nutramigen LGG report symptom improvement beyond that offered by
Nutramigen that does not contain the probiotic LGG.

In addition, a majority of respondents see benefits of Nutramigen LGG beyond that of cow milk protein
symptom management. These physicians indicate recommending Nutramigen with LGG for: the positive
effect of LGG on gut flora, earlier resolution of symptoms, improved efficacy (compared to Nutramigen
without LGG), published clinical data, stimulation of the immune system, and improved guf health.

Nearly all physicians (97%) indicate they see no difference in the incidence of adverse events related to the
use of Nutramigen LGG compared to Nutramigen that does not contain LGG. Physicians defined adverse
events as: diarrhea, loose stools, vomiting, refusal to drink, colic, and no improvement in symptoms (with
use of Nutramigen LGG). In total, physicians report only 2% of patients experience adverse events using
Nutramigen LGG.

Meadjghnson H00184
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BACKGROUND/OBJECTIVES

Nutramigen LGG (Stage 1 and 2) has been marketed in Europe for approximately 3 years. The purpose of
this research is to obtain information from Health Care Providers in Sweden, Netherlands, and Belgium on
their clinical experience and use of marketed Nutramigen LGG.

Synovate obtained information from Health-Care Providers (Pediatricians, Ped GIs and Allergists) who are
recommenders of hypoallergenic formulas for their infant patients less than 12 months of age.
Specifically:
= Recommendation of Nutramigen LGG
»  Reasons for recommending Nutramigen LGG
= A comparison of the clinical benefits of Nutramigen with LGG compared to Nutramigen that does
NOT contain the probiotic LGG.
= A comparison of the adverse events noted of Nutramigen with LGG compared to Nutramigen that
does NOT centain the probiotic LGG.

METHODOLOGY

Mead Johnson Medical Sales representatives identified physicians known to recommend hypoallergenic
formulas in the European countries of: Sweden, Netherlands, and Belgium. In keeping with government
regulations regarding privacy and confidentiality, this list was provided to the Medical Director of MIN
Europe; the list of physicians’ names was not sent outside of the European Union (EU).

A personalized letter (see appendix) written from the MJN Medical Director requesting participation was
sent to potential respondents. The respondents were asked to log into a secure URL link hosted by
Synovate. Respondents entered the survey through a secured site, where they were required to enter their
unique user I} and password as stated in the letter. The ID and passwords were taken out of the data file
before it was sent to MJN so no linkage of the data to the physician respondent can be made. A second
reminder letter (see appendix) was mailed one week afier the initial letter requesting participation in the
survey among non-responders.

The participants were informed that.
e Their privacy will be protected — personal identifiable information and responses will be kept
confidential from the study requestor (MJN}).
e  Their results will be reported in aggregate and may be used for regulatory filings.
e Upon agreement to conditions and completion of survey, up 1o 50 Euros will be transferred to their
bank account as compensation for their time.

Data was collected from December 8, 2006 through January 8, 2007. Rate of completion among the
targeted couniries was 10% which yielded 86 completed interviews. This fell within expected rates based
on previous research both in the United States and in Europe.

Physicians interviewed included general Pediatricians, Pediatric Gastroenterologists and Pediatric
Allergists. They have an average of nineteen years in practice and saw an average of 700 patients in the
last year.

Synovate reviewed each survey for completeness, tabulated the data, and made payment by bank transfer to
the physicians. No payment was made to any physician who failed to sign the consent and provide bank
details.

,f'""""-,_
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Synovate adheres to all privacy legislation in these countries and will not in any way use or disclose the
names or personal information of the physicians outside the EU, to any third parties or to MJIN itself,

Of note, Synovate is a safe harbor company. A file of the electronic data was transmitted through a secure
fip site to Synovate’s Florham Park office for analysis.

Meadjohnson™ 300186
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Sample Disposition
Total | Sweden Netherlands Belgium
# # # #
Total Names/Letters Mailed 790 180 412 218
No status/did not respond 681 137 348 196
Terminated from survey at QC (did not agree to terms) 3 1 2 -
Qunt interview 2Q 5 11 4
Total Completes 86 17 51 18
STAGE 1
Currently recommend Nutramigen LGG Stage 1 89 9 42 18
Have recommended Nutramigen LGG Stage 1 in the past but
no longer recommend 3 2 1 -
Have never recommended Nutramigen LGG Stage 1 14 6 8 -
STAGE 2
Currently recommend Nutramigen LGG Stage 2 66 12 36 18
Have recommended Nutramigen LGG Stage 2 in the past but
no longer recommend 4 1 3 -
Have never recommended Nutramigen LGG Stage 2 16 4 12 -
Physician Profile
Physician Profile
Total
Toetal Number of Respondents {n=86)
%
General pediatnician 66
Pediatnc Gastroenterologist 14
Pediatng Allergist 14
Cther B
Years in practice
Mean 19
Range 2-38
# of patients <12 months oid seen past year
Mean 700

Range 6 - 4000

# of patients consuming Nutramigen LGG Stage 1 1n past 24 months
For infanis less than 4 months of age (among recommenders of Stage 1)
Mean 44
Range 1-1500

# of patients consuming Nuframigen LGG Stage 2 in past 24 months
Forinfants less than 4 months of age (among recommenders of Stage 2)
Mean 28
Range 1-750

Meadjofnson- O0G18'7
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RESULTS

1. NUTRAMIGEN LGG RECOMMENDATION AND USAGE -
TOTAL (STAGE 1 and 2}

RECOMMENDATION

In total, most (85%) physicians surveyed report recommending either Nutramigen LGG Stage 1 or Stage 2
Few physicians (3%} indicate no longer recommending Nutramigen LGG although they had recommended
it in the past.

Recommendation of Nuiramigen LGG

Currently Recormmend o
Nutramgen LGG 85%

No longer recormmend 3%
Nutramigen LGG
Have never
recommended 12%
Nutramigen LGG

0% 20% 40% 60% 80% 100%
Total % of Respondents

A notable number (72%) of physicians, currently recommend both Stage 1 and Stage 2 Nutramigen LGG.

CLINICAL EXPERIENCE

On average, each physician reports recommending Nutramigen LGG to 66 patients over the past 24
months.

The majority of physicians recommend Nutramigen LGG for GI manifestations and Atopic Dermatitis.

In addition, Nutramigen with LGG is recommended for symptoms of Infantile Colic, wheezing/asthma and
Urticaria. Few physicians report recommending Nutramigen LGG for Allergic Rhinitis. “Other”
indications given for the recommendation of Nutramigen with LGG include: prophylaxis, cow milk allergy,
and family history.

Symptoms/ Indications for
Recommendation of Nutramigen LGG

Gl Manfestations
Atopic Dermattis
Infantie Colic
Wheezing / Asthma

Urticaria
Allergic Rhinits
Other
0% ZOI% 4OI% GOI% 8(.‘;% 10;)%
% of Physiclans
T
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1. NUTRAMIGEN LGG RECOMMENDATION AND USAGE — TOTAL (STAGE 1 and 2)

{continued)

CLINICAL EXPERIENCE (continuted)

Over half (59%) of the physicians surveyed indicate they noted improvement in symptoms with the use of
Nutramigen with LGG beyond that offered by Nutramigen that does not contain LGG.

A few physicians noted recommending Nutramigen with LGG as Nutramigen without LGG is no longer
available. However, most respondents see benefits of Nutramigen LGG beyond that of cow milk protein
symptom management. These physicians indicate recommending Nutramigen with LGG for: the positive
effect of LGG on gut flora, earlier resolution of symptoms, improved efficacy, published clinical data,
stimulation of the immune system, and improved gut heaith.

ADVERSE EVENTS

Nearly all physicians (97%) indicate they see no difference in the incidence of adverse events related to the
use of Nutramigen containing L.GG compared to Nutramigen that does not contain LGG.

In total, over the past two years these physicians saw 120,362 infants less than 12 months of age. Of these
infants, approximately 4% (4,868) consumed Nutramigen LGG with only 1.3% experiencing adverse
events. Adverse events as described by these physicians include: refusal to feed, no improvement in
symptoms, colic, diarthea, and vomiting

Meadis] >
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2. NUTRAMIGEN LGG STAGE 1 (For infants less than 4 months of age)

RECOMMENDATION

In total, the majority of physicians surveyed (80%) are currently recommending Nutramigen LGG Stage 1.
Few physicians (4%) indicate no longer recommending Nutramigen LGG Stage 1 although they had
recommended it in the past.

Recommendation of Nutramigen LGG
Have Never Stage 1

Recommended
Nutramigen LGG, 6%

No Longer
Recommend
Nutramigen LGG, 4%

B Currently Recommend
Nutramigen LGG

No Longer Recommend
Nutramigen LGG

@ Have Never Recommended
Nutramigen LGG

Currently
Recommend
Nutramigen LGG, B0%

CLINICAL EXPERIENCE

On average, each physician reports recommending Nutramigen LGG Stage 1 to 44 patients over the past 24
months.

The majority of physicians recommend Nutramigen LGG Stage 1 for GI manifestations and Atopic
Dermatitis. In addition, Nutramigen with LGG Stage 1 is recommended for symptoms of Infantile Colic,
wheezing/asthma and urticaria. Few physicians report recommending Nutramigen LGG Stage 1 for
Allergic Rhunitis. “Other” indications given for the recommendation of Nutramigen with LGG Stage 1
include prophylaxis, cow milk allergy, and family history.

Symptoms / Indications for Recommendation of
Nutramigen LGG Stage 1

Gl Manifestations
Atopic Dermatitis 87%
Infantile Colic
Wheezing / Asthma
Urticana

Allergrc Rhiniis
Other

0% 20% 40% 60% 80% 100%

% of Physicians
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2. NUTRAMIGEN LGG STAGE 1 (continued)
CLINICAL EXPERIENCE (continued)

Over half (55%) of the physicians surveyed indicate they noted improvement in symptoms with the use of
Nutramigen LGG Stage 1 beyond the improvement provided by Nutramigen that does not contain LGG.

ADVERSE EVENTS

Nearly all physicians (97%) indicate they see no difference in the incidence of adverse events related to the
use of Nutramigen LGG Stage 1 compared to Nutramigen that does not contain LGG.

In total, physicians report few patients (1%) experience adverse events, As offered by volunteered
responses, these events involved primarily symptoms of colic, diarrhea and vomiting.

Adverse Events Experienced on Nutramigen LGG Stage 1
Among 1% of Patients Experiencing Adverse Events
Vomiting, worse pain
Colic
diarrhea, vormiting
frequent looser stools
loose stools
Remairing G| problems due to possible alfergic reachion {no reacticn to Amino Acid feeding)
Vomiting and not drinking preperly, espectally dunng the first three days
Unpleasant taste (entrainant} refusal to feed
Intolerance (allergic symptoms do not improve)
More colic
Persisting diarthea, still dermatologic lestons
Refusal of milk

RESPONDENTS WHO NO LONGER RECOMMEND NUTRAMIGEN LGG STAGE 1

Physicians who no longer recommend Nutramigen LGG Stage 1 (4% of the total sample) give reasons of
Nutramigen LGG Stage 1 being too expensive/ price, no clear indication for Nutramigen LGG, and not
treating patients within the age category for use of the Stage 1 product.

Reasons No Longer Recommending Nutramigen LGG Stage 1
Number of Respondents = 3

Nag clear indications for Nutramigen LGG 1 The pnce difference

Many of my patients are older than 4 month | haven't need to recommend it

Dechne in patent contact requinng Nutrarigen LGG Currently attending physician in a different unit {older patients)

Meadjghsor- 000191
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2. NUTRAMIGEN LGG STAGE 1 (continued)

RESPONDENTS WHO HAVE NEVER RECOMMENDED NUTRAMIGEN LGG STAGE 1

Physictans who have never recommend Nutramigen LGG Stage 1 (16% of the total sample) give reasons of
Nutramigen LGG Stage 1 being too expensive, having no need for it/did not think of it, and it is not
specifically endorsed by the pediatric association or government agency

Reasons Never Recommending Nutramigen LGG Stage 1
Number of Respondents = 14

Because i Sweden you must prescribe Nulramigen LGG as medicine and many parents find it too expensive

| have prescnbed Nutramugen, bul so far no need for Nutramigen LGG because the patients had no problems wath the stomach

| have no impression of LGG being efficient for reflux disorders

| haven't found it necessary

I use to start with Nutramigen without LGG and when the children accept this formula | recommended N with LGG, stage 2 The children are
ofien older than 4 months because breastfeeding up to 6months

Not approved nor reimbursed by our Nat authorities

Healthy chidren get "normal” formula Children <4mo with documented food allergy receve Nutramigen

[ didn't know that Nutramigen without LGG couid still be prescrbed So i didn't specify my prescriptions although § meant to prescribe
Nutramigen LGG because of its theoretical superionty

In advising a hypo-allergenic formuta to parents [ am not directive, meaning | do not mention a specific product | name the parents possible
products of different companies and let them choose themselves

Just not came up with the idea

Mostly | use Nutramigen without LGG _To my opinton there Is no advice from the Dutch pediatric association for giving N with LGG

no need

no patients at this moment

Unknown
M ohnson™
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3. NUTRAMIGEN LGG STAGE 2

RECOMMENDATION

As with Stage 1, the majority (77%) of physicians surveyed are currently recommending Nutramigen
LGG Stage 2. Few physicians (4%b) indicate no longer recommending Nutramigen I.GG Stage 2
although they had recommended it in the past.

Recommendation of Nutramigen LGG

Have Never Stage 2
Recommended

Nutramigen LGG, B%

No Longer
Recommend
Nutramigen LGG 4%,

B Currently Recommend
Nutramiger: LGG

No Longer Recommend
Nutramigen LGG

B Have Never Recommended
Nutramgen LGG

Racommend
Nutramigen LGG 77%

CLINICAL EXPERIENCE

On average, each physician reports recommending Nutramigen LGG Stage 2 to 26 patients over the past 24
months.

The majority of physicians recommend Nutramigen LGG Stage 2 for GI manifestations and Atopic
Dermatitis. In addition, Nutramigen with LGG Stage 2 is recommended for symptoms of Infantile Colic,
wheezing/asthma and urticaria. Few physicians report recommending Nutramigen LGG Stage 2 for
Allergic Rhinitis. “Other” indications given for the recommendation of Nutramigen L.GG Stage 2 include
cow milk allergy and failure to thrive,

Symptoms/ Indications for Recommendation of
Nutramigen LGG Stage 1

Gl Manifestations 91%
Atopic Dermatitis
Infantie Colic
Wheezing / Asthma
Urticania

Allergic Rhiniis

Cther

0% 20% 40% 60% BO% 100%

% of Physicians
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3. NUTRAMIGEN LGG STAGE 2 (continued)

CLINICAL EXPERIENCE (continued)

Forty-two percent (42%) of the physicians surveyed indicate they noted improvement in symptoms with the
use of Nutramigen LGG Stage 2 beyond that offered by Nutramigen that does not contain LGG
ADVERSE EVENTS

The majority (94%) of physicians indicate they see no difference in the incidence of adverse evenis related
to the use of Nutramigen LGG Stage 2 compared to Nutramigen that does not contain LGG.

In total, physicians report few patients (1%) experience adverse events. As offered by volunteered
responses, these events involved primarily symptoms of vomiting, no improvement in symptoms, and
refusal of the taste.

Adverse events experienced on Nutramigen LGG Stage 2
Among 1% of Patients Experiencing Adverse Events

Vomiting, pruntus

vomiting after feeding during the first week only

intolerance failure o improve allergic symptoms

Mare Colic

Persisting diarrhea -still dermatologic symptoms

Refusal of the taste

vomuting and refusal to drink it

RESPONDENTS WHO NO LONGER RECOMMEND NUTRAMIGEN LGG STAGE 2

For reasons similar to those given for not recommending Stage 1, physicians who no longer recommend
LGG Stage 2 (5% of the total sample) give reasons of Nutramigen LGG Stage 2 being too expensive, no
improvement compared to Nutramigen without LGG, and not treating patients within the age category for
use of the Stage 2 product.

Reasons No Longer Recommending Nutramigen LGG Stage 2
Number of Physicians =4

Because it 1s more expensive for the family {because of the Insurance system | Sweden)
My clinical expenence that Stage 2 its not betier than N without LGG

Currently no patient under my care requinng stage 2 Nutramigen LGG

| couldn't see clear posthive effects

no difference in Gl-symptoms

Me2djohnson 11 0£27 000194
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3. NUTRAMIGEN LGG STAGE 2 (continued)

RESPONDENTS WHO HAVE NEVER RECOMMENDED NUTRAMIGEN LGG STAGE 2

Physicians who have never recommended Nutramigen LGG Stage 2 (19% of the total sample) express
concern on the actual need and efficacy of Stage 2 and cite the lack of specific endorsement by government
and/or pediatric association authorities..

Reasons Never Recommending Nutramigen LGG Stage 2
Number of Physicians = 16

No benefits compared to Nutramigen in my opimon
Not approved nor reimbursed by cur Nat authonties
Not convinced it 1s efficient aganst reflux
Because in Sweden you must prescribe Nutramigen LGG as medicine and many parenis find it too expensive
Have not seen patients who needed it
Healthy children >4mo use "normal" formula When a food allergy 1s documented, Nutrarmgen LGG 1s prescribed

| am a neonatolegist and prescnbe n the first weeks/months, after that mostly my paediatnc colleagues take over and | only
do the follow up at 1,2 and 5 yrs

just not came up the idea
No essential advantage before "old" Nutramigen

no need
Na need till thus far

No specific reason The children are all using Nutrarigen without LGG

| didn't know that Nutramigen without LGG could still be prescnbed So | didn't specify my prescniptions although | meant to
prescribe Nutramigen LGG because of its theoretical supenority

The answer Is the same as In case of Nutramigen stage 1 in general [ don't recommend the parents a specific product, but
rather the range of products they can choose from

mostly 1 use Nutramigen wathout LGG nTo mine opinion there 1s no advice from the dutch pediatnic association for grving N

with LGG
Unknown

0900195
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REASONS RECOMMEND NUTRAMIGEN

Q2b Other Symptoms Nutramigen LGG Stage 1 Is Recommended To Treat

cow milk allergy

cow milk protein allergy
failure to thrive

famuly history

intestinal bleeding

only if proven allergy by DBP
positive family hustory for atopic syndrome
Prophytactic

profylactic for atopie
Prophylaxis

antecedents Atopic

family history

Intolerance lactose

Q2d Reasons for Recommending Nutramigen LGG Stage 1

it will prevent allergy in future and that atopic eczema will get better

Because there 1s scientific evidence for the use probiohics

Better symptoms relief

Disturbed gut flora may be part of the infants allergic reactions

Earlier occurrence of tolerance than expected

possible better stomach

Recommendations from the company and dieticians

child with Gl-problems needs change of intestinal bactenal strains 1 e the present flora 1s not optimal and this gives symptoms
To prevent the allergic development

A good combination of bactena in the gut can be worth trying

As suggested by doctors counselor

it hag been promoted as better, and actually | did not know that it 1s still available without Igg

the beneficial effects of probrotics in the Iiterature described

the positive effect of LGG

the theorehcal advantage of the lactobacillusGG

probiotics have been proved to be effective in regulating flora of the colon

the effects of probiotics are more and more recogmized

there Is little evidence that probiotics = LGG have a geod influence on gut and skin disease

better GE tolerance

Better results in studies

Recent data in the Iiterature lack of effects/ support of immunelogical research

easy avallable, "old "nutramigen 1s not always in stock with pharmacist

Gl problems or when a child also has to use antibiotics | am not sure whether in case of dermatitis LGG has more value
hope for less gastrointestinal symptoms

| advise treating cow milk allergy, because of co assisting gastro intestinal problems the probrotic Igg

i believe In probiotics because of the evidence there 1s at this moment

| hope there are less Gl symptoms when using LGG, but the number of patients are too small to really know that

| think children need proichics

| wish to gain expertence with LGG Nutramigen especially when | am not convinced that a cow's milk protein allergy is the only
cause of the patients problems

in the hope of less gastrointestinal symptoms

nsight that probiotics works positive on the gastrointestinal immune system wath positive effects on food allergy, diarrhea and atopic
dermatitis

It 1s probably better, less complains about colics and other symptoms

it mght be better

Lactobacillus protect the gut and - has good effect on the gut

lactobacillus stabilizes mucosa of the gut

less colics, better stools, probably better allergic pathway, better breast milk like

LGG creates a healthy intestinal flora and it helps in reducing the nisk of atopic dermatitis and gastro-intestinal problems related to
allergic conditions

000197
Meadjohnsor>

Netritlonalt 14 of 27



195

Iiterature concerning prebiotics

might be of benefit and has no Ill effects

Na specific answer

Nutramigen without LGG I1s no longer available in The Netherlands

possible effect on g1 manifestations, preventing allergic compiaints

Practically (stock) No other reascn

Probiotics have a positive effect on the gut flora and so the prevention of other allergic manifestations

related to the indication

The studies | read are encouraging Some parents found out that their pharmactst gave + LGG without asking
The use of Probiotics seem to have an additional effect in preventing and treating symptoms related to cow mulk allergy
there are enough studies that show the benefit of LGG

To improve the bactenal flora in the gut

to see If it makes any difference

to try it out

Improvement of the digestive flora

after discussion with the representative

because of published data on allergy (ref Isolaun)

Better response and faster healing

taking into account the data and recormmendations of the current literature

Immunizing effect

| thought that the form wathout LGG did not exist any more

| thought that # there more but that one on market

The probtotic ones have a favorable effect on the intestinal flora and the Th1/ThZ balance, therefore reduce the inflammatory
reaction In eczema

long term effect on neurological development - immune stimulaton

better effect ant-allergic

better effect on the digestive problems and allergy prevention

possible benefit on iImmunity

prevention allergy, and supporting intestinal immune system

Protection plus shown effects on immunization stimulation
preventive role of probiotic in term of reduction incidence of allergic demonstrations and reduction incidence of infections

(gastroententis}
stimulation of the immunization

Meadishinson™ 000198
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REASONS RECOMMEND NUTRAMIGEN (continued)

Q6b Other Symptoms Nutrarigen LGG Stage 2 Is Recommended To Treat

Failure to thrive

persistent diarrhea

adaptation tere age

cow mitk allergy

cow milk protein ailergy

cow milk allergy

Crying

fallure to thrive

intolerance with the cow's milk lactose/proteins

Q6d Reasons for Recommending Nutramigen LGG Stage 2

a possible better effect on gastric symptoms

Allergy-prophylaxis

Earlier occurrence of folerance than expected

because it has better effect over diarrhea and complicated dermatitis

Because of the scientific ewidence that probiotics help

Better relief of symptoms

| have not been able to do studies to compare these two groups

Probiotic LGG rs needed according my expenence in severe cases of dermatitrs and Gl-symptoms

Probiotic may improve a disturbed gut flora Continuing diarrhea despite use of Nutrarmigen without probiotic Allergic and infection
prone child who receives several antiblotic sessions

Recommendation to try it instead from company/dieticians
Sometimes the child with Gl-problems needs a change of intestinal bacteral strains 1 e the present flora 1s not optimal and this gives

symptoms

The patient had a lot of diarrhea and vormiting that became better with Nutramigen LGG
it has been promoted to be more effective

the possible positive effect on gastro intestinal problems

because the effects of probiotics are more and more recognized

probiotics have been proved to be effective in regulating the flora of the colon

better GE tclerance

Better results in studies

for the possible benefit of LGG

I hope that LGG has some good influence on the gut and immune-regulation

I've recommended both formulas

in follow up of stage 1

it might be better

It was new for me but in the future | will prescript

less colic, better stools, better allergic pathway

LGG seems to help in developing tolerance for cow's milk and other food allergens LGG 1s helping th restoning proper bowel function
in children who suffer from allergic gastro-intestinal problems

literature concerning probiotics

no studies to my knowledge

Not so useful as for kids < 4 yrs but maybe there 1s some profit

Nutrarmigen without LGG 1s no lenger available in The Netherlands

In the indications mentioned Nutramigen 1s sufficient with or without LGG

probiotics are necessary for children

Probiotics helps to normalize the gut flora, are beneficial for the immune system and probably preventive in the development of other
allergic manifestations

related to indication

lactobacillus stabidizes mucosa of the gut

Same motivation as mentioned before Positive effects of probiotics on food ailergy, atopic dermatitis and diarrhea
same reason, beneficial effects described in literature

Logical continuation of treatment installs for allergy to the cow's milk

hecause of the positive effect of LGG

0006199
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| hope there are less Gl symptems, but the number of my patients 1s too small for any evidence
there are enough studies that show the benefit

To improve the bactenal flora in the gut

to see If t makes any difference

to try 1t out

treatment of symptoms related to cow milks allergy

We try to maintain consistency with feeding advice 4 months Is early to categoncally exclude underlying allergy as a cause, and
probrotica seem to play a role in general gut health

Taking into account the publications and current recommendations of the literature!

data on allergy prevention (Isclaur)

effect on immune system

Immumzing effect

exclusion of protemns of children requinng a food diet strict in reinforcement Immunizing

faster healing

! did not know that the two forms existed

Nutrarmgen 1 age with LGG

| thought that there was nothing any more but one kind

The probiotic ones reduce the Immune reaction pro-inflammatory i eczema

better effect anti-allergic

better effect gastromntestinal anti-ailergic

Better protection via LGG

No the age of stop for the probiotic ones specified in medical iterature However it appears to me less indicated to stmulate the
immune tolérance than LGG 1° age

possible benefit of Immunity

Continuation of stage1

supporting intestinal Immune system

to try it out

006200
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QUESTIONNAIRE

[PROG: ALL QUESTIONS SHOULD BE ON A SEPARATE SCREEN UNLESS OTHERWISE NOTED]

A Which language would you ke to continue the survey?
Please select one

English
French [PROG: CONTINUE THE REMAINDER OF THE SURVEY IN LANGUAGE SELECTED]

B Please refer to the letter and enter your |D and Password
ID [PROG: ALLOW 8 DIGITS, NUMERIC CODE, NO RANGE RESTRICTION]
Password [PROG: ALLOW 6 DIGITS, NUMERIC CODE, NO RANGE RESTRICTION]

[PROG: MUST ENTER VALID ID AND PASSWORD TO CONTINUE.]

C Thank you for participating in this survey about your exparience with Nutramigen LGG

You must agree to all terms and conditions If you wish to participate in the survey

By agreeing to the following terms, you consent (a) to participate in this survey and (b) to have your
responses along with your name, address, contact details and bank detadls transferred to Synovate
or anocther third party survey administrator within the European Union that will tabulate the
responses and wire compensation for your ime  Your name, address, contact details and bank
details will not be sent by our company outside of the European Union  Synovate and/or any other
third party survey company will be under contract to adhere to all appiicable privacy legisiation

By participating in this survey, your answers will be kept confidential and wifl be reported in
aggregate

Please select one

| agree to all terms and conditions as indicated above
I do not agree to all terms and conditions as indicated above
[PROG: IF “DO NOT AGREE” SELECTED IN QC TERM, OTHERWISE CONTINUE WITH QD]

D You must complete the entire survey In order for you to be compensated for your ime This includes
answernng all questions, providing accurate bank transfer information and hitting the “submit" button
at the end of the survey

Please note that if for any reason you are unable to complete the survey, you may access the hink at
ancther ime However, once you hit the “submit* button at the end of the survey, you will be denied

further access to the survey  Your survey response must be received no later than January 4, 2007
in order for you to be ehgible for compensation

[PROG: ALLOW RESPONDENT TO RE-ENTER SURVEY IF NOT COMPLETED. IF SURVEY IS COMPLETE,
RESPONDENT MAY NOT ENTER SURVEY AGAIN]

SECTION 1

1a The following questions will be about Nutramigen LGG Stage 1 (for infants less than 4 months of
age)

1b Which of the following statements best describes your recommendation of Nutramigen LGG Stage

1 {for nfants less than 4 months of age)?

Please select one

| currently recommend Nutramigen LGG Stage 1

| have recommended Nutramigen LGG Stage 1 in the past but | no longer make recommendations for
Nutramigen LGG Stage 1

| have never recommended Nutramigen LGG Stage 1

[PROG: IF “l currently recommend Nutramigen LGG Stage 1 SELECTED IN Q1b CONTINUE WITH
Q2a]

300201
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[PRCG: IF“l have recommended Nutramigen LGG Stage 1 in the past but | no longer make
recommendations for Nutramigen LGG Stage 1“ SELECTED IN Q1b CONTINUE WITH Q3a]

[PROG: IF “l have never recommended Nutramigen LGG Stage 1* SELECTED IN Q1b CONTINUE
WITH Q4]

300202
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SECTION 2

[PROG: IF “l currently recommend Nutramigen LGG Stage 1 SELECTED IN Q1b CONTINUE WITH
Q2a, OTHERWISE CHECK INSTRUCTION BEFORE Q3a]

2a Within the past 24 months, how many infant patients in your practice have consumad Stage 1 Nutramigen
LGG?

___  Number of patients
[PROG: DO NOT ACCEPT A RANGE. ACCEPTAEBLE RESPONSE 1- 9999]

2b For what symptoms or indications do you recommend Nutramigen LGG Stage 1 (for infants less than 4
months of age)? Please select ail that apply

Atopic Dermatitis

Urticana

Wheezing or asthma

Allergic Rhimtis

Gl Manifestations (vomit, reflux, drarrhea, colris, entercolitis, esophagitrs, others)

Infantile Colic

Other (Specify)

2c Have you noted any improvement in those symptoms with the use of Nutramigen LGG Stage 1, when
compared to Nutrarmigen without LGG? Please select one
YES
NO

2d Why do you recommend Stage 1 Nutramigen with LGG instead of Nutramigen that does not contain the

probiotic LGG? Please be as specific as possible
[PROG: MANDATORY OPEN END]

2e Have you noted any difference In the incidence of adverse events related to the use of Nutramigen LGG
Stage 1, when compared to Nutramigen without LGG? Please select one

YES

NO

2f What percentage of your patients, if any, consuming Nutramigen LGG Stage 1 have expenenced adverse

events?
(Your responses must add to 100%)

% Have NOT experienced an adverse event
% Have expenenced adverse events

[PROG: DO NOT ACCEPT A RANGE. ACCEPTABLE RESPONSE 0%- 100%. TOTAL MUST ADD TO

100%]
[PROG: IF GREATER THAN 0% “HAVE EXPERIENCED ADVERSE EVENTS* IN Q2f THEN ASK Q2g,

OTHERWISE CONTINUE WITH Q5a]
29 What types of adverse events have your patients expenenced when using Nutrarmgen LGG Stage 17

[PROG: MANDATORY OPEN END]
[PROG: AFTER COMPLETING Q2g, CONTINUE WITH Q5a]

He0203
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SECTION 3

[FROG: IF“l have recommended Nutramigen LGG Stage 1in the past but | no longer make
recommendations for Nutramigen LGG Stage 1" SELECTED IN Q1b CONTINUE WITH Q3a,

OTHERWISE CHECK INSTRUCTION BEFORE Q4]

3a Within the past 24 months, how many infant patients in your practice have consumed Stage 1

Nutramigen LGG?
Number of patients

[PROG: DO NOT ACCEPT A RANGE. ACCEPTABLE RESPONSE 1- 9999]

3b Why do you no longer recommend Stage 1 Nutramigen LGG (for infants less than 4 months of age)?

Please be as specific as possible
[PROG: MANDATORY OPEN END]

3¢ Have you noted any difference in the Incidence of adverse events related to the use of Nutramigen LGG Stage
1, when compared to Nutramigen without LGG?  Please select ocne
YES
NO
3d What percentage of your patienits, if any, consuming Nutramigen LGG Stage 1 have expenenced adverse
events?

{Your responses must add to 100%)

% Have NOT expenenced an adverse event
% Have experienced adverse events
[PROG: DO NOT ACCEPT A RANGE. ACCEPTABLE RESPONSE 0%- 100%. TOTAL MUST ADD TO

100%]
[PROG: IF GREATER THAN 0% “HAVE EXPERIENCED ADVERSE EVENTS* IN Q3d THEN ASK Q3e,

OTHERWISE CONTINUE WITH Q5a]
Je What types of adverse events have your patients experienced when using Nutramigen LGG Stage 17

{PROG: MANDATORY OPEN END]
[PRCG: AFTER COMPLETING Q3e, CONTINUE WITH Q5a]

SECTION 4

[PROG: IF “l have never recommended Stage 1 Nutramigen LGG* SELECTED IN Q1b CONTINUE
WITH Q4 OTHERWISE CONTINUE WITH Q5a]

4 Why have you never recommended Nutramigen LGG, Stage 1 (for infants less than 4 months of age)?
Please be as specific as possible
[PROG: MANDATORY OPEN END]

o (00204
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SECTION 5

[PROG: ASKALL}

Ba The followtng questions will be about Nutramigen LGG Stage 2 {for infants older than 4 months of
age)
5b Which of the following statements best descnbes your recommendation of Nutramigen LGG Stage 2 (for

infants oider than 4 months of age)}? Please select one

I currently recommend Nutramigen LGG Stage 2
| have recommended Nutramigen LGG Stage 2 in the past but | no longer make recommendations for Nutramigen LGG

Stage 2
I have never recommended Nutramigen LGG Stage 2
[PROG: IF “l currently recommend Nutramigen LGG Stage 2 SELECTED IN Q5b CONTINUE WITH

Q6a]

[PROG: IF“t have recommended Nutramigen LGG Stage 2 in the past but | no longer make
recommendations for Nutramigen LGG Stage 2% SELECTED IN Q5b CONTINUE WITH Q7a]

[PROG: IF “I have never recommended Nutramigen LGG Stage 2“ SELECTED IN Q5b CONTINUE
WITH Q8]

SECTION 6
[PROG: IF “ currently recommend Nutramigen LGG Stage 2 SELLECTED IN Q5b CONTINUE WITH
Q6a, OTHERWISE CHECK INSTRUCTION BEFORE Q7a]

6a Within the past 24 months, how many infant patients in your practice have consumed Stage 2 Nutramigen
LGG?

Number of patients
[PROG: DO NOT ACCEPT A RANGE. ACCEPTABLE RESPONSE 1-9999]

6b For what symptoms or indications do you recommend Nuiramigen LGG Stage 2 (for infants older than 4
months of age)? Please select all that apply
Atopic Dermatitis
Urticana
Wheezing or asthma
Allergic Rhinitis
Gl Manifestations (vomit, reflux, diarrhea, colitis, entercolibis, esophagtis, others)
Infantite Colic
Cther (Specify)

6c Have you noted any improvement in those symptoms with the use of Nutramigen LGG Stage2, when
compared to Nutrarmigen without LGG? Please select one
YES
NO

6d Why do you recommend Stage 2 Nutramigen with LGG instead of Nutramigen that does nct contain the
probiotic LGG?  Please be as specific as possthle
[PROG: MANDATORY OPEN END]

6e Have you noted any difference i the incidence of adverse events related to the use of Nutramigen LGG Stage
2, when compared to Nutrarmigen without LGG?  Please select one
YES
NO
6f What percentage of your patients, if any, consuming Nutramigen LGG Stage 2 have expenenced adverse
events?

(Your responses must add to 100%)

% Have NOT experienced an adverse event
% Have expenenced adverse events

S )
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[PROG: DO NOT ACCEPT A RANGE. ACCEPTABLE RESPONSE 0%- 100%. TOTAL MUST ADD TO

100%)]
[PROG: IF GREATER THAN 0% “HAVE EXPERIENCED ADVERSE EVENTS“ IN Q6f THEN ASK Qsg,

OTHERWISE CONTINUE WITH Q9a)
6g What types of adverse events have your patients experienced when using Nutramigen LGG Stage 27
[PROG: MANDATORY OPEN END]

[PROG: AFTER COMPLETING Q6&g, CONTINUE WITH Q9a)

HC0206
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SECTION 7

[PROG: IF“l have recommended Nutramigen LGG Stage 2 in the past but | no longer make
recommendations for Nutramigen LGG Stage 2* SELECTED !N Q5b CONTINUE WiTH Q7a
OTHERWISE CHECK INSTRUCTION BEFORE Q8]

7a Within the past 24 months, how many infant patients in your practice have consumed Stage 2 Nutramigen
LGG?
Number of patients
[PROG: DO NOT ACCEPT A RANGE. ACCEPTABLE RESPONSE 1-9998]

7b Why do you no longer recommend Stage 2 Nutramigen LGG (for infants older than 4 months of age)?
Please be as specific as possible
{PROG: MANDATORY OPEN END]

fc Have you noted any difference in the incidence of adverse events related to the use of Nutramigen LGG Stage
2, when compared to Nutramigen without LGG?  Please select one
YES
NO
7d What percentage of your patients, If any, consuming Nutramigen LGG Stage 2 have expenenced adverse
events?

(Your responses must add to 100%)

% Have NOT expenienced an adverse event
% Have expenenced adverse events
[PROG: DO NOT ACCEPT A RANGE. ACCEPTABLE RESPONSE 0%- 100%. TOTAL MUST ADD TO

100%]
[PROG: IF GREATER THAN 0% “HAVE EXPERIENCED ADVERSE EVENTS" IN Q7d THEN ASK Q7e,

OTHERWISE CONTINUE WITH Q%a]
Te What types of adverse events have your patients experenced when using Nutramigen LGG Stage 27

[PROG: MANDATORY OPEN END]
[PROG: AFTER COMPLETING Q7e, CONTINUE WITH Q3a]

SECTION 8

[PROG: IF “l have never recommended Nutramigen LGG Stage 2 SELECTED IN Q5b CONTINUE
WiTH Q8, OTHERWISE CONTINUE WITH Q9a]

8 Why have you never recommended Nutramigen LGG, Stage 2 (for infants older than 4 months of age)?
Please be as specific as possible
[PROG: MANDATORY OPEN END]

i $H0020"/
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SECTION 9

[PROG: ASK ALL]
9a What 1s your specialty? Please select one
General paediatrician
Pediatnc Gastroenterologist
Pediatric Allergist
Qther (Specify) )

9b How many years have you been in practice?
Number of years in practice
[PROG: DO NOT ACCEPT A RANGE. ACCEPTAELE RESPONSE 1- 999]

9¢ Approximtately how many patrents under one year of age do you personally see during a 12 month period?
Number of patrents under one year of age
[PROG: DO NOT ACCEPT A RANGE. ACCEPTABLE RESPONSE 1- 9999]

Sd Synovate is required to make payments for this survey by bank transfer Accordingly, please
provide your office bank payment instructions here, including the following as applicable
The bank draft will be deposited in your office account within 6 weeks

Account Name [PROG: ALLOW ALPHA NUMERIC CODE, NO RANGE RESTRICTION]
IBAN Number [PROG: ALLOW 34 DIGIT, ALPHA-NUMERIC CODE, NO RANGE RESTRICTION]
BIC (bank code) [PROG: ALLOW 8 DIGIT or 11 DIGIT, ALPHA-NUMERIC CODE, NO RANGE
RESTRICTION]

Bank Name [PROG: ALLOW ALPHA CODE, NO RANGE RESTRICTION]

Bank Street and Number [PROG: ALLOW ALPHA NUMERIC CODE , NO RANGE RESTRICTION]
Bank Postal Code and City [PROG: ALLOW ALPHA NUMERIC CODE , NO RANGE RESTRICTION]
Bank Country [PROG: ALLOW ALPHA CODE, NO RANGE RESTRICTION]

9e If you have guestions, regarding this survey, or your payment Please contact
lggsurvey@Synovate net
Thank you for completing this survey
Submit
[PROG: INCLUDE “SUBMIT" BUTTON AT END OF SURVEY]

30CG208
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LETTER

[Date]

[Address of doctor]

Dear Dr. ;

We are contacting medical professionals such as yourseif to obtain their opinion and
experience with the use of Nutramigen LGG infant formula. Specifically, we are requesting
your participation in a survey. Your participation is very important to us and will help Mead
Johnson obtain direct information that otherwise would be very difficult to access. Mead
Johnson will compensate you for your ime as described below.

If you wish to participate, please log onto http://www.synovate.net/lgasurvey.

Please enter the ID and password below to access the survey. To report any technical
difficulties with the Web site or If you have questions regarding this study, please send an
email to Iggsurvey@synovate.net,

ID: >000xxxx
Password: xxxxxx

Synovate will combine the answers from all responding medical professionals and will provide
us a report that does not reveal your identity. Synovate 1s under obligation to respect all
applicable privacy legislation and will not contact you except to venfy your address or
payment instructions.

For your participation in this survey, Mead Johnson will pay amounts consistent with
applicable ethical standards. The amounts are based ¢n assumptions regarding the time 1t
will take to complete the applicable portions of the survey and to review selective medical
records, If needed.

Mead Johnson will pay 25 Euros for responses from doctors who have never prescribed
Nutramigen LGG. Mead Johnson will pay current and previous prescribers of Nutramigen LGG
50 Eures as more time will be necessary to complete the survey and review selective medical
records. Your survey response must be received no later than January 4, 2007 in order for

you to be eligible for this payment.

Payment will be made to your office bank account by Synovate. Please provide your bank
detalls in the space provided at the end of the survey.

Sincerely,

Carlos H Lifschitz, MD
MIN Medical Director for Europe

006209
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REMINDER LETTER

[Date]

[Address of doctor]

Dear Dr. ;

Recently we sent you a letter asking for your participation in a survey regarding your
experience with the use of Nutramigen LGG infant formula. This 1s a fnendly reminder to log
onto the link below if you haven't already done so. If you have already completed the
survey, we sincerely thank you.

We are contacting medical professionals such as yourself to obtain their opinion and
experience with the use of Nutramigen LGG infant formula. Specifically, we are requesting
your participation n a survey. Your participation 1s very ymportant to us and will help Mead
Johnson obtain direct information that otherwise would be very difficult to access. Mead
Johnson will compensate you for your time as described below.

If you wish to participate, please log onto hitp://www.synovate.net/|ggsurvey.

Please enter the ID and password below to access the survey. To report any technical
difficulties with the Web site or if you have questions regarding this study, please send an
email to Iggsurvey@synovate.net.

ID: XXX XXX
Passward: xxxxxx

Synovate will combine the answers from all responding medical professionals and will provide
us a report that does not reveal your identity., Synovate is under obligation fo respect all
applicabie privacy legislation and will not contact you except to venify your address or
payment instructions.

For your participatfon in this survey, Mead Johnson will pay amounts consistent with
applicable ethical standards. The amounts are based on assumplions regarding the time it
will take to complete the applicable portions of the survey and to review selective medical
records, If needed.

Mead Johnson will pay 25 Euros for responses from doctors who have never prescribed
Nutramigen LGG. Mead Johnson will pay current and previous prescribers of Nutramigen LGG
50 Euros as more time will be necessary to complete the survey and review selective medical
records. Your survey response must be received no later than January 4, 2007 1n order for
you to be eligible for this payment.

Payment will be made to your office bank account by Synovate. Please provide your bank
details 1n the space provided at the end of the survey.

Sincerely,

Carlos H Lifschitz, MD
MIN Medical Director for Europe

306210
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CONCLUSION OF THE EXPERT PANEL:
GENERALLY RECOGNIZED AS SAFE (GRAS)
DETERMINATION FOR THE USE OF
LACTOBACILLUS CASEI SSP. RHAMNOSUS STRAIN GG
IN EXEMPT INFANT FORMULA

We, the members of the expert panel, are qualified by scientific training and experience to
evaluate the safety of food ingredients, including probiotic microorganisms. We have
individually and collectively critically evaluated the publicly available information on the
proposed use of Lactobacillus casei ssp. rhamnosus strain GG (LGG) in exempt infant formula
summarized in supporting documentation prepared by Hogan & Hartson, as well as other
material deemed appropriate or necessary. Our evaluation included review of the starting
materials, production methods, and genetic stability of L.GG, the effects of LGG on the
gastrointestinal and immune systems; the history of apparent safe use of lactic acid bacteria, the
genus Lactobacillus, and the specific strain LGG; and the apparent safety of administering LGG
to newborn infants. Our summary and conclusion resulting from this critical evaluation are
presented below.

Summary

®  The orgamsm that is the subject of this generally recognized as safe (GRAS) determination is
strain GG of the probiotic bacterium Lactobacillus caseii ssp. rhamnosus, designated LGG.
LLGG, a gram-positive bacterium that is a member of the broad classification of lactic acid
bacteria (LAB), was isolated in 1985 by Drs. Gorbach and Goldin of Tufts University from
the ntestinal biota of a healthy human. It is a patented strain deposited in the American Type
Culiure Collection as ATCC 53103 In 1987, Valio, Ltd., of Helsinki Finland received an
exclusive license to manufacture, market, and distribute LGG. The production process is well
controtled and consistently produces food-grade freeze-dried LGG powder containing at least
3 x 10" cfu/g of viable LGG. The genetic stability of LGG is assured by a cell banking
systemn and periodic testing by Valio.

* I.AB arc ubiquitous in the intestinal epithelium and the gastrointestinal tract of humans of all
ages. Most LAB strains, including L.GG, are considered commensal mi¢roorganisms with
little pathogenic potential. LAB have a long history of use in fermented and non-fermented
foods, leading to the reasonable conclusion that most LAB strains are generally safe for use
in food, including mfant formula. LAB, particularly bifidobacteria and lactobacilli, dominate
the biota of breast-fed infants, while formula-fed infants have a more diverse biota that more
frequently resembles that of adults.

o The genus of LGG, Lactobacillus, is a non-pathogenic genus of bacteria that consists of over
50 species Lactobacilli grow under reduced oxygen conditions in habitats where ample
nutrients exist and are used in commercial applications for the fermentation of dairy
products, fruits, vegetables, and meats. Some Lactobacilius strains are found in the

Panel Conclusion on the GRAS Status 1
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gastrointestinal tract of healthy humans of all ages. The long history of apparent safe use of
this genus provides evidence that there is little risk associated with its ingestion by humans.

¢ LGG is among the most extensively studied probiotic bacteria, and 15 known to be generally
nonpathogenic and nontoxigem'c. In clinical trials, LGG has been ingested with no evidence
of harm at doses of 10%-10' cfu/day for up to 15 months by healthy neonates, infants, and
children and by individuals compromised by low birth weight, allergic symptoins, or acute
diarrhea. Indeed, L.GG appears to confer possible beneficial effects with respect to allergic
symptoms and other end ponts mvestigated.

e [tis mtended to add LGG powder to Nutramigen® powder at a level of 333.3 ppm
(33.3 mg/100 g) to produce the product Nutramigen® LIPIL LGG. This addition level
provides 10% cfu LGG/g powdered formula and ensures a minimum concentration of 10°
cfu/g throughout the 12-18-month shelf life of the formula. With normal dilution of the
powdered formula in water, and average daily consumption of 800 ml formula, the intake of
LGG is by infants is expected to be within the range 108-10° cfu LGG/day.

¢ The LGG-containing formula, Nutramigen® LIPIL LGG, is a specialty infant formula, sold
in powdered form, intended for use under the supervision of a physician for the dietary
management of food allergies and allergic symptoms.

e Since LGG powder contains an average of 40% sucrose (which is 50% fructose), the
carbohydrate content of Nutramigen® is reduced by 133 ppm to compensate. The 90™
percentile estimated intake of fructose from Nutramigen® LGG is 1.9 mg/kg bw/day, which
1s well within levels of fructose that are tolerated with no ill effects by individuals with
hereditary fructose intolerance.

¢ Over the past two decades, LGG has been incorporated 1n a variety of food products
consumed around the world, including in the U.S. Nutramigen® LGG has been sold in the
European Union since 2003; through 2005 approximately 52,000 infants have been fed this
formula, accumulating over 8,000,000 days of consumption with no adverse events reported
due to consumption of Nutramugen® LGG. Most of these infants received Nutramigen®
LGG under the supervision of a physician, thus increasing the likelihood that any adverse
events would have been observed and reported.

o Studies in both healthy and severely immunocompromuised animals have found no evidence
of bacteremia, other indications of infectivity, or LGG-induced toxicity due to short-term
feeding of LGG at levels as high as 5 x 10" cfu/day.

e Seven studies of LGG in term and preterm human infants have found no evidence of adverse
effects from administration of up to 10'° cfu/day over periods as long as six months, and no
effects on formula consumption, stool consistency, flatulence, abdominal distension,
vomiting,or fussiness There was no interference with normal growth as measured by weight,
length, and head circumference. No incidents of LGG infection were observed in any of these
studies.

Panel Conclusion on the GRAS Status 2
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¢ Although it has been shown that LGG can adhere to intestinal surfaces, both in vitro and
animal studies have indicated that LGG does not degrade intestinal mucins, nor does it
appear to be capable of binding to or aggregating blood platelets. LGG may inhibit
translocation of intestinal pathogens. Although translocation of LGG itself has been only
rarely observed in controlled studies, the possibility of such translocation suggests caution in
administering LGG-containing products to certain compromised infant populations,
including those with impaired immunocompetence, heart defects, or central lines.

e [ike other lactobacilli, I.GG is intrinsically resistant to vancomycin, as well as to several
other important pediatric antibiotics including gentamicin, trimethoprim-sulfamethoxazole,
and metronidazole. However, it 1s sensitive to other pediatric antibiotics including ampicillin,
penicillin G, and erythromycin. Further, since LGG has no plasmids, its capability to transfer
any type of antibiotic resistance to pathogenic bacteria is low.

e In an unpublished analysis, the complete genome of LGG was sequenced, revealing a
genome of predicted size 2.84 mb in 532 contigs, containing 2,405 potential genes.
Computerized and manual reviews 1dentified no genes that would suggest significant
virulence elements other than two putative hemolysin genes that have been identified in other
lactobacillus species. No analogue to any characterized vancomycin gene was found,
corroborating previously published conclusions that LGG’s known vancomycein resistance is
an inherent property of its cell wall and thus not transferable.

000215
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We, the undersigned expert panel members, have individually and collectively critically evaluated the

information summarized above,

We conclude that Lactobacillus casei, ssp. rhamnosus strain GG (LGG) is & well characterized probiotic
bacterium that is a member of a genus with a long history of safe ingestion by humans. The
manufacturing controls in the production of freeze-dried powder containing LGG ensure that it is a food-
grade and genetically stabile product. Although LGG powder contains fructose, the quantity provided is
well within the tolerance limits of individuals with hereditary fructose intolerance. Extensive in vitro,
animal, and human research has found no evidence of pathogenicity, mucin degradation, toxic
metabolic products, or transfer of antibiotic resistance. Therefore, there is a reasonable certainty of
no harm from the propesed addition of LGG powder to infant formula for use under the supervision of 2

physician,

It is also our opinion that other individuals qualified by scientific training and experience
reviewing the same publicly available information would reach the same conclusion. Therefore,
the powder containing Lactebacillus casei, ssp. rhamnosus strain GG (LGG), manufactured by
Valio, Ltd., is generally recognized as safe (GRAS) by scientific proceduresfor use under the
supervision of a physician as a source of LGG in formula intended for term infants from time of

birth.

Dennis M. Bier, M.D
Baylor College of Medicine
Houston Texas, USA_

Signature:

Daie: Aéé ;oFo Q

Joseph F. Borzelleca, Ph.D.
Virginia Commonwealth University
Richmond Virginia, USA

Signature:

Date:

Roger A, Clemens, DrP.H.
University of Southern California
Los Angeles California, USA

Signature:

Date:
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Michael P. Doyle, Ph.D.
University of Georgia
Griffin Georgia, USA

Signature:
Date:

Berthold Koletzko, M.D.
University of Munich
Munich, Germamy

Signature:

Date:

Daniel J. O’Sullivan, Ph.ID.
University of Minnesota
St. Paul Minnesota, USA

Signature:

Date:
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We, the undersigned expert pane] members, have individually and collectively critically evaluated the

information summerized above,

We conclide that Lactobacillus casej, $5p. rhamnosus strain GG (LGG) i a well characterized probiotic
bacterium that is 2 member of a genus with a long history of safe ingestion by humans. The

manufacturing controls in the production of freeze-dried powder containing LGG ensure that it is a food-
grade and genetically stabile product. Although LGG powder contains fructose, the quantity provided is
well within the tolerance limits of individuals with hereditary fructose intolerance. Extensive in vitro,
animal, and human research has found no evidence of pathogenicity, mucin degradation, toxic
metabolic products, or transfer of antibiotic resistance. Therefore, there is a reasonable certainty of
no harm from the proposed addition of LGG powder to infant formula for use under the supervision of a

physician,

It is also our opinion that other individuals qualified by scientific training and experience
reviewing the same publicly availabie information would reach the same conclusion. Therefore,
the powder containing Lactebacillus casei, ssp, rhamnosus strain GG (LGG), masufactured by
Valio, Ltd., is generally recognized as safe (GRAS) by scientific proceduresfor use under the
supetvision of & physician as a source of LGG in formula intended for term infants from time of

birth.

Dennis M. Bier, M.D
Baylor College of Medicine
Houston Texas, USA

Signatuye:

Date:

loseph F., Borzelleca, Ph.D.
Virginia Commonwealth University
Richmond Virgitia, USA

Signature

Date: Mﬂtﬂéaé

Roger A. Clemens, Dr.P.H.
University of Southern California
Los Angeles California, USA

Signature:

Datg:

Panal Crnrlnzion nn tha GRAS Rtghne

Michse) P. Doyle, Ph.D.
University of Georgia
Griffin Georgia, USA

Signature:

Date:

Herthold Koletzko, M.ID.
University of Mugich
Munich, Germany

vignature:

Date:

Daniel J. O’ Sullivan, Ph.D.
University of Minnesota
8t. Paul Minnesota, USA

Signature:

Date:
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Conclusion
We, the undersigned expert panel members, have individually and collectively critically evaluated the
information summarized above

We conclude that Lactobacillus casei, ssp. rhamnosus strain GG (LGG) is a well characterized probiotic
bacterium that 1s a member of a genus with a long history of safe ingestion by humans. The
manufacturing controls in the production of freeze-dried powder containing LGG ensure that 1t is a food-
grade and genetically stabile product. Although LGG powder contains fructose, the quantity provided is
well within the tolerance Iimits of individuals with hereditary fructose intolerance. Extensive in vitro,
animal, and human research has found no evidence of pathogenicity, mucin degradation, toxic
metabolic products, or transfer of antibiotic resistance. Therefore, there 1s a reasonable certainty of
no harm from the proposed addition of LGG powder to infant formula for use under the supervision of a
physician.

It is also our opinion that other individuals qualified by scientific training and experience
reviewing the same publicly available information would reach the same conclusion. Therefore,
the powder containing Lactobacillus casei, ssp. rhamnosus strain GG (LGQG), manufactured by
Valio, Ltd., is generally recognized as safe (GRAS) by scientific proceduresfor use under the
supervision of a physician as a source of LGG 1n formula intended for term infants from time of

birth.

Dennis M. Bier, M.ID
Baylor College of Medicine
Houston Texas, USA

Signature:

Date:

Joseph F. Borzelleca, Ph.D.
Virginia Commonwealth University
Richmond Virginia, USA

Signatare:

Date:

Roger A. Clemens, Dr.P.H.
University of Southern California
Los Angeles California. USA

Signature.

Date: November 9, 2006

Michael P. Doyle, Ph.D.
University of Georgia
Griffin Georgia, USA

Signature:

Date:

Berthold Koletzko, M.D.
University of Munich
Munich, Germany

Signature:

Date:

Daniel J. O’ Sullivan, Ph.D.
University of Minnesota
St. Paul Minnesota, USA

Signature;

Date:
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We, the undersigned expert panecl members, have individually and collectrvely critically cvaluated the

information summanized above,

We conclude that Lacrobacillus caset, ssp. rhamnosus strain GG (LGG) is a well charactenized probioctic
bacterium that is a member of a genus with a long history of safe ingestion by humans. The
manufacturing controls in the production of freeze-dried powder containing L.GG ensure that 1t is a food-
grade and genetically stabile product. Although LGG powder contains fructose, the quantity provided is
well within the tolerance limits of individuals with hereditary fructose intolerance. Extensive in vitro,
animal, and human research has found no evidence of pathogenicity, mucin degradation, toxic
metabolic products, or transfer of antibiotic resistance. Therefore, there 15 a reasonable certainty of
no harm from the proposed addition of LGG powder to infant formula for use under the supervision of a

physician.

It is also our opinion that other individuals qualified by scientific training and experience
reviewing the same publicly available information would reach the same conclusion. Therefore,
the powder containing Lactobacillus caser, ssp. rhamnosus strain GG (LGG), manufactured by
Valio, Ltd., is generally recogmzed as safe (GRAS) by scientific proceduresfor use under the
supervision of a physician as a source of LGG in formula mtended for term infants from time of

birth.
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We, the umdersigned expert panel members, have individually and collectively critically evaluated the

information summarized above,

We conclude that Lactobacilius casel, ssp. rhamnosus strain GG (LGGY} is a well characterized probiotic
bacterium that is 2 member of a genns with a long history of safe ingestion by humans. The
manufachuring controls in the production of freeze-dried powder containing LGG ensure that 1t 15 & food-
grade and genetically stabile product. Although GG powder contains fructose, the quantity provided is
well withun the tolerance Jimits of individusls with hereditary fructose intolerance. Extengive in vitro,
animal, and hurnan research has found no evidence of pathogenicity, mucin degradation, foxic
metabolic products, or transfer of antibiotic resistance, Thersfore, thete is a reasonable cettainty of
no harm from the proposed addition of LGG powder to infant formula for use under the supetrvision of a

physician.

It is also our opinion that other individuals qualified by scientific training and experience
reviewing the same publicly available information would reach the same conclusion. Therefore,
the powder containing Lactobacillus casel, ssp. rhamnosus strain GG (LGG), manufactured by
Valio, Ltd., is generally recognized as safe (GRAS) by scientific proceduresfor use under the
supervision of a physician as a source of LGG in formula intended for term infants from time of

birth.
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Conclusion
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We, the mdersigned expert pane! members, have mdividually and collectively critically evalaated the

information summarized above

We conclude that Lactobaeillus cases, sSp. rhgmnosus stain GG (LGG) is 2 well characterized probiotic
bacterim that Ts a memmber of 2 genus with 2 long hlstory of safe ingestion by hurmms The
manufcturing controls in the productien of frecze-dried powder commning LGG cnsurs that it Js 2 food-
grade and geneticelty stabile product. Although LGG powder contains fruclose, the queantity provided is
well within the tolerance Frges of indjviduals with hereditary fructose intolerance. Extensive in vitro,
animal, and human research bas found no svidencs of pathagenicity, mucin degradation, 1oxic
metzbolic products, or fransfer of antibiotic resistance. Therefore, there i 2 Teasonable certainty of
no harm from the proposed addition of LGG powdar to mfant formula for use under the supervision of a

physicign.

Tt is also our opinion that other individuals quatified by smentific trainmg and experlence
reviewing the same publicly available information would reach the same conclusion. Therefore,
the powder contaimng Lactobacilluy eqsei, ssp. rhemnosus stam GG (LGG), manufactured by
Valio, Lid,, is generally recognized as safe (GRAS) by scientific proceduresfor use under the
supervision of a physician as a source of LGG in formula intended for term infants fom time of

birth.
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