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A1277 - 2'-FL from GM Escherichia coli K-12 (gene donor:
Helicobacter enhydrae) in infant formula products

Executive summary

FSANZ has assessed an application from Inbiose N.V. to amend the Australia New Zealand
Food Standards Code (the Code) to permit a new source organism for the production of 2'-
fucosyllactose (2'-FL), a human milk oligosaccharide. The applicant’s 2'-FL is produced by
microbial fermentation using a genetically modified (GM) strain of Escherichia coli (E. coli) K-
12.

The Code already permits 2'-FL from different source organisms for addition to infant formula
products. The maximum permitted level is 96 mg/100 kJ, equivalent to 2.4 g/L. FSANZ has
previously determined that there are no safety concerns associated with the addition of 2'-FL
to infant formula products at concentrations up to 2.4 g/L. The primary purpose of the present
assessment is therefore to assess the safety of 2'-FL produced by the new production strain.

The applicant’s 2'-FL is chemically and structurally identical to the naturally occurring
substance present in human milk. It is also chemically and structurally identical to 2'-FL
previously assessed and permitted by FSANZ, therefore does not raise any safety concerns.

The E. coli K-12 host organism has a long history of use for the production of recombinant
proteins and other products, and poses no risks to humans. No safety concerns arising from
the gene donors were identified. Characterisation of the GM production strain confirmed that
all introduced genes were both genetically stable and functional.

On the basis of the data provided, no potential safety concerns were identified in the
assessment of the 2'-FL production strain E. coli K-12. Based on previous FSANZ
assessments of 2'-FL and the toxicological assessment in the present application, it was
concluded that there are no public health and safety concerns associated with 2'-FL
produced from the new GM source organism that is the subject of this application.

The nutrition assessment concluded that, based on the available evidence, the addition of
2'-FL to infant formula products is unlikely to pose a risk to the normal growth of infants.

Based on these previous microbiological assessments, given the identical chemical structure
and that the applicant has not requested any change in the maximum permitted level of 2'-FL
added to infant formula products, the associated health benefits from the addition of 2'-FL to
infant formula products for infants remain the same: (1) an anti-pathogenic effect; (2)



immunomodulation and (3) development of the gut microbiome through supporting growth of
Bifidobacteria spp.

Overall the safety assessment concluded there are no public health and safety concerns
associated with the addition of 2-FL synthesised from a new source organism to infant
formula products at the proposed use levels.
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1 Introduction

FSANZ received an application from Inbiose N.V to amend the Australia New Zealand Food
Standards Code (the Code) to permit a new source organism for the production of
2'-fucosyllactose (2'-FL). The applicant’s 2'-FL is produced by microbial fermentation using a
genetically modified (GM) strain of Escherichia coli (E. coli) K-12.

Schedule 26 of the Code already permits 2'-FL from several source organisms for addition to
infant formula products (E. coli K-12 containing the gene for alpha-1,2-fucosyltransferase
from Helicobacter pylori; E. coli BL21 containing the gene for alpha-1,2-fucosyltransferase
from E. coli O126; E. coli K-12 containing the gene for alpha-1,2-fucosyltransferase from
Bacteroides vulgatus). The maximum permitted level of 2'-FL in infant formula products is 96
mg/100 kJ, equivalent to 2.4 g/L. The purpose of the present assessment is therefore to
assess the safety of 2'-FL produced by the new production strain.

2 Food technology assessment

The food technology assessment provides information on chemical identification,
physicochemical properties and specifications for the oligosaccharide proposed to be added
to infant formula products. The assessment primarily aimed to address whether the
microbiologically-synthesised 2'-FL proposed to be added to infant formula products is
identical to that present in human milk. The assessment also considered the manufacturing
process and the validity of analytical methods used to quantify and characterise 2'-FL during
production and as a component of infant formula products.

FSANZ has assessed a number of recent applications requesting permissions for Human
identical Milk Oligosaccharides (HiMO) in food. The information in this section has built on
the reports written for the assessment of those applications. 2'-FL has been assessed in
Applications A1155, A1190, A1233, A1251 and A1265 (FSANZ 2019b; FSANZ 2021; FSANZ
2022a; FSANZ 2022b; FSANZ 2023). Application A1155 assessed permitting both 2'-FL and
lacto-N-neotetraose (LNNT, a constitutional isomer of LNT) in infant formulas and other
products. Application A1265 assessed a blend of four HIMO products, being 2'-FL and
difucosyllactose (DFL) referred as 2'-FL/DFL; lacto-N-tetraose (LNT); 6'-sialyllactose sodium
salt (6'-SL) and 3'-siallyllactose sodium salt (3'-SL).

2.1 Chemical and physical properties

2'-FL is a component of the human milk oligosaccharide (HMO) fraction of human milk. The
applicant produces its 2'-FL via microbial fermentation using a GM strain of E. coli K-12,
which is detailed in section 3.1.

The chemical name and properties of 2'-FL that is requested to be permitted is provided in
Table 1 with information as provided in the application and claimed by the applicant to be
chemically and structurally identical to the 2'-FL of previously FSANZ approved and
permitted applications.

2'-FL is an oligosaccharide that contains the sugar fucose (a hexose deoxy sugar with the
chemical formula CsH1205) and so is called a ‘fucosylated’ HMO. 2'-FL is a trisaccharide
consisting of the monosaccharides L-fucose, D-galactose and D-glucose. It can also be
described as the monosaccharide L-fucose, and the disaccharide D-lactose, connected by
an alpha (1—2) glycosidic linkage (Figure 1).
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Figure 1 Molecular structure of 2'-FL.

2'-FL is a white to off-white homogeneous powder that is readily soluble in aqueous
solutions. It is poorly soluble in organic solvents.

Table 1 The nomenclature and chemical properties of 2'-FL.

2'-FL

Property

Common name 2'-fucosyllactose

a-L-fucopyranosyl-(1—2)-p-D-galactopyranosyl-(1—4)-D-

] .
IUBMB' Chemical name glucopyranose

2'-O-fucosyllactose

Alternative common 2'-O-L-fucosyl-D-lactose
names 2'-fucosyl-D-lactose
2'-FL

fucosyl-a-1,2-galactosyl-f3-1,4-glucose

Alternative namess? a-L-Fuc-(1-2)-B-D-Gal-(1—4)-D-Glc

IUPAC? abbreviation? Fuc-a-(1—2)-Gal-B-(1—4)-Glc
CAS? registry number 41263-94-9

Chemical formula Ci1sH32015

Molecular weight 488.44 g/mol

a Fuc = fucose or fucosylpyranose; Gal = galactose or galactosylpyranose; Glc = glucose or glucosylpyranose

" The International Union of Biochemistry and Molecular Biology
2 The International Union of Pure and Applied Chemistry
3 Chemical Abstract Service
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2.1.1 Chemical and structural equivalence of 2'-FL

The application included analytical data (Confidential Commercial Information) to support its
claim that 2'-FL produced using its microbial fermentation process is chemically and
structurally identical to the substance naturally present in human milk as the reference
standard. The analytical methods provided used one dimensional 'H and two dimensional
"H-3C HSQC (Heteronuclear Single Quantum Coherence) nuclear magnetic resonance
(NMR) spectroscopy. FSANZ assessed the information provided and agreed with the
applicant’s conclusions that the spectral analysis confirms that the microbially produced
substance has the same stereochemical configuration and three-dimensional structure as
those naturally occurring in human milk.

Analyses were also provided on the applicant’s 2'-FL compared to 2'-FL FSANZ had
assessed and approved from earlier applications as well as the current specification for 2'-FL
in S3—40 (specification for 2'-fucosyllactose sourced from E. coli K-12) within the Code.
FSANZ assessed these summary results as well as the analytical results of three non-
consequential batches of 2'-FL and agreed with the applicant’s claim that their substance is
chemically identical and at least as pure as such currently permitted forms and complies with
S3—40. FSANZ also checked the applicant’s analytical results compared to another
specification for 2'-FL sourced from another microorganism being S3—45 (specification for
2'-fucosyllactose sourced from E. coli BL21) and confirmed it also meets the purity criteria.

In summary, FSANZ agrees with the applicant that its 2'-FL is chemically and structurally
identical to 2'-FL already assessed and permitted by FSANZ from earlier applications.

2.1.2 Stability of 2'-FL under conditions of use

The applicant addressed the issue of stability of its 2'-FL by referring to stability results
provided by other applications (A1155 and A1190, FSANZ 2019 and FSANZ 2021
respectively). The justification for this approach is that the chemical and structural results
have confirmed that its product is identical to 2'-FL produced either chemically synthesised or
by microbial fermentation and to those already assessed and permitted by FSANZ from
earlier applications. FSANZ agrees with this conclusion as noted in the above section so this
approach is accepted.

As summarised within the SD1 for the 2nd Call for Submissions (CFS) for A1155 the
chemically synthesised 2'-FL powder by itself is stable for 60 months (5 years) when stored
at 25°C and 60% relative humidity and 24 months at accelerated conditions of 40°C at 80%
relative humidity (FSANZ 2019a).

Results provided also in A1155 indicated that the 2'-FL added to a powdered preparation to
model a commercial infant formula powder product stored in gassed (nitrogen/carbon
dioxide) cans stored at 4-37°C were stable up to 900 days.

FSANZ also assessed the stability of 2'-FL for another recent application, Application A1233
(FSANZ 2022a) which had very similar results.

The application also referred to various stability trials provided within various US Food and
Drug Administration (FDA) Generally Recognized as Safe (GRAS) documents, which

provided additional supporting evidence for the stability of 2'-FL. These are GRN 546 (FDA
2014), GRN 571 (FDA 2015), GRN 735 (FDA 2018a) and GRN 749 (FDA 2018b).

2.2 Manufacturing processes

The method of production for the applicant’s 2'-FL is the same as that of earlier applications



so it is not reported in detail in this report. The production process for both 2'-FL and LNnT is
summarised within SD1 of the 2nd CFS for A1155 (FSANZ 2019a).

2'-FL is produced by a microbial fermentation process using a modified strain of E. coli K-12.
The production process is conducted in two stages: upstream processing (USP) and
downstream processing (DSP). The USP can be considered the fermentation steps while the
DSP captures the purification, isolation and concentrations steps.

2.3 Specifications

As noted in Section 2.1.1, the applicant’s 2'-FL meets the requirements of the current
specification for 2'-FL sourced from E. coli K-12, i.e. S3—40. It also meets the purity
requirements for 2'-FL sourced from another microorganism, being S3—45.

2.3.1 Impurities

The levels of impurities of the applicant’s 2'-FL comply with the S3—40 specification and are
consistent with comparable approved 2'-FL.

The applicant’s own specification and analytical results provided in the application indicate
that its 2'-FL also meets the requirements of S3—4 related to contamination limits for lead,
arsenic, cadmium and mercury.

The application contained information relating to possible impurities in the final purified 2'-FL
including the residual starting materials, D-lactose and L-fucose as well as manufacturing by-
products such as difucosyllactose and 2'-fucosyl-D-lactulose. Again, these are consistent
with the current specification S3—40. Lactose, fucose and difucosyllactose are natural
components of human milk.

The production microorganism is removed during the processing and purifications steps
during production of 2'-FL. Qualitative polymerase chain reaction (PCR) methods were used
to confirm that no residual DNA from the production microorganism remains in the final
purified nutritive substance.

2.4 Analytical methods for detection

The applicant has in-house analytical methods for detecting and quantifying the presence of
its 2'-FL. The analytical method uses Ultra-High Performance Liquid Chromatography
coupled with Refractive Index detector (UHPLC-RI).

2.5 Food technology conclusion

FSANZ concludes from its assessment of the data provided in the application that the
applicant’s 2'-FL produced by a microbial fermentation method of production are chemically
and structurally identical to naturally occurring substances in human milk. It is also
chemically identical to 2'-FL already assessed and permitted by FSANZ.

The applicant’s 2'-FL meets the requirements of the current specification for 2'-FL sourced
from E. coli K-12, i.e. S3—40.

Stability studies of 2'-FL provided on identical products concluded that the nutritive substance
as a powder is stable for 60 months (5 years) when stored at 25°C and 60% relative humidity
and 24 months at accelerated conditions of 40°C at 80% relative humidity. When 2'-FL was
added to a powdered preparation to model a commercial infant formula powder product



stored in gassed (nitrogen/carbon dioxide) cans stored at 4-37°C it was stable up to 900
days.

3 Safety assessment

3.1 GM production strain assessment
3.1.1 Host organism

E. coli K-12 is one of the most common bacterial laboratory strains. It was isolated from a
patient stool sample in 1922 in California (Bachmann 1996). Comparative genome
sequencing and proteomic analysis of the K-12 strain and its derivatives, to the well-
characterised pathogenic strains, have identified differences in the K-12 cell wall structure
associated with a reduced ability to colonise the human intestinal tract, as well as the
absence of specific adhesive proteins and virulence factors associated with pathogenicity
(Bachmann 1996; EPA 1997; Sahl et al. 2013). These studies have also shown reduced
toxin production in K-12 strains and the absence of plasmids encoding antibiotic resistance.
Under the U.S. National Institutes of Health (NIH) Research Involving Recombinant or
Synthetic Nucleic Acid Molecules (NIH Guidelines, 2019), E. coli K-12 is classified as a Risk
Group 1 agent which is reserved for organisms that are not human or animal pathogens.

E. coli K-12 has a long history of use in the human biopharmaceutical industry, with ~30% of
currently approved recombinant therapeutic proteins in the United States (US) being
produced in E. coli K-12, including biosynthetic human insulin in 1983 (Huang et al. 2012;
Jozala et al. 2016), and the production of food enzymes which began in the 1980s (JECFA
1991).

E. coli K-12 is permitted as a source microorganism for the production of chymosin in the
Code and has been approved for use in the production of lacto-N-neotetraose (LNnT) and 2'-
FL. E. coli K-12 is considered a model organism and has been thoroughly characterised for
use in research and industry, it is therefore considered a safe organism.

The host strain is E. coli K-12 MG1655 (ATCC700926; CGSC7740: genotype Flambda ilvG
rfb-50 rph-1; serotype OR:H48:K-) was sequenced by Blattner et al. (1997) and published in
GenBank (U00096.3). This strain was derived from W1485, a descendent of the original K-12
isolate, and has been maintained as a laboratory strain with minimal genetic manipulation.
This strain has been used for the production of biopharmaceuticals and food additives.

3.1.2 Characterisation of the GM production organism

Development of the GM production strain

Several modifications were made to the E. coli K-12 host strain MG1655 to create the
production strain INB-2FL_03. Collectively, these changes direct the biosynthesis of 2'-FL by
the production strain.

A total of five genes were introduced into the host strain using standard molecular biology
techniques. Four genes were introduced into the genome. These encode:

lactose permease from E. colj;

sucrose permease from E. coli,

sucrose phosphorylase from Bifidobacterium adolescentis; and
fructokinase from Zymomonas mobilis.



Together, these four genes facilitate the uptake of sucrose and lactose, as well as the
conversion of sucrose into GDP-fucose. GDP-fucose is an important intermediate in the
synthesis of 2-FL. One additional gene encoding a-1,2-fucosyltransferase from Helicobacter
enhydrae was introduced using an expression plasmid. a-1,2-fucosyltransferase is
responsible for the synthesis of 2'-FL from GDP-fucose and lactose. Figure 2 provides an
overview of the functions of the introduced genes in the biosynthesis of 2"-FL.

LacY a-1,2-FT
- —am— 0-0 — - 9o
lactose GDP—A A
2'-FL
CscB BaSP ._ "
o0 —s=— 0
sucrose i.. — 6P — — — —» GDP—fi
multiple steps
galactose . glucose fructose A fucose

LacY: lactose permease  a-1,2-FT: a-1,2-fucosyltransferase

CscB: sucrose permease  BaSP: sucrose phosphorylase  Frk: fructokinase

Figure 2 The role of the five introduced genes in directing the biosynthesis of 2'-FL in the
production strain. LacY and CscB allow entry of sucrose and lactose into the cell; BaSP and
Frk facilitate the conversion of sucrose into GDP-fucose; and a-1,2-FT catalyses the
conversion of lactose and GDP-fucose into 2'-FL.

The genome- and plasmid-inserted genes were all chemically synthesised and codon-
optimised as required. This ensured that no genetic material, other than the desired genes,
could be introduced into the production strain.

In addition to the introduced genes, a total of sixteen genes were fully or partially removed
from the genome using standard molecular biology techniques. These deletions were made
to increase the efficiency of 2'-FL production by:

e preventing the breakdown of lactose;
e preventing the formation of undesired by-products; and
¢ increasing the amount of GDP-fucose in the cells.

Characterisation of introduced DNA

PCR, Sanger sequencing, and whole genome sequencing (WGS) were used to verify the
presence of the inserted DNA in the production strain. The sequencing data confirmed the
production strain contained the intended genomic insertions as well as the expression
plasmid. No antibiotic resistance markers are present in the final production strain.
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Genetic stability and inheritance of the introduced DNA

Data was provided showing the production of 2'-FL after multiple fermentation runs and from
growth studies performed in minimal media. These data showed that production of 2'-FL by
the production strain was stable over a period of 6 days, confirming the stability and
inheritance of the inserted DNA over this period.

3.1.3 Conclusion

E. coli K-12 has a long history of use for the production of recombinant proteins and other
products and poses no risks to humans. No safety concerns arising from the gene donors
were identified.

Characterisation of the GM production strain confirmed that all introduced genes were both
genetically stable and functional.

On the basis of the data provided, no potential safety concerns were identified in the
assessment of the 2'-FL production strain INB-2FL_03.

3.2 Toxicology assessment
3.2.1 Previous FSANZ safety assessments of 2'-FL

A range of toxicity and clinical studies on 2'-FL have previously been reviewed by FSANZ as
part of applications A1265, A1251, A1233, A1190, and A1155.

In summary, these assessments found 2'-FL to be structurally and chemically identical to the
form present naturally in human milk. As such, no differences in pharmacokinetics between
the naturally occurring and manufactured form of 2'-FL is expected. Data indicate that
intestinal absorption is limited, and a significant proportion of 2'-FL reaches the large
intestine where it is fermented by the microbiota or excreted unchanged in the faeces.
Toxicity studies indicated that 2'-FL is not mutagenic or genotoxic in vitro and does not
produce adverse effects in oral studies using neonatal animals. In human clinical studies,
consumption of infant formula containing 2'-FL was safe and well tolerated (FSANZ 2019b,
FSANZ 2020, FSANZ 2021, FSANZ 2022a, FSANZ 2022b, FSANZ 2023).

3.2.2 Newly available data

The applicant submitted a number of new toxicity and clinical studies; however some of
these were excluded from this assessment for the following reasons:
e study already evaluated in previous FSANZ safety assessments; and/or
e study population not relevant, and/or
e study experimental infant formula contained other substances in addition to 2'-FL,
compared to the control formula, and as such the safety outcomes related to the
experimental formula could not be attributed directly to 2'-FL.

For the present application, the following studies were evaluated:
¢ Two studies in neonatal rats and piglets, and
e Two human clinical studies of tolerance and gut microbiome.

No additional relevant toxicity or human clinical studies were identified in a search of the
published literature.

3.2.2.1 Toxicological studies with commercially available 2'-FL



Short-term toxicity studies conducted with 2"-FL

Effect of supplementation with select human milk oligosaccharides on artificially reared
newborn rats (Wang et al. 2022). Regulatory status: non-GLP; Canadian Council on Animal
Care guidelines. Ethical approval: University of Calgary Animal Care Committee.

Two commercially available human milk oligosaccharides (2'-FL and 3'-SL) were fed to rats,
using an artificial rearing system, from postnatal days 4 to 21. Basal rat milk substitute
served as the control diet. Fifty four male Sprague Dawley rats at 4 days of age were
randomly assigned to one of four rat milk substitute groups: control, 2'-FL (1.2 g/L), 3'-SL (1.2
g/L), or 2'-FL (0.6 g/L) +3'-SL (0.6 g/L) (n=13-14 per group). Groups received allocated test
item for 18 days; test items were prepared with the basal milk substitute.

Rat milk substitutes were prepared every three days. Rats were cannulated through the
lining of the cheek and the milk substitutes were delivered with the same flow and speed,
adjusted based on age and average body weight (intakes of 2'-FL and 3'-SL were not
calculated).

Pups were weighed twice daily, bowel movements and food intake behaviours were
monitored daily, through the 18 day artificial rearing. Three faecal samples for each pup were
collected by homogenising the faeces collected on days 5-7, 12-14, and 19-21, respectively.
At 18 days of age pups underwent an oral glucose tolerance test and at study termination, fat
mass and lean mass of pups were measured, along with the Lee obesity index. At necropsy,
blood, intestinal tissues and caecal digesta samples were collected, and the brain, liver and
caecum weighed. Total bacterial DNA was isolated from the faecal samples and purified
DNA and faecal microbiota were quantified.

A total of 39 out of 54 pups survived until weaning which did not differ according to treatment;
and there was no effect of either human milk oligosaccharide on mortality. There were no
significant differences in daily body weight gain, Lee index, blood glucose concentrations,
body composition (fat mass and lean mass), organ weights, and composition of faecal
microbiota, between treatment and control groups. The authors concluded that there were no
differences in growth performance, body composition, or organ weights in pups fed 2'-FL
and/or 3'-SL.

Evaluation of 2'-FL and Bifidobacterium longum subspecies infantis on growth, organ
weights, and intestinal development of piglets (Daniels et al. 2022). Regulatory status: non-
GLP; non-guideline. Ethical approval: University of lllinois Institutional Animal Care and Use
Committee

Milk replacer diets supplemented with 2'-FL and/or Bifidobacterium longum subspecies
infantis Bi-26 (Bi-26) were fed to piglets using a neonatal piglet rearing system, from
postnatal day 2 until postnatal day 34 or 35. Sixty-three male, naturally farrowed, piglets
were randomly assigned to a 2 x 2 factorial design to receive milk replacer (control) or milk
replacer with 1 g/L 2'-FL ad libitum (intakes of 2'-FL were not calculated). The 2'-FL supplied
was Care4U 2'-fucosyllactose. Piglets within each group were then further randomised to
receive either no probiotic (glycerol stock) or probiotic (Bi-26), once daily, orally (via syringe
during postnatal days 2-12 and via milk bowl during postnatal days 13-33/34) (resulting in
four treatment groups).

All piglets were monitored continuously for animal health and well-being, using in-cage

cameras. Once daily, individual piglets were weighed and food intake assessed. Twice daily,
individual piglets were assessed for health checks (faecal consistency, body condition, visual
inspection of feeding system, lethargy, evidence of vomiting). Ten piglets were removed from



the study due to a failure to thrive, unrelated to treatments.

At study termination (postnatal day 34 or 35), piglets were sacrificed and the brain and liver
were weighed, the intestines were cut into segments (duodenum, jejunum, ileum, ascending
colon, and rectum) for histomorphological analyses. Mucosal scrapings were taken from the
jejunum and ileum for measurement of disaccharidase activity. Luminal contents were
assessed for dry matter, DNA extraction and abundance of Bi-26.

Formula intake was well tolerated and did not differ between treatments. Total body weight
gain showed a trend towards greater gain (p = 0.075) in the control group versus the other
groups. There were no differences in the brain, liver or intestinal weights between all
treatment groups. Intestinal morphology did not differ between treatment groups, although
ileal crypt depth was increased (p = 0.040) in the 2'-FL group and decreased (p = 0.001) in
the Bi-26 group. There were no differences in lactase activity between all treatment groups;
however, sucrase activity was increased (p = 0.01) in the ileum in the 2'-FL groups. Luminal
contents were similar between all treatment groups with respect to dry matter and
quantification of Bi-26. The authors concluded that supplementation with 2'-FL and/or Bi-26
was well tolerated in piglets, with no adverse effects observed in the intestine, or on
intestinal, liver or brain growth.

3.2.2.2 Human studies with 2'-FL

For the present application, two new clinical studies were evaluated. The methodology used
in these studies is detailed in Attachment 1. Safety outcomes are reviewed below.

Effects of addition of 2-FL to infant formula on growth and specific pathways of utilisation by
Bifidobacterium in healthy term infants (Wallingford et al. 2022)

Healthy term infants <28 days of age were recruited and randomised to a control group or
test group. A group of exclusively fed breastfed infants of the same age was also enrolled as
a reference group. The test formula was identical to the control formula except for the
addition of 2'-FL at 1 g/L. Infant formula was given from enrolment for 16 weeks. The two
formulas (control and test) and the human milk (breastfed) were fed to infants ad libitum, as
their sole source of nutrition.

There were no significant differences in the occurrence of adverse events in the test group
compared to the control group; however there was a slightly greater incidence of
gastrointestinal disorders in the two formula groups compared to the reference breastfed
group. The predominant adverse events in the three dietary groups were gastrointestinal
disorders (22.6%), infections and infestations (19.9%), and skin and subcutaneous tissue
disorders (13.1%). The authors concluded that the addition of 2'-FL to infant formula had no
effect on the incidence of adverse events in infants.

Safety and efficacy of a probiotic-containing infant formula supplemented with 2"-FL: a
double-blind randomised controlled trial (Alliet et al. 2022)

Healthy term infants < 14 days of age were recruited and randomised to a control group or
test group. A group of exclusively fed breastfed infants of the same age was also enrolled as
a reference group. The test formula was identical to the control formula except for the
addition of 2'-FL at 1 g/L. Infant formula was given from enrolment until 6 months of age. The
two formulas (control and test) and the human milk (breastfed) were fed to infants ad libitum,
as their sole source of nutrition, up to at least 4 months of age.

Stool frequency and consistency were comparable between test and control groups. There
were no differences between the three groups for difficulty in passing stools. Gastrointestinal



symptoms/behaviours were comparable between all groups. Reported adverse events were
similar between all groups, however only four (2.8%) adverse events (no detail provided)
were physician-confirmed to be study-product related, with these all occurring in the test
group. The authors concluded that the 2'-FL-supplemented formula was well tolerated and
safe.

3.2.3 Safety assessments by other agencies

As noted in previous assessments, the European Food Safety Authority (EFSA) has
assessed 2'-FL as a novel food ingredient and issued scientific opinions on the safety of a
mixture of 2'-FL/DFL. Uses evaluated included addition to infant formula, follow-on formula,
and in food supplements for infants (EFSA 2015, EFSA 2019; EFSA 2022). EFSA concluded
that 2'-FL is safe for use alone or in combination with DFL, under the proposed conditions of
use.

The US Food and Drug Administration (FDA) has responded that it has ‘no questions’ to self-
assessments that 2'-FL and a 2'-FL/DFL mixture are Generally Recognized as Safe (GRAS)
(FDA 2018a, FDA, 2020).

3.2.4 Summary of the toxicology assessment

Based on previous FSANZ applications of 2'-FL and the toxicological assessment in the
present application, it was concluded that there are no public health and safety concerns
associated with 2'-FL produced from the new genetically modified source organism that is the
subject of this application.

3.3 Microbiology assessment

FSANZ has undertaken microbiological risk and health benefit assessment on a number of
previous applications in regards to production and addition of 2'-FL to infant formula
products: A1155, A1190, A1233, A1251 and A1265 (FSANZ 2019b; FSANZ 2021; FSANZ
2022a; FSANZ 2022b; FSANZ 2023).

Based on these previous microbiological assessments, given the identical chemical structure
and that the applicant has not requested any change in the maximum permitted level of 2'-FL
added to infant formula products, FSANZ has concluded that there are no public health and
safety concerns. The associated health benefits from the addition of 2'-FL to infant formula
products for infants remain the same: (1) an anti-pathogenic effect; (2) immunomodulation
and (3) development of the gut microbiome through supporting growth of Bifidobacteria spp.

3.4 Nutrition assessment
3.4.1 Approach for the nutrition assessment

The objective of the nutrition assessment is to determine the effect (if any) of the addition of
2'-FL to infant formula products on infant growth. Schedule 26 of the Code permits 2'-FL
produced by several source organisms (as described in Section 1 above) for addition to
infant formula products at a maximum permitted level of 96 mg/100 kJ, equivalent to 2.4 g/L.
The applicant has requested the use of a genetically modified (GM) strain of E. coli K-12 for
the production of 2'-FL but has not requested a change to the maximum permitted level.

The effect of addition of 2'-FL to infant formula products on growth has been assessed in
applications A1155, A1190, A1233, A1251 and A1265 (FSANZ 2019b; FSANZ 2020; FSANZ
2021; FSANZ 2022a; FSANZ 2022b; FSANZ 2023). The studies assessed for these



applications used several infant growth endpoints including mean length, weight and head
circumference, body weight, mean weight gain per day, fat mass index, weight velocity, and
height and weight z-scores. The present nutrition assessment evaluated the effect of 2'-FL in
infant formula products on infant growth, and considered the effect on weight gain (g/day)
which has an associated clinically relevant threshold for determining effects on infant growth.
A difference of more than 3 g/day in weight gain over a three to four month period, between
birth and four months of age is considered clinically relevant (American Academy of
Pediatrics 1988). The nutrition assessment also considered weight-for-age z-scores across
the intervention period, where this data was available. The World Health Organization (WHO)
Child Growth Standards outline z-scores from birth to five years of age for both sexes,
against which weight-for-age data can be evaluated (WHO 2008).

The applicant provided ten human clinical studies, two of which were relevant to the nutrition
assessment (Alliet et al. 2022; Wallingford et al. 2022). FSANZ also undertook a literature
search in Pubmed on 2 June 2023 to identify any additional relevant studies using the search
terms “2'FL or 2'-FL or 2'-fucosyllactose or 2'fucosyllactose” and “milk or breast or formula”
and “anthropometric or weight or growth or development” and “child or infant for baby or
maternal”’. No additional relevant studies were identified.

Information regarding the selection of included studies is provided in Section 2.2.2. A
summary of study parameters for the included studies is in Table A-1.

3.4.2 Previous FSANZ assessments of 2'-FL

FSANZ has previously assessed the effect of the addition of 2'-FL to infant formula products
in five applications: A1155: 2-FL and LNnT in infant formula and other products; A1190:
2"-FL in infant formula and other products; A1233: 2'-FL from new GM source for infant
formula; A1251: 2'-FL combined with galacto-oligosaccharides and/or inulin-type fructans in
infant formula products and A1265: 2"-FL/DFL, LNT, 6'-SL sodium salt and 3"-SL sodium salt
for use as nutritive substances in infant formula products (FSANZ 2019b; FSANZ 2020;
FSANZ 2021; FSANZ 2022a; FSANZ 2022b, FSANZ 2023).

The assessment and review of A1155 FSANZ considered three infant cohort studies
(Sprenger et al. 2017; Larsson et al. 2019; Lagstrom et al. 2020) and five clinical trials in
infants (Marriage et al. 2015; Kajzer et al. 2016; Puccio et al. 2017; Storm et al. 2019;
Roman et al. 2020). These studies measured several infant growth endpoints, including
mean length, weight and head circumference, mean weight gain per day, fat mass index,
weight velocity, and height and weight z-scores. Based on the available evidence it was
concluded that the addition of 2'-FL and lacto-N-neotetraose (LNnT) to infant formula
products at levels normally found in human milk should not affect growth.

In A1190, FSANZ assessed four publications that studied the effect of infant formula
products containing 2'-FL on infant growth (Reverri et al. 2018; Berger et al. 2020; Leung et
al. 2020; Ramirez-Farias et al. 2021). These studies used several infant growth endpoints,
including body weight and weight-for-age z-scores. Following consideration of the additional
evidence, FSANZ maintained the conclusion that, compared to control formula, no difference
in growth was observed in infants fed formula with added 2'-FL. In A1233, FSANZ noted no
new information was available that indicated a need to change the conclusions of A1155 and
A1190.

In A1251, FSANZ considered one new clinical study in infants (Vandenplas et al. 2020)
which investigated equivalence in mean weight gain per day in formula containing 2'-FL,
short-chain galacto-oligosaccharides (scGOS) and long-chain fructo-oligosaccharides
(IcFOS) compared to control formula. The assessment concluded that, based on available
evidence, no difference in growth is likely to occur in infants fed infant formula products that



contain 2'-FL, scGOS and/or IcFOS at the permitted levels.

In A1265, FSANZ considered three clinical studies in infants (Parschet et al. 2021; Cohen
2022; Lasekan et al. 2022) that studied difference in mean weight gain per day as the
primary outcome for experimental formulas that contained 2'-FL and other HiIMOs including a
mixture of 2'-FL and difucosyllactose (DFL), LNnT, 6'-sialyllactose (6'-SL) sodium salt and
3'-sialyllactose (3'-SL) sodium salt. The assessment concluded that infants achieve normal
growth when fed infant formula products containing HiMOs at levels that are normally
present in human milk.

3.4.3 New studies on the effect of 2’-FL on infant growth

Alliet et al. (2022) assessed the growth, gastrointestinal tolerance, and gut microbiome
outcomes of infants fed an experimental formula containing 2'-FL in a double-blinded,
randomised controlled study of 289 infants, in five study centres in Belgium and two study
centres in Italy. Healthy infants (37-42 weeks gestation, birth weight 2500-4500 g) aged up to
14 days old were randomly assigned to experimental or control groups, with stratification by
study centre, sex, and mode of delivery. Of 144 infants in the experimental group, 47.9%
were male, 97.9% were Caucasian (remaining 2.1% not specified), and the average age at
enrolment was 6.8 days. Of 145 infants in the control group, 46.9% were male, 95.2% were
Caucasian (remaining 4.8% not specified), and the average age at enrolment was 6.7 days.
A non-randomised breastfed reference group was also included, although study authors
noted this was to provide a comparison for the study’s investigation of gut microbiome and
intestinal maturation outcomes.

The duration of the intervention was approximately 180 days, and both infant formula groups
were required to exclusively consume study formulas until four months of age. The
experimental group received a standard bovine milk based formula supplemented with 1.0
g/L 2'-FL and containing L. reuteri, a common probiotic used in infant formula. The control
group received the standard bovine milk based formula containing L. reuteri but not
supplemented with 2'-FL. The study pre-specified a non-inferiority margin of - 3 g/day for
comparing mean weight gain per day between the experimental, control and breastfed
reference groups.

Mean daily body weight gain (g/day) between recruitment and four months of age was the
primary endpoint. The differences in weight gain was analysed using analysis of covariance,
adjusted for baseline weight, sex, mode of delivery (vaginal, Caesarean), and study centre.
The least square mean weight gain per day in the intention-to-treat populations for the
experimental and control groups was 29.15 (standard deviation (SD): 7.8) g/day and 28.89
(SD: 8.5) g/day respectively. The per-protocol analysis reported least squares mean weight
gain per day for the experimental and control groups was 29.13 (SD: 7.0) g/day and 28.81
(SD: 7.3) g/day, respectively.

The difference in mean weight gain per day between the experimental and control groups for
intention-to-treat population was 0.26 g/day (95% CI: [-1.26, 1.79], p= 0.736), and for the
per-protocol analysis was 0.32 g/day (95% ClI: [-1.33,1.96], p= 0.704). The difference in
mean weight gain per day between the experimental and control groups, as well as the upper
and lower bounds of the 95% confidence intervals for those means, in both the
intention-to-treat population and the per-protocol analysis, was smaller than the non-
inferiority margin of - 3 g/day. The mean weight gain per day for the breastfed reference
group was not reported.

Weight-for-age z-scores for all groups were calculated at baseline, 1, 2, 3, 4 and 6 months of
age, and were within one standard deviation of the mean between groups. The normal range
is defined as up to two standard deviations below the median and up to one standard



deviation above the median (WHO 2008). Study authors stated that no statistical differences
between experimental, control and breastfed reference group z-scores were observed,
however data was not provided. Data for weight-for-age z-scores were extracted using

WebPIlotDigitizer Version 4.6 (Rohatgi 2022; Table 2).

Table 2. Z-scores for weight-for-age at baseline (€14 days), 1, 2, 3, 4 and 6 months of age
in intention-to-treat experimental and control populations, and breastfed reference groups

(Alliet et al. 2022)

Experimental

Z-score (mean (SD))

Z-score (mean (SD))

Z-score (mean (SD))

Baseline -0.29 (0.89) -0.19 (0.82) -0.09 (0.84)
(s14 days)

1 month -0.20 (0.75) -0.10 (0.78) -0.09 (0.90)
2 months -0.10 (0.81) -0.10 (0.75) -0.29 (1.03)
3 months -0.10 (0.88) -0.10 (0.80) -0.30 (1.01)
4 months 0.00 (0.99) 0.00 (0.83) -0.18 (1.18)
6 months 0.11 (0.94) 0.11 (0.77) -0.10 (1.23)

A limitation of the study was that it was powered to detect a non-inferiority margin of up to
- 3 g/day in mean daily weight gain, whereas the clinically relevant threshold is a difference
of £ 3 g/day (American Academy of Pediatrics 1988).

Wallingford et al. (2022) investigated the effect of 2'-FL on infant growth and microbiota
outcomes, comparing an experimental group fed a commercial infant formula supplemented
with 1.0g/L 2'-FL with a control group fed the commercial formula without 2'-FL, in eight study
centres in the United States (US) and one study centre in Honduras. A breastfed reference
group was also included. Healthy infants (37-42 weeks gestation, with Appearance, Pulse,
Grimace, Activity and Respiration (APGAR) scores of 7 or greater at birth) were randomly
assigned to experimental and control groups. Of 66 infants in the experimental group, 48%
were male, the average age at enrolment was 14.1 days, 80% of infants were white and 11%
were Black or African American. Of the 66 infants in the control group, 42% were male, 74%
were white and 14% were Black or African American and the average age at enrolment was
14.3 days.

The duration of the intervention was approximately 16 weeks, and the experimental and
control formulas were required to be the sole source of nutrition from enrolment for the
duration of the study. The study pre-specified a non-inferiority margin of - 3 g/day for
comparing mean weight gain per day between the experimental, control and breastfed
reference groups.

The primary growth endpoint was weight gain per day from baseline to the conclusion of the
study. The study reported least squares mean weight gain in the per-protocol population of
30.6 g/day (standard error (SE): 1.0 g/day; 95% CI: [28.6, 32.6]) for the experimental group,
30.3 g/day (SE: 1.2 g/day; 95% CI: [27.9, 32.7]) for the control group, and 28.6 g/day (SE:
0.9 g/day; 95% CI: [27.0, 30.2]) for the breastfed reference group. The least square mean
difference in weight gain for the per-protocol analysis was 0.3 g/day (95% CI: [-2.8, 3.4])
between the experimental and control groups, and 2.0 g/day (95% CI: [-0.6, 4.6]) between



the experimental and breastfed reference groups. For the intention-to-treat population,
authors noted that the lower bounds of the 95% confidence intervals for the least squares
mean difference in weight gain between experimental and control group was -2.3 g/day, and
between experimental and breastfed group was - 1.4 g/day. The lower bounds of all 95%
confidence intervals for difference in least squares mean weight gain per day in both the
intention-to-treat and the per-protocol analysis, between the experimental and control groups
and between experimental and breastfed reference groups, were smaller than the
non-inferiority margin of - 3 g/day.

A limitation of the study was that it was powered to detect a non-inferiority margin of

- 3 g/day, and not the clinically relevant difference + 3 g/day (American Academy of
Pediatrics 1988). The upper bounds of the 95% confidence intervals for the intention-to-treat
population were also not reported and therefore no conclusions could be drawn on whether
these were within the clinically relevant threshold of no more than 3 g/day difference. Another
limitation was that randomisation to experimental and control formula groups was not
stratified by demographics such as sex, ethnicity, study centre or mode of delivery. Authors
reported that mean weight gain per day in the formula-fed groups at the Honduras study
centre was slightly more than those for US-based study centres. While specific data for this
difference was not presented, authors reported the difference to be smaller than the non-
inferiority margin of - 3 g/day, and smaller than the difference between the breastfed
reference groups in Honduras compared to the US.

3.4.4 Key findings of the nutrition assessment

FSANZ has previously assessed the effect of the addition of 2'-FL to infant formula products
in five applications: A1155, A1190, A1233, A1251, and A1265. These applications
collectively assessed sixteen studies which investigated infant growth using various
endpoints including body weight, mean weight gain per day, anthropometric z-scores, fat
mass index, and weight velocity. These assessments concluded that the addition of 2'-FL to
infant formula products does not pose a risk to normal growth of infants at levels typically
found in human milk.

Schedule 26 of the Code currently permits the addition of 2'-FL produced by different source
organisms to infant formula products at a maximum permitted level of 96 mg/100 kJ,
equivalent to 2.4 g/L. The applicant did not request changes to the maximum permitted level.

The present nutrition assessment considered two infant clinical trials that were published
since the previous FSANZ assessments (Alliet et al. 2022; Wallingford et al. 2022). Both
studies investigated the effects of infant formula products supplemented with 1.0 g/L 2'-FL on
infant mean weight gain per day, and reported the difference in mean weight gain per day
between the experimental and control groups was less than the clinically relevant threshold
of £ 3 g/day. However some limitations were noted in the design of the studies.

Based on the available evidence, no difference in growth is likely to occur in infants fed
formula containing 2'-FL at currently permitted levels, compared with infants fed formula that
does not contain 2'-FL. Considering the newly available evidence for this assessment in
addition to the body of evidence considered in previous FSANZ assessments of 2'-FL
(FSANZ 2019b; FSANZ 2020; FSANZ 2021, FSANZ 2022a; FSANZ 2022b; FSANZ 2023),
the nutrition assessment concludes that the addition of 2'-FL to infant formula products is
unlikely to pose a risk to the normal growth of infants.

4 Conclusions

Schedule 26 of the Code currently permits the addition of 2'-FL from different source



organisms to infant formula products. The maximum permitted level is 96 mg/100 kJ,
equivalent to 2.4 g/L. The purpose of the present assessment is therefore to assess the
safety of 2'-FL produced by the new production strain. The applicant’s 2'-FL is chemically
and structurally identical to the naturally occurring substance in human milk.

The E. coli K-12 host organism has a long history of use for the production of recombinant
proteins and poses no risks to humans. Characterisation of the GM production strain
confirmed that all introduced genes were genetically stable and functional.

FSANZ has previously determined that there are no safety concerns associated with the
addition of 2'-FL to infant formula products at concentrations up to 2.4 g/L. Newly available
information did not indicate a reason to change this conclusion. No microbiological safety
concerns were identified.

Intestinal absorption of human milk oligosaccharides (HMOs) is limited and a significant
proportion reach the large intestine where they are fermented by the microbiota or excreted
unchanged in the faeces. As the applicant’s 2'-FL is identical to naturally occurring HMOs it is
not anticipated that there will be any significant differences in pharmacokinetics between
naturally occurring and manufactured forms of these substances. The nutrition assessment
concluded that the addition of 2'-FL to infant formula products is unlikely to pose a risk to the
normal growth of infants.

Based on the available toxicological and nutritional data, there are no public health and
safety concerns associated with the addition of 2'-FL (from the new source organism) to
infant formula products at the proposed use levels.
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Attachment 1

Table A-1 Summa
Study design

of human clinical trials

Infant formula

Study population

Outcomes investigated

Alliet et al. (2022)

composition

and allocation

Double-blind
randomised
controlled trial.

Breastfed
reference group
was not
randomised.

Computer
generated
randomisation,
stratified by
centre, sex, and
mode of delivery.

Conducted across
7 study sites; 5 in
Belgium, 2 in Italy.

Experimental group:
control formula
supplemented with
1g/L 2'-FL.

Control group:
standard cow-milk
based whey-dominant
formula, containing L.
reuteri. DSM 17938 at
1 x 10" CFU/g.

Source of 2'-FL: not
provided.

Healthy term infants
(37-42 weeks of
gestation) < 14 days of
age, birth weight 2,500-
4,500g.

Fed control or
experimental formulas
from enrolment for
approximately 180
days; sole source of
nutrition until at least 4
months of age.
Progressive
introduction of
complementary foods
or liquids permitted
after 4 months of age.

Enrolled: 349
Control: 145
Experimental: 144
Breastfed reference
group: 60

Completed: 224
Control: 89

Experimental: 100
Breastfed reference
group: 35

Growth:

Primary outcome: weight gain per day for
formula-fed infants, between
baseline/commencement of feeding, and four
months of age.

Secondary outcomes: length, head
circumference, z-scores for weight, head
circumference and length,.

Safety/tolerance:

Records of adverse events collected by
parents and/or confirmed by physicians. For
example, spitting-up/vomiting, flatulence,
crying, fussiness, sleep duration.

Other:

Stool samples collected at baseline, and 1,
2, and 3 months, for fecal microbiota,
metabolism and DNA analysis.

The study was registered at clinicaltrials.gov
(# NCT03090360).

Primary analysis: analysis of covariance.
Analysis of intention-to-treat and per-
protocol population groups conducted.

Approximately 36% of enrolled infants
dropped out of the study: 30% from
experimental group, 39% from control group,
and 41% from breastfed reference group.

Of total drop-outs, about half (18% of the
enrolled infants) were due to parents
withdrawing consent without explanation.

Conflict of interest: study was funded by
Nestle Nutrition, Societe des Produits Nestle
S.A., and four authors are current
employees of the study sponsor. One other
author is employed by NIZO Food Research
BV.
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Study design

Infant formula

Study population

Outcomes investigated

composition

Wallingford et al. (2022)

and allocation

Double-blind
randomised
controlled trial
(test and control
formula groups
were randomised
and reference
group was non-
randomised).

Computer
generated
randomisation.

Slight excess of
female infants in
each group.

Conducted over 9
study sites; 8 in
United States, 1 in
Honduras.

Experimental group:
control formula
supplemented with
1g/L 2'-FL.

Control group:

A commercial whey-
dominant cow’s milk-
based infant formula.

Source of 2'-FL:
Jennewein (now
owned by CHR
Hansen).

Healthy term infants
(37-42 weeks of
gestation; birth weight
between 5" and 95
percentiles and APGAR
scores of >7); <28
days of age.

Fed experimental or
control formulas from
enrolment for 16 weeks
as a sole source of
nutrition.

Enrolled: 221

Control: 66 (F:M ratio:
38:28)

Experimental: 66 (F:M
ratio: 34:32)
Breastfed reference
group: 89 (F:M ratio:
47:42)

Completed: 176
Control: 41

Experimental: 56
Breastfed reference
group: 79

Growth:

Primary outcome: weight gain, measured as
total grams gained over the 16 week feeding
period.

Secondary outcomes: length gain, head
circumference.

Safety/tolerance:

Occurrence of adverse events (defined as
any medical event whether or not it was
considered product related), feeding
compliance determined from caregiver

diaries and scheduled in-person/phone visits.

Other:

Stool samples collected by caregivers for
faecal microbiome analysis, including
expression of microbial genes that
metabolise 2'-FL.

The study was performed in compliance with
applicable US FDA regulations, the
Declaration of Helsinki, ICH Good Clinical
Practice Guidelines.

Primary analysis: analysis of covariance.
Analysis of intention-to-treat and per-
protocol population groups conducted.

The primary reasons for dropping out of the
study were:

Request from caregiver: experimental
(44%); control (60%)

Subjects lost to follow up experimental
(20%); control (28%)

Adverse events (experimental (20%); control
(16%)) (vomiting, abdominal pain,
gastroesophageal reflux, constipation,
spitting up).

2'-FL level in experimental formula was
based on a mean value for human milk
(authors acknowledge that the level might
have been too low to generate any
differences).

Reported adverse events were not
correlated to 2'-FL.

Conflict of interest: study was funded by
Perrigo Nutritionals and one author is an
employee of Perrigo Nutritionals. In addition,
another author is an employee of
Nutrispectives LLC.
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