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From: Gavin P Thompson

To: Hice, Stephanie

Cc: Julia Parkot; Anne Oehne (Anne.Oehme@jennewein-biotech.de); Stephen ORourke; Cassie Huang
Subject: RE: GRN 000929 - Questions for Notifier - Responses

Date: Monday, October 19, 2020 5:46:32 PM

Attachments: GRN000929-Response_to_Questions-2020-10-19.pdf

Dear Dr. Hice,

On behalf of the notifier, Jennewein Biotechnologie, GmbH, we herein provide substantive
responses regarding the GRN review team’s questions and requests concerning GRN
000929.

If you have any difficulty accessing the response document (attached to this email), please
let know and we will make a secure Internet access point where the document can be
downloaded.

We trust that this information fully addresses the questions and requests; however, if you
have additional questions, comments, or requests at any time during your review of GRN
000929, please contact us so that we may provide clarification or other response in a timely
manner.

Regards,
Gavin

Gavin P Thompson, PhD
Principal Consultant

Product Safety & Stewardship
Ramboll Environment & Health
+1 (703) 589 8023 mobile

gthompson@ramboll.com

2111 East Highland Avenue, Suite 402
Phoenix, AZ 85016 USA
Profile: https://ramboll.com/contact/environ/gthompson

From: Gavin P Thompson

Sent: October 17, 2020 6:50 PM

To: Hice, Stephanie <Stephanie.Hice@fda.hhs.gov>
Subject: RE: GRN 000929 - Questions for Notifier

Dear Dr. Hice,

Please be advised that on behalf of the notifier, we will be submitting a letter of
responses to your requests and questions via email on Monday afternoon,
October 19, 2020.

Regards,
Gavin

Gavin P Thompson, PhD
Principal Consultant

Product Safety & Stewardship
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Ramboll Environment & Health
+1 (703) 589 8023 mobile

gthompson@ramboll.com

2111 East Highland Avenue, Suite 402
Phoenix, AZ 85016 USA

Profile: https://ramboll.com/contact/environ/gthompson

From: Hice, Stephanie <Stephanie.Hice@fda.hhs.gov>
Sent: October 6, 2020 7:44 AM

To: Gavin P Thompson <GThompson@ramboll.com>
Subject: GRN 000929 - Questions for Notifier

Dear Dr. Thompson,

During our review of GRAS Notice No. 000929, we noted further questions that need to be addressed and are

attached to this email.

We respectfully request a response within 10 business days. If you are unable to
complete the response within that time frame, please contact me to discuss further options. Please
do not include any confidential information in your responses.

If you have questions or need further clarification, please feel free to contact me. Thank you in advance for your

attention to our comments.

Sincerely,
Stephanie Hice

Stephanie Hice, PhD

Staff Fellow (Biologist)

Division of Food Ingredients

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

U.S. Food and Drug Administration
stephanie.hice@fda.hhs.gov
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October 6, 2020

Dear Dr. Thompson,

After reviewing Jennewein Biotechnologie GmbH (Jennewein)’s GRAS Notice, GRN 000929
for the intended use of 2’-fucosyllactose (2’-FL), below we noted further questions and
comments that need to be addressed, as well as our recommendation that we strongly
suggest you consider. We respectfully request a response within 10 business days. If you are
unable to complete the response within that time frame, please contact me to discuss further
options. Please do not include any confidential information in your responses.

Outstanding Comment:

We have reviewed the scope of GRN 000929, and do not believe that the narrative
provided sufficient publicly available safety data and information that could support the
intended use of 2’-FL in exempt infant formula for pre-term infants. As such, our
questions regarding the intended use for pre-term infants would warrant an extensive
discussion on the notifier’s part, beyond the scope of what is typically provided in
amendments. We note that we specifically advised the notifier at the December 7, 2015
GRAS pre-submission meeting that a robust discussion of the relevant developmental
vulnerabilities of pre-term infants is needed to justify the use of 2’-FL. Thus, we suggest
that the notifier remove the intended use of 2’-FL in exempt infant formula for pre-term
infants to ensure the successful completion of this review in a timely manner. Should
the notifier have any questions, they are welcome to request a teleconference to discuss
this further. A separate list of outstanding questions will be provided to the notifier
regarding the intended use of 2’-FL in exempt infant formula for pre-term infants.

We note that the remaining Regulatory, Chemistry, Microbiology and Toxicology
questions below apply should the notifier agree to remove the intended use of 2’-FL in
exempt infant formula for pre-term infants.

Regulatory:

1.

Hypoallergenic exempt infant formulas can include those that are amino acid-based or
extensively hydrolyzed protein-based. For the administrative record, please state
whether use of 2’-FL as an ingredient in hypoallergenic exempt infant formulas includes
amino acid-based or extensively hydrolyzed protein-based infant formula.

The notice does not mention the type of formula the notifier intends to add the 2’-FL to.
Please state the intended source of the protein base (e.g., cow milk) of infant formula.

Please state whether the intended use of 2’-FL includes use in human milk fortifiers
(HMF). If the notifier plans to use 2’-FL in HMF, the estimated daily intake (EDI)
should consider the 2’-FL content of HMF in addition to 2’-FL in maternal or donor
human milk.



4. Please note that, while the United States does not have a definition for “toddler
formula”, the Agency recognizes it as formula intended for infants 12+ months of age.
However, if it is intended for infants under 12 months of age (for example, 9-18 months)
then these products must follow the infant formula regulations as the intended
population includes infants less than 12 months of age. If the notifier’s use of the term
“toddler formula” applies to infant formula for older infants (e.g., 9-12 months), we
would request clarification of this use for the administrative record.

5. For the administrative record, please state whether the entirety of GRN 000571 and its
supplement are incorporated by reference.

6. On page 9 of the notice and page 4 of Appendix A, the notifier refers to 2’-FL as a
“nutrient”. Because this ingredient is intended for use in infant formula, the definition
of a “nutrient” is defined in 21 CFR Part 106.3. In our view, 2’-FL does not meet the
definition of a “nutrient” as defined in 21 CFR Part 106.3. For the administrative record,
please make a statement that corrects this reference.

7. In section 2.9 of the notice, the notifier includes discussion on “beneficial bacteria”
(page 9). We note that the Agency’s evaluation of GRAS notices focuses exclusively on
the safety of the ingredient in food and not about purported beneficial effects of the
substance. For the administrative record, the notifier should clarify that their GRAS
conclusion is based strictly on data and information pertaining to safety, without
regards to any potential beneficial effects of 2’-FL.

8. The notifier states that the intended use of 2’-FL is GRAS based on scientific procedures
(21 CFR 170.30(b)); however, the notifier also includes a discussion in Part 5,
Experience Based on Common Use in Foods (pages 13-16). Please note that the
information provided in Part 5 does not meet the regulatory definition of “Common Use
in Foods” as defined by 21 CFR Part 170.245. We note that the provided discussion
should be incorporated into Part 6, Narrative, as defined by 21 CFR Part 170.250. For
the administrative record, please make a statement that corrects this reference.

9. On page 19 of the notice, the notifier references Appendix X, however, Appendix X was not
included in the notice. For the administrative record, please clarify this discrepancy.

10. In Appendix A, the notifier states that the Expert Panel, “... independently and collectively,
critically evaluated the available information presented in the documents prepared and
presented by Ramboll and other materials deemed appropriate and necessary for this
review” (page 1). For the administrative record, please clarify if the Expert Panel reviewed
materials not included in GRN 000929.

Chemistry:

11. The notifier incorporates information and data from GRN 000571 and its supplement by
reference, including the results of batch analyses. For the administrative record, please
provide the results from a minimum of three (preferably five) current non-consecutive
batch analyses to demonstrate that 2’-FL meets the established specifications (see also
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12

13.

14.

15.

point 12 below). In addition, please confirm that all analytical methods used to test for
each specification parameter are validated for that purpose.

. The notifier states that 2’-FL is manufactured using the same process as described in

GRN 000571 and its supplement. In GRN 000571 (Appendix J), the notifier lists cobalt
(IT) chloride hexahydrate as a component of the fermentation medium used in the
manufacture of 2’-FL. Per 21 CFR 189.120, food containing added cobaltous salts,
including cobalt (II) chloride, is deemed adulterated. Please discuss the potential
presence of cobalt in the final product and provide analytical data from three (preferably
five) non-consecutive batches to demonstrate that cobalt is not present in the final
product.

In addition to the estimates of dietary exposure to 2’-FL from hypoallergenic infant and
toddler formulas, we request that the notifier address cumulative dietary exposure to 2'-
FL that also includes 2’-FL from infant and toddler foods.

As currently written, Section 2.3 of the notice (page 5) includes reference to previous
notices and a statement that “... a summary of the manufacturing process of Jennewein
2’-FL using E.coli BL21 (DE3) strains as a processing aid is included below”. The actual
method of fermentation and subsequent purification is not described. This information
is relevant for the population of milk-allergic infants. Provide a summary of the
manufacturing process that includes relevant purification steps to ensure specifications
can be met.

Given the subpopulation of milk-allergic infants that would consume the amino-acid
based or extensively-hydrolyzed formulas listed in the description of intended use of 2’-
FL, we request that the notifier address the potential source of milk protein and removal
of these components by the method of purification of 2’-FL. Specifically, we request that
the notifier:

a. Describe food grade media components, identifying potential sources of milk
protein or other allergenic proteins.

b. Provide statements regarding regulatory status of food contact materials (i.e.,
filtration materials, cation and anion exchange chromatography, simulated
moving bed chromatography, electrodialysis (page 24 of GRN 000571)) used in
the method of manufacture, including citations to a relevant regulation and/or
effective food contact notification for those uses.

c. Provide a brief discussion of the steps incorporated during purification to ensure
removal of milk protein. We note the protein specification (<100 pg/g) is higher
than limits of detection in the other assays described in Section 2.8 of GRN
000929 (pages 8-9).



Microbiology:

16.

17.

18.

19.

20.

21.

22,

The notifier states that the production strain used in GRN 000571 is Escherichia coli
BL21(DE3) strain “#1540”, which contains a heat-inducible lacZ Q gene fragment and a
lacZa gene fragment under the control of the E. coli BL21(DE3) pgbA promoter,
resulting in production of high amounts of 3-galactosidase when the temperature is
shifted from 30°C to 42°C, facilitating excess lactose degradation.

In the supplement to GRN 000571, the notifier states that the production strain used is
E. coli BL21(DE3) strain “#1242”, which lacks the aforementioned gene fragments and
does not have the ability to produce -galactosidase. As a result, food grade lactase is
added at the end of production to remove excess lactose.

As noted in GRN 000571, the notifier states that E. coli BL21(DE3) is used to derive the
two productions organisms used in GRN 000571 and its supplement. For the
administrative record, please clarify which strain is used as the production strain in the
production of 2’-FL in GRN 000929.

Please state whether the production strain has been deposited in a recognized culture
collection and provide the non-trade name designation. If the strain is not deposited,
describe how the source was verified and identified.

As each GRAS notice stands on its own, for the administrative record, please provide
detailed description of the production strain including phenotypic (e.g., pathogenicity,
toxigenicity and antibiotic resistance) and genotypic characteristics (e.g., introduced
and excised genes). Please include a summary and reference to GRN 000571 and its
supplement regarding how the production strain was derived from E. coli BL21(DE3).

Please describe the virulence profile of the production strain, and state whether the
production strain is expected to result in any safety concerns.

Please state whether the production strain is capable of DNA transfer to other
organisms.

The notifier provides specifications for Salmonella serovars and Cronobacter sakazakii
listed as negative by test in 100 grams. In GRNs 000921-000923 and in GRN 000925,
which correspond to other human milk oligosaccharides produced by Jennewein
Biotechnologie GmbH intended for use in infant formula, Jennewein provides
specifications for Salmonella serovars and Cronobacter sakazakii listed as negative by
test in 25 grams and 10 grams, respectively. For the administrative record, please clarify
this discrepancy.

Please state whether the fermentation process follows cGMPs and is conducted in a
contained, sterile environment.



Toxicology:

23.0n page 14 of the notice, the notifier states, “In Google Scholar, only the first few pages
of search results were screened for relevance”. Please provide a complete literature
review of relevant publications associated with the safety of 2’-FL.

24.The notifier provides a clinical study conducted in infants and young children with cow’s
milk protein allergy, which assessed the hypoallergenicity and safety of an extensively
hydrolyzed formula supplemented with 1.0 g/L 2’-FL and 0.5 g/L. LNnT against a
control (Nowak-Wegrzyn et al. (2019). This study used lower level of 2’-FL (1.0 g/L
compared to the proposed 2.0 g/L) and/or in combination with LNnT. Please provide a
thorough discussion on why 2’-FL would not have an impact on the health of infants
requiring hypoallergenic infant formulas.

Sincerely,

Stephanie A. Hice, Ph.D.

Staff Fellow (Biologist)

FDA Center for Food Safety and Applied
Nutrition

Office of Food Additive Safety

Division of Food Ingredients



Response to October 6, 2020 FDA questions on GRN 000929

October 19, 2020

Stephanie A. Hice, PhD

Staff Fellow (Biologist)

FDA Center for Food Safety and Applied Nutrition

Office of Food Additive Safety Division of Food Ingredients
5001 Campus Drive

College Park, MD 20740

T: +1 301-348-1740

E: Stephanie.Hice@fda.hhs.gov

RE: GRN 000929: Responses to questions

Dear Dr. Hice,

On behalf of the notifier, Jennewein Biotechnologie GmbH, we herein provide substantive
answers and responses to the questions and requests from the GRN technical review team
regarding GRN 000929.

Regarding FDA’s outstanding comment: The notifier confirms that it hereby removes
preterm infant formula (IF) use from GRN 000929. The Notifier will request a pre-
notification consultation (PNC) to discuss a separate GRN for preterm IF use of 2’-FL.

Regarding FDA’s questions concerning regulatory, chemistry, microbiology, and toxicology
are shown in italics and the notifier’s responses are immediately below each question
respectively.

Regulatory:

Q-1. Hypoallergenic exempt infant formulas can include those that are amino acid-based or
extensively hydrolyzed protein-based. For the administrative record, please state whether
use of 27-FL as an ingredient in hypoallergenic exempt infant formulasincludes amino acid-
based or extensively hydrolyzed protein-based infant formula.

A-1. The notifier intends to use 2’-FL as an ingredient in term infant formula
including both 1) extensively hydrolyzed protein-based hypoallergenic exempt infant
formulas, and 2) amino acid-based hypoallergenic exempt infant formulas.

Q-2. The notice does not mention the type of formula the notifier intends to add the 2’-FL
to. Please state the intended source of the protein base (e.g., cow milk) of infant formula.
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A-2. The notifier confirms that the source of extensively hydrolyzed protein is from
cow’s milk.

Q-3. Please state whether the intended use of 2’-FL includes use in human milk fortifiers
(HMF). If the notifier plans to use 2’-FL in HMF, the estimated daily intake (EDI) should
consider the 2’-FL content of HMF in addition to 2’-FL in maternal or donor human milk.

A-3. The notifier states that this use of 2’-FL in HMF is not included in GRN 000929.

Q-4. Please note that, while the United States does not have a definition for “toddler
formula”, the Agency recognizes it as formula intended for infants 12+ months of age.
However, if it is intended for infants under 12 months of age (for example, 9-18 months)
then these products must follow the infant formula regulations as the intended population
includes infants less than 12 months of age. If the notifier's use of the term “toddler
formula” applies to infant formula for older infants (e.g., 9-12 months), we would request
clarification of this use for the administrative record.

A-4. By use of the term “toddler formulas”, the notifier means formulas intended for
toddlers 12 months or greater and less than 36 months. Due to NHANES age
grouping, the EDIs for toddler formulas are based on the age group 12 to 35
months. In GRN 000929 Section 1.4 “Intended Conditions of Uses of the Notified
Substance” (p. 1), the notifier specifies that “toddler formulas for hypoallergenic use
are formulas considered suitable for children from 12 through 35 months of age.”

Q-5. For the administrative record, please state whether the entirety of GRN 000571 and its
supplement are incorporated by reference.

A-5. The notifier states that the entirety of GRN 000571 and Supplement 1 to

GRN 000571 are incorporated by reference into this GRN 000929. The notifier
originally submitted these proposed uses of 2’-FL as a supplement to GRN 000571 in
September 2019. Subsequently, in December 2019, FDA advised the notifier to
submit these uses of 2’-FL as a separate GRN, not as a Supplement. The notifier
submitted a separate GRN for these uses of 2’-FL in December 2019. Per FDA’s
request in March 2020, the GRN was revised to remove repeated information from
GRN 000571 and Supplement 1 to GRN 000571. This revised GRN for these uses of
2’-FL was submitted to FDA in April 2020 and filed by FDA as GRN0O00929 on

June 19, 2020.

Q-6. On page 9 of the notice and page 4 of Appendix A, the notifier refers to 2’-FL as a
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“nutrient”. Because this ingredient is intended for use in infant formula, the definition of a
“nutrient” is defined in 21 CFR Part 106.3. In our view, 2’-FL does not meet the definition of
a “nutrient” as defined in 21 CFR Part 106.3. For the administrative record, please make a
statement that corrects this reference.

A-6. Although HMOs such as 2’-FL are naturally-occurring sources of carbohydrate to
infants from mother’s milk, the notifier clarifies and corrects that 2’-FL is not a
nutrient as defined in 21 CFR Part 106.3.

Q-7. In section 2.9 of the notice, the notifier includes discussion on “beneficial bacteria”
(page 9). We note that the Agency’s evaluation of GRAS notices focuses exclusively on the
safety of the ingredient in food and not about purported beneficial effects of the substance.
For the administrative record, the notifier should clarify that their GRAS conclusion is based
strictly on data and information pertaining to safety, without regards to any potential
beneficial effects of 2’-FL.

A-7. The notifier confirms that the GRAS assessment and determination are solely
based on the safety data presented in GRN 000929 and references incorporated as
cited and discussed.

Q-8. The notifier states that the intended use of 2’-FL is GRAS based on scientific
procedures (21 CFR 170.30(b)); however, the notifier also includes a discussion in Part 5,
Experience Based on Common Use in Foods (pages 13-16). Please note that the information
provided in Part 5 does not meet the regulatory definition of “Common Use in Foods” as
defined by 21 CFR Part 170.245. We note that the provided discussion should be
incorporated into Part 6, Narrative, as defined by 21 CFR Part 170.250. For the
administrative record, please make a statement that corrects this reference.

A-8. The notifier confirms this GRAS assessment and determination were based
solely on scientific procedures.

The notifier considers this information regarding background intakes of 2’-FL to be
part of the dietary intake discussion and proposes to move the information to

GRN 000929 Part 3 Dietary Exposure (in accordance with 21 CFR Part 170.235).
Therefore, to conform to FDA’s request and comply with 21 CFR Part 170 Subpart E,
the notifier hereby requests:

(1) the information in GRN 000929 Part 5.1 — Naturally-Occurring 2’-FL: History of
Exposure and Use — be re-ordered, re-numbered and re-named Part 3.1.1 —
Background Intake Level: Naturally-Occurring 2’-FL; and

(2) the information in GRN 000929 Part 5.2 — Manufactured 2’-FL: Existing Exposure
and Use — be re-ordered, re-numbered and re-named Part 3.1.2 — Background
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Intake Level: Manufactured 2’-FL.

Q-9. On page 19 of the notice, the notifier references Appendix X, however, Appendix X was
not included in the notice. For the administrative record, please clarify thisdiscrepancy.

A-9. The Notifier clarifies and corrects that the Appendix referenced on page 19 of
GRN 000929 is Appendix E — Previously Reviewed Safety Studies in GRN 000571 and
Supplement 1 to GRN 000571.

Q-10. In Appendix A, the notifier states that the Expert Panel, “... independently and
collectively, critically evaluated the available information presented in the documents prepared
and presented by Ramboll and other materials deemed appropriate and necessary for this
review” (page 1). For the administrative record, please clarify if the Expert Panel reviewed
materials not included in GRN 000929.

A-10. All information considered by the Expert Panel is referenced in the Panel’s
report. All citations to information that the panel considered are included in

GRN 000929 and/or referenced therein including GRN 000571 and Supplement 1 to
GRN 000571.

Chemistry:

Q-11. The notifier incorporates information and data from GRN 000571 and its supplement
by reference, including the results of batch analyses. For the administrative record, please
provide the results from a minimum of three (preferably five) current non-consecutive batch
analyses to demonstrate that 2’-FL meets the established specifications (see also point 12
below). In addition, please confirm that all analytical methods used to test for each
specification parameter are validated for that purpose.

A-11. Results from five (5) current non-consecutive batch analyses are presented
herein, in Table A-11 in Attachment 1. To ensure a consistent food-grade product,
each batch of 2’-FL manufactured by Jennewein Biotechnologie is evaluated against
the same product specifications that were established in GRN 000571 (Table 1 in
GRN 000571). These product specifications control the amount of 2'-FL,
carbohydrate by-products, DNA and endotoxin residues derived from the production
strain, heavy metals, and selected microbiological parameters. Each parameter is
measured using the same, fit-for-purpose, compendial and/or internally validated
methods that were used and determined to be GRAS in GRN 000571. Data from five
batches of the finished ingredient show that the manufacturing process continues to
reproducibly produce a product that meets the specifications that were established in
GRN 000571.
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Currently no batch data for 2’-FL concentrate are available. Thus, the notifier
requests that FDA cease evaluation of 2’-FL concentrate as part of GRN 000929 and
only continue evaluation for 2’-FL powder.

Q-12. The notifier states that 2’-FL is manufactured using the same process as described in
GRN 000571 and its supplement. In GRN 000571 (Appendix J), the notifier lists cobalt (I1)
chloride hexahydrate as a component of the fermentation medium used in the manufacture
of 2’-FL. Per 21 CFR 189.120, food containing added cobaltous salts, including cobalt (Il)
chloride, is deemed adulterated. Please discuss the potential presence of cobalt in the final
product and provide analytical data from three (preferably five) non-consecutive batches to
demonstrate that cobalt is not present in the final product.

A-12. The notifier confirms that cobalt (I1) chloride is no longer used as a process
aid in the fermentation media (trace element solution) for the production of
Jennewein 2’-FL. The notifier has analyzed previous batches of 2’-FL for cobalt (I1)
chloride. The residual analyses for cobalt (I1) chloride for five non-consecutive
batches are presented below in Table A-12. Thus, all Jennewein Biotechnologie trace
element solutions and consequently all fermentation media are produced without
cobalt.

Table A-12. Residual analyses for cobalt (11) chloride in production batches of
Jennewein 2’-FL

Batch Number
Method LOQ 16130039 | 16116049 é6151%39 2|:6:It.)08010 26120020
. ecember ebruary
July 2019 | April 2019 2019 2020 May 2020
PV-347 ICP-MS 0.04 mg/kg < 0.04 < 0.04 < 0.04 < 0.04 < 0.04

Determined by the Institut fur Produktqualitat GmbH, which is a DIN EN ISO/IEC 17025-accredited laboratory.
IAbbreviations: ICP-MS, inductively coupled plasma mass spectrometry; LOQ, limit of quantitation

As stated in the response to Q-11, currently no batch data for 2’-FL concentrate are
available. Therefore, the notifier requests that FDA cease evaluation of 2’-FL
concentrate as part of GRN 000929 and only continue evaluation for 2’-FL powder.

Q-13. In addition to the estimates of dietary exposure to 2’-FL from hypoallergenic infant
and toddler formulas, we request that the notifier address cumulative dietary exposure to
2’- FL that also includes 2’-FL from infant and toddler foods.

A-13. As discussed in GRN 000929 Part 3.5 — Estimated Intakes of 2’-FL from the
Proposed Uses, the use level of 2 g 2’-FL per liter formula is in the range of
concentrations of 2’-FL normally found in human milk. Thus, the overall intake of 2’-
FL by combination breast milk/formula-fed infants and toddlers likely would be
comparable to the intake of 2’-FL by infants solely breastfeeding. Based on NHANES
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2015-16, many infants consume both formula and other foods. A smaller proportion
of toddlers consume both formula and other foods, presumably because most
toddlers are consuming solid foods as the majority of their diet.

Table A-13-1. Proportions of Infants and Toddlers
Eating both Formula and Other Foods

N Percent
Population? N P (eating users®
both)
Infants, 0-5 mo 90 89 36.9%
Infants, 6-11 mo 122 111 82.6%
Toddlers, 12-35 mo 201 13 7.2%

a Breastfeeding infants and children were excluded from
the sample population.

b Number of people consuming food category during the
study period.

¢ Weighted percent.
Abbreviations: d = day; g = grams; L = liters; mo =
months.

2’-FL is GRAS in other foods that infants and toddlers may consume (GRNs 546, 650,
735, 749, 853, 897). The uses described in these GRNs include milk-based beverages,
milk products (e.g. whole milk, skim milk, yogurt), dairy product analogs, cereals,
processed fruits and fruit juices, jams and jellies, baby foods (e.g. baby crackers and
cookies) and other uses. The use levels also vary by GRN and the food uses
described, ranging from 0.8 to 80 g/L or g/kg (unit is dependent on whether it is a
beverage or a solid food). Based on a survey of proposed food uses of 2’-FL in milk-
based beverages and specific cereals, a use level of 10 g 2’-FL per L beverage or per
kg food is used to estimate the cumulative dietary exposure to 2’-FL that also includes
2’-FL from infant and toddler foods. Using NHANES 2015-2016 food categories
consumed by toddlers wherein the addition of 2’-FL is GRAS, the cumulative
estimated daily intakes of 2’-FL is presented in Table A-13-2.



Table A-13-2. Cumulative Estimated Daily Intake of Jennewein 2'-FL from Infant
Formula, Toddler Formula and Other Foods Containing 2'-FL

Intakes of C(Zjertaln 2>'_FL Intake®
Foods
kg foodsd g 2’-FL/d
. b Percent
Population n c 90th 90th
users Mean . Mean .
Percentile Percentile

Infants, 0-5 mo 90 100.0% 0.94 1.25 2.00 2.60
Infants, 6-11 mo 122 100.0% 0.91 1.25 2.92 4.62
TOdd'er:f(') 12-35 | 501 | 100.0% 0.72 1.13 6.96 11.32

2 Breastfeeding infants and children were excluded from the sample population.

b Number of people consuming food category during the study period.
¢ Weighted percent of n°.

4 Intake of the foods that may contain 2’-FL as an ingredient: infant formula, milk, milk products,
milk-based beverages, dairy product analogs, cereal or granola bars, baby crackers and cookies,
processed fruit and fruit juices, jams and jellies, fitness water and thirst quenches, sports and
isotonic, fluid replacement/electrolyte solution. These daily average data are based on a 2-day
survey; some participants who had day 1 but not day 2 data are included using a single day of
consumption.

¢ 2'-FL intake based on use level of 2 g 2'-FL per L formula and 10 g 2'-FL per kg food and other
beverages

Abbreviations: bw = body weight; d = day; g = grams; kg = kilograms; L = liters; mg =
milligrams; mo = months

Note: Data from NHANES 2015-16.

Q-14. As currently written, Section 2.3 of the notice (page 5) includes reference to previous
notices and a statement that “... a summary of the manufacturing process of Jennewein 2’-
FL using E. coli BL21 (DE3) strains as a processing aid is included below”. The actual
method of fermentation and subsequent purification is not described. This information is
relevant for the population of milk-allergic infants. Provide a summary of the manufacturing
process that includes relevant purification steps to ensure specifications can be met.

A-14. In according with instructions from FDA in March 2020, the notifier removed a
recapitulation of the manufacturing process of 2’-FL previously described in GRN
000571 and Supplement 1 to GRN 000571. In response to your request, we provide
the following expanded description:

The manufacturing process of 2’-FL uses genetically engineered E. coli BL21 (DE3) as
a processing aid to produce the 2’-FL. To initiate the synthesis of 2'-FL by the E. coli
BL21 (DE3) microbial cells via fermentation, the cells were genetically modified by
introducing genes necessary to achieve the import of lactose and enhancing of GDP-
fucose production. The E. coli BL21 (DE3) cells are inoculated into a chemically-
defined, salt-based, minimal fermentation medium containing lactose. Batch
fermentation is performed in a chemically-defined, salt-based, minimal medium that
excludes inhibitors or antibiotics, with glycerol as the only carbon source and lactose
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as the substrate. The major constituents of the fermentation medium are: glycerol,
lactose, ammonium dihydrogen phosphate (NH4H2PO.), dipotassium phosphate
(K2HPO.), citric acid, potassium hydroxide (KOH), and magnesium sulfate
heptahydrate (MgSO4-7H>0). The fermentation process, which does not use
antibiotics or inhibitors, leads to the production of 2'-FL from lactose by the E. coli
BL21 (DE3) cells. The synthesis of 2'-FL is followed by its export into the medium,
and the subsequent degradation of excess lactose if necessary. Supplement 1 to GRN
000571 describes a slight modification to the E. coli BL21 (DE3) cells used in the
manufacturing process, wherein the E. coli BL21 (DE3) cells do not have the ability
to degrade excess lactose and a food-grade commercial lactase is added if excess
lactose is present in the media. The culture supernatant containing 2’-FL is then
isolated from the medium and the microbial biomass removed via 10 kDa cross-flow
filtration producing a sterile 2’-FL product.

The design of the production strains and the purification process of 2’-FL allows for
fermentation without the use of antibiotics, inhibitors or otherwise toxic additives.
The purification process completely removes the biomass from the media. A
sequence of filtration and chromatographic steps yields 2’-FL of food grade quality
that is consistent and compliant with the specifications. Proteins are removed from
the 2’-FL solution by the ultrafiltration step using a 10 kiloDalton (kDa) filter
immediately after fermentation, as well as by the final ultrafiltration process using a
3/5 kDa filter during filling of the 2’-fucosyllactose concentrate at the Critical Control
Point (CCP) — removal of endotoxins and of micro-impurities (e.g. traces of DNA and
proteins).

Q-15. Given the subpopulation of milk-allergic infants that would consume the amino-acid
based or extensively-hydrolyzed formulas listed in the description of intended use of 2’- FL,
we request that the notifier address the potential source of milk protein and removal of
these components by the method of purification of 2’-FL. Specifically, we request that the
notifier:
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a) Describe food grade media components, identifying potential sources of milk
protein or other allergenic proteins.

A-15a. As described in GRNOOO571 Part 2.2 — Production and Manufacturing Process
of Jennewein 2’-FL — “only food or pharmaceutical grade chemicals, solvents and
processing aids (e.g., ion exchange resins, activated carbon and filtration
membranes) are used in the manufacture of Jennewein 2’-FL.” Furthermore, all
production batches meet the established specifications for food-grade materials (see
Attachment 1 for specifications and batch data for current batches). 2’-FL does not
contain residual components or impurities from the manufacturing process with
allergenic potential and there is no evidence to suggest that it may cause adverse
effects in sensitive populations. Residual components in 2’-FL are also present in
human milk (lactose, LDFT, 3-FL, fucose, glucose and galactose) or otherwise
naturally present in the human body (fucosylgalactose) and were present in the
material used in the Notifier’s toxicological studies.
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As described in Supplement 1 to GRN 000571 Part 4.3 and 4.4, the potential source
of allergens from the lactose from cow’s milk has been evaluated and the production
process is designed to specifically address excess lactose. The analytical program is
designed to confirm that it is removed. As discussed in Supplement 1 to

GRN 000571, Part 4.4, also demonstrated in the batch data and specifications,
Jennewein 2’-FL is consistently devoid of proteins (not detected), bacteria or
bacterial endotoxins, residual recombinant DNA, antibiotics, and chemical sensitizers
including metals, and meet the specifications. Therefore, the allergenic potential of
Jennewein 2’-FL is extremely low and no sensitive populations have been identified
or are anticipated.

b) Provide statements regarding regulatory status of food contact materials (i.e.,
filtration materials, cation and anion exchange chromatography, simulated
moving bed chromatography, electrodialysis (page 24 of GRN 000571)) used
in the method of manufacture, including citations to a relevant regulation
and/or effective food contact notification for those uses.

A-15b. As presented in GRN 000571, information regarding the food contact
materials is provided in Appendix E. The notifier provides a table of the food contact
materials and the relevant regulatory citations for food contact clearance.

Table A-15-1: Processing aids and their regulatory status

Compound or

. Function Regulatory Status
Material 9 Y

ion exchange;
removal of small 21 CFR § 173.25(a)
molecules
ultrafiltration;
removal of impurities
ultrafiltration;
removal of impurities

Styrene-divinylbenzene-
copolymer

Polyethersulfone 21 CFR § 177.2440

polysulfone membrane 21 CFR § 177.1655

21 CFR § 177.2440, 21

Filter: Polyethersulfone, CFR § 175.105, 21 CFR §

asymmetric;

olvorobviene: and filtration 175.300, 21 8 CFR
‘S’i”é’(fnepy ’ 175.1520, 21 CFR §
177.2600
21 CFR § 168.122, 21 CFR
Lactose substrate § 184.1979a
Glycerol carbon source 21 CFR § 182.1320

fermentation
ingredient (K source)
fermentation

Dipotassium phosphate 21 CFR § 182.6285

Citric acid monohydrate ingredient (pH 21 CFR § 184.1033
adjuster)
Calcium chloride fermentation
- ingredient (Ca 21 CFR § 184.1193
dihydrate
source)
Magnesium sulphate fermentation
g P ingredient (Mg 21 CFR § 184.1443
heptahydrate
source)




Table A-15-1: Processing aids and their regulatory status

Compound or

Material Function Regulatory Status
Mono ammonium _fermentation_
ingredient (nitrogen 21 CFR § 184.1141a
phosphate
source)
fermentation
Potassium hydroxide ingredient (pH 21 CFR § 184.1631
adjuster)
Alkoxylated fatty acid
esters on vegetable anti-foaming agent 21 CFR § 173.340
base
Activated carbon purification FD&C Act Section 201(s)

Abbreviations: 21 CFR - United States Code of Federal Regulations Title 21;
FD&C - United States Federal Food, Drug & Cosmetic

c) Provide a brief discussion of the steps incorporated during purification to
ensure removal of milk protein. We note the protein specification (<100 pg/g)
is higher than limits of detection in the other assays described in Section 2.8
of GRN 000929 (pages 8-9).

A-15c. The notifier asserts that the lactose utilized in the production of 2’-FL is
theoretically free of milk protein. To further ensure this milk protein-free status, as
the last step in the last step of the manufacturing process a 3/5 kDa filter removes
any milk proteins.

Described in Appendix C of GRN 000929, the Size Exclusion Chromatography test
(HPLC with a size exclusion chromatography column) method is more sensitive and
demonstrates no detected proteins. This method is not practical for batch quality
control analyses.

Microbiology:

Q-16. The notifier states that the production strain used in GRN 000571 is Escherichia coli
BL21(DE3) strain “#1540”, which contains a heat-inducible lacZ 2 gene fragment and a
lacZa gene fragment under the control of the E. coli BL21(DE3) pgbA promoter, resulting in
production of high amounts of $-galactosidase when the temperature is shifted from 30°C
to 42°C, facilitating excess lactose degradation.

In the supplement to GRN 000571, the notifier states that the production strain used is E.
coli BL21(DE3) strain “#1242”, which lacks the aforementioned gene fragments and does

not have the ability to produce -galactosidase. As a result, food grade lactase is added at
the end of production to remove excess lactose.

As noted in GRN 000571, the notifier states that E. coli BL21(DE3) is used to derive the two
productions organisms used in GRN 000571 and its supplement. For the administrative
record, please clarify which strain is used as the production strain in the production of 2’-FL
in GRN 000929.
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A-16. Clarification of strain used: E. coli BL21 (DE3) #1242 strain is used in the
production process. (This strain is also now referred to as JBT-2FL AlacZ.)

Q-17. Please state whether the production strain has been deposited in a recognized culture
collection and provide the non-trade name designation. If the strain is not deposited,
describe how the source was verified and identified.

A-17. The notifier confirms that, yes, the E. coli BL21 (DE3) #1242 strain has been
deposited in the DSMZ - German Collection of Microorganisms and Cell Cultures
GmbH with the deposition number DSM 33609.

Q-18. As each GRAS notice stands on its own, for the administrative record, please provide
detailed description of the production strain including phenotypic (e.g., pathogenicity,
toxigenicity and antibiotic resistance) and genotypic characteristics (e.g., introduced and
excised genes). Please include a summary and reference to GRN 000571 and its supplement
regarding how the production strain was derived from E. coli BL21 (DE3).

A-18. The information requested by FDA is provided in Appendix K of GRN 00571
and Part 2.3 — Modification to the production process: strain #1242 of Supplement 1
of GRN 000571 which have been incorporated into GRN 00929 by reference. Based
on pre-notification consultation from FDA in December 2019 and a with FDA in March
2020 following the initial submission of a GRN for these uses in December 2019
advising re-submission of a pared-down GRN, the notifier did not recapitulate
information from GRN 000571 and Supplement 1 to GRN 000571 that remains
unchanged.

As described in Appendix K of GRN 000571 and Supplement 1 to GRN 000571, the
E. coli BL21 (DE3) production strains used as a processing aid during the
fermentation process in the manufacture of 2'-FL are genetically engineered strains
of the commensal bacterium E. coli BL21 (DE3). The phenotypic and genotypic
characteristics are described in detail in Appendix K of GRN 000571. If the reviewer
needs a copy of Appendix K of GRN 000571, the notifier can provide and attach a
copy of Appendix K to GRN 000929.

Q-19. Please describe the virulence profile of the production strain, and state whether the
production strain is expected to result in any safety concerns.

A-19. The notifier states that this information is presented in GRN 000571 and

Appendix K of GRN 000571 and is summarized briefly here. The parental strain E.
coli BL21 (DE3) is a commensal E. coli strain with no known toxicity. It is used for
many years for the safe production of heterologous proteins for biopharmaceutical
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applications and also used in the manufacture of at least one GRAS ingredient
intended for use as a food ingredient (FDA GRN 485).

E. coli BL21 (DE3) shows absence of genes encoding invasion factors, adhesion
molecules, and enterotoxins associated with virulence (Jeong et al. 2009). Because
Jennewein engineered E. coli BL21 (DE3) #1242 (JBT-2FL AlacZ) with genes with
known functions and that do not confer virulence using site-specific homologous
recombination or transposition, E. coli BL21 (DE3) #1242 (IJBT-2FL AlacZ) has the
same virulence profile as E. coli BL21(DE3).

As described in GRN 000571, the risk of contamination of Jennewein 2’-FL with
bacterial material like protein or DNA is very low because the manufacturing process
is highly specific and designed to remove all components but 2’-FL. The use of
metabolically engineered strain of E. coli BL21 (DE3) for the manufacture of 2’-FL is
safe.

Q-20. Please state whether the production strain is capable of DNA transfer to other
organisms.

A-20. The production strain is not capable of DNA transfer to other organisms.

Q-21. The notifier provides specifications for Salmonella serovars and Cronobacter sakazakii
listed as negative by test in 100 grams. In GRNs 000921-000923 and in GRN 000925, which
correspond to other human milk oligosaccharides produced by Jennewein Biotechnologie
GmbH intended for use in infant formula, Jennewein provides specifications for Salmonella
serovars and Cronobacter sakazakii listed as negative by test in 25 grams and 10 grams,
respectively. For the administrative record, please clarify this discrepancy.

A-21. The specifications for Salmonella serovars and Cronobacter sakazakii for the
2’-FL that is the subject GRN 000929 were established and determined GRAS in 2015
in GRN 000571. Although these specifications have remained in place since then,
Jennewein has learned that specifications for Salmonella serovars and Cronobacter
sakazakii of absent in 25 g product and absent in 10 g of product, respectively, are
sufficient to produce a safe infant formula ingredient. Based on these results, the
specifications for Salmonella serovars and Cronobacter sakazakii being absent in 25
g product and absent in 10 g of product were established for the subjects of GRNs
000921-000923 and GRN 000925. However, because the Salmonella serovars and
Cronobacter sakazakii specifications for the 2’-FL that is the subject of GRN 000929
are based on GRN 000571, to maintain consistency between this GRN and

GRN 000571, the notifier decided to continue with the specifications that were
established in GRN 000571.

Based on FDA'’s request, the notifier agrees to change the specification for the
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subject of GRN 000929 from “absence of Salmonella serovars in 100 g” to “absence
of Salmonella serovars in 25 g”, and from “absence of Cronobacter sakazakii in
100g” to “absence of Cronobacter sakazakii in 10g”.

Q-22. Please state whether the fermentation process follows cGMPs and is conducted ina
contained, sterile environment.

A-22. As stated in GRN 000929 Part 6.5.1 — Summary of Safety Data for Exempt IF,
2’-FL is manufactured in accordance with current Good Manufacturing Practice
(cGMP). The notifier states that the fermentation process follows cGMP in a
contained, sterile environment, as described in GRN 000571 and Supplement 1 to
GRN 000571.

Toxicology:

Q-23.

On page 14 of the notice, the notifier states, “In Google Scholar, only the first few

pages of search results were screened for relevance”. Please provide a complete literature
review of relevant publications associated with the safety of 2/-FL.

A-23. As GRNO00929 is a follow-on notice to GRNO0O0O571 presenting Jennewein 2’-
FL as GRAS for different uses, the updated literature review of relevant publications
in GRN 000929 includes summaries of publications included in the weight of
evidence previously presented in GRN 000571 and Supplement 1 to GRN 000571. An
updated literature search was conducted in the United States National Library of
Medicine at the National Institutes of Health PubMed database to capture new safety
literature in the time period after GRN 000571 and Supplement 1 to GRN 000571.
The literature search was re-run on October 15, 2020 with an expanded timeframe
to capture studies with safety or toxicological endpoints published since submittal of
GRN 000929 to FDA in April 2020: (((fucosyllactose[All Fields] OR ("2'-
fucosyllactose"[Supplementary Concept] OR "2'-fucosyllactose"[All Fields] OR "2’
fucosyllactose"[All Fields])) OR ("2'-fucosyllactose"[Supplementary Concept] OR "2'-
fucosyllactose"[All Fields] OR "2 fucosyllactose"[All Fields])) OR 2-FL[AIll Fields]) OR
2'-FL[AIl Fields] AND ("2019/06/25"[PDAT] : "2020/12/31"[PDAT])

Only toxicological studies evaluating 2’-FL as part of the test substance were
included. All clinical studies that did not discuss safety, growth nor tolerance
parameters of 2’-FL in the target population (i.e. infants and toddlers) were

excluded. The search included 115 results; four publications were flagged as
relevant and are summarized briefly below.

Toxicological Evaluations

The Notifier would like to add that Phipps et al. (2020) conducted toxicological safety
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assessment of a biosynthesized mixture of lacto-N-fucopentaose | (LNFP-1) and 2’-FL
intended for use in infant formula. The study authors conducted a bacterial reverse
mutation test, an in vitro mammalian cell micronucleus test, and a 90-day oral
gavage study in neonatal rats. LNFP-1/2’-FL was nongenotoxic in vitro and 5000
mg/kg bw/day LNFP-1/2’-FL, the highest dose tested in the neonatal rats, was the
no-observed-adverse-effect level.

Bacterial reverse mutation tests, in vitro micronucleus tests, and a repeated-dose
oral toxicity study in rats were conducted to evaluate the safety of a human milk
oligosaccharide mixture containing the Notifier’s 2’-FL ingredient (Parschat et al.
2020). The HMO mixture containing 2’-FL, 3-fucosyllactose, lacto-N-tetraose, 2’-
sialyllactose, and 6’sialyllactose was not genotoxic and, in the repeated dose study,
did not induce adverse effects.

Clinical Studies

Published since the submission of GRN 000929 in April 2020, Leung et al. (2020)
describe a randomized, controlled, double-blind, parallel-group trial of 461 healthy
Chinese children 1 to 2.5 years of age. Participants received either standard milk
young child formula (YCF) or one of three YCFs containing bioactive proteins and/or
2’-FL and/or milk fat for six months. There were no significant between-group
differences in upper respiratory tract infection and duration of gastrointestinal tract
infections. Adverse events and anthropometric values were similar in all groups.

An open-label prospective study with 159 infants was conducted with a milk-based
formula supplemented with 1 g/L of 2’-FL and 0.5 g/L of LNnT and contained
Lactobacillus reuteri (Roman et al. 2020). The formula was given for 8 weeks to an
exclusively formula-fed group (n=66) and also to a group that also breastfed
(n=48). A third group was exclusively breastfeeding infants (n=45). Growth was
comparable across groups. There was low gastrointestinal distress reported and low
incidence of adverse events, comparable across all three groups.

Preterm / Hypoallergenic

As described in GRN 000929 Part 3.1.1 — Background Intake Level: Naturally
Occurring 2’-FL, (formerly Part 5.1 — Naturally-Occurring 2’-FL: History of Exposure
and Use — and Part 5.1.3 — 2’-FL in the Milk Produced by Mothers with Infants Born
Preterm or with Low Birth Weight), a focused literature review was conducted to
capture publications about 2’-FL related to infants born preterm or with low birth
weight in the United States National Library of Medicine at the National Institutes of
Health PubMed database using the search terms “2-FL”, “2’-fucosyllactose”, “2-
fucosyllactose” combined with variations of “preterm” and “birth weight”. Relevant
studies were also identified from reviewing the references of potentially relevant
publications. The Notifier clarifies and corrects that Google Scholar was used only in
a supplementary, secondary capacity. Studies were excluded from the review if they
did not evaluate 2’-FL and the target population of preterm infants or low birth
weight or very low birth weight infants and/or their mothers.
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Published since the April 2020 submission of GRN 000929 to FDA, the notifier notes
that a study by Torres Roldan et al. (2020) provides further evidence that 2’-FL is
naturally-occurring in preterm milk. Torres Roldan et al. (2020) conducted a
retrospective cohort study of 153 mothers and their very-low-birthweight (<1500 g)
infants, analyzing HMOs in 208 milk samples. 2’-FL was one of the most abundant
oligosaccharides among those with the secretor phenotype (defined by the presence
of al-2-fucosylated HMOs), who made up 93% of the mothers.

Q-24. The notifier provides a clinical study conducted in infants and young children with
cow’s milk protein allergy, which assessed the hypoallergenicity and safety of an extensively
hydrolyzed formula supplemented with 1.0 g/L 2’-FL and 0.5 g/L LNnT against a control
(Nowak-Wegrzyn et al. 2019). This study used lower level of 2’-FL (1.0 g/L compared to the
proposed 2.0 g/L) and/or in combination with LNnT. Please provide a thorough discussion
on why 2’-FL would not have an impact on the health of infants requiring hypoallergenic
infant formulas.

A-24. Infants requiring hypoallergenic infant formulas have allergies against cow’s
milk protein or such allergies are feared by their parents. For this reason,
hypoallergenic infant formulas contain extensively hydrolyzed protein or are based
on amino acids instead of protein.

The molecule 2’-fucosyllactose is a carbohydrate, not a protein, and is secreted in
varying levels in about 70% of human mothers (Kunz et al. 1999 as cited in GRN
000571). No allergies against human mother’s milk itself or its natural components
are described in literature. Studies of 2’-FL naturally-occurring in mother’s milk
discussed in Part 3.1.1 — Background Intake Level: Naturally-Occurring 2’-FL
(formerly Part 5.1 — Naturally-Occurring 2’-FL: History of Exposure and Use) support
the conclusion that 2’-FL itself is not allergenic at varying levels of 2’-FL.

The potential source of allergenic agents in the subject of GRN 000929 are proteins
from the production process, especially cow’s milk proteins that could originate from
the substrate lactose. The size of the allergenic cow’s milk proteins ranges from 14.2
to 160 kDa (Hochwallner et al., 2014). The notifier discusses the purification process
and assertion of protein-free status in the responses to Q-14 and Q-15 in this
response memorandum. The manufacturing process (including the ultrafiltration
steps with pore sizes significantly smaller than the size of the cow’s milk proteins,
which are effectively separating off all potentially included cow’s milk proteins) are
described and discussed in GRN 000929, in GRN 000571 and Supplement 1 to GRN
000571. These ultrafiltration steps effectively remove all proteins from the process,
as described in GRN 000929 Part 2.8 — Allergenic Potential and Absence of Protein,
and as shown in GRN 000929 Appendix C — Protein Analyses. Thus, the subject of
this GRN would not have any impact on the health of infants requiring hypoallergenic
infant formulas.

We trust that our responses have addressed your questions and requests. As indicated in
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several responses substantial additional information is provided in the predecessor safety
dossiers, GRN 000571 and Supplement 1 to GRN 000571 incorporated by reference in

GRN 000929. However, should you have any additional questions or comments at any time
during your review, please contact us promptly, so that we may provide a substantive
response in a timely manner.

Sincerely yours,

&avin P Thompson, PhD
Principal Consultant

Ramboll Environment & Health
Phoenix, Arizona

CC: Julia Parkot, PhD, Jennewein Biotechnologie, GmbH

Attachment 1: Batch Data

Attachment 2: Reference Literature
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Attachment 1 — Table A-11

Table A-11. 2’-FL: Product Specifications and Batch Data

Batch number

Parameter Analytical method Specification L 00Es LEL e :')6151%39 2F6]k-308010 CEl U0
. ecember ebruary
July 2019 April 2019 2019 2020 May 2020
Physical Parameters
Appearance (Color)* Visual White to ivory-colored Complies Complies Complies Complies Complies
Appearance (Form)?* Spray-dried powder Complies Complies Complies Complies Complies
Chemical Parameters
2'-Fucosyllactose > 90 % (%DW) 92.2 98.4 95.5 97.8 94.9
Lactose < 5 % (% Area) 1.1 < 0.5 2.5 < 0.5 0.5
3-Fucosyllactose < 5 % (% Area) < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Difucosyllactose HPAEC-PAD < 5 % (% Area) < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Fucosylgalactose < 3 % (% Area) < 0.5 < 0.5 < 0.5 < 0.5 0.5
Glucose < 3 % (% Area) < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Galactose < 3 % (% Area) < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Fucose < 3 % (% Area) 0.7 < 0.5 1.8 < 0.5 0.7
. Nanoquant (modified
4 <
Protein content Bradford) < 100 pg/g <10 <10 <10 <10 <10
Ash? ASU L 06.00-4 <05% < 0.01 0.03 0.08 < 0.01 0.08
Moisture* KF titration <9.0% 5.8 5.8 6.3 6.6 5.2
Endotoxins® Ph. Eur. 2.6.14 < 300 EU/g 14 <5 <5 <5 <5
Aflatoxin M1t DIN EN ISO 14501 < 0.025 mg/kg < 0.025 < 0.025 < 0.025 < 0.025 < 0.025
GMO residues? PCR Negative Negative Negative Negative Negative Negative
Heavy Metals
Arsenict < 0.2 mg/kg < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Cadmium? < 0.1 mg/kg < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
ASU L 00.00-135 — ICP-MS
Lead! < 0.02 mg/kg < 0.010 < 0.010 0.020 < 0.010 < 0.010
Mercury* < 0.5 mg/kg < 0.005 0.007 < 0.005 < 0.005 < 0.005
Microbiology

Standard Plate ISO 4833-2 < 10000 cfu/g <10 <10 30 20 <10
Yeast and Mold* 1SO 21527-2 < 100 cfu/g < 20 < 20 < 20 < 20 < 20
Coliform 1SO 4832 Absent/11 g Absent Absent Absent Absent Absent
Enterobacteriaceae! |1SO 21528-1 Absent/11 g Absent Absent Absent Absent Absent
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Table A-11. 2’-FL: Product Specifications and Batch Data

Batch number
P A Analytical method Specification 16130039 16116049 é6151(l))39 2':61608010 26120020
. ecember ebruary
July 2019 April 2019 2019 2020 May 2020
Salmonella * 1SO 6579 Absent/100 g Absent Absent Absent Absent Absent
Cronoba&ter ISO/TS 22964 Absent/100 g absent absent absent absent absent
sakazakii

Abbreviations: DW, dry weight; cfu, colony forming units; KF, Karl-Fischer; HPAEC-PAD, high performance anion exchange chromatography coupled with pulsed
amperometric detection; PCR, polymerase chain reaction; ICP-MS, inductively coupled plasma mass spectrometry; EU, endotoxin unit; Ph Eur., European Pharmacopoeia.
1Determined by the Institut fir Produktqualitait GmbH, which is a DIN EN ISO/IEC 17025-accredited laboratory; ash limit of quantitation (LOQ) = 0.01 %. arsenic limit of
detection (LOD) = 0.05 mg/kg; cadmium LOD = 0.01 mg/kg; mercury LOD = 0.005 mg/kg; lead LOD = 0.01 ppm; aflatoxin M1 LOQ = 0.025 pg/kg.

2Determined by GeneCon International GmbH, which is a DIN EN ISO/IEC 17025-accredited laboratory. Limit of detection = 0.01% of the finished product.

SDetermined by Mikrobiologisches Labor. Dr. Michael Lohmeyer GmbH, which is a DIN EN ISO/IEC 17025-accredited laboratory; limit of quantitation = 5 EU/g.
“Determined by Jennewein Biotechnologie using internally validated methods. Protein LOQ = 10 ug/g; carbohydrate by-products with a percent area greater than 0.5%
(limit of quantitation) are considered.
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Dear Dr. Hice:

Regarding GRN 000929 and on behalf of the Notifier, Jennewein
Biotechnologies, GmbH, we provide (attached hereto) responses to the FDA
GRN technical review team’s two questions presented to us on November 23,
2020.

Please contact us if you have any additional questions or comments at any time
during your review of GRN 000929.

Regards,
Gavin

Gavin P Thompson, PhD
Principal Consultant

Product Safety & Stewardship
Ramboll US Consulting

+1 (602) 734 7704 direct

+1 (703) 589 8023 mobile

gthompson@ramboll.com

2111 East Highland Avenue, Suite 402
Phoenix, AZ 85016 USA
Profile: https://ramboll.com/contact/environ/gthompson

From: Hice, Stephanie <Stephanie.Hice@fda.hhs.gov>
Sent: November 23, 2020 1:19 PM

To: Gavin P Thompson <GThompson@ramboll.com>
Subject: RE: GRN 000929 - Questions for Notifier
Importance: High

Dear Dr. Thompson,

During our review of GRAS Notice No. 000929, we noted further questions that need to be addressed and are
attached to this email.

We respectfully request a response within 10 business days. If you are unable to complete the
response within that time frame, please contact me to discuss further options. Please do not include
any confidential information in your response.

If you have questions or need further clarification, please feel free to contact me. Thank you in advance for your

attention to our comments.
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Sincerely,
Stephanie Hice

Stephanie Hice, PhD

Staff Fellow (Biologist)

Division of Food Ingredients

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

U.S. Food and Drug Administration

stephanie.hice@fda.hhs.gov
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Stephanie A. Hice, PhD

Staff Fellow (Biologist)

FDA Center for Food Safety and Applied Nutrition

Office of Food Additive Safety Division of Food Ingredients
5001 Campus Drive

College Park, MD 20740

T: +1 301-348-1740

E: Stephanie.Hice@fda.hhs.gov

GRN 000929:
Notifier’'s Responses to FDA Questions (November 23, 2020)

Dear Dr. Hice,

Ramboll US Consulting
On behalf of the Notifier, Jennewein Biotechnologie GmbH, we herein

provide substantive answers and responses to two questions from 2111 East Highland Avenue

, . . . . Suite 402
FDA’s GRN technical review team regarding GRN 000929 provided to Phoenix, AZ 85016

us on November 23, 2020. USA

T +1 602 734 7704
F +1 602 734 7701
gthompson@ramboll.com

Q-1. Chemistry:
The exposure estimate the notifier provide in the amendment

(response to FDA'’s question 13) includes conservative assumptions
about the use of 2’-fucosyllactose (2’-FL) in beverages but also does
not explicitly include certain foods included among their proposed
uses: breakfast cereals (for infants, toddlers, or all ages), ice cream
and frozen yogurt, fruit fillings, syrups. Further, the notifier's estimate
does not include certain foods included in other GRNs such as
vegetable juice and carbonated beverages. We note that while the
assumption of 10 g per kg of food is within proposed levels for various
foods (although 12 g/kg is more commonly cited), the 10 g/L for all
beverages results in an unrealistic overestimate of exposure,
particularly for toddlers.

We request that the notifier either revise their exposure estimate
using levels specific to each food category, possibly omitting foods not
suited for hypoallergenic consumers, or incorporate (by reference or
citation) the cumulative estimate of exposure provided in GRN
000735, addressing why background intakes from other uses of 2’-FL
outside the scope of this notice but part of the current background diet
in the US (e.qg., vegetable juice, carbonated beverages, flavored
waters), would not meaningfully increase the overall estimates of
dietary exposure to 2’-FL for toddlers. Additionally, when citing this
estimate the notifier may provide the caveat that some uses included
in the calculation of cumulative exposure may not be suitable for milk-
allergic individuals.
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A-1. Notifier’'s Response:

The Notifier acknowledges that 2’-fucosyllactose (2’-FL) is added to many foods including
infant formulas and toddler formulas. As recommended by FDA, the Notifier examined
estimated intakes presented in GRN 735, which included in addition to infant formula,
numerous other food uses for 2’-FL ranging from 0.8 to 60 g 2’-FL per kg food.! In GRN
735, the proposed levels of 2’-FL vary based on the proposed food uses; for example, 2’-FL
is proposed to be added at 80 g 2’-FL per kg food in ready-to-eat breakfast cereals for
adults and children, 60 g/kg in jellies and jams, fruit preserves and fruit butters, 1.2 g/L in
flavored milks, and 10 g/L in yogurt and juice beverages identified as “baby” drinks.

The 2’-FL addition levels presented in GRN 929 are within the ranges presented in GRN 735.
The uses presented in GRN 929 do not meaningfully increase the cumulative estimated daily
intakes (CEDIs) of 2’-FL because the addition levels presented in GRN 929 are within similar
ranges and food uses for the basis of the CEDI presented in GRN 735.

The CEDIs presented in GRN 735 are: 1.91 g 2’-FL per day (mean) and 3.00 g 2’-FL per day
(90" percentile) among infants 0-5 months. The CEDIs reported on a mg/kg-bw/day basis
for this age group are 315 mg/kg-bw/day (mean) and 532 mg/kg-bw/day (90" percentile).
Among infants 6-11 months old, CEDIs are 2.28 g 2’-FL per day (mean) and 3.86 g/day
(90" percentile). On a mg/kg-bw/day basis for this age group, the CEDIs are 259 mg/kg-
bw/day (mean) and 447 mg/kg-bw/day (90" percentile). Among toddlers 12-35 months
old, the CEDIs are 1.83 g/day (mean) and 2.97 g/day (90™ percentile) and 148 mg/kg-
bw/day (mean) and 243 mg/kg-bw/day (90" percentile).

The Notifier cites the EDIs presented in GRN 735, as those intakes are based on calculations
of the various addition levels by food use category. The Notifier caveats that the EDIs in
GRN 735 are an overestimate as the proposed uses include some foods that milk-allergic
infants and toddlers would not consume such as frozen dairy desserts, dairy-based
puddings, custards and mousses, milk and milk beverages, and yogurt.

The Notifier examined toddler intakes of 2’-FL from uses presented in other GRNs that are
outside the scope of GRN 735, but are part of the current background diet in the United
States; according to NHANES survey data? these additional foods are not commonly
consumed by toddlers. Therefore, considering these other uses of 2’-FL would not
meaningfully increase the CEDI of 2’-FL for toddlers.

In response to FDA’s October 6, 2020 questions, the Notifier refined its CEDIs (October 19,
2020) removing milk and dairy products from intake estimates to better reflect the CEDIs of
2’-FL by a population comprised of consumers of hypoallergenic infant and toddler formulas.
The Notifier further refined its CEDIs to reflect varying addition levels for other food
categories: 1.2 g/L dairy product analogs, 12 g/kg bars, 57 g/kg baby crackers baby
crackers and cookies, 10 g/kg cereals, 60 g/kg jams and jellies, 0.8 g/L fitness water and
thirst quenches, sports and isotonic, 2 g/L fluid replacement/electrolyte solutions, and 1.2

1 Agency Response Letter GRAS Notice No. GRN 000735. FDA (April 6, 2018). FDA had “no questions at this time”
regarding the GRAS conclusion based on scientific procedures for 2’-FL as an ingredient in milk- and soy-based,
non-exempt infant formulas for term infants and in toddler formulas at a maximum level of 2.4 g/L of formula as
consumed; infant and toddler foods at levels of 0.24-1.2 g/serving; and in the following food categories at levels of
0.28-1.2 g/serving: beverages and beverage bases; breakfast cereals; dairy product analogs; frozen dairy desserts
and mixes; gelatins, puddings, and fillings; grain products and pastas; jams and jellies; milk and milk products;
processed fruits and fruit juices; and sweet sauces, toppings, and syrups. Accessed November 30, 2020 at
https://www.fda.gov/media/113453/download.

2 National Health and Nutrition Examination Survey (NHANES) 2015-2016.
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g/kg processed fruits and fruit juices. The revised CEDIs for infants 0-5 months are 1.9 g 2’-
FL/day and 310 mg/kg-bw/day (mean) and 2.6 g/day and 403 mg/kg-bw/day (90"
percentile). For older infants 6-11 months, the revised CEDIs are 2.0 g/day and 230 mg/kg-
bw/day (mean) and 2.9 g/day and 320 mg/kg-bw/day (90" percentile). For toddlers 12-35
months old, the revised CEDIs are 0.7 g/day and 62 mg/kg-bw/day (mean) and 1.4 g/day
and 130 mg/kg-bw/day (90™ percentile). The ranges of 2’-FL intakes presented herein and
in GRN 735 fall within the background range of 2’-FL intakes by infants and toddlers from
naturally-occurring 2’-FL in mother’s milk (as discussed further in the Notifier's response to
Question 2 below).

Q-2. Toxicology:
We understand, based on the notifier’s batch data and analyses, that their 2’-FL is devoid of
proteins, thereby demonstrating and confirming the absence of potential allergenic proteins.

As a follow-up to the notifier’'s response to our question 24, FDA notes that the clinical study
the notifier cited (Nowak-Wegrzyn et al., 2019) is the first and only hypoallergenicity trial of
HMO-supplemented extensively hydrolyzed formula. This study used a concentration of 1.0
g/L 2’-FL in combination with 0.5 g/L LNnT. Furthermore, the notifier discussed a clinical
study that assessed safety and tolerability of formula containing a combination of 2’-FL (1.0
- 1.2 g/L) and LNNnT (0.5 — 0.6 g/L) in healthy, full-term infants (Pucio et al., 2017). Thus,
neither of these human studies tested for tolerability of 2’-FL alone in infants and toddlers
with potentially sensitive gastrointestinal systems at the proposed use level of 2.0 g/L.

Please confirm and provide a short rationale that infants and toddlers requiring consumption
of hypoallergenic formulas would not be particularly sensitive to addition of 2.0 g/L 2’-FL.

A-2. Notifier’s response:

As described in Sections 3 and 5 of GRN 929, 2’-FL is a naturally occurring human milk
oligosaccharide (HMO) found in mother’s milk. The levels of 2’-FL in milk vary from
individual to individual. Most women produce milk containing 2’-FL and those that do not
still produce fucosylated HMOs. Most infants, including infants with cow’s milk allergy have a
history of exposure to naturally produced 2’-FL via mother’s milk.

2’-FL is naturally-occurring in milk along with other HMOs. There is a published clinical trial
testing 2’-FL among milk-allergic infants (Nowak-Wegrzyn et al., 2019) and there is
extensive literature reporting levels of 2’-FL in human milk, thus providing further evidence
that 2’-FL is safe for infants and toddlers with cow’s milk allergy. Though the clinical trial
among individuals with cow’s milk allergy tested 2’-FL at lower addition level than that
proposed in GRN 929 (Nowak-Wegrzyn et al., 2019) the mean concentrations of 2’-FL in
mother’s milk are around 3 g/L, as reported in a systematic review of 21 studies of mothers
in numerous countries (Thurl et al., 2017). Another large, multi-country study (410 healthy
women in Ghana, Kenya, Peru, Spain, Sweden, Ethiopia, Gambia, and the United States)
reported mean 2’-FL concentrations ranging between 0.7 and 3.4 g/L (McGuire et al.,
2017). The background mean concentration of 2’-FL in mother’s milk is consumed by infants
(with or without an allergy to cow’s milk) naturally. Thus, cow’s milk allergic infants
consuming mother’s milk are exposed to 2’-FL at naturally occurring levels that are within
the Notifier’'s proposed addition level of 2 g 2’-FL/L formula.

The clinical trial by Nowak-Wegrzyn et al., 2019 employed a combination of 2’-FL and LNnT
to mimic the HMOs encountered naturally in mother’s milk by incorporating in combination
two of the most prevalent types of HMOs in human mother’s milk: the fucosylated HMO 2’-
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FL and the non-fucosylated neutral HMO LNNT. Although the Nowak-Wegrzyn et al. (2019)
study was conducted with 1 g 2’-FL/L formula, the McGuire et al., 2017 survey of mother’s
milk shows that 2 g 2’-FL/L is well within the naturally occurring concentration to which the
breast-fed cow’s milk allergic infants are exposed.

Two additional studies of 2’-FL and cow’s milk allergic infants are described below to support
the Notifier’s conclusion of the safety and tolerability of intake of 2’-FL by these infants:

Sjogren et al. (2007) reported similar levels of 2’-FL in the milk secreted by allergic mothers
compared with milk secreted by non-allergic mothers as well as similar levels of 2’-FL in the
milk consumed by infants with no allergy at 18 months compared with infants with
confirmed allergy at 18 months. The allergies specifically discussed in the study included
egg and/or milk allergy, asthma bronchiale, atopic eczema, and allergic rhinoconjunctivitis.

Seppo et al. (2016) studied mother’s milk collected in a prospective birth cohort and
reported that FUT2 Secretor status (2’-FL-producing mothers) did not significantly correlate
with cow’s milk allergy development within the first 18 months of life. The study reported
that when stratifying infants by cow’s milk allergy type, all infants with delayed-onset cow’s
milk allergy had mothers with FUT2 Secretor status (milk containing 2’-FL) whereas infants
with immediate-type cow’s milk allergy did not all have FUT2 Secretor mothers. The
authors, however, also reported that 2’-FL concentrations in the milk of mothers of both
groups were not statistically different (Seppo et al., 2016).

These studies and the range of background levels of 2’-FL in mother’s milk of breast-fed
cow’s milk allergic infants support the Notifier's conclusion of the safety and tolerability of
intake of 2’-FL at 2 g/L by these infants.

We trust that our responses have addressed your questions and requests. If you have any
additional questions or comments at any time during your review of GRN 000929, please
contact us promptly, so that we may provide a substantive response in a timely manner.

Sincerely yours,

%vin P Thompson, PhD 7~

rincipal Consultant
Ramboll Environment & Health
Ramboll US Consulting
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GRN 000929:
Notifier's Responses to FDA Questions (November 23, 2020)

Dear Dr. Hice,

Ramboll US Consulting
On behalf of the Notifier, Jennewein Biotechnologie GmbH, we herein

provide substantive answers and responses to two questions from él}tl Egszt Highland Avenue
, . . . . uite

FDA’s GRN technical review team regarding GRN 000929 provided to Phoenix, AZ 85016

us on November 23, 2020. USA

Q-1. Chemistry: T +1602 734 7704

F+1 602 734 7701

The exposure estimate the notifier provide in the amendment
gthompson@ramboll.com

(response to FDA’s question 13) includes conservative assumptions
about the use of 2’-fucosyllactose (2’-FL) in beverages but also does
not explicitly include certain foods included among their proposed
uses: breakfast cereals (for infants, toddlers, or all ages), ice cream
and frozen yogurt, fruit fillings, syrups. Further, the notifier’s estimate
does not include certain foods included in other GRNs such as
vegetable juice and carbonated beverages. We note that while the
assumption of 10 g per kg of food is within proposed levels for various
foods (although 12 g/kg is more commonly cited), the 10 g/L for all
beverages results in an unrealistic overestimate of exposure,
particularly for toddlers.

We request that the notifier either revise their exposure estimate
using levels specific to each food category, possibly omitting foods not
suited for hypoallergenic consumers, or incorporate (by reference or
citation) the cumulative estimate of exposure provided in GRN
000735, addressing why background intakes from other uses of 2’-FL
outside the scope of this notice but part of the current background diet
in the US (e.g., vegetable juice, carbonated beverages, flavored
waters), would not meaningfully increase the overall estimates of
dietary exposure to 2’-FL for toddlers. Additionally, when citing this
estimate the notifier may provide the caveat that some uses included
in the calculation of cumulative exposure may not be suitable for milk-
allergic individuals.

1/4





A-1. Notifier's Response:

The Notifier acknowledges that 2’-fucosyllactose (2’-FL) is added to many foods including
infant formulas and toddler formulas. As recommended by FDA, the Notifier examined
estimated intakes presented in GRN 735, which included in addition to infant formula,
numerous other food uses for 2’-FL ranging from 0.8 to 60 g 2’-FL per kg food.! In GRN
735, the proposed levels of 2’-FL vary based on the proposed food uses; for example, 2’-FL
is proposed to be added at 80 g 2’-FL per kg food in ready-to-eat breakfast cereals for
adults and children, 60 g/kg in jellies and jams, fruit preserves and fruit butters, 1.2 g/L in
flavored milks, and 10 g/L in yogurt and juice beverages identified as “baby"” drinks.

The 2’-FL addition levels presented in GRN 929 are within the ranges presented in GRN 735.
The uses presented in GRN 929 do not meaningfully increase the cumulative estimated daily
intakes (CEDIs) of 2'-FL because the addition levels presented in GRN 929 are within similar
ranges and food uses for the basis of the CEDI presented in GRN 735.

The CEDIs presented in GRN 735 are: 1.91 g 2’-FL per day (mean) and 3.00 g 2'-FL per day
(90™ percentile) among infants 0-5 months. The CEDIs reported on a mg/kg-bw/day basis
for this age group are 315 mg/kg-bw/day (mean) and 532 mg/kg-bw/day (90t percentile).
Among infants 6-11 months old, CEDIs are 2.28 g 2’-FL per day (mean) and 3.86 g/day
(90 percentile). On a mg/kg-bw/day basis for this age group, the CEDIs are 259 mg/kg-
bw/day (mean) and 447 mg/kg-bw/day (90t percentile). Among toddlers 12-35 months
old, the CEDIs are 1.83 g/day (mean) and 2.97 g/day (90" percentile) and 148 mg/kg-
bw/day (mean) and 243 mg/kg-bw/day (90t percentile).

The Notifier cites the EDIs presented in GRN 735, as those intakes are based on calculations
of the various addition levels by food use category. The Notifier caveats that the EDIs in
GRN 735 are an overestimate as the proposed uses include some foods that milk-allergic
infants and toddlers would not consume such as frozen dairy desserts, dairy-based
puddings, custards and mousses, milk and milk beverages, and yogurt.

The Notifier examined toddler intakes of 2’-FL from uses presented in other GRNs that are
outside the scope of GRN 735, but are part of the current background diet in the United
States; according to NHANES survey data? these additional foods are not commonly
consumed by toddlers. Therefore, considering these other uses of 2’-FL would not
meaningfully increase the CEDI of 2’-FL for toddlers.

In response to FDA’s October 6, 2020 questions, the Notifier refined its CEDIs (October 19,
2020) removing milk and dairy products from intake estimates to better reflect the CEDIs of
2’-FL by a population comprised of consumers of hypoallergenic infant and toddler formulas.
The Notifier further refined its CEDIs to reflect varying addition levels for other food
categories: 1.2 g/L dairy product analogs, 12 g/kg bars, 57 g/kg baby crackers baby
crackers and cookies, 10 g/kg cereals, 60 g/kg jams and jellies, 0.8 g/L fitness water and
thirst quenches, sports and isotonic, 2 g/L fluid replacement/electrolyte solutions, and 1.2

! Agency Response Letter GRAS Notice No. GRN 000735. FDA (April 6, 2018). FDA had “no questions at this time”
regarding the GRAS conclusion based on scientific procedures for 2’-FL as an ingredient in milk- and soy-based,
non-exempt infant formulas for term infants and in toddler formulas at a maximum level of 2.4 g/L of formula as
consumed; infant and toddler foods at levels of 0.24-1.2 g/serving; and in the following food categories at levels of
0.28-1.2 g/serving: beverages and beverage bases; breakfast cereals; dairy product analogs; frozen dairy desserts
and mixes; gelatins, puddings, and fillings; grain products and pastas; jams and jellies; milk and milk products;
processed fruits and fruit juices; and sweet sauces, toppings, and syrups. Accessed November 30, 2020 at
https://www.fda.gov/media/113453/download.

2 National Health and Nutrition Examination Survey (NHANES) 2015-2016.
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g/kg processed fruits and fruit juices. The revised CEDIs for infants 0-5 months are 1.9 g 2'-
FL/day and 310 mg/kg-bw/day (mean) and 2.6 g/day and 403 mg/kg-bw/day (90"
percentile). For older infants 6-11 months, the revised CEDIs are 2.0 g/day and 230 mg/kg-
bw/day (mean) and 2.9 g/day and 320 mg/kg-bw/day (90 percentile). For toddlers 12-35
months old, the revised CEDIs are 0.7 g/day and 62 mg/kg-bw/day (mean) and 1.4 g/day
and 130 mg/kg-bw/day (90t percentile). The ranges of 2’-FL intakes presented herein and
in GRN 735 fall within the background range of 2’-FL intakes by infants and toddlers from
naturally-occurring 2’-FL in mother’s milk (as discussed further in the Notifier's response to
Question 2 below).

Q-2. Toxicology:
We understand, based on the notifier’s batch data and analyses, that their 2’-FL is devoid of
proteins, thereby demonstrating and confirming the absence of potential allergenic proteins.

As a follow-up to the notifier’s response to our question 24, FDA notes that the clinical study
the notifier cited (Nowak-Wegrzyn et al., 2019) is the first and only hypoallergenicity trial of
HMO-supplemented extensively hydrolyzed formula. This study used a concentration of 1.0
g/L 2’-FL in combination with 0.5 g/L LNnT. Furthermore, the notifier discussed a clinical
study that assessed safety and tolerability of formula containing a combination of 2’-FL (1.0
- 1.2 g/L) and LNnT (0.5 - 0.6 g/L) in healthy, full-term infants (Pucio et al., 2017). Thus,
neither of these human studies tested for tolerability of 2’-FL alone in infants and toddlers
with potentially sensitive gastrointestinal systems at the proposed use level of 2.0 g/L.

Please confirm and provide a short rationale that infants and toddlers requiring consumption
of hypoallergenic formulas would not be particularly sensitive to addition of 2.0 g/L 2’-FL.

A-2. Notifier’'s response:

As described in Sections 3 and 5 of GRN 929, 2'-FL is a naturally occurring human milk
oligosaccharide (HMO) found in mother’s milk. The levels of 2’-FL in milk vary from
individual to individual. Most women produce milk containing 2’-FL and those that do not
still produce fucosylated HMOs. Most infants, including infants with cow’s milk allergy have a
history of exposure to naturally produced 2'-FL via mother’s milk.

2’-FL is naturally-occurring in milk along with other HMOs. There is a published clinical trial
testing 2’-FL among milk-allergic infants (Nowak-Wegrzyn et al., 2019) and there is
extensive literature reporting levels of 2’-FL in human milk, thus providing further evidence
that 2’-FL is safe for infants and toddlers with cow’s milk allergy. Though the clinical trial
among individuals with cow’s milk allergy tested 2'-FL at lower addition level than that
proposed in GRN 929 (Nowak-Wegrzyn et al., 2019) the mean concentrations of 2’-FL in
mother’s milk are around 3 g/L, as reported in a systematic review of 21 studies of mothers
in numerous countries (Thurl et al., 2017). Another large, multi-country study (410 healthy
women in Ghana, Kenya, Peru, Spain, Sweden, Ethiopia, Gambia, and the United States)
reported mean 2'-FL concentrations ranging between 0.7 and 3.4 g/L (McGuire et al.,
2017). The background mean concentration of 2’-FL in mother’s milk is consumed by infants
(with or without an allergy to cow’s milk) naturally. Thus, cow’s milk allergic infants
consuming mother’s milk are exposed to 2’-FL at naturally occurring levels that are within
the Notifier's proposed addition level of 2 g 2’-FL/L formula.

The clinical trial by Nowak-Wegrzyn et al., 2019 employed a combination of 2’-FL and LNnT
to mimic the HMOs encountered naturally in mother’s milk by incorporating in combination
two of the most prevalent types of HMOs in human mother’s milk: the fucosylated HMO 2'-
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FL and the non-fucosylated neutral HMO LNnT. Although the Nowak-Wegrzyn et al. (2019)
study was conducted with 1 g 2’-FL/L formula, the McGuire et al., 2017 survey of mother’s
milk shows that 2 g 2'-FL/L is well within the naturally occurring concentration to which the
breast-fed cow’s milk allergic infants are exposed.

Two additional studies of 2’-FL and cow’s milk allergic infants are described below to support
the Notifier’s conclusion of the safety and tolerability of intake of 2’-FL by these infants:

Sjogren et al. (2007) reported similar levels of 2'-FL in the milk secreted by allergic mothers
compared with milk secreted by non-allergic mothers as well as similar levels of 2’-FL in the
milk consumed by infants with no allergy at 18 months compared with infants with
confirmed allergy at 18 months. The allergies specifically discussed in the study included
egg and/or milk allergy, asthma bronchiale, atopic eczema, and allergic rhinoconjunctivitis.

Seppo et al. (2016) studied mother’s milk collected in a prospective birth cohort and
reported that FUT2 Secretor status (2'-FL-producing mothers) did not significantly correlate
with cow’s milk allergy development within the first 18 months of life. The study reported
that when stratifying infants by cow’s milk allergy type, all infants with delayed-onset cow’s
milk allergy had mothers with FUT2 Secretor status (milk containing 2’-FL) whereas infants
with immediate-type cow’s milk allergy did not all have FUT2 Secretor mothers. The
authors, however, also reported that 2’-FL concentrations in the milk of mothers of both
groups were not statistically different (Seppo et al., 2016).

These studies and the range of background levels of 2’-FL in mother’s milk of breast-fed
cow’s milk allergic infants support the Notifier's conclusion of the safety and tolerability of
intake of 2’-FL at 2 g/L by these infants.

We trust that our responses have addressed your questions and requests. If you have any
additional questions or comments at any time during your review of GRN 000929, please
contact us promptly, so that we may provide a substantive response in a timely manner.

Sincerely yours,

vin P ThompW

rincipal Consultant
Ramboll Environment & Health
Ramboll US Consulting
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Several recent studies have demonstrated a relationship between the
composition of the gut microbiota in infancy and subsequent develop-
ment of allergic disease. Human milk is the major food in infancy and
may thus profoundly influence the composition of the gut flora.
Oligosaccharides in breast milk survive the passage through the stom-
ach and are utilized by the gut microbiota. As the relationship between
breast feeding and childhood allergy is controversial we hypothesized
that the composition of oligosaccharides in breast milk might explain
the controversy. Nine of the most abundant neutral oligosaccharides in
human milk were analysed in colostrum samples from allergic and non-
allergic women and related to subsequent development of allergy in
their children. The carbohydrate fraction of the colostrum was separ-
ated by gel permeation chromatography and neutral oligosaccharides,
tri- to hexasaccharides were collected. Neutral oligosaccharides were
analysed with high-performance liquid chromatography. There was a
large variation in the concentration of neutral oligosaccharides in
colostrum, which could not be explained by the allergic status of the
women. Allergic children consumed higher amounts of neutral oligo-
saccharides in total, although not significantly (p = 0.12). When dif-
ferent oligosaccharides were analysed separately, there was no
significant difference in consumption between the infants who devel-
oped atopic allergy later (n = 9) and infants who did not (n = 11).
Thus, the amount of neutral oligosaccharides in colostrum does not
directly correlate with maternal allergy, nor with allergy development in
children up to 18 months of age.
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The intestinal microflora comprises approxi-
mately 10" micro-organisms and has been sug-
gested to be important for the development of a
normal immune system (1-3). The mucosal epi-
thelium of the gastrointestinal tract is the largest
surface of the human body where interaction
between microbial antigens and the immune
system occurs (4). Bottcher et al. showed that
microflora-associated characteristics, as assessed





in the faeces, differ between allergic and non-
allergic infants (5). An explanation for these
differences could be given from studies showing
that allergic children were less often colonized
with bifidobacteria, lactobacilli and enterococci
but had higher counts of clostridia and Staphy-
lococcus aureus (2, 6, 7).

Probiotic bacteria is defined as ‘a live microbial
feed supplement which beneficially affects the
host animal by improving its intestinal balance’
(8). Different strains of bifidobacteria and lacto-
bacilli are normal components of the human
intestinal flora and the most frequently used
probiotics (9). Several studies on diarrhoea have
shown that probiotic bacteria could be beneficial
(reviewed in 9). Probiotic bacteria might also be
able to strengthen the gut defence barrier mech-
anisms that often are defective in children with
atopic eczema and food allergy (3). Furthermore,
experimental studies indicate that probiotics
induce T-helper cell 1 and T-regulatory cell type
of cytokines, such as y-interferon (IFN-v), inter-
leukin-12 and interleukin-10 (3, 10-12). Recent
investigations also indicated that Lactobacillus
GG, given to mothers and their infants, prevented
atopic eczema in the latter (13).

Human milk is the ideal nutrition for infants.
Apart from containing optimal proportions of
nutrients, it contains several components which
compensate for the developmental delay in the
infant’s immune system (14). Of special import-
ance are secretory immunoglobulin-A, lactofer-
rin, lysozyme, oligosaccharides and some
cytokines (14). Yet, the reported associations of
breast feeding with a protective effect for allergic
disease are often contradictory (15). Both pro-
tective and allergy-promoting effects of breast
feeding have been reported. While potential
confounding may account for some of this
variation between studies, it seems unlikely that
this is the entire explanation. An alternative
explanation could therefore be that the immu-
nomodulatory components in breast milk differ
between mothers and affects the immune devel-
opment of the newborn child. Some of these
immunomodulatory  components, including
interleukin-4, seem to vary depending on the
allergy status of the mother (16, 17). Moreover,
the concentrations of some polyunsaturated fatty
acids seem to be lower in the breast milk of
allergic mothers (17).

Oligosaccharides are the third most abundant
solid component in breast milk after lactose and
lipids (18, 19). A considerable amount of the
human milk oligosaccharides reaches the colon
intact and is utilized by gut microbes (18).
A recent study showed that human milk oligo-
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saccharides enhanced the growth of Bifidobacte-
rium infantis in vitro to a considerably higher
degree than other carbohydrates, such as glucose
and inulin (20). However, the growth of Lacto-
bacilli gasseri was not induced to the same extent,
indicating that human milk oligosaccharides
might affect the growth of different gut microb-
iota. Interestingly, the monosaccharide N-ace-
tylglucosamine, which is a component in several
neutral oligosaccharides, seems to be essential for
the growth of a subspecies of Bifidobacterium
bifidums (9, 18). This is one of the gut microbiota,
which appears to be more abundant in healthy
infants than in allergic children (21). About 80—
90% of the carbohydrate content of human milk
consists of lactose, the rest are neutral and acidic
oligosaccharides (18). The neutral oligosaccha-
rides make up the largest proportion of oligo-
saccharides, about 75-85% (22). The synthesis of
milk oligosaccharides takes place in the mam-
mary acinar cells by enzymes which are under
genetic control (23). In humans, the synthesis of
large and complex oligosaccharides occurs
through elongation of lactose (24). The most
studied and abundant neutral oligosaccharides
found in human milk are fucosylated tri- to
hexasaccharides: 2’-fucosyllactose (2’-FL), 3-fuc-
osyllactose (3-FL), lactodifucotetraose (LDFT),
lacto-N-fucopentaose I[-III (LNFP I-III) and
lacto-N-difucohexaose I (LNDFH I) and their
precursors: lacto-N-tetraose (LNT) and lacto-N-
neotetraose (LNnT) (19, 24, 25). About 20% of
the Caucasian population are non-secretors and
therefore lack the ability to secrete certain
fucosylated oligosaccharides. The al,2-linked
fucosylated oligosaccharides 2’-FL, LNDFH 1,
LDFT and LNFP I are missing in the breast milk
of non-secretors (24).

As oligosaccharides in breast milk influence
the infant gut flora and as several studies show
that allergic children are less often colonized with
lactobacilli and bifidobacteria, we hypothesized
that the amount of neutral oligosaccharides in
breast milk could affect the development of
allergy in breast-fed babies. We therefore ana-
lysed the neutral oligosaccharide content in
colostrum samples, relating the amounts to the
allergy status of the mother and to the allergy
development in children up to 18 months of age.

Subjects and methods
Study population
Mothers attending the Antenatal Health Care

Centres in Linkdping August 1993 to March
1996 and in the beginning of 2004 were invited to
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participate in a prospective study of the devel-
opment of atopic symptoms in relation to envi-
ronmental factors and maternal immunity. The
children were born between January 1994 to July
1997 and June to October 2004. All children were
delivered at term and they had an uncomplicated
perinatal period. Mothers who breastfed their
babies for <3 months were excluded.

Clinical examinations and skin prick tests (SPT)
against fresh hen’s egg, milk and extracts from
cat and peanut (ALK, Hersholm, Denmark) were
carried out at 6, 12 and 18 months of age, and
whenever allergic symptoms were suspected. At
these appointments the parents also completed a
questionnaire regarding clinical symptoms, nutri-
tion and allergen exposure to pets on behalf of
their babies.

The diagnosis of atopy in the parents was
based on a convincing clinical history of bron-
chial asthma, allergic rhinoconjunctivitis, atopic
eczema and food allergy. The mothers were
classified as allergic if they showed clinical
symptoms of allergic disease and had circulating
immunoglobulin-E (IgE) antibodies against a
panel of common allergens, measured with an
allergy screen test (Magic Lite™; ALK, Hor-
sholm, Denmark) or Phadiatop (Pharmacia CAP
System RAST FEIA; Pharmacia Diagnostics
AB, Uppsala, Sweden). Mothers not reporting
clinical symptoms of allergy and having a neg-
ative allergy screen test or Phadiatop were
classified as non-allergic.

Children were classified as non-allergic when
they did not show any symptoms of allergy and
had a negative SPT. Children were classified as
allergic if they showed clinical symptoms of
allergic disease.

The SPT was considered to be positive if the
mean diameter of the wheal reaction was
>3 mm. Atopic eczema was defined as pruritic,
chronic or chronically relapsing dermatitis with
typical morphology and distribution. Food
allergy was defined as a positive SPT, combined
with a positive clinical history of immediate skin
and/or gastrointestinal reactions or atopic symp-
toms upon exposure to a certain food and clinical
remission of atopic symptoms on an exclusion
diet. Breast feeding was defined as exclusive when
all cows milk formula, except for extensively
hydrolysed formula (i.e. Nutramigen™; Bristol
Meyers, New York, NY, USA), were avoided.

From the original study population, we ran-
domly selected 20 women (11 allergic and nine
non-allergic) and 20 children. Eleven of these
children were non-allergic and nine showed
symptoms of atopic eczema, food allergy or both
(Table 1).
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Table 1. Clinical description of the allergic mothers and the allergic children
included in the human milk oligosaccharide study. Clinical history of atopic
disease, allergens inducing allergic symptoms upon exposure and appearance
of IgE antibodies are given

No. Sex Clinical history Allergens IgE antibodies™

Allergic mothers
1 AE, ARC, AB Pets Positive
2 AE, ARC Pollen Positive
3 AB Pets Pasitive
4 ARC Pollen Positive
5 ARC Pollen Positive
6 ARC Pets, pollen Positive
7 AE, ARC Pets, pollen Positive
8 AE, ARC Pollen Positive
9 ARC Pollen Positive
10 AB, AE Pets, horse Positive
1 AB Pets, pollen Positive

Allergic children
1 Boy AE, FA Egg, milk Positive
2 Girl FA Egg Pasitive
3 Boy AE Cat, egg Positive
4 Boy AE Negative
5 Girl AE Negative
6 Boy AE, AB Negative
7 Girl AE Negative
8 Girl AE Negative
9 Girl FA Egg Positive

AB, asthma bronchiale; AE, atopic eczema; ARC, allergic rhinoconjuntivitis; FA,
food allergy.

*IgE antibodies in mothers were detected by Allergy Screen or Phadiatop and
in children by skin prick test.

Collection of milk samples

Breast milk (5-20 ml) was collected by a mechan-
ical breast pump (Arta Plast, Stockholm, Swe-
den) in conjunction with the second meal of the
day, i.e. late in the morning at 2—4 days post-
partum. The baby was allowed to suckle the
nipple for about 2 min before collecting the
breast milk sample. The milk samples were
frozen at —20°C and stored until transport. The
samples were transported on dry ice. All analyses
were blinded.

Extraction of carbohydrates from human milk

The milk samples were thawed, shaken and
centrifuged at 680 g for 10 min followed by a
30-min centrifugation at 10,000 g to remove fat.
Extraction of carbohydrates from human milk
was performed, in part, as described by Sumiyoshi
et al. (25). A portion of each milk serum (1 ml)
was extracted with 4 ml of chloroform-methanol
(2:1). The emulsion was centrifuged at 1500 g for
30 min at room temperature and the upper layer,
containing the carbohydrates and the salts,
was collected. The carbohydrate fraction was
evaporated and dissolved in 3 ml of H,O. A mixed
bed ion exchange resin (Amberlite monobed
resin MB-1 and MB-3; BDH Ltd, Poole, UK)





was added to remove salts and acidic oligo-
saccharides. The resin was filtered off and the
remaining neutral carbohydrate fraction was
freeze-dried.

Gel permeation chromatography

The carbohydrate fraction obtained by the
treatment described above was separated into
five pools by gel filtration as follows: Freeze-
dried carbohydrates were dissolved in H,O,
filtered and applied to a size exclusion column
(2.6 x 100 cm) (Bio Gel P-2, 45-90 um; Bio-
Rad, Hercules, CA, USA). The column was
eluted with H,O at a flow rate of 28 ml/h and
fractions of 4.7 ml were collected. To avoid
bacterial growth in the column, 0.05% trichlo-
robuthanol was added to the water prior to
elution. Aliquots (200 ul) of each fraction were
analysed for carbohydrates by a modified
Anthrone method (26) as follows: Each aliquot
was diluted with 0.8 ml H>O and 2 ml anthrone
reagent (1 g/500 ml conc. H,SO,4) was added.
The samples were heated for 5-10 min in a water
bath at 100°C and cooled to room temperature.
The absorbance was measured at 610 nm. Peak
fractions, containing tri- to hexasaccharides were
pooled and freeze-dried.

Quantification of neutral oligosaccharides

High-performance  liquid  chromatography
(HPLC) was used for the quantification of
neutral oligosaccharides. A HPLC gradient sys-
tem (Waters 600; Waters, Milford, MA, USA)
equipped with a UV-Vis variable wavelength
detector (Waters 448; Waters) was used for
analysis of derivatized samples. For analysis of
underivatized samples the same pump was used
equipped with a differential refractometer
(Waters 410; Waters).

A chromophoric group, 4-triflouroacetamido-
aniline (TFAN) was introduced to yield a better
quantification of the small amount of oligosac-
charides. We mainly followed the procedures of
Kallin et al. (27). This method gives a relatively
high yield, 76-88% for different oligosaccharides
from human milk. The freeze-dried fractions
containing oligosaccharides were dissolved in
0.5 ml H>O. Aliquots corresponding to approxi-
mately 1 mg of oligosaccharides were mixed with
100 ul TFAN reagent (10.2 mg TFAN in 1 ml
ethanol) and 100 ul of the reducing agent sodium
cyanoborohydride (6.3 mg NaCNBH; in 1 ml
ethanol). Two microlitres of concentrated acetic
acid was added to obtain pH 6, and the mixture
was stirred at ambient temperature for 15 h. To
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obtain a more stable product 5 ul of acetic acid
anhydride was added. The mixture was stirred
again at room temperature for 3 h. After eva-
poration, the derivatives were dissolved in 400 ul
H,O, filtered and 10 ul was injected into a
reverse-phase HPLC (Genesis, Grace Vydak,
Hersperia, CA, USA, C18 column, 4 u, 4.6 X
250 mm). The derivatives were eluted, at a flow
rate of 1 ml/min, with 13-14% acetonitrile
(isocratic system) as eluent. The detection was
observed at 254 nm. Each component was iden-
tified by comparison with an authentic deriva-
tized reference oligosaccharide. Quantification of
each oligosaccharide was done by calculating the
ratio of the peak area with that of an internal
standard, maltotetraose. The maltotetraose
standard (100 ul) (5 mg/ml) was added to the
oligosaccharides prior to derivatization.

Reference oligosaccharides. The reference oligo-
saccharides 2’-FL, 3-FL, LDFT, LNT, LNnT,
LNFP I, LNFP II, LNFP III and LNDFH 1
were purchased from Isosep AB (Tullinge,
Sweden). Lactose was also used as reference
and maltotetraose (Sigma, St Louis, MO, USA)
was used as the quantification standard.

The oligosaccharides LNT and LNnT have the
same molecular weight and are hard to separate
from each other when derivatized with TFAN.
Therefore, we did quantification with the non-
derivatized oligosaccharides. We used the same
reverse-phase HPLC column (see above). Twenty
microlitres was injected into the HPLC and the
oligosaccharides were eluted, at a flow rate of
1 ml/min, with water as eluent. A differential
refractometer was used for detection of oligosac-
charides. The identification was performed by
comparing the relative retention time of each
component with that of an authentic reference
oligosaccharide. The ratio between LNT and
LNnT was calculated and a quantitative value
was obtained. The same procedure was repeated
to separate LNFP I from LNFP IT and LNFP III.

Statistics

For independent, nonparametric comparison of
oligosaccharides in samples from allergic and
non-allergic mothers as well as from allergic and
non-allergic children, the Mann—Whitney U-test
was used. Values of p < 0.05 were considered
significant.

Ethical considerations

The local Ethics Committee at the University
Hospital, Linkoping, Sweden, approved the study.
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Table 2. Concentrations of neutral oligosaccharides in colostrum from allergic
and non-allergic mothers

Non-allergic mothers
(=9

Allergic mathers
(n=11)

Median (g/1) Range Median (g/1) Range p-value

In total 753 4.90-13.90 8.67 597-1186 034
LNDFH | 0.99 0.00-2.45 1.22 0.65-2.63 0.27
LNFP | 1.37 0.00-5.32 1.46 0.74-3.30 043
LNFP 11, 1 0.69 0.39-2.17 0.57 0.29-1.44 0.47
LNT 0.80 0.18-2.22 0.58 0.18-1.59 0.45
LNnT 0.39 0.11-0.58 0.28 0.11-0.55 0.29
3-FL 0.07 0.02-0.27 0.10 0.03-0.18 073
2-FL 2.99 0.00-5.24 333 2.24-5.05 0.79
LDFT 0.13 0.00-0.39 0.26 0.06-0.66 027

LNDFH I, lacto-N-difucohexaose I; LNFP I, lacto-N-fucopentaose I; LNFP I,
lacto-N-fucopentaose II; LNFP ll, lacto-N-fucopentaose III; LNT, lacto-N-
tetraose; LNnT, lacto-N-neotetraose; 3-FL, 3-fucosyllactose; 2’-FL, 2’-fucosyl-
lactose; LDFT, lactodifucotetraose.

Results

In order to investigate whether maternal allergy
influences the neutral oligosaccharide content in
breast milk, we analysed the content of LNDFH
I, LNFP I, LNFP II, LNFP III, LNT, LNnT,
3-FL, 2’-FL and LDFT in colostrum samples
from allergic (n = 11) and non-allergic (n = 9)
women. The colostrum samples were collected at
the same time of the day and at the same time in
the lactation period, 2—4 days postpartum. Re-
sults are shown as median (range) values and a
great variation between individuals (Table 2). In
accordance with previous studies (19, 24, 25),
2’-FL and LNFP I were the most abundant
neutral oligosaccharides. The levels were similar
in colostrum from allergic and non-allergic
women. One non-allergic mother was a non-
secretor, lacking the oligosaccharides LNDFH 1,
LNFP I, 2’-FL and LDFT. This mother had the
highest values of the neutral oligosaccharides
LNFP II, IIT and LNT.

The children who had developed allergic
symptoms at the age of 18 months tended to
have consumed colostrum with higher concen-
trations of oligosaccharides in total, although the
difference did not reach statistical significance
(p = 0.12) (Table 3). This tendency could how-
ever not be attributed to any specific oligosac-
charide (Table 3). One child had a non-secreting
mother and this child developed food allergy
with positive SPT for egg.

Discussion

Both genetic and environmental factors seem to
be involved in the development of atopic disor-
ders (1). We have investigated a connection
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Table 3. Concentrations of neutral oligosaccharides in colostrum consumed by
infants who later developed allergic disease compared to children who did not
develop allergic disease

Non-allergic children
(n=11)

Allergic children
(n=29

Median (g/1) Range Median (g/1) Range p-value

In total 7.53 5.94-11.01 9.88 490-13.90 0.2
LNDFH | 1.22 0.00-2.45 1.10 0.00-2.63 0.76
LNFP | 1.37 0.00-3.30 2.37 0.00-5.32 0.36
LNFP 11, 1l 0.64 0.39-1.94 0.85 0.29-2.17 0.24
LNT 0.58 0.00-1.83 0.73 0.18-2.95 0.52
LNnT 0.30 0.02-0.60 0.30 0.04-0.58 0.85
3-FL 0.1 0.05-0.71 0.1 0.04-0.27 0.73
2-FL 2.99 0.50-4.74 4.41 0.00-5.05 0.47
LDFT 0.17 0.00-0.68 0.1 0.00-0.61 0.36

LNDFH |, lacto-N-difucohexaose I; LNFP I, lacto-N-fucopentaose I; LNFP I,
lacto-N-fucopentaose II; LNFP Ill, lacto-N-fucopentaose Ill; LNT, lacto-N-
tetraose; LNNT, lacto-N-neotetraose; 3-FL, 3-fucosyllactose; 2’-FL, 2’-fucosyl-
lactose; LDFT, lactodifucotetraose.

between the genetics and the environment by
analysing oligosaccharides in the breast milk
(genetic factor), which stimulate the gut bacteria
(environmental factor). However, we could not
observe any difference in the concentration of
neutral oligosaccharides in the colostrum from
allergic and non-allergic mothers. This might
suggest that the production of oligosaccharides is
not influenced by the allergic status of the
mother.

The concentration of neutral oligosaccharides
in human milk varied considerably, which is in
accordance with previous findings (24, 25). The
oligosaccharide profile varies according to the
secretor status, the ABO blood group type and
the Lewis blood group type (23). The enzymes,
glycosyltransferases including fucosyltransferas-
es, which are necessary for the production of
breast milk oligosaccharides, are also involved in
the production of the cell surface glycolipids that
determine blood group type in erythrocytes (23).
In other cell types these enzymes are responsible
for the production of cell surface glycoconju-
gates, which can bind particles and pathogens.
Blood group phenotype and secretor status have
been associated with certain diseases, i.e. urinary
tract infection and asthma (23, 28). In addition,
the breast milk oligosaccharide profile with a
high amount of a1,2-linked fucosylated oligosac-
charides appears to protect the infant from
several types of diarrhoea (19). As the oligosac-
charides in human milk share structural similar-
ity with cell surface glycoconjugates, pathogens
bind to the free oligosaccharides in breast-fed
infants and are less able to infect the baby.
Consequently, the variation in breast milk oligo-





saccharides could have medical
implications.

The relationship between consumption of
breast milk oligosaccharides and allergy devel-
opment in children has not been studied previ-
ously. No significant difference could be shown
regarding the oligosaccharide content in colos-
trum consumed by infants who later developed
allergic symptoms compared with those who
remained non-allergic. However, there appeared
to be a trend towards higher consumption of
neutral oligosaccharides in those infants who
later developed allergic symptoms. The fact that
oligosaccharides in human milk act as receptor
homologues (19, 23) and thus prevent pathogens
from binding to the cells in the mucosa implies
that a high amount of neutral oligosaccharides
protects against orofecal pathogens. Interest-
ingly, it has been shown that food and orofecal
pathogens were able to reduce the risk of atopy
by 60% (29). Accordingly, the ability of human
milk oligosaccharides to bind pathogens and
serve as anti-infective agents might influence the
development of the immune system more than
their ability to stimulate gut microbiota-immune
interactions.

Human milk oligosaccharides can be absorbed
across the intestinal brush border membrane
(30). Oligosaccharides might therefore have
effects outside the intestine. For example, neutral
oligosaccharides inhibit the binding of neu-
trophils to tumour necrosis factor-o-stimulated
endothelium (30) and might thus serve as anti-
inflammatory agents. They might also influence
cytokine production of cord blood-derived T
cells as shown by Eiwegger et al. (31). Further-
more, the neutral human milk oligosaccharides
LNFP III and LNnT are found in eggs of the
helminth Schistosoma mansoni (32). Okano et al.
showed that LNFP III conjugated with human
serum albumin induced a stronger T2 response
in BALB/c mice compared to free serum albumin
(32). Significantly higher levels of total IgE were
produced.

To minimize the influence of diurnal variation
as well as the difference between colostrum and
mature milk, milk was collected at the same time
of the day and at the same time, 2-4 days
postpartum, in the lactation period. The sample
size is relatively small but should be sufficient to
detect differences with any major biological
significance. We analysed the amount of neutral
oligosaccharides in colostrum and not in mature
milk for several reasons: The amount of oligo-
saccharides is higher in colostrum compared to
mature milk (18) and a possible difference would
therefore be more pronounced in colostrum.

important

Breast milk, gut flora and allergy

Moreover, the gut of the unborn child is germfree
but colonization starts immediately after birth (1)
and the gut microbiota-stimulating factors would
be even more important around this time. The
amounts of oligosaccharides should not be con-
sidered as exact values, as we used a derivatiza-
tion method with TFAN that gave a yield of
76-88% for different neutral oligosaccharides
(27).

In conclusion, we have shown that the content
of neutral oligosaccharides in colostrum does not
depend on maternal allergy, nor does consump-
tion of breast milk with high amounts of oligo-
saccharides protect children against the
development of allergy. Nonetheless, human
milk oligosaccharides could modulate infant
immunity and play a role in prevention of
infections.
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Human milk oligosaccharides and
development of cow’s milk allergy
in infants

CrossMark

To the Editor:

Human milk oligosaccharides (HMOs) provide a main sub-
strate for infant’s gut microbiota, not only to bifidobacteria but
also some Bacteroides.' HMOs are complex glycans and the third
largest solid component in human milk. HMO composition varies
between women, which partially depends on genetics. For
example, HMO fucosylation is mediated by the 2 fucosyltrans-
ferases FUT2 (secretor gene) and FUT3 (Lewis gene), which
also determine the mother’s Secretor and Lewis blood group sta-
tus. Nonsecretor mothers, who lack the functional FUT2 enzyme,
also lack most alphal-2-fucosylated oligosaccharides such as

J ALLERGY CLIN IMMUNOL
FEBRUARY 2017

2'fucosyllactose (2'FL) and lacto-N-fucopentaose (LNFP I). In-
fants fed by nonsecretor mothers are delayed in establishment
of bifidobacteria-laden microbiota.” Previous studies have linked
individual HMO with reduced risk of mother-to-child HIV trans-
mission® and FUT2-dependent HMO with lower risk to manifest
IgE-associated eczema in infants born via C-section.” Because
there is emerging evidence in humans to support the concept
that the infant gut microbiome plays a role in food sensitiza-
tion/allergy,” we sought to compare the HMO composition in
breast milk received by infants who develop cow’s milk allergy
(CMA) with that in infants without CMA.

We used stored human milk, foremilk collected in the
morning, from a prospective birth cohort designed to assess
immunologic factors in human milk, development of CMA
within the first 18 months of life, and oversampled for
newborns at high risk for food allergies. The results for human
milk cytokines in this cohort have been previously published.®
Clinical characteristics are presented in Table El in this arti-
cle’s Online Repository at www.jacionline.org. The earliest
available milk sample was assessed from each mother: at
median 1.0 month in 41 mothers of infants without CMA
and at median 1.4 months in 39 mothers of infants with
CMA. CMA was verified by oral food challenges at median
age 6 months. HMO composition was measured by HPLC after
2-aminobenzamide labeling (see Table E2 in this article’s On-
line Repository at www.jacionline.org). Raffinose was added to
milk samples as internal standard to allow for absolute quanti-
fication (for details of Methods, see this article’s Online
Repository at www.jacionline.org). Freezing does not impact
HMO levels, which are very stable in term milk day-to-day
and diurnally.” The study was approved by the institutional re-
view boards of the Helsinki University Central Hospital, the
City of Helsinki, and the University of Rochester Medical
Center, Rochester, NY.

In our cohort, FUT2 Secretor status did not significantly
correlate with CMA (P = .38, Fisher test). Duration of lacta-
tion in months (ie, age of the infant) significantly correlated
with levels of several HMOs (see Fig El in this article’s On-
line Repository at www.jacionline.org), whereas maternal
atopy only marginally associated with 1 HMO (disialyllacto-
N-tetraose [DSLNT]; P = .046) and maternal age did not
significantly correlate with any HMO levels. After adjusting
for babies’ age and maternal covariates, including atopic dis-
eases, duration of lactation, and Secretor status, milk of
mothers with an infant with CMA contained lower levels of
6'-sialyllactose (6'SL, P = .019), DSLNT (P = .028), LNFP
I (P = .021), and LNFP III (P = .00036) than did milk of
mothers with a non-CMA infant, and there was a trend for
lower levels of LS-tetrasaccharide ¢ (LSTc, P = .068)
(Fig 1). After correction for multiple comparisons, the level
of LNFP III remained significantly lower in mothers with a in-
fant with CMA (29 pM vs 57 pM; 95% CI, 11-43; adjusted
P = .0069). Infants who received low (<60 pwM) LNFP
[II—containing milk were more likely to become affected
with CMA when compared with infants who received high
LNFP Ill-containing milk (odds ratio, 6.7; 95% CI, 2.0-22).
When further classifying infants into types of CMA, all
mothers with an infant with delayed-onset CMA were Secre-
tors (active FUT2, milk containing 2'FL and LNFP 1), whereas
those with an infant with immediate-type (IgE-mediated)
CMA were not; otherwise, HMOs were comparable between
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FIG 1. Human milk oligosaccharide levels in mothers who have an infant with CMA and in those with a child
without CMA. Nonparametric P values (Wilcoxon) for the difference in distribution between CMA and non-
CMA samples are indicated in each panel. For HMO abbreviations, see Table E2.

these groups (see Fig E2 in this article’s Online Repository at
www.jacionline.org). Levels of LSTc, DSLNT, and 6'SL
(P = .019, .028, and .044, respectively) were lower in the
milk of mothers with an infant with atopic dermatitis when
compared with those with an infant without atopic dermatitis.

Cluster analysis that groups HMOs on the basis of similarity
of expression patterns and baby’s age (Fig 2) shows that HMOs
that directly depend on FUT2 expression (2'FL and LNFP I,
group B) were coexpressed, and correlate with FUT2 status,
as expected. Also, noteworthy that 3 seemingly unrelated
HMOs, 6'SL, LSTc, and LNFP III (group A), formed a coex-
pressed cluster that together significantly correlated with
CMA status (multivariate analysis of variance, P = .015). It
was not immediately obvious from the cluster analysis what

regulates this expression pattern, because these 3 HMOs do
not share a known biosynthetic pathway that would easily
explain this pattern. It is noteworthy, however, that a third group
C with FDSLNH, LNFP II, 3FL, and 3'SL negatively correlated
with groups A and B, suggesting a common regulatory mecha-
nism that diverts HMO composition between 2 different
“glycotypes.”

One previous study assessed the association of HMO with
infant allergic status,” indicating that infants born by C-section at
a high hereditary risk for allergic diseases might have a lower risk
to manifest IgE-associated eczema at 2 years when fed breast milk
with FUT2-dependent HMO. Food allergy or individual HMO
components were not separately assessed. Although we have no
data on C-section births in our cohort, our data suggest that it is
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FIG 2. A correlation heatmap and cluster dendrogram for expression of HMOs. AU (approximately
unbiased) P value for each cluster is shown in the dendrogram. Significant clusters (AU > 95) are labeled
(a, b, and c). Heatmap of the distance matrix is shown with Spearman correlation values on the lower trian-
gle and the corresponding P value in the upper triangle. P values are indicated as follows: ****<.001,
**%*<.01, ¥*<.05, *<.1. For HMO abbreviations, see Table E2.
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the Lewis X antigen that is present in LNFP III, and not the FUT2
(Secretor status) that is associated with protection against CMA.
Lewis X antigen is recognized by some C-type lectins. In fact,
HMOs have recently been suggested to bind dendritic cell-spe-
cific intercellular adhesion molecule-3-grabbing nonintegrin,
mediated by Lewis X structure.” It remains to be seen whether
Lewis X or other HMO structures in breast milk could compete
with binding of glycoproteins to dendritic cell-specific intercel-
lular adhesion molecule-3-grabbing nonintegrin or other C-type
lectins in the gastrointestinal tract, thereby modulating infant’s
tolerance to foods.

We cannot exclude the possibility that other substances, such as
cytokines, antibodies, or exosomes, in breast milk could have
contributed to the development of CMA. In addition, although our
data suggest that higher LNFP III concentrations are associated
with the lack of development of CMA, they are not required to
prevent CMA. Therefore, other mechanisms must be in play.
Findings of our small cohort need to be validated in a larger
sample.

We thank Mayte Suarez-Farinas, PhD, for her help and critical review of the
statistical methods.
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METHODS

Absolute concentrations (nmol/mL) were determined for the 19 most
abundant HMOs that represent all key structural features of HMOs,
including chain elongation (type 1 and type 2), branching, all types of
sialylation (a2-3 and «a2-6), and all types of fucosylation (a1-2, a1-3, and
al-4). The latter allows us to determine the mother’s Secretor and Lewis
status. Statistical analyses were carried out using R software version 3.2.3
(https://www.R-project.org/). Concentrations of individual HMOs were
compared between the case and control groups using nonparametric, 2-
sided Wilcoxon test. On box plots comparing HMO concentrations in
CMO groups, the median is represented by a horizontal line within the
box representing the 25th to 75th percentile and whiskers show the 5th to
95th percentile. Significance testing was corrected for babies’ age and

J ALLERGY CLIN IMMUNOL
FEBRUARY 2017

maternal covariates using multiple regression, and for multiple testing using
the Benjamini-Hochberg method where indicated in the text. For determina-
tion of relative risk, concentration distribution was dichotomized using k-
means clustering and odds ratio was calculated with 95% CI using the
Wald algorithm. Hierarchical clustering of HMO levels and determination
of P values via bootstrap multiscale resampling was performed using
pvclust algorithm. HMO concentrations for each sample were used to
generate a pairwise distance matrix using Spearman correlation as the dis-
tance metric. The matrix was subsequently used in hierarchical clustering
algorithm pvclust (pvclust package v. 2.0.) to generate a dendrogram and
subsequently estimate P values for each cluster using multiscale bootstrap
resampling method with 10,000 replications. Correlation matrix and
dendrogram were combined and plotted using ggplot2 package in R.



https://www.R-project.org/
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FIG E1. Human milk oligosaccharide levels in milk as a function of baby’s age (duration of lactation).
A univariate model was fitted to estimate the correlation for each HMO. The  and corresponding P values
are indicated on the basis of the regression model for each HMO.
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FIG E2. Human milk oligosaccharide levels in mothers who have an infant with CMA with an immediate-
type reaction (immediate), a delayed, non-IgE-mediated reaction (delayed), and in those with an infant
without CMA (no). In the box plots, the median is represented by a horizontal line within the box indicating
the 25th to 75th percentile and the whiskers show the 5th to 95th percentile. Samples from FUT2 secretors
are shown in blue, whereas samples from nonsecretors are shown in red. Nonparametric Pvalues (Kruskal-
Wallis) for the difference in distribution between immediate, delayed, and no CMA samples (pkn) and
nonparametric (Wilcoxon) P values for the difference between immediate and delayed CMA samples
(pw) are indicated in each panel. P values were corrected for multiple testing using the Benjamini-
Hochberg method. For HMO abbreviations, see Table E2.
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TABLE E1. Clinical characteristics of mothers and their infants who either had CMA or those who did not

Infant with CMA Infant without CMA
Characteristic (N = 39) (N =41) P value
Mother
Age (y), median (IQR) 32.0 (29.8-35.0) 31.4 (29.7-34.3) .65
Atopic diseases 27 (73%) 22 (54%) 15%
Asthma 6 (15%) 5 (12%) .67*
Allergic rhinitis 21 (54%) 18 (44%) 37
Atopic dermatitis 10 (26%) 3 (7%) 26%
Food allergy 6 (15%) 2 (5%) 13*
Infant
Age at sample (mo), median (IQR) 1.4 (0.7-2.8) 1.0 (0.12-1.9) .056
Breast-feeding (mo), median (IQR)
Exclusive 3.0 (1.0-4.0) 3.0 (1.5-4.0) .67
Partial 7.0 (5.0-10.0) 7.0 (5.0-8.0) AT
CM formula
Received in nursery 3 (8%) 5 (12%) .50%
Presenting symptoms before diagnosis
Atopic dermatitis 25 (64%) 14 (34%) .007*
Gastrointestinal 23 (59%) 14 (34%) .026*
Recurrent wheeze 8 (21%) 2 (5%) .034%*
Age at diagnosis (mo), median (IQR) 6 (3.1-7)
Diagnosis of CMA}
Immediate type 19
Delayed type 20 2 (4.9%) 21
Hen’s egg allergy 5 (13%) 1 (2.4%) 021+
Wheat allergy 7 (18%)

CM, Cow’s milk; IQR, interquartile range.

*Comparisons are done with the Wilcoxon rank-sum test or the chi-square test.

TRegurgitation, vomiting, diarrhea, abdominal pain/colic.

{Based on onset of symptoms (urticaria, maculopapular rash, atopic dermatitis, vomiting, diarrhea, wheezing, or cough) within 2 hours of the last dose (immediate type) or after 2 h

of the last dose (delayed type) during open cow’s milk challenge.
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TABLE E2. Human milk oligosaccharide classification

Abbreviation

Name

Median (IQR)
(nmol/mL)

2'FL
3FL
LNnT
3'SL
DFLac
6'SL
LNT
LNFP I
LNFP II
LNFP IIT
LSTb
LSTc
DFLNT
LNH
DSLNT
FLNH
DFLNH
FDSLNH

DSLNH

2'-Fucosyllactose
3-Fucosyllactose
Lacto-N-neotetraose
3’-Sialyllactose
Difucosyllactose
6'-Sialyllactose
Lacto-N-tetraose
Lacto-N-fucopentaose I
Lacto-N-fucopentaose 11
Lacto-N-fucopentaose 11T
LS-tetrasaccharide b
LS-tetrasaccharide ¢
Difucosyllacto-N-tetraose
Lacto-N-hexaose
Disialyllacto-N-tetraose
Fucosyllacto-N-hexaose
Difucosyllacto-N-hexaose
Fucosyl-disialyllacto-N-
hexaose
Disialyllacto-N-hexaose

1980 (835-3440)
381 (190-497)
549 (355-777)
414 (276-550)
336 (201-448)
564 (287-883)

1010 (680-1520)

1210 (541-2520)

1180 (813-2180)

28 (14.2-61.2)

88.6 (59-138)
132 (77.5-234)

1310 (825-1970)
71.3 (38.6-119)
363 (264-553)
64.8 (23.8-110)
69.5 (31.6-157)

106 (40.4-244)

50.3 (23.5-99.3)

IQR, Interquartile range.
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Response to October 6, 2020 FDA questions on GRN 000929

October 19, 2020

Stephanie A. Hice, PhD

Staff Fellow (Biologist)

FDA Center for Food Safety and Applied Nutrition

Office of Food Additive Safety Division of Food Ingredients
5001 Campus Drive

College Park, MD 20740

T: +1 301-348-1740

E: Stephanie.Hice@fda.hhs.gov

RE: GRN 000929: Responses to questions

Dear Dr. Hice,

On behalf of the notifier, Jennewein Biotechnologie GmbH, we herein provide substantive
answers and responses to the questions and requests from the GRN technical review team
regarding GRN 000929.

Regarding FDA'’s outstanding comment: The notifier confirms that it hereby removes
preterm infant formula (IF) use from GRN 000929. The Notifier will request a pre-
notification consultation (PNC) to discuss a separate GRN for preterm IF use of 2’-FL.

Regarding FDA’s questions concerning regulatory, chemistry, microbiology, and toxicology
are shown in italics and the notifier’s responses are immediately below each question
respectively.

Regulatory:

Q-1. Hypoallergenic exempt infant formulas can include those that are amino acid-based or
extensively hydrolyzed protein-based. For the administrative record, please state whether
use of 2’-FL as an ingredient in hypoallergenic exempt infant formulasincludes amino acid-
based or extensively hydrolyzed protein-based infant formula.

A-1. The notifier intends to use 2’-FL as an ingredient in term infant formula
including both 1) extensively hydrolyzed protein-based hypoallergenic exempt infant
formulas, and 2) amino acid-based hypoallergenic exempt infant formulas.

Q-2. The notice does not mention the type of formula the notifier intends to add the 2’-FL
to. Please state the intended source of the protein base (e.g., cow milk) of infant formula.
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A-2. The notifier confirms that the source of extensively hydrolyzed protein is from
cow’s milk.

Q-3. Please state whether the intended use of 2’-FL includes use in human milk fortifiers
(HMF). If the notifier plans to use 2’-FL in HMF, the estimated daily intake (EDI) should
consider the 2’-FL content of HMF in addition to 2’-FL in maternal or donor human milk.

A-3. The notifier states that this use of 2’-FL in HMF is not included in GRN 000929.

Q-4. Please note that, while the United States does not have a definition for “toddler
formula”, the Agency recognizes it as formula intended for infants 12+ months of age.
However, if it is intended for infants under 12 months of age (for example, 9-18 months)
then these products must follow the infant formula regulations as the intended population
includes infants less than 12 months of age. If the notifier's use of the term “toddler
formula” applies to infant formula for older infants (e.g., 9-12 months), we would request
clarification of this use for the administrative record.

A-4. By use of the term “toddler formulas”, the notifier means formulas intended for
toddlers 12 months or greater and less than 36 months. Due to NHANES age
grouping, the EDIs for toddler formulas are based on the age group 12 to 35
months. In GRN 000929 Section 1.4 “Intended Conditions of Uses of the Notified
Substance” (p. 1), the notifier specifies that “toddler formulas for hypoallergenic use
are formulas considered suitable for children from 12 through 35 months of age.”

Q-5. For the administrative record, please state whether the entirety of GRN 000571 and its
supplement are incorporated by reference.

A-5. The notifier states that the entirety of GRN 000571 and Supplement 1 to

GRN 000571 are incorporated by reference into this GRN 000929. The notifier
originally submitted these proposed uses of 2’-FL as a supplement to GRN 000571 in
September 2019. Subsequently, in December 2019, FDA advised the notifier to
submit these uses of 2’-FL as a separate GRN, not as a Supplement. The notifier
submitted a separate GRN for these uses of 2’-FL in December 2019. Per FDA’s
request in March 2020, the GRN was revised to remove repeated information from
GRN 000571 and Supplement 1 to GRN 000571. This revised GRN for these uses of
2’-FL was submitted to FDA in April 2020 and filed by FDA as GRNO00929 on

June 19, 2020.

Q-6. On page 9 of the notice and page 4 of Appendix A, the notifier refers to 2’-FL as a
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“nutrient”. Because this ingredient is intended for use in infant formula, the definition of a
“nutrient” is defined in 21 CFR Part 106.3. In our view, 2’-FL does not meet the definition of
a “nutrient” as defined in 21 CFR Part 106.3. For the administrative record, please make a
statement that corrects this reference.

A-6. Although HMOs such as 2’-FL are naturally-occurring sources of carbohydrate to
infants from mother’s milk, the notifier clarifies and corrects that 2’-FL is not a
nutrient as defined in 21 CFR Part 106.3.

Q-7. In section 2.9 of the notice, the notifier includes discussion on “beneficial bacteria”
(page 9). We note that the Agency’s evaluation of GRAS notices focuses exclusively on the
safety of the ingredient in food and not about purported beneficial effects of the substance.
For the administrative record, the notifier should clarify that their GRAS conclusion is based
strictly on data and information pertaining to safety, without regards to any potential
beneficial effects of 2’-FL.

A-7. The notifier confirms that the GRAS assessment and determination are solely
based on the safety data presented in GRN 000929 and references incorporated as
cited and discussed.

Q-8. The notifier states that the intended use of 2’-FL is GRAS based on scientific
procedures (21 CFR 170.30(b)); however, the notifier also includes a discussion in Part 5,
Experience Based on Common Use in Foods (pages 13-16). Please note that the information
provided in Part 5 does not meet the regulatory definition of “Common Use in Foods” as
defined by 21 CFR Part 170.245. We note that the provided discussion should be
incorporated into Part 6, Narrative, as defined by 21 CFR Part 170.250. For the
administrative record, please make a statement that corrects this reference.

A-8. The notifier confirms this GRAS assessment and determination were based
solely on scientific procedures.

The notifier considers this information regarding background intakes of 2’-FL to be
part of the dietary intake discussion and proposes to move the information to

GRN 000929 Part 3 Dietary Exposure (in accordance with 21 CFR Part 170.235).
Therefore, to conform to FDA'’s request and comply with 21 CFR Part 170 Subpart E,
the notifier hereby requests:

(1) the information in GRN 000929 Part 5.1 — Naturally-Occurring 2’-FL: History of
Exposure and Use — be re-ordered, re-numbered and re-named Part 3.1.1 —
Background Intake Level: Naturally-Occurring 2’-FL; and

(2) the information in GRN 000929 Part 5.2 — Manufactured 2’-FL: Existing Exposure
and Use — be re-ordered, re-numbered and re-named Part 3.1.2 — Background
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Intake Level: Manufactured 2’-FL.

Q-9. On page 19 of the notice, the notifier references Appendix X, however, Appendix X was
not included in the notice. For the administrative record, please clarify thisdiscrepancy.

A-9. The Notifier clarifies and corrects that the Appendix referenced on page 19 of
GRN 000929 is Appendix E — Previously Reviewed Safety Studies in GRN 000571 and
Supplement 1 to GRN 000571.

Q-10. In Appendix A, the notifier states that the Expert Panel, “... independently and
collectively, critically evaluated the available information presented in the documents prepared
and presented by Ramboll and other materials deemed appropriate and necessary for this
review” (page 1). For the administrative record, please clarify if the Expert Panel reviewed
materials not included in GRN 000929.

A-10. All information considered by the Expert Panel is referenced in the Panel’s
report. All citations to information that the panel considered are included in

GRN 000929 and/or referenced therein including GRN 000571 and Supplement 1 to
GRN 000571.

Chemistry:

Q-11. The notifier incorporates information and data from GRN 000571 and its supplement
by reference, including the results of batch analyses. For the administrative record, please
provide the results from a minimum of three (preferably five) current non-consecutive batch
analyses to demonstrate that 2’-FL meets the established specifications (see also point 12
below). In addition, please confirm that all analytical methods used to test for each
specification parameter are validated for that purpose.

A-11. Results from five (5) current non-consecutive batch analyses are presented
herein, in Table A-11 in Attachment 1. To ensure a consistent food-grade product,
each batch of 2’-FL manufactured by Jennewein Biotechnologie is evaluated against
the same product specifications that were established in GRN 000571 (Table 1 in
GRN 000571). These product specifications control the amount of 2’-FL,
carbohydrate by-products, DNA and endotoxin residues derived from the production
strain, heavy metals, and selected microbiological parameters. Each parameter is
measured using the same, fit-for-purpose, compendial and/or internally validated
methods that were used and determined to be GRAS in GRN 000571. Data from five
batches of the finished ingredient show that the manufacturing process continues to
reproducibly produce a product that meets the specifications that were established in
GRN 000571.
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Currently no batch data for 2’-FL concentrate are available. Thus, the notifier
requests that FDA cease evaluation of 2’-FL concentrate as part of GRN 000929 and
only continue evaluation for 2’-FL powder.

Q-12. The notifier states that 2’-FL is manufactured using the same process as described in
GRN 000571 and its supplement. In GRN 000571 (Appendix J), the notifier lists cobalt (11)
chloride hexahydrate as a component of the fermentation medium used in the manufacture
of 2’-FL. Per 21 CFR 189.120, food containing added cobaltous salts, including cobalt (I1)
chloride, is deemed adulterated. Please discuss the potential presence of cobalt in the final
product and provide analytical data from three (preferably five) non-consecutive batches to
demonstrate that cobalt is not present in the final product.

A-12. The notifier confirms that cobalt (Il) chloride is no longer used as a process
aid in the fermentation media (trace element solution) for the production of
Jennewein 2’-FL. The notifier has analyzed previous batches of 2’-FL for cobalt (I11)
chloride. The residual analyses for cobalt (Il) chloride for five non-consecutive
batches are presented below in Table A-12. Thus, all Jennewein Biotechnologie trace
element solutions and consequently all fermentation media are produced without
cobalt.

Table A-12. Residual analyses for cobalt (1) chloride in production batches of
Jennewein 2’-FL

Batch Number
Method LOQ 16130039 | 16116049 é6151(i)39 2F6:It.)08010 26120020
. ecember ebruary
July 2019 | April 2019 2019 2020 May 2020
PV-347 ICP-MS 0.04 mg/kg < 0.04 < 0.04 < 0.04 < 0.04 < 0.04

Determined by the Institut fur Produktqualitat GmbH, which is a DIN EN ISO/IEC 17025-accredited laboratory.
IAbbreviations: ICP-MS, inductively coupled plasma mass spectrometry; LOQ, limit of guantitation

As stated in the response to Q-11, currently no batch data for 2’-FL concentrate are
available. Therefore, the notifier requests that FDA cease evaluation of 2’-FL
concentrate as part of GRN 000929 and only continue evaluation for 2’-FL powder.

Q-13. In addition to the estimates of dietary exposure to 2’-FL from hypoallergenic infant
and toddler formulas, we request that the notifier address cumulative dietary exposure to
2’- FL that also includes 2’-FL from infant and toddler foods.

A-13. As discussed in GRN 000929 Part 3.5 — Estimated Intakes of 2’-FL from the
Proposed Uses, the use level of 2 g 2’-FL per liter formula is in the range of
concentrations of 2’-FL normally found in human milk. Thus, the overall intake of 2’-
FL by combination breast milk/formula-fed infants and toddlers likely would be
comparable to the intake of 2’-FL by infants solely breastfeeding. Based on NHANES
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2015-16, many infants consume both formula and other foods. A smaller proportion
of toddlers consume both formula and other foods, presumably because most
toddlers are consuming solid foods as the majority of their diet.

Table A-13-1. Proportions of Infants and Toddlers
Eating both Formula and Other Foods

N Percent
Population? N P (eating users®
both)
Infants, 0-5 mo 90 89 36.9%
Infants, 6-11 mo 122 111 82.6%
Toddlers, 12-35 mo 201 13 7.2%

a Breastfeeding infants and children were excluded from
the sample population.

b Number of people consuming food category during the
study period.

¢ Weighted percent.
Abbreviations: d = day; g = grams; L = liters; mo =
months.

2’-FL is GRAS in other foods that infants and toddlers may consume (GRNs 546, 650,
735, 749, 853, 897). The uses described in these GRNs include milk-based beverages,
milk products (e.g. whole milk, skim milk, yogurt), dairy product analogs, cereals,
processed fruits and fruit juices, jams and jellies, baby foods (e.g. baby crackers and
cookies) and other uses. The use levels also vary by GRN and the food uses
described, ranging from 0.8 to 80 g/L or g/kg (unit is dependent on whether it is a
beverage or a solid food). Based on a survey of proposed food uses of 2’-FL in milk-
based beverages and specific cereals, a use level of 10 g 2’-FL per L beverage or per
kg food is used to estimate the cumulative dietary exposure to 2’-FL that also includes
2’-FL from infant and toddler foods. Using NHANES 2015-2016 food categories
consumed by toddlers wherein the addition of 2’-FL is GRAS, the cumulative
estimated daily intakes of 2’-FL is presented in Table A-13-2.





Table A-13-2. Cumulative Estimated Daily Intake of Jennewein 2'-FL from Infant
Formula, Toddler Formula and Other Foods Containing 2'-FL

Intakes of C(?jertaln >'_FL Intake®
Foods
kg foodsd g 2’-FL/d
. b Percent
Population n c 90th 90th
users Mean . Mean .
Percentile Percentile

Infants, 0-5 mo 90 100.0% 0.94 1.25 2.00 2.60
Infants, 6-11 mo 122 100.0% 0.91 1.25 2.92 4.62
TOdd'er:f(') 12-35 | 501 | 100.0% 0.72 1.13 6.96 11.32

2 Breastfeeding infants and children were excluded from the sample population.

b Number of people consuming food category during the study period.
¢ Weighted percent of n°.

4 Intake of the foods that may contain 2’-FL as an ingredient: infant formula, milk, milk products,
milk-based beverages, dairy product analogs, cereal or granola bars, baby crackers and cookies,
processed fruit and fruit juices, jams and jellies, fitness water and thirst quenches, sports and
isotonic, fluid replacement/electrolyte solution. These daily average data are based on a 2-day
survey; some participants who had day 1 but not day 2 data are included using a single day of
consumption.

¢ 2'-FL intake based on use level of 2 g 2'-FL per L formula and 10 g 2'-FL per kg food and other
beverages

Abbreviations: bw = body weight; d = day; g = grams; kg = kilograms; L = liters; mg =
milligrams; mo = months

Note: Data from NHANES 2015-16.

Q-14. As currently written, Section 2.3 of the notice (page 5) includes reference to previous
notices and a statement that “... a summary of the manufacturing process of Jennewein 2’-
FL using E. coli BL21 (DE3) strains as a processing aid is included below”. The actual
method of fermentation and subsequent purification is not described. This information is
relevant for the population of milk-allergic infants. Provide a summary of the manufacturing
process that includes relevant purification steps to ensure specifications can be met.

A-14. In according with instructions from FDA in March 2020, the notifier removed a
recapitulation of the manufacturing process of 2’-FL previously described in GRN
000571 and Supplement 1 to GRN 000571. In response to your request, we provide
the following expanded description:

The manufacturing process of 2’-FL uses genetically engineered E. coli BL21 (DE3) as
a processing aid to produce the 2’-FL. To initiate the synthesis of 2'-FL by the E. coli
BL21 (DE3) microbial cells via fermentation, the cells were genetically modified by
introducing genes necessary to achieve the import of lactose and enhancing of GDP-
fucose production. The E. coli BL21 (DE3) cells are inoculated into a chemically-
defined, salt-based, minimal fermentation medium containing lactose. Batch
fermentation is performed in a chemically-defined, salt-based, minimal medium that
excludes inhibitors or antibiotics, with glycerol as the only carbon source and lactose
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as the substrate. The major constituents of the fermentation medium are: glycerol,
lactose, ammonium dihydrogen phosphate (NH4H2PO.), dipotassium phosphate
(K2HPO.), citric acid, potassium hydroxide (KOH), and magnesium sulfate
heptahydrate (MgSO4-7H>0). The fermentation process, which does not use
antibiotics or inhibitors, leads to the production of 2’-FL from lactose by the E. coli
BL21 (DE3) cells. The synthesis of 2'-FL is followed by its export into the medium,
and the subsequent degradation of excess lactose if necessary. Supplement 1 to GRN
000571 describes a slight modification to the E. coli BL21 (DE3) cells used in the
manufacturing process, wherein the E. coli BL21 (DE3) cells do not have the ability
to degrade excess lactose and a food-grade commercial lactase is added if excess
lactose is present in the media. The culture supernatant containing 2’-FL is then
isolated from the medium and the microbial biomass removed via 10 kDa cross-flow
filtration producing a sterile 2’-FL product.

The design of the production strains and the purification process of 2’-FL allows for
fermentation without the use of antibiotics, inhibitors or otherwise toxic additives.
The purification process completely removes the biomass from the media. A
sequence of filtration and chromatographic steps yields 2’-FL of food grade quality
that is consistent and compliant with the specifications. Proteins are removed from
the 2’-FL solution by the ultrafiltration step using a 10 kiloDalton (kDa) filter
immediately after fermentation, as well as by the final ultrafiltration process using a
3/5 kDa filter during filling of the 2’-fucosyllactose concentrate at the Critical Control
Point (CCP) — removal of endotoxins and of micro-impurities (e.g. traces of DNA and
proteins).

Q-15. Given the subpopulation of milk-allergic infants that would consume the amino-acid
based or extensively-hydrolyzed formulas listed in the description of intended use of 2’- FL,
we request that the notifier address the potential source of milk protein and removal of
these components by the method of purification of 2’-FL. Specifically, we request that the
notifier:
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a) Describe food grade media components, identifying potential sources of milk
protein or other allergenic proteins.

A-15a. As described in GRNOO0O571 Part 2.2 — Production and Manufacturing Process
of Jennewein 2’-FL — “only food or pharmaceutical grade chemicals, solvents and
processing aids (e.g., ion exchange resins, activated carbon and filtration
membranes) are used in the manufacture of Jennewein 2’-FL.” Furthermore, all
production batches meet the established specifications for food-grade materials (see
Attachment 1 for specifications and batch data for current batches). 2’-FL does not
contain residual components or impurities from the manufacturing process with
allergenic potential and there is no evidence to suggest that it may cause adverse
effects in sensitive populations. Residual components in 2’-FL are also present in
human milk (lactose, LDFT, 3-FL, fucose, glucose and galactose) or otherwise
naturally present in the human body (fucosylgalactose) and were present in the
material used in the Notifier’s toxicological studies.
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As described in Supplement 1 to GRN 000571 Part 4.3 and 4.4, the potential source
of allergens from the lactose from cow’s milk has been evaluated and the production
process is designed to specifically address excess lactose. The analytical program is
designed to confirm that it is removed. As discussed in Supplement 1 to

GRN 000571, Part 4.4, also demonstrated in the batch data and specifications,
Jennewein 2’-FL is consistently devoid of proteins (not detected), bacteria or
bacterial endotoxins, residual recombinant DNA, antibiotics, and chemical sensitizers
including metals, and meet the specifications. Therefore, the allergenic potential of
Jennewein 2’-FL is extremely low and no sensitive populations have been identified
or are anticipated.

b) Provide statements regarding regulatory status of food contact materials (i.e.,
filtration materials, cation and anion exchange chromatography, simulated
moving bed chromatography, electrodialysis (page 24 of GRN 000571)) used
in the method of manufacture, including citations to a relevant regulation
and/or effective food contact notification for those uses.

A-15b. As presented in GRN 000571, information regarding the food contact
materials is provided in Appendix E. The notifier provides a table of the food contact
materials and the relevant regulatory citations for food contact clearance.

Table A-15-1: Processing aids and their regulatory status

Compound or

. Function Regulatory Status
Material 9 Y

ion exchange;
removal of small 21 CFR § 173.25(a)
molecules
ultrafiltration;
removal of impurities
ultrafiltration;
removal of impurities

Styrene-divinylbenzene-
copolymer

Polyethersulfone 21 CFR § 177.2440

polysulfone membrane 21 CFR § 177.1655

21 CFR § 177.2440, 21

Filter: Polyethersulfone, CFR § 175.105, 21 CFR §

asymmetric;

olvorobviene- and filtration 175.300, 21 8 CFR
gmé’(fnepy ’ 175.1520, 21 CFR §
177.2600
21 CFR § 168.122, 21 CFR
Lactose substrate § 184.1979a
Glycerol carbon source 21 CFR § 182.1320

fermentation
ingredient (K source)
fermentation

Dipotassium phosphate 21 CFR § 182.6285

Citric acid monohydrate ingredient (pH 21 CFR § 184.1033
adjuster)
Calcium chloride fermentation
. ingredient (Ca 21 CFR § 184.1193
dihydrate
source)
Magnesium sulphate fermentation
g P ingredient (Mg 21 CFR § 184.1443
heptahydrate
source)






Table A-15-1: Processing aids and their regulatory status

Compound or

Material Function Regulatory Status
Mono ammonium _fermer_ltation_
ingredient (nitrogen 21 CFR § 184.1141a
phosphate
source)
fermentation
Potassium hydroxide ingredient (pH 21 CFR § 184.1631
adjuster)
Alkoxylated fatty acid
esters on vegetable anti-foaming agent 21 CFR § 173.340
base
Activated carbon purification FD&C Act Section 201(s)

Abbreviations: 21 CFR - United States Code of Federal Regulations Title 21;
FD&C - United States Federal Food, Drug & Cosmetic

c) Provide a brief discussion of the steps incorporated during purification to
ensure removal of milk protein. We note the protein specification (<100 pg/g)
is higher than limits of detection in the other assays described in Section 2.8
of GRN 000929 (pages 8-9).

A-15c. The notifier asserts that the lactose utilized in the production of 2’-FL is
theoretically free of milk protein. To further ensure this milk protein-free status, as
the last step in the last step of the manufacturing process a 3/5 kDa filter removes
any milk proteins.

Described in Appendix C of GRN 000929, the Size Exclusion Chromatography test
(HPLC with a size exclusion chromatography column) method is more sensitive and
demonstrates no detected proteins. This method is not practical for batch quality
control analyses.

Microbiology:

Q-16. The notifier states that the production strain used in GRN 000571 is Escherichia coli
BL21(DE3) strain “#1540”, which contains a heat-inducible lacZ 2 gene fragment and a
lacZa gene fragment under the control of the E. coli BL21(DE3) pgbA promoter, resulting in
production of high amounts of 3-galactosidase when the temperature is shifted from 30°C
to 42°C, facilitating excess lactose degradation.

In the supplement to GRN 000571, the notifier states that the production strain used is E.
coli BL21(DE3) strain “#1242”, which lacks the aforementioned gene fragments and does

not have the ability to produce -galactosidase. As a result, food grade lactase is added at
the end of production to remove excess lactose.

As noted in GRN 000571, the notifier states that E. coli BL21(DE3) is used to derive the two
productions organisms used in GRN 000571 and its supplement. For the administrative
record, please clarify which strain is used as the production strain in the production of 2’-FL
in GRN 000929.
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A-16. Clarification of strain used: E. coli BL21 (DE3) #1242 strain is used in the
production process. (This strain is also now referred to as JBT-2FL AlacZ.)

Q-17. Please state whether the production strain has been deposited in a recognized culture
collection and provide the non-trade name designation. If the strain is not deposited,
describe how the source was verified and identified.

A-17. The notifier confirms that, yes, the E. coli BL21 (DE3) #1242 strain has been
deposited in the DSMZ - German Collection of Microorganisms and Cell Cultures
GmbH with the deposition number DSM 33609.

Q-18. As each GRAS notice stands on its own, for the administrative record, please provide
detailed description of the production strain including phenotypic (e.g., pathogenicity,
toxigenicity and antibiotic resistance) and genotypic characteristics (e.g., introduced and
excised genes). Please include a summary and reference to GRN 000571 and its supplement
regarding how the production strain was derived from E. coli BL21 (DE3).

A-18. The information requested by FDA is provided in Appendix K of GRN 00571
and Part 2.3 — Modification to the production process: strain #1242 of Supplement 1
of GRN 000571 which have been incorporated into GRN 00929 by reference. Based
on pre-notification consultation from FDA in December 2019 and a with FDA in March
2020 following the initial submission of a GRN for these uses in December 2019
advising re-submission of a pared-down GRN, the notifier did not recapitulate
information from GRN 000571 and Supplement 1 to GRN 000571 that remains
unchanged.

As described in Appendix K of GRN 000571 and Supplement 1 to GRN 000571, the
E. coli BL21 (DE3) production strains used as a processing aid during the
fermentation process in the manufacture of 2'-FL are genetically engineered strains
of the commensal bacterium E. coli BL21 (DE3). The phenotypic and genotypic
characteristics are described in detail in Appendix K of GRN 000571. If the reviewer
needs a copy of Appendix K of GRN 000571, the notifier can provide and attach a
copy of Appendix K to GRN 000929.

Q-19. Please describe the virulence profile of the production strain, and state whether the
production strain is expected to result in any safety concerns.

A-19. The notifier states that this information is presented in GRN 000571 and

Appendix K of GRN 000571 and is summarized briefly here. The parental strain E.
coli BL21 (DE3) is a commensal E. coli strain with no known toxicity. It is used for
many years for the safe production of heterologous proteins for biopharmaceutical
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applications and also used in the manufacture of at least one GRAS ingredient
intended for use as a food ingredient (FDA GRN 485).

E. coli BL21 (DE3) shows absence of genes encoding invasion factors, adhesion
molecules, and enterotoxins associated with virulence (Jeong et al. 2009). Because
Jennewein engineered E. coli BL21 (DE3) #1242 (JBT-2FL AlacZ) with genes with
known functions and that do not confer virulence using site-specific homologous
recombination or transposition, E. coli BL21 (DE3) #1242 (JBT-2FL AlacZ) has the
same virulence profile as E. coli BL21(DE3).

As described in GRN 000571, the risk of contamination of Jennewein 2’-FL with
bacterial material like protein or DNA is very low because the manufacturing process
is highly specific and designed to remove all components but 2’-FL. The use of
metabolically engineered strain of E. coli BL21 (DE3) for the manufacture of 2’-FL is
safe.

Q-20. Please state whether the production strain is capable of DNA transfer to other
organisms.

A-20. The production strain is not capable of DNA transfer to other organisms.

Q-21. The notifier provides specifications for Salmonella serovars and Cronobacter sakazakii
listed as negative by test in 100 grams. In GRNs 000921-000923 and in GRN 000925, which
correspond to other human milk oligosaccharides produced by Jennewein Biotechnologie
GmbH intended for use in infant formula, Jennewein provides specifications for Salmonella
serovars and Cronobacter sakazakii listed as negative by test in 25 grams and 10 grams,
respectively. For the administrative record, please clarify this discrepancy.

A-21. The specifications for Salmonella serovars and Cronobacter sakazakii for the
2’-FL that is the subject GRN 000929 were established and determined GRAS in 2015
in GRN 000571. Although these specifications have remained in place since then,
Jennewein has learned that specifications for Salmonella serovars and Cronobacter
sakazakii of absent in 25 g product and absent in 10 g of product, respectively, are
sufficient to produce a safe infant formula ingredient. Based on these results, the
specifications for Salmonella serovars and Cronobacter sakazakii being absent in 25
g product and absent in 10 g of product were established for the subjects of GRNs
000921-000923 and GRN 000925. However, because the Salmonella serovars and
Cronobacter sakazakii specifications for the 2’-FL that is the subject of GRN 000929
are based on GRN 000571, to maintain consistency between this GRN and

GRN 000571, the notifier decided to continue with the specifications that were
established in GRN 000571.

Based on FDA's request, the notifier agrees to change the specification for the
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subject of GRN 000929 from “absence of Salmonella serovars in 100 g” to “absence
of Salmonella serovars in 25 g”, and from “absence of Cronobacter sakazakii in
100g” to “absence of Cronobacter sakazakii in 10g”.

Q-22. Please state whether the fermentation process follows cGMPs and is conducted ina
contained, sterile environment.

A-22. As stated in GRN 000929 Part 6.5.1 — Summary of Safety Data for Exempt IF,
2’-FL is manufactured in accordance with current Good Manufacturing Practice
(cGMP). The notifier states that the fermentation process follows cGMP in a
contained, sterile environment, as described in GRN 000571 and Supplement 1 to
GRN 000571.

Toxicology:

Q-23.

On page 14 of the notice, the notifier states, “In Google Scholar, only the first few

pages of search results were screened for relevance”. Please provide a complete literature
review of relevant publications associated with the safety of 2’-FL.

A-23. As GRNO00929 is a follow-on notice to GRNO0O0O571 presenting Jennewein 2’-
FL as GRAS for different uses, the updated literature review of relevant publications
in GRN 000929 includes summaries of publications included in the weight of
evidence previously presented in GRN 000571 and Supplement 1 to GRN 000571. An
updated literature search was conducted in the United States National Library of
Medicine at the National Institutes of Health PubMed database to capture new safety
literature in the time period after GRN 000571 and Supplement 1 to GRN 000571.
The literature search was re-run on October 15, 2020 with an expanded timeframe
to capture studies with safety or toxicological endpoints published since submittal of
GRN 000929 to FDA in April 2020: (((fucosyllactose[All Fields] OR ("2'-
fucosyllactose"[Supplementary Concept] OR "2'-fucosyllactose"[All Fields] OR "2'
fucosyllactose"[All Fields])) OR ("2'-fucosyllactose"[Supplementary Concept] OR "2'-
fucosyllactose"[All Fields] OR "2 fucosyllactose"[All Fields])) OR 2-FL[All Fields]) OR
2'-FL[AIll Fields] AND ("2019/06/25"[PDAT] : "2020/12/31"[PDAT])

Only toxicological studies evaluating 2’-FL as part of the test substance were
included. All clinical studies that did not discuss safety, growth nor tolerance
parameters of 2’-FL in the target population (i.e. infants and toddlers) were

excluded. The search included 115 results; four publications were flagged as
relevant and are summarized briefly below.

Toxicological Evaluations

The Notifier would like to add that Phipps et al. (2020) conducted toxicological safety
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assessment of a biosynthesized mixture of lacto-N-fucopentaose | (LNFP-1) and 2’-FL
intended for use in infant formula. The study authors conducted a bacterial reverse
mutation test, an in vitro mammalian cell micronucleus test, and a 90-day oral
gavage study in neonatal rats. LNFP-1/2’-FL was nongenotoxic in vitro and 5000
mg/kg bw/day LNFP-1/2’-FL, the highest dose tested in the neonatal rats, was the
no-observed-adverse-effect level.

Bacterial reverse mutation tests, in vitro micronucleus tests, and a repeated-dose
oral toxicity study in rats were conducted to evaluate the safety of a human milk
oligosaccharide mixture containing the Notifier's 2’-FL ingredient (Parschat et al.
2020). The HMO mixture containing 2’-FL, 3-fucosyllactose, lacto-N-tetraose, 2'-
sialyllactose, and 6’sialyllactose was not genotoxic and, in the repeated dose study,
did not induce adverse effects.

Clinical Studies

Published since the submission of GRN 000929 in April 2020, Leung et al. (2020)
describe a randomized, controlled, double-blind, parallel-group trial of 461 healthy
Chinese children 1 to 2.5 years of age. Participants received either standard milk
young child formula (YCF) or one of three YCFs containing bioactive proteins and/or
2’-FL and/or milk fat for six months. There were no significant between-group
differences in upper respiratory tract infection and duration of gastrointestinal tract
infections. Adverse events and anthropometric values were similar in all groups.

An open-label prospective study with 159 infants was conducted with a milk-based
formula supplemented with 1 g/L of 2’-FL and 0.5 g/L of LNnT and contained
Lactobacillus reuteri (Roman et al. 2020). The formula was given for 8 weeks to an
exclusively formula-fed group (n=66) and also to a group that also breastfed
(n=48). A third group was exclusively breastfeeding infants (n=45). Growth was
comparable across groups. There was low gastrointestinal distress reported and low
incidence of adverse events, comparable across all three groups.

Preterm / Hypoallergenic

As described in GRN 000929 Part 3.1.1 — Background Intake Level: Naturally
Occurring 2’-FL, (formerly Part 5.1 — Naturally-Occurring 2’-FL: History of Exposure
and Use — and Part 5.1.3 — 2’-FL in the Milk Produced by Mothers with Infants Born
Preterm or with Low Birth Weight), a focused literature review was conducted to
capture publications about 2’-FL related to infants born preterm or with low birth
weight in the United States National Library of Medicine at the National Institutes of
Health PubMed database using the search terms “2-FL”, “2’-fucosyllactose”, “2-
fucosyllactose” combined with variations of “preterm” and “birth weight”. Relevant
studies were also identified from reviewing the references of potentially relevant
publications. The Notifier clarifies and corrects that Google Scholar was used only in
a supplementary, secondary capacity. Studies were excluded from the review if they
did not evaluate 2’-FL and the target population of preterm infants or low birth
weight or very low birth weight infants and/or their mothers.
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Published since the April 2020 submission of GRN 000929 to FDA, the notifier notes
that a study by Torres Roldan et al. (2020) provides further evidence that 2’-FL is
naturally-occurring in preterm milk. Torres Roldan et al. (2020) conducted a
retrospective cohort study of 153 mothers and their very-low-birthweight (<1500 g)
infants, analyzing HMOs in 208 milk samples. 2’-FL was one of the most abundant
oligosaccharides among those with the secretor phenotype (defined by the presence
of al-2-fucosylated HMOs), who made up 93% of the mothers.

Q-24. The notifier provides a clinical study conducted in infants and young children with
cow’s milk protein allergy, which assessed the hypoallergenicity and safety of an extensively
hydrolyzed formula supplemented with 1.0 g/L 2’-FL and 0.5 g/L LNnT against a control
(Nowak-Wegrzyn et al. 2019). This study used lower level of 2’-FL (1.0 g/L compared to the
proposed 2.0 g/L) and/or in combination with LNnT. Please provide a thorough discussion
on why 2’-FL would not have an impact on the health of infants requiring hypoallergenic
infant formulas.

A-24. Infants requiring hypoallergenic infant formulas have allergies against cow’s
milk protein or such allergies are feared by their parents. For this reason,
hypoallergenic infant formulas contain extensively hydrolyzed protein or are based
on amino acids instead of protein.

The molecule 2’-fucosyllactose is a carbohydrate, not a protein, and is secreted in
varying levels in about 70% of human mothers (Kunz et al. 1999 as cited in GRN
000571). No allergies against human mother’s milk itself or its natural components
are described in literature. Studies of 2’-FL naturally-occurring in mother’s milk
discussed in Part 3.1.1 — Background Intake Level: Naturally-Occurring 2’-FL
(formerly Part 5.1 — Naturally-Occurring 2’-FL: History of Exposure and Use) support
the conclusion that 2’-FL itself is not allergenic at varying levels of 2’-FL.

The potential source of allergenic agents in the subject of GRN 000929 are proteins
from the production process, especially cow’s milk proteins that could originate from
the substrate lactose. The size of the allergenic cow’s milk proteins ranges from 14.2
to 160 kDa (Hochwallner et al., 2014). The notifier discusses the purification process
and assertion of protein-free status in the responses to Q-14 and Q-15 in this
response memorandum. The manufacturing process (including the ultrafiltration
steps with pore sizes significantly smaller than the size of the cow’s milk proteins,
which are effectively separating off all potentially included cow’s milk proteins) are
described and discussed in GRN 000929, in GRN 000571 and Supplement 1 to GRN
000571. These ultrafiltration steps effectively remove all proteins from the process,
as described in GRN 000929 Part 2.8 — Allergenic Potential and Absence of Protein,
and as shown in GRN 000929 Appendix C — Protein Analyses. Thus, the subject of
this GRN would not have any impact on the health of infants requiring hypoallergenic
infant formulas.

We trust that our responses have addressed your questions and requests. As indicated in
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several responses substantial additional information is provided in the predecessor safety
dossiers, GRN 000571 and Supplement 1 to GRN 000571 incorporated by reference in

GRN 000929. However, should you have any additional questions or comments at any time
during your review, please contact us promptly, so that we may provide a substantive
response in a timely manner.

Sincerely yours,

avin P Thompson, PhD
Principal Consultant

Ramboll Environment & Health
Phoenix, Arizona

CC: Julia Parkot, PhD, Jennewein Biotechnologie, GmbH

Attachment 1: Batch Data

Attachment 2: Reference Literature
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Attachment 1 — Table A-11

Table A-11. 2’-FL: Product Specifications and Batch Data

Batch number

Parameter Analytical method Specification L0 L (E0r ) 3')6151%39 2F6]t-308010 28 A00R0
. ecember ebruary
July 2019 April 2019 2019 2020 May 2020
Physical Parameters
Appearance (Color)* Visual White to ivory-colored Complies Complies Complies Complies Complies
Appearance (Form)?* Spray-dried powder Complies Complies Complies Complies Complies
Chemical Parameters
2'-Fucosyllactose > 90 % (%DW) 92.2 98.4 95.5 97.8 94.9
Lactose < 5 % (% Area) 1.1 < 0.5 2.5 < 0.5 0.5
3-Fucosyllactose < 5 % (% Area) < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Difucosyllactose HPAEC-PAD < 5 % (% Area) < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Fucosylgalactose < 3 % (% Area) < 0.5 < 0.5 < 0.5 < 0.5 0.5
Glucose < 3 % (% Area) < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Galactose < 3 % (% Area) < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Fucose < 3 % (% Area) 0.7 < 0.5 1.8 < 0.5 0.7
. Nanoquant (modified
4 <
Protein content Bradford) < 100 pg/g <10 <10 <10 <10 <10
Ash? ASU L 06.00-4 <05% < 0.01 0.03 0.08 < 0.01 0.08
Moisture* KF titration <9.0% 5.8 5.8 6.3 6.6 5.2
Endotoxins® Ph. Eur. 2.6.14 < 300 EU/g 14 <5 <5 <5 <5
Aflatoxin M1t DIN EN ISO 14501 < 0.025 mg/kg < 0.025 < 0.025 < 0.025 < 0.025 < 0.025
GMO residues? PCR Negative Negative Negative Negative Negative Negative
Heavy Metals
Arsenict < 0.2 mg/kg < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Cadmium? < 0.1 mg/kg < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
ASU L 00.00-135 — ICP-MS
Lead! < 0.02 mg/kg < 0.010 < 0.010 0.020 < 0.010 < 0.010
Mercury* < 0.5 mg/kg < 0.005 0.007 < 0.005 < 0.005 < 0.005
Microbiology

Standard Plate ISO 4833-2 < 10000 cfu/g <10 <10 30 20 <10
Yeast and Mold* 1SO 21527-2 < 100 cfu/g < 20 < 20 < 20 < 20 < 20
Coliform 1SO 4832 Absent/11 g Absent Absent Absent Absent Absent
Enterobacteriaceae! |1SO 21528-1 Absent/11 g Absent Absent Absent Absent Absent
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Attachment 1 — Table A-11

Table A-11. 2’-FL: Product Specifications and Batch Data

Batch number
P A Analytical method Specification 16130039 16116049 é6151(i)39 2':61608010 26120020
. ecember ebruary
July 2019 April 2019 2019 2020 May 2020
Salmonella * 1SO 6579 Absent/100 g Absent Absent Absent Absent Absent
Cronoba&ter ISO/TS 22964 Absent/100 g absent absent absent absent absent
sakazakii

Abbreviations: DW, dry weight; cfu, colony forming units; KF, Karl-Fischer; HPAEC-PAD, high performance anion exchange chromatography coupled with pulsed
amperometric detection; PCR, polymerase chain reaction; ICP-MS, inductively coupled plasma mass spectrometry; EU, endotoxin unit; Ph Eur., European Pharmacopoeia.
1Determined by the Institut fir Produktqualitdit GmbH, which is a DIN EN ISO/IEC 17025-accredited laboratory; ash limit of quantitation (LOQ) = 0.01 %. arsenic limit of
detection (LOD) = 0.05 mg/kg; cadmium LOD = 0.01 mg/kg; mercury LOD = 0.005 mg/kg; lead LOD = 0.01 ppm; aflatoxin M1 LOQ = 0.025 pg/kg.

2Determined by GeneCon International GmbH, which is a DIN EN ISO/IEC 17025-accredited laboratory. Limit of detection = 0.01% of the finished product.

SDetermined by Mikrobiologisches Labor. Dr. Michael Lohmeyer GmbH, which is a DIN EN ISO/IEC 17025-accredited laboratory; limit of quantitation = 5 EU/g.
“Determined by Jennewein Biotechnologie using internally validated methods. Protein LOQ = 10 ug/g; carbohydrate by-products with a percent area greater than 0.5%
(limit of quantitation) are considered.
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The first adverse reactions to cow’s milk were already described 2000 years ago. However, it was only
50 years ago that several groups started with the analysis of cow’s milk allergens. Meanwhile the spec-
trum of allergy eliciting proteins within cow’s milk is identified and several cow’s milk allergens have
been characterized regarding their biochemical properties, fold and IgE binding epitopes. The diagnosis
of cow’s milk allergy is diverse ranging from fast and cheap in vitro assays to elaborate in vivo assays. Con-
siderable effort was spent to improve the diagnosis from an extract-based into a component resolved
concept. There is still no suitable therapy available against cow’s milk allergy except avoidance. Therefore
research needs to focus on the development of suitable and safe immunotherapies that do not elicit

© 2013 The Authors. Published by Elsevier Inc. All rights reserved.

1. Introduction
1.1. History of cow’s milk allergy

The introduction of cow’s milk (CM) into alimentation has a
very long tradition. It is reported that animal milk was included
into the human diet approximately 9000 years ago. The domestica-
tion of cattle provided meat and milk as important components of
our diet [1]. The production of cheese started with the ancient
Greeks and Romans [2]. At the same time people in Northern Eur-
ope lost their lactose intolerance. Therefore lactase activity, a ge-
netic trait, and animal husbandry, a cultural trait, represent an
example for gene-culture co-evolution [3]. The first adverse reac-
tions to CM that were described by Hippocrates (prior to 370
B.C.) were skin and gastrointestinal symptoms after CM consump-
tion [4]. Five hundred years later, the Greek medical researcher Ga-
len of Pergamum mentioned a causal relationship between these
symptoms and milk consumption [5]. At the beginning of the

* This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are
credited.

* Corresponding author. Address: Division of Inmunopathology, Department of
Pathophysiology and Allergy Research, Center for Pathophysiology, Infectiology and
Immunology, Medical University of Vienna, AKH 3Q, Waehringer Guertel 18-20,
1090 Vienna, Austria.

E-mail address: heidrun.hochwallner@meduniwien.ac.at (H. Hochwallner).

! Current address: Molecular Biotechnology Section, University of Applied Sciences,

Campus Vienna Biocenter, Vienna, Austria.

20th century observations of adverse reactions to CM became more
frequent. The first reports mentioning diarrhea, growth retardation
as well as anaphylactic shock after milk consumption were mainly
published in the German literature [6-9]. The Swedish clinician
Wernstedt proposed the term “idiosyncrasy” for this phenomenon
[10].

1.2. Prevalence of cow’s milk allergy

Today CM is among the first foods introduced into an infant’s
diet and accordingly is one of the first and most common causes
of food allergy in early childhood. In fact, the term “allergic March”
describes the typical early appearance of food allergy which pre-
cedes the subsequent development of respiratory allergy in chil-
dren [11]. The reported prevalence of cow’s milk allergy (CMA)
varies dramatically between studies which may be attributable
to different methods used for diagnosis or differences in the ages
of the studied populations [12]. Furthermore, geographical factors
may influence the rates for prevalence. In general, the frequencies
of self-reported adverse reactions to CM are much higher than the
medically confirmed diagnoses, not only in children but also in
adults [13]. A meta-analysis of relevant original studies since
1990 by Rona et al. [14] showed a variation in self-reported prev-
alence of milk allergy between 1.2% and 17%, whereas the preva-
lence in studies using a double-blind placebo controlled food
challenge or an open challenge varied between 0% and 3% and in
studies based on skin prick testing (SPT) and IgE assessment fre-
quencies were between 2% and 9%.

1046-2023/$ - see front matter © 2013 The Authors. Published by Elsevier Inc. All rights reserved.
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Nowadays, it is reported that 0.6-2.5% of preschoolers, 0.3% of
older children and teens and less than 0.5% of adults suffer from
CMA [13]. The prevalence of CMA is increasing which may be ex-
plained by a decrease in breast feeding and an increased feeding
with cow’s milk-based formulas [15].

Several factors which may increase the risk for developing CMA
are described such as genetic predisposition for allergy (i.e., atopy),
early ingestion of small amounts of CM and also factors related to
the intestinal microbiome [16].

Interestingly, the majority of CM allergic infants outgrow their
CMA. One study reports that 45-50% grow out at 1 year, 60-75%
at 2 years, and 85-90% at 3 years of age [17]. Although another
study did not confirm exactly these numbers and the time course
for the development of tolerance, it is reported that CMA resolved
in 19% of the children by 4 years of age, in 42% by 8 years of age, in
64% by 12 years of age and in 79% by 16 years of age [18]. The
mechanisms underlying the development of clinical tolerance are
not fully understood. Several factors may be involved in the devel-
opment of tolerance. They may include a decline of IgE antibodies
due to avoidance, the development of blocking IgG antibodies due
to regular intake of CM and/or the presence of IgE antibodies
against mainly conformational epitopes and not against sequential
epitopes [19-21]. One study has shown that reactions to less than
10 ml of milk during an oral food challenge and large wheal size
reactions in SPT predict a higher risk for persistence [22]. Several
other studies have confirmed that low levels of milk-specific IgE
and small wheals during SPTs are good indicators for resolution
[23-25]. A recent observational study considered the severity of
atopic dermatitis (AD) for the natural course of milk allergy and
came up with a web-based calculator for the prognosis of milk al-
lergy for infants younger than 15 months that is based on milk-
specific IgE levels, SPT wheal sizes and severity of AD [26].

1.3. Spectrum of symptoms and immune mechanisms in CMA

The clinical symptoms of CMA may be elicited by different
mechanisms. The immediate and IgE-associated mechanisms are
responsible for approximately 60% of cow’s milk-induced adverse
reactions. They may affect one or more organs. Typical IgE-associ-
ated symptoms appear immediately or within 1-2 h after CM
ingestion and affect the skin, the respiratory system, the gastroin-
testinal tract and/or appear as systemic anaphylactic reactions in
severe cases [13,27]. The IgE-mediated reactions affecting the skin
comprise urticaria, angioedema, pruritus, rashes and flushing. Ato-
pic dermatitis is usually T cell-mediated but T cell activation may
be enhanced by IgE-facilitated allergen presentation [28]. Respira-
tory symptoms that appear immediately after CM ingestion are
rhinoconjunctivitis, wheezing, coughing, asthma exacerbation
and laryngeal edema [2,13]. Acute gastrointestinal symptoms in-
clude oral itching, abdominal pain, nausea, vomiting and diarrhea.
CM is the third most common food component after peanuts and
tree nuts that causes anaphylactic reactions, accounting for
10-19% of all food-induced anaphylactic cases [27,29] with cardio-
vascular collapse, syncope or incontinence as the most severe char-
acteristics [13]. Furthermore, food-dependent exercise-induced
anaphylaxis is reported to appear in infants who outgrew their al-
lergy or after an oral immunotherapy [30,31].

Several mechanisms leading to the initial sensitization to CM
proteins are discussed.

One hypothesis is that sensitization may occur before birth: In
this context it has been shown that small amounts of food proteins
consumed by pregnant women can reach the foetus via the pla-
centa [32]. In fact, it has been speculated that IgE may be already
produced by foetuses in early pregnancy and can be detected in
cord blood [33].

The other possibility is sensitization early after birth through
intake of CM. However, it is still controversially discussed if the
early contact with CM proteins leads to sensitization or to clinical
tolerance to CM. There is still an ongoing debate if babies should be
exclusively breast fed [34-36]. Interestingly, also sensitization to
human milk has been reported [37]. Oral intake or other mecha-
nisms of sensitization such as sensitization via the skin or by inha-
lation have also been considered [38].

Usually clinical reactions start very early in life, after breast-
feeding is stopped and CM is introduced in the diet, whereas only
in rare cases symptoms appear already during lactation [27,37,39].

Besides IgE-associated mechanisms also non-IgE-mediated
mechanisms of cow’s milk hypersensitivity do occur but they are
difficult to diagnose [40]. Non-IgE-associated symptoms are char-
acterized by a delayed onset, around 2 h to several days after CM
consumption. Patients suffering from this form of hypersensitivity
lack circulating CM protein-specific IgE and they show negative re-
sults in skin prick tests [27,41-44]. It is estimated that around 0.5%
of all infants suffer from non-Igé-mediated CMA [45] whereas it
seems to be more common in adults. The clinical symptoms affect
mainly the gastrointestinal system including enterocolitis, procti-
tis, proctocolitis, enteropathy, irritable bowel syndrome, eosino-
philic esophagitis and constipation [13,27,46]. The role of milk
allergens in gastroesophageal reflux (GER), infantile colic and con-
stipation is still under debate and needs further investigation [27].
Delayed respiratory symptoms include pulmonary hemosiderosis,
chronic cough, tachypnea, wheezing and rales. Sometimes atopic
dermatitis appears as a chronic symptom after CM ingestion.
Hypersensitivity to CM in infants may be associated with pulmon-
ary hemosiderosis and present chronic symptoms such as recur-
rent fevers, weight loss and failure to thrive [2,27,47,48].

The precise mechanisms leading to non-IgE mediated forms of
CMA are still under debate. In principle, several immunological
mechanisms may be responsible for non-IgE-mediated reactions
to CM proteins [49]. Symptoms may be caused by cow’s milk-spe-
cific T cell responses, antibody-mediated mechanisms may involve
Type II or Type Il hypersensitivity mechanisms such as ADCC
(antibody-dependent cell-mediated cytotoxicity) or complement
activation [49,50]. Furthermore, Th1/Th2 imbalances are assumed
to have an impact [51]. While atopy patch testing which measures
CM allergen-specific T cell responses may be useful to assess T cell-
mediated reactions neither the measurement of CM allergen-spe-
cific IgG nor IgA are useful for diagnosis of non-IgE-associated
CMA [52-54].

It is also possible that patients suffer from mixed manifesta-
tions, elicited through IgE- and non-IgE-mediated reactions. Both
humoral and/or cell-mediated mechanisms may induce symptoms,
including acute and chronic manifestations. The clinical manifesta-
tions may appear as atopic dermatitis and eosinophilic gastroen-
teropathies (esophagitis and gastroenteritis) [27].

1.4. The spectrum of cow’s milk allergens

Cow’s milk contains around 30-35 g of proteins per litre and in-
cludes more than 25 different proteins but only some of them are
known to be allergenic. Table 1 provides a short summary of the
known CM allergens and their characteristics. Through the acidifi-
cation of raw skim milk to pH 4.6 at 20 °C two fractions can be ob-
tained: the coagulum containing the casein proteins which
accounts for 80% and the lactoserum (whey proteins) representing
20% of the total milk proteins [55-57]. The casein fraction (Bos d 8,
Bos domesticus) consists of four proteins which account for differ-
ent percentages of the whole fraction: aS1-casein (Bos d 9, 32%),
aS2-casein (Bos d 10, 10%), B-casein (Bos d 11, 28%) and k-casein
(Bos d 12, 10%) with aS1-casein being the most important allergen
of the casein fraction [58]. Allergens found in the whey fraction are
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Table 1

Main characteristics of cow’s milk allergens, adapted from Jost [62] and the IUIS allergen nomenclature (http://www.allergen.org) [21,59,61-66].

Allergen  Protein Conc. Size No. of aa/ p! Prevalence (% of Microarray results (% of  Allergenic activity (% of
name (g/L) (kDa)  molecule patients) patients) [21] patients) [21]
Whey (20%) Bos d 4 o-Lactalbumin 1-1.5 14.2 123 4.8 0-67 63 12
(~5¢g/L) Bosd 5 p-Lactoglobulin 3-4 183 162 53 13-62 50 19
Bos d 6 Bovine serum 0.1- 66.3 582 49- 0-76 4 1
albumin 0.4 5.1
Bosd 7 Immunoglobulins  0.6- 160 12-36
1.0
Lactoferrin 0.09 80 703 8.7 0-35 5 3
Whole casein Bos d 9 oS1-casein 12-15 236 199 49- 65-100 49 26
(80%) (~30g/L) 5
Bosd 10  aS2-casein 3-4 25.2 207 5.2-
5.4
Bosd 11  B-Casein 9-11 24 209 5.1- 35-44 44 35
5.4
Bosd 12  k-Casein 3-4 19 169 54- 35-41 30 26
5.6

a-lactalbumin (Bos d 4), B-lactoglobulin (Bos d 5), immunoglobu-
lins (Bos d 7), bovine serum albumin (BSA, Bos d 6) and traces of
lactoferrin (Bos d lactoferrin). a-lactalbumin and B-lactoglobulin
are the most important allergens of the whey fraction, accounting
for 5% and 10% of the total milk proteins [55,59]. There are only few
reports describing allergies to minor whey proteins such as immu-
noglobulin, BSA or lactoferrin [60].

A major problem of CMA is the fact that the human IgE response
to CM proteins is characterized by a great variability and that no
single allergen or particular structure has been identified that ac-
counts for a major part of allergenicity in milk. Sensitization to sev-
eral proteins occurs in approximately 75% of patients with CMA,
with a great variability of the IgE response in specificity and inten-
sity. The most frequently recognized allergens seem to be those
which are most abundant in CM, namely caseins, -lactoglobulin
and o-lactalbumin [21,61]. For the definition of the clinically most
relevant allergens it will be necessary to conduct extensive IgE
binding studies in large populations of clinically well-defined CM
allergic patients and an assessment of the allergenic activity of
the individual allergen components [21]. At present there is still
a lot of controversy about the prevalence of IgE reactivity to certain
CM proteins. One of the reasons for this might be that study groups
were selected based on different criteria and often were very small
[21,59,61-66].

1.4.1. Allergens in the casein fraction

The four caseins (aS1-, aS2-, B- and k-casein) form ordered
aggregates also termed micelles [67]. These complexes bind essen-
tial minerals, such as calcium phosphate, that would otherwise
precipitate and would not be easily ingested [68]. Casein micelles
are spherical aggregates with diameters ranging between 100
and 300 nm [69]. The o~ and B-caseins form the interior of the mi-
celles while k-casein is located on the surface. The four casein mol-
ecules have little primary structure homology but they are all
phosphorylated proteins and share biophysical features such as
heat resistance. So far it has not been possible to resolve the
three-dimensional structure of the individual caseins due to their
highly rheomorphic structure. CM allergic patients are normally
sensitized to several of the different casein proteins. Furthermore,
there are amino acid sequence homologies of up to 90% between
caseins from different mammals, like goat and sheep, and accord-
ingly extensive cross-reactivity but there are also reports of selec-
tive sensitizations to caseins from certain animals [70-72].

Allergenic features were investigated in detail for aS1-casein,
the major CM allergen which was expressed in recombinant form
in Escherichia coli. CD spectroscopy analysis showed a primarily
B-fold structure that kept its structure even upon heating up to

55 °C. However, caseins are easily digested in the gut which is a
rather unusual feature for important allergens [73].

Using synthetic peptides and recombinant fragments epitopes
of the major and minor CM allergens can be mapped. In contrast
to respiratory allergens, that contain mainly conformational epi-
topes, several linear epitopes have been identified for food aller-
gens [58,74-76]. Several sequential epitopes are distributed
along aS1-casein. However, experiments showed that mainly in-
tact oS1-casein or larger IgE-reactive fragments thereof are
responsible for the induction of allergic reactions [58]. aS2-casein,
B-casein and k-casein were characterized regarding their epitope
distribution but data on allergenic activity are rare [77-81].

1.4.2. The whey allergens

B-Lactoglobulin is a major whey protein of most mammalian
species but is not found in the milk of rodents and human. It is a
small protein with a molecular weight of 18.3 kDa, consisting of
162 amino acids and it naturally occurs in a dimeric form. The
structure determination by X-ray crystallization as well as by
NMR techniques [82-87] revealed a globular shape that is built
up by an 8-stranded, antiparallel pB-barrel with a 3-turn o-helix
on the outer surface and a ninth B-strand flanking the first strand
[88]. The function of this milk protein is not yet known but it be-
longs to the lipocalins, a protein superfamily, that binds hydropho-
bic ligands like cholesterol and vitamin D, [82,88]. There are two
major isoforms of beta-lactoglobulin, the genetic variants A (BLGA)
and B (BLGB), which differ in amino acids 64 and 118 (aspartic acid
and valine in BLGA, glycine and alanine in BLGB). It has been shown
that two disulphide bonds account for high stability against prote-
ases and acidic hydrolysis [55]. The allergenic potential of this mol-
ecule has been attributed to its high stability and the fact that B-
lactoglobulin is not present in human milk [55,89]. However, re-
cent data indicate that a-lactalbumin is the more important whey
allergen [21].

o-Lactalbumin is a small (14 kDa), acidic, Ca%* binding, mono-
meric protein that is stabilized by four disulphide bridges. It acts
as a regulatory component in the galactosyltransferase system that
synthesizes lactose [90] and it may interact with lipid membranes
[91], stearic acid and palmitic acid [92]. A multimeric form of o-
lactalbumin can induce apoptosis in tumor but not in normal cells
[93-95].

o-Lactalbumin has become one of the best described and char-
acterized molecules in protein science because of its ability to con-
vert into a molten globule state under acidic pH [90] and in the
apo-state (calcium-depleted state) under elevated temperatures.
This was first described by Dolgikh in 1981 [96] as a compact state
with fluctuating tertiary structure.



http://www.allergen.org



H. Hochwallner et al./ Methods 66 (2014) 22-33 25

Sequence analysis showed a high degree of homology between
the o-lactalbumin amino acid sequences from cows to human sub-
jects and rodents, ranging at approximately 75% identity [97]. Fur-
thermore, o-lactalbumin shows high thermal stability and
refolding capacity [97].

Similar to the pollen allergens Aln g 4, Bet v 3, Bet v 4, Phl p 7,
the fish allergen parvalbumin and the cockroach allergen Bla g 6, o~
lactalbumin belongs to the family of calcium-binding proteins [98].
So far described calcium-binding allergens are members of the EF-
hand calcium binding proteins, which are characterized by helix-
loop-helix calcium-binding domains that consist of 12 amino acids.
In contrast, o-lactalbumin has an “elbow-Ca%*-binding-loop”,
which differs from the typical EF-hand motifs due to a more com-
pact structure and the presence of only 10 amino acids in the
domain. Two structural domains, a large o-helical domain at
the N-terminus and a short B-sheet domain at the C-terminus are
flanking the calcium-binding loop, which is made up of residues
79-88. On either side of the loop there are cysteine residues which
form four disulfide bridges and in this way close the loop [99,100]
and stabilize the structure of a-lactalbumin [90]. Using synthetic
peptides it was possible to localize IgE epitopes within this aller-
gen. They are mainly located at the N- and C-terminal end of the
protein which appear in close vicinity on the surface of a-lactalbu-
min and define an IgE-reactive area on the protein shown in Fig. 1.
The clustering of the IgE epitopes might play an important role for
the efficient cross-linking of IgE antibodies on effector cells and
might influence the allergenic activity of an allergen [97] as also
described for other allergens such as Bet v 2, Phl p 5, Phl p 1, Phl
p 2 and Bos d 5 which also seem to contain clusters of IgE epitopes
[101-105].

Lactoferrin is an iron-binding glycoprotein with 703 amino
acids and a size of 80 kDa that belongs to the transferrin family. Be-
sides its function as a scavenger of free radicals and as an antioxi-
dant, it has antimicrobial properties and plays an important role in
defence against infections [57].

Bovine serum albumin has 582 amino acids, a weight of
66.3 kDa and contains 17 disulphide bonds [106]. BSA plays an
important role in transport, metabolism, distribution of ligands,
and osmotic pressure of blood and prevention of free radicals
[107]. This allergen plays a role in CMA but also beef allergy [108].

2. Methods for diagnosis of cow’s milk allergy

A recently published article from the WAO describes the guide-
lines for the diagnosis of CMA in great detail [109]. Diagnosis of
food allergy begins with a thorough clinical history, followed by
diagnostic tests. To test if the patient suffers from IgE-mediated al-
lergy it is possible to determine specific IgE antibodies in the serum
using the CAP-FEIA System or UniCAP (Phadia, Uppsala, Sweden).
High concentrations of food-specific IgE correlate with an in-
creased risk of clinical symptoms [103,110]. Skin prick tests

A

N-terminus

C-terminus

provide a fast method to detect sensitization [111]. But a positive
test does not necessarily prove that the food is causal and does
not unambiguously demonstrate an IgE-mediated allergy. It can
only be confirmed by detection of allergen-specific IgE (e.g. false
positive reaction in urticaria factitia patient). Atopy patch tests
are used as diagnostic tools for non-Ig mediated reactions after
cow’s milk consumption but there are no standardized reagents,
methods of application and interpretation available [112]. The
double-blind placebo-controlled oral food challenge (DBPCFC),
the gold standard for the diagnosis of food allergies, and also for
milk allergy, can only be performed after the suspected food is
eliminated from the diet [113,114].

2.1. Double-blind placebo-controlled food challenge (DBPCFC)

The double-blind placebo-controlled food challenges are stan-
dardized tests and are performed to obtain a clear diagnosis and
to prevent the patient from unnecessary diets [115]. However
the number of allergy clinics performing DBPCFC routinely is still
limited worldwide [116]. During these tests patients consume pro-
gressively increasing quantities of CM as described in a standard-
ised protocol proposed by the European Academy of Allergy and
Clinical Immunology in 2004 [117]. The challenge is stopped as
soon as adverse reactions appear (positive test) or after a consider-
able amount has been consumed without reactions (negative test).
An open food challenge (not double blind or placebo controlled)
can be used to confirm negative results, in case of positive results
a DBPCFC should be applied to exclude any bias [118]. In general a
food challenge can be easier classified as positive the sooner symp-
toms appear and the more organ systems are affected. Moreover a
study by Rolinck-Werninghaus [119] showed that elevated cow’s
milk-specific IgE levels, young age and atopic dermatitis are factors
that indicate a positive challenge outcome. Furthermore it is neces-
sary to challenge the patient until clear objective symptoms occur
without doing harm to the tested person by reaching the maxi-
mum response. Unfortunately DBPCFC are not suitable to estimate
the risk of a reaction after CM consumption since augmentation
factors cannot be excluded but it is useful to determine the mini-
mum eliciting dose for an acute allergic reaction [120]. Despite
the clear diagnosis this test has several disadvantages: it is very
time consuming, costly, can only be performed under medical
guidance and bears the risk of inducing severe anaphylactic reac-
tions [115].

2.2. Skin prick test (SPT)

A SPT is a fast and inexpensive possibility to detect sensitization
in Igé-mediated disorders. For this purpose a commercial CM ex-
tract or fresh milk or single allergen components and a saline-glyc-
erine control are pricked with a lancet into the epidermis of a
patient. If the patient has IgE antibodies against the food allergen,

Fig. 1. Ribbon (A) and molecular surface (B) presentations of o-lactalbumin. The N- and C-terminus are indicated in A. IgE-binding epitopes are colored and form a surface-

exposed patch. The figure is taken from Hochwallner et al. [97].





26 H. Hochwallner et al./ Methods 66 (2014) 22-33

a wheal greater than the saline control will appear. The negative
predictive value using fresh milk is excellent (>95%), unfortunately
the specificity of this test is poor and it does not prove that the
tested food component is the trigger [48]. Several studies tried to
set up positive predictive values (PPV) but the results are conflict-
ing: One study showed that a wheal diameter of 6 mm has a 95%
predictive value of a clinical reaction in children with 2 years of
age or younger and of 8 mm in children older than 2 years [121].

Vanto et al. found a 79% positive predictive value for wheal size
>3 mm when infants under 1 year were pricked with CM based
formula [122]. Another research group set the 92% PPV at a wheal
size >8 mm [123] similar to Sporik for children older than 2 years
[124]. Verstege et al. defined a 95% PPV at a wheal diameter of
12.5 mm in children with 22 months of median age [125] when
pricked with fresh milk and Calvani et al. a wheal diameter of
15 mm in infants with mean age of 3.6 years [126]. In contrast,
Costa et al. found that skin prick tests had only a 66.7% PPV in
CM allergic children between one and five years with wheals
>3 mm and recommended the oral challenge as the best method
for diagnosing CMA [127].

When comparing commercial extract with fresh milk in SPT,
Calvani et al. [126] found that fresh milk shows the highest nega-
tive predictive value whereas casein shows the greatest positive
predictive value. Another study presented the marked differences
in protein composition among crude and commercially available
allergen extracts used for SPT [128] leading to different test results.
These differences and the fact, that skin test solutions may be con-
taminated, emphasize a need for additional forms of diagnostic
tests e.g. in vivo tests using purified allergen components as single
solutions or mixes [129].

2.3. Atopy patch test (APT)

APTs can be performed in patients with atopic dermatitis or
gastrointestinal symptoms lacking specific IgE but also in patients
with delayed reactions after CM consumption [130]. For this pur-
pose allergens are applied, normally at the back of the patients
for up to 48 h in a sealed patch and skin reactions are documented
after the removal of the patches and after another 24-48 h. Fur-
thermore this test is recommended for the diagnosis of eosino-
philic esophagitis in adults and children and for the early
diagnosis of gastrointestinal symptoms after CM consumption in
preterm infants [52]. APT might be also beneficial in predicting oral
tolerance in children with gastrointestinal symptoms suffering
from non-IgE-mediated CMA [53]. Unfortunately reagents, applica-
tion methods or guidelines for interpretation have not been stan-
dardized so far. For this reason several studies analysing the
diagnostic value of APT still recommend the parallel use of multi-
ple tests for the diagnosis of CMA [122,123,127,131-133].

2.4. Measurement of cow’s milk allergen-specific IgE

For this diagnostic test venous blood samples are obtained from
patients. In the next step patients’ sera are exposed to solid matrix-
bound allergens (skimmed CM) and then detected by a secondarily
labelled antibody specific for the Fc portion of human IgE. There-
fore the sensitivity of this kind of IgE determination is very high.
Sometimes these tests deliver irrelevant positive results, making
it necessary to always include the clinical history into the interpre-
tation of the test results [48,134]. These IgE antibody assays are of-
fered by Phadia (ImmunoCAP System), Siemens Healthcare
Diagnostics (Immulite), Hycor Biomedical (HYTEC-288) and other
companies [135].

The group of Sampson was one of the first research teams that
described predictive values for IgE measurements. His group found
that in 95% of patients with milk-specific IgE levels above 15 KUA/L

clinical symptoms can be expected during an oral challenge
[110,136]. Further studies from other groups reported that a 90%
diagnostic value for milk allergy was 1.5KUA/L (age 13-
18 months), 6 KUA/L (age 19-24 months) and 14 kUA/L (age 25-
36 months) [137,138]. In contrast one study group set a diagnostic
value for 95% probability of allergy to CM at 46 kUA/L [139]. Van
der Gugten described the 95% diagnostic value for IgE to CM at
7.5 KUA/L for infants below 2.5 years of age [140] and the group
of Komata set the 95% probability for failing an oral challenge at
5.8 KUA/L (<1year old), 38.6 kUA/L (13-24 months) and
57.3 KUA/L (>2 years old). The differences are mainly due to vari-
ous study populations regarding selection criteria or age of partic-
ipants or different criteria for determining a failed or passed
challenge [141].

Although this diagnostic test has a high sensitivity, patients suf-
fering from a non-IgE-mediated CMA cannot be captured with this
analysis and have to be tested in a DBPCFC [48].

3. Improvement of diagnosis
3.1. Purified natural and recombinant cow’s milk allergens

The majority of diagnostic tests are based on natural allergen
extracts lacking sufficient quality, such as absence of important
allergens, the presence of contamination and undefined non-aller-
genic components leading to inaccurate diagnosis of CMA [142]. In
the last years a lot of effort was put in the identification and char-
acterization of relevant milk allergens.

Nowadays pure allergen molecules derived from natural aller-
gen extracts or produced by recombinant expression allow precise
diagnoses with identification of the disease-eliciting allergens
[143]. Therefore messenger RNAs are isolated from bovine mam-
mary glands and transcribed into cDNAs. These sequences that
code for allergens are cloned into vectors and are expressed in dif-
ferent expression systems, mainly in E. coli [144] but also in insect
cells if posttranslational modifications are necessary. With pure
and well characterized allergens it is possible to map IgE, IgG
and T cell epitopes using sera from CM allergic patients. The
knowledge of the allergen structure, allergen characteristics and
the position of the epitopes improves not only the investigation
of the mechanisms underlying allergies but also the development
of diagnostic tools. Moreover recombinant allergens can be pro-
duced in high quantities and endotoxin-free [145]. Another advan-
tage is that allergens expressed in E. coli lack carbohydrates and
therefore are not recognized by carbohydrate-specific IgE antibod-
ies leading often to clinically irrelevant results. When recombinant
allergens are used for diagnosis they have a defined quality and
concentration and are composed of single isoforms whereas natu-
ral allergen preparations may be a mixture of different isoforms
with various biological activities. Especially in case of the CM aller-
gens oS1-casein and aS2-casein can be obtained separately by re-
combinant technology which is not possible by purification
procedures from the CM extract. These pure allergens not only im-
prove the diagnosis, they also facilitate an important progress from
extract-based to component-resolved diagnosis (CRD). In addition,
the use of recombinant purified proteins allows the identification
of cross-reactive allergens and explains allergic symptoms after
consumption of various foods [146,147]. However not all proteins
expressed in E. coli have comparable characteristics as their natural
counterparts or have a correct folding. Sometimes it is necessary to
use eukaryotic expression systems to get correctly folded proteins.

The milk proteins a-lactalbumin, B-lactoglobulin, aS1-casein,
aS2-casein, B-casein and k-casein have been expressed in E. coli
and were tested in several studies regarding their purity, fold
and IgE reactivity [21,54,58,148,149]. In the future it will be
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possible to use single recombinant allergens or a mix of several re-
combinant cow’s milk allergens which contain the allergen reper-
toire and all relevant IgE epitopes but lack disturbing
non-allergenic materials as already shown for tree and grass pollen
allergy [150].

Furthermore this technological approach allows the design of
strategies e.g. such as hypoallergenic derivatives for allergy ther-
apy (Fig. 2).

3.2. Component-resolved diagnosis (CRD) and microarray technology

The serological test systems currently used in clinical praxis like
ELISA, RAST or CAP-FEIA are not suitable for component-resolved
diagnosis because they are designed as single allergy tests and
would require a big amount of patients’ sera, are work- and
time-intensive and expensive. In the last years, progress in the
fields of molecular biology, biochemistry and biotechnology led
to the development of protein microarray chips or other multiplex
technologies [147,151,152]. Currently commercially available pro-
tein microarrays allow the detection of IgE reactivity to 103 aller-
genic molecules (ImmunoCAP ISAC-CRD 103, Phadia, Uppsala,
Sweden) in routine use or to even more allergens in research
settings.

In general, customized microarray platforms contain purified
natural CM allergens [153] or recombinant allergens and peptides
thereof. These components are spotted onto nitrocellulose mem-
branes or activated glass surfaces in triplicates.

Protein and peptide microarrays are new diagnostic tools that
allow measuring the IgE and IgG levels to CM allergens and classify
them into major and minor allergens (Fig. 3) [154]. Especially with
peptide microarrays it is possible to determine the diversity of IgE
antibodies binding to sequential epitopes [155]. These tests help to
study the development of allergic immune responses early in
childhood and allow the monitoring of immune responses during
the natural tolerance induction [144]. The knowledge of the IgE

recognition sites facilitates the design of allergy vaccines. Due to
the enormous potential of these tests, studies on microarrays are
increasing [80,153,156-162]. In a recent study it was shown that
the combination of microarrays with mediator release tests allows
predicting the presence and the severity of clinical symptoms and
furthermore provides interesting additional diagnostic information
such as outgrowth [21]. Several other studies have confirmed that
CRD with characterized and pure allergens is useful in predicting
presence of allergy compared with whole extracts although CM-
specific IgE is already a good prognostic marker for outgrowth
[163]. Microarrays have a good ability to predict food challenge
test results which might reduce the number of challenges in the fu-
ture [159]. It has been shown by Beyer et al. that binding of IgE
antibodies to distinct epitopes of CM allergens is a hint for a persis-
tent CMA [164]. Further well-designed studies are necessary to
correlate useful molecular diagnostics and biological markers with
patients IgE recognition patterns and clinical symptoms [154]. On
the one hand it is necessary to consider that competing IgG anti-
bodies may influence IgE binding by competition with IgE for the
allergen especially when small amounts of CM allergens are spot-
ted [165]. This has to be kept in mind when changes of IgE levels
are determined during the course of an immunotherapy, which in-
duces high levels of IgG antibodies. On the other hand the interfer-
ence of IgG antibodies with IgE is more similar to the in vivo
situation e.g. skin prick testing.

The routine application of microarray technology will allow the
determination of reactivity profiles of allergic individuals to large
numbers of disease-causing allergens within a single assay that re-
quires only minute amounts of patients’ sera which is of particular
importance in case of diagnosis of milk allergy in infants and chil-
dren. A good characterization of patients’ IgE reactivities including
determination of cross-reactive allergens may also represent a first
step towards the development of new immunotherapeutic strate-
gies for CMA similar to those that are developed based on recom-
binant allergens for respiratory allergies [144,150,154,166].

I
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Fig. 2. From DNA sequences to understanding the mechanisms of cow’s milk allergy which helps to improve diagnosis and allows designing strategies for therapy and
prevention. Messenger RNA isolated from bovine mammary glands is converted into cDNA and then used for the production of recombinant allergens similar to natural
allergens. This application can be used for the location of IgE, IgG and T cell epitopes in order to develop suitable treatments.
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Fig. 3. Use of recombinant allergens for diagnosis. Recombinant allergens can be
spotted onto microarrays and tested with small samples of patients’ sera.
Furthermore the allergenic activity can be measured with mediator release tests.

Another application is to study the course of IgE reactivity profiles
[167].

3.3. Basophil mediator release/basophil activation tests

Different methods are nowadays available to test if IgE antibod-
ies are not only capable of binding allergens but also induce medi-
ator release in order to avoid provocation tests [168]. In basophil
histamine and leukotriene C,4 release assays, basophils are incu-
bated with different concentrations of allergens which crosslink
FceRI-bound IgE and induce mediator release [165] (Fig. 3). For this
purpose, basophils from sensitized patients, IgE-depleted stripped
basophils from healthy donors, basophil cell lines or animal cell
lines transfected with human IgE high affinity receptors are incu-
bated with patients’ sera containing IgE antibodies. Released medi-
ators are measured by radioimmunoassay or enzyme-linked
immunosorbent assay [169,170]. Another test method includes
the measurement of allergen-induced basophil activation by flow
cytometry by analysis of the basophil activation markers CD203c
or CD63. These basophil tests help to determine the clinical course
of CMA and to make the decision if food challenges should be per-
formed [21,171-175].

A promising strategy for diagnosing CMA is the combination of
two techniques: microarrays and basophil activation assays. As
performed by Lin et al. microarrays were exposed to effector blood
cells carrying IgE representing an in vivo assay very close to the
mechanisms taking place during an allergic reaction [147,176]. An-
other approach that combined microarray technology with media-
tor release assay allowed the prediction of outgrowing the allergy
[21].

In order to establish mediator release assays as diagnostic tests
it is necessary to standardize the allergens/allergen extracts and
also the procedure (concentration of cells and allergens, incubation
times, cut off values, quality control reagents, methods) [165].

3.4. IgG/IgA antibodies

Measurement of cow’s milk-specific IgE antibodies has become
a standardized test method, differently from non-IgE-mediated

hypersensitive reactions, where in vitro cellular or antibody-based
test systems are still controversially discussed [41,177,178]. The
idea of testing IgG when IgE is lacking is based on observations
from the early 1980s that IgG, may induce mediator release from
basophils [178]. Studies that tried to investigate IgG and IgA levels
to CM proteins in allergic and healthy individuals gave controver-
sial results [44,179-184]. In our study, IgG;_4 subclass and IgA
antibody levels to purified recombinant aS1-casein, oS2-casein,
B-casein, k-casein, o-lactalbumin and B-lactoglobulin were deter-
mined in different patient groups by ELISA. It was not possible to
distinguish CM protein intolerant patients from persons without
CM protein intolerance [54] which is in agreement with the posi-
tion paper from Stapel [178] that discourages from the diagnosis
of food intolerance by IgG tests.

4. Therapy and prevention
4.1. Avoidance of cow’s milk and dietary treatment

The current treatment of CMA is the elimination of CM from the
daily nutrition [185]. After a detailed clinical history is obtained
and cow’s milk-specific in vitro tests identify the allergy-eliciting
food components, CM needs to be excluded from the diet under
medical care. Some patients suffering from CMA may tolerate small
amounts of extensively heated or baked milk [186]. A recently pub-
lished study showed that tolerance of baked milk products is a
prognostic indicator for development of tolerance to CM and that
inclusion of baked milk products into the daily diet has a positive
influence on the development of tolerance [187]. It is necessary
that doctors keep the improvement of symptoms, nutritional defi-
ciencies, increase in cost and time in mind when an appropriate
diet is selected [188]. Especially in case of CMA which mainly af-
fects infants, parents are advised to administer milk formulas until
at least 2 years of age. In general, extensively hydrolyzed formulas
(eHF) are the most suitable alternative and are tolerated by 95% of
milk allergic children [48,189,190]. Compared to amino acid for-
mulas the eHF are cheaper and show similar clinical outcomes
[191]. Only in case of persistence of symptoms an amino acid for-
mula needs to be prescribed. It is important to administer a
well-balanced diet with a proper calorie/protein ratio, amino acid
composition and calcium source. Also the reintroduction after out-
growth of CMA should be done under medical guidance
[13,48,116].

A recently published study has shown that the non-invasive
milk APT test can be used for early diagnosis of CMA in preterm in-
fants and helps to decide which type of formula (standard CM for-
mula, extensively hydrolyzed CM formula, amino acid based
formula) is administered [52].

Another important aspect that needs to be kept in mind is that
milk from other mammals is often proposed as a suitable substi-
tute for cow’s milk. However several case reports and studies have
shown that there are high amino acid sequence homologies be-
tween the allergens from cow, sheep and goat [27]. Therefore milk
from sheep or goat is not an appropriate alternative for the major-
ity of CMA infants. Mare’s, camel’s and donkey’s milk differ from
cow’s milk regarding their protein composition and are therefore
better accepted [192,193]. There are only few reports that de-
scribed the clinical reactivity and sensitivity to human milk, how-
ever the clinical relevance is still not known [37,194].

Patients with CMA should not include CM derived products
such as cheese, yoghurt, butter and cream into their diet [60].
Apart from mammals’ milk also soy milk needs to be consumed
with care. In up to 15% of CMA infants, soy milk induces symptoms
due to its highly allergenic potential [2]. Similarly frequent, CMA
patients suffer from beef allergy, due to BSA, that is present in both
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foods [195]. BSA is not only present in milk and beef, but also in
cow’s dander resulting sometimes in allergic and respiratory
symptoms after CMA patients have contact with cows [196].

4.2. Medical treatment

The treatment of CMA includes oral antihistamine for mild
cutaneous or digestive reactions and an epinephrine auto-injector
for systemic or respiratory reactions [2,48].

Other non-specific treatments include the use of monoclonal
anti-IgE antibodies which help to reduce the free IgE antibodies
in the blood of allergic patients. This leads to a reduction of baso-
phil activation and an increased threshold dose [197]. Furthermore
the administration of prebiotics which favour the colonization of
the gastrointestinal tract was tested in CM allergic individuals.
However its beneficial effect is still under debate [198,199]
although some studies point to a decreased severity of atopic dis-
ease, reduced inflammation and faster induction of tolerance when
probiotics are added to extensively hydrolyzed formulas [199-
204]. Other non-allergen-specific treatments include the adminis-
tration of Chinese herbs or cytokine therapy [205].

4.3. Immunotherapy (IT) and future strategies for specific
immunotherapy

Although immunotherapeutic treatment has already a long his-
tory and is well established for respiratory allergies [142], attempts
to reduce allergic symptoms in food allergic patients with subcuta-
neous immunotherapy were tested for peanut allergy but stopped
after severe reactions [206]. So far there is no approved therapy on
the market. Other possibilities could be different immunomodula-
tory treatments such as oral or sublingual immunotherapy
[197,207] or safer injections using well defined recombinant aller-
gens with reduced allergenicity [208]. Therefore studies comparing
the long-term consequences and the effectiveness of the different
immunotherapies in contrast to the risk benefit need to be per-
formed [186].

One attempt for immunotherapy of CMA could be the develop-
ment of a vaccine that contains recombinant hypoallergenic deriv-
atives of the major CM allergens that have the majority of T cell
epitopes but lack IgE epitopes (Fig. 4). Due to the immunogenicity
of hypoallergens blocking IgG antibodies can be induced. The ap-
proach of site-directed mutagenesis was already applied for the
major apple allergen Mal d 1, where 5 point mutations were per-
formed. The artificially modified molecule showed a reduced IgE
reactivity, allergenic activity in the basophil histamine release
and lower allergenicity when tested in a DBPCFC. However care
needs to be taken that the modification of the proteins does not re-
sult in the induction of new epitopes [209].

Similarly, the introduction of 2 mutations into the calcium-
binding domain of the major fish allergen Cyp c 1 resulted in a mol-
ecule with reduced IgE reactivity and allergenic activity when
tested in basophil histamine assays and skin prick tests
[208,210]. This molecule is now tested in patients within the Euro-
pean research programme FAST [211].

Other approaches such as T cell peptides, peptide carrier fusion
proteins and genetic vaccines were up to now only tested for respi-
ratory allergens but not for food allergens. The idea behind the
concept of T cell peptides is the application of T cell epitopes with-
out IgE epitopes, which should be capable of stimulating allergen-
specific T cells. The main principle of peptides coupled to carriers
(i.e. rhinovirus-derived coat proteins VP1, PreS domain of hepati-
tis) is the reduction of immediate and late phase reactions during
treatment, together with the stimulation of carrier-specific T cells,
which provide help for the induction of blocking IgG antibodies

[212-215] (Fig. 4). In addition, the production of regulatory T cells
leading to permanent tolerance is also investigated [216].

4.4. Oral immunotherapy (OIT)

Oral immunotherapy has shown some promising improve-
ments in life quality in patients with severe and persistent CMA
[217,218]. However, it is not recommended for routine practice be-
cause controlled studies testing standardized protocols and out-
come measurements are missing [219]. Several study groups
have investigated the beneficial effect of OIT and found interesting
results: In general increasing doses of CM are given in a special se-
quence: initial dose escalation during a controlled setting, then a
regular consumption of tolerated doses during a build-up phase
which is followed from a maintenance dose at home [197,220].
Animal studies have shown that high doses of antigen induce
non-responsiveness resulting from anergy or deletion of antigen-
specific T lymphocytes, whereas administration of continuous
low doses induces regulatory T cells [220,221]. The success rate
of the CM oral immunotherapy varied from 37% to 70% [222-
224]. Longo et al. [223] showed that oral immunotherapy is an effi-
cient treatment in CM allergic children with severe systemic reac-
tions by inducing tolerance in 36% of 30 treated children.
Furthermore it was possible to induce a higher threshold level of
accepted CM (5-150 ml) in 54% of patients. In the study of Skripak
et al. the induction of milk-specific IgG levels, predominantly IgG,,
as a beneficial result of OIT could be shown. Although the threshold
levels were increased in the treated group, the milk-specific IgE
levels did not change significantly in the treatment or control
group [222]. Narisety et al. showed similar results with increased
tolerance to CM in the treated group but pointed out very clearly
that adverse reactions were common and completely unpredict-
able [224]. Another attempt showed that oral desensitization in
combination with omalizumab therapy could be induced more
rapidly and without severe side effects in CM allergic patients
[225]. A recently published study showed that a combination of
milk together with interferon-y increased the tolerance effect of
oral immunotherapy by stimulation of allergen-specific IL-10-pro-
ducing B cells [226].

Standardized protocols that include the optimal dose, degree of
protection, ideal duration, safety, efficacy for different ages
and severity of adverse reactions need to be designed [220,227].
It is known that the mechanisms that take place during
immunotherapy are a decrease in milk-specific IgE, a decrease
in basophil mediator release and an increase in blocking
antibodies such as IgG4 and eventually induction of regulatory T-
cells [185].

4.5. Sublingual immunotherapy (SLIT)

During this therapy milk is kept under the tongue in increasing
dose in the rush period and continued for weeks to months during
the maintenance period [228].

One study investigated the effect of SLIT with CM in a small co-
hort of patients (n = 8), where milk was kept under the tongue for
2 min. This treatment showed an increase in the threshold dose
after 6 months [229]. Another recently published study by Keet
et al. [230] compared the efficacy of SLIT and OIT and showed that
OIT is more efficient for desensitization to CM probably due to the
higher treatment dose which is in the range of several grams.
However systemic side effects were also more common during
OIT compared to SLIT. Upcoming studies need to address the
selection of the optimal dose for SLIT in order to improve
efficacy.
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Future SIT of cow's milk allergy
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Fig. 4. Allergen derivatives and peptides are important tools for the development of specific immunotherapy (SIT) of cow’s milk allergy. These hypoallergenic molecules
contain T cell epitopes but lack IgE epitopes. Peptides without T cell epitopes, with no or reduced IgE binding activity can be linked to a carrier that stimulates carrier-specific
T cell help. Furthermore T cell reactive peptides can be used for therapy and prevention.

4.6. Epicutaneous patch (EPIT)

Within a small study it was shown that the treatment of CM
allergic children with epicutaneous patches containing skimmed
milk powder that were applied for 48 h each week for 3 months
induced a higher milk tolerance level. However, side effects as pru-
ritus and eczema appeared often and the immunological mecha-
nisms underlying this treatment are unknown [231].

4.7. Cow’s milk allergy prevention

The guidelines for Europe and America recommend the exclu-
sive breast feeding for 4-6 months and a delayed introduction of
solid food components in infants with atopic risk [232]. However
newer trials have shown that an early introduction of possible food
allergens is beneficial and that those infants suffer less frequently
from CMA. This would allow designing different prevention strate-
gies in the future. One could be the administration of hydrolyzed
formulas that contain tolerogenic peptides (Fig. 4) and testing if
this induces tolerance which might be detectable as lack of aller-
gen-specific humoral and cellular immune responses. Another op-
tion could be the feeding of infants with CM based formulas
supplemented with prebiotics that has shown a beneficial effect
in the reduction of atopic dermatitis [233].

5. Conclusions

The diagnosis of CMA has been improved in the last years due to
the production of standardized testing materials such as purified
natural allergens and recombinant proteins. With the use of de-
fined and well characterized allergens it was possible to advance
the extract-based into a component-resolved diagnosis which
paved the way for a personalized diagnosis. So far avoidance of
CM is the current treatment and oral immunotherapy is only per-
formed in specialized settings. It will be one of the future goals to

develop new forms of immunotherapy which reduce the risk of se-
vere side effects and are more effective.
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Abstract

Background: Bioactive proteins and human milk oligosaccharides (HMOs), important
ingredients in breast milk, that protect against infections are lacking in young child
formula (YCF). This study investigated the effects of new YCFs on respiratory and
gastrointestinal infections in toddlers.

Methods: Four hundred and sixty one healthy Chinese children aged 1-2.5 years
were recruited in this randomized, controlled, double-blind, parallel-group clinical
trial of different YCFs. They were randomly assigned to either standard milk formula
(YCF-Ref) or one of three new YCFs containing bioactive proteins and/or the HMO
2'-fucosyllactose (2'-FL) and/or milk fat for six months. Primary outcomes were in-
cidence of upper respiratory tract infection (URTI) and duration of gastrointestinal
tract infections (GIT]I).

Results: There were no significant between-group differences in primary outcomes.
For secondary outcomes, subjects receiving 2'-FL-supplemented YCF had longer
URT]I. Subjects receiving YCF supplemented with milk fat and intact bioactive pro-
teins, and 2'-FL at levels found in breast milk, had more GITI episodes and shorter
time to first GITI but similar effects on URTI duration than YCF-Ref recipients. No
effects on URTI and GITI were observed in toddlers receiving YCF with bioactive
proteins at lower levels than breast milk. Occurrence of adverse events and anthro-
pometry were similar in all groups.

Conclusions: All three YCFs supplemented with different combinations of intact bio-
active proteins, 2'-FL, and milk fat are safe in toddlers. No difference is detected
among YCFs on URTI incidence and GITI duration. Further studies are needed to
verify these findings especially in infants who may benefit most from the immune-

boosting effects of bioactive proteins and HMOs.

Trial Registration: Netherlands Trial Register (NL4627 [NTR4779]; https://www.trialregister.nl/trial/4627).

© 2020 EAACI and John Wiley and Sons A/S. Published by John Wiley and Sons Ltd.

Pediatr Allergy Immunol. 2020;31:745-754.

wileyonlinelibrary.com/journal/pai 745



www.wileyonlinelibrary.com/journal/pai

mailto:﻿

https://orcid.org/0000-0002-6469-1926

https://www.trialregister.nl/trial/4627

mailto:tfleung@cuhk.edu.hk

http://crossmark.crossref.org/dialog/?doi=10.1111%2Fpai.13276&domain=pdf&date_stamp=2020-06-12



LEUNG ET AL.

KEYWORDS

bioactive protein, gastrointestinal infection, human milk oligosaccharide, immunity, respiratory

infection, young child formula

1 | INTRODUCTION

Respiratory tract infections (RTIs) and gastrointestinal tract infections
(GITls) are the leading causes of morbidity and mortality in young
children. Breastfeeding helps protecting against infections' due to
the presence of immunoglobulins and other bioactive proteins. Most
of these immune-boosting ingredients are absent from current infant
formula (IF) or young child formula (YCF).2® Protein denaturation dur-
ing the processing of raw cow's milk explained the absence and loss
of functionality of bioactive proteins in formula.* Besides, human milk
oligosaccharides (HMOs) abundant in breast milk are virtually lacking
in cow's milk formulas. Numerous HMOs are present in human milk,
and they are postulated to help shaping the gut microbiome by act-
ing as prebiotics, reducing the risk of infections, modulating immune
function, and enhancing brain development.® Therefore, HMOs are
presumed to offer added functionalities compared with prebiotics like
galacto-oligosaccharides (GOS), which are typically included in IFs and
YCFs.%” The most abundant HMO in breast milk is 2'-fucosyllactose (2'-
FL).>® Pre-clinical studies have shown that 2'-FL has inhibitory effects
on gut and airway pathogens/viruses and infections.”'° Furthermore,
high levels of 2'-linked fucosylated oligosaccharides (including 2'-FL)
in human milk were associated with less diarrhea in infants.!* Larger
quantities of 2'-FL have recently become available to organize human
dietary intervention studies to investigate the safety and efficacy of
formulas containing 2'-FL. In addition to bioactive proteins and HMOs
present in human milk, milk fat and its structural composition may also
contribute to the health benefits of breastfeeding. Most current IFs
contain vegetable oil, and its structural composition differs from the
more closely related fat in human and cow's milk; these differences
may affect fat digestibility and subsequently intestinal functionality.*?
This study investigated the effects of new YCFs containing intact bio-
active proteins and/or 2'-FL and/or milk fat on upper RTls (URTIs) and
GITls in toddlers.

2 | METHODS
2.1 | Study design

This randomized, double-blind, parallel-group, controlled clinical
trial was conducted between January 2015 and October 2016 in
Hong Kong. The Chinese University of Hong Kong-New Territories
East Cluster Clinical Research Ethics Committee approved the
study protocol; additional advice was obtained from Medical Ethics
Committee of Wageningen University, the Netherlands. All parents
signed written informed consent for their child's participation, and
this study strictly adhered to the Declaration of Helsinki and Good

Clinical Practice guidelines.

Key Message

This double-blind, randomized, controlled, parallel-group
nutritional intervention study of 461 healthy Chinese
toddlers showed that young child formulas (YCFs) sup-
plemented with different combinations of intact bioactive
proteins, the human milk oligosaccharide (HMO) 2'-fuco-
syllactose, and milk fat are safe in these toddlers. However,
there were no differences in the incidence of upper res-
piratory tract infection and duration of gastrointestinal in-
fection between new and standard milk formulas. Further
studies are needed to verify efficacy outcomes on com-
mon childhood infections particularly in infants who would
benefit most from formulas with immune-boosting bioac-
tive proteins and HMOs.

2.2 | Subjects

Chinese children aged 1-2.5 years were recruited from hospital's
pediatric clinics and several open sources (social media, advertise-
ments, and public-parenting events). These families were invited to a
screening visit at which subject eligibility was assessed based on the
following inclusion criteria: Hong Kong-based, apparently healthy,
Chinese ethnicity, and able to drink 400 mL YCF/d (two servings of

200 mL). Exclusion criteria are shown in Supporting Information.

2.3 | Interventions

Subjects were assigned randomly to receive: (a) YCF-Ref; reference
milk formula; (b) YCF-A; milk formula containing immunoglobulins,
lactoferrin, and transforming growth factor-p (TGF-p) at levels typi-
cal for breast milk, 2'-FL (at a level found in human milk) and milk
fat; (c) YCF-B; milk formula containing lower levels of the bioactive
proteins than in YCF-A; or (d) YCF-C, milk formula containing 2'-FL
at the same level as in YCF-A (Table S1).

2.4 | Randomization and blinding

Eligible children were randomly allocated by computer-generated se-
guence to one of the YCF groups. Randomization was stratified by gender
and age (1.00-1.50 years [60%]; 1.51-2.00 years [30%]; 2.01-2.50 [10%]
years). Details of subject randomization and YCF labeling and prepara-

tion were described in Supporting Information. During the 6-month
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1157 Subjects were screened for eligibility
.| 326 Did not fulfill inclusion criteria
353 Met exclusion criteria
\ 4
478 Attended Screening Visit
15 Withdrew
»| 2 Received antibiotics within one
month before baseline visit
A
461 Underwent randomization at Baseline Visit
» 5 Did not receive treatment
A 4
456 Received YCF treatment
\ 4 Y \ 4
114 Assigned 114 Assigned 114 Assigned 114 Assigned
to YCF-Ref to YCF-A to YCF-B to YCF-C

4 Discontinued

study
4 Had adverse

\ 4

4 Discontinued
study
1 Lost contact
1 Refused to
drink YCF
2 Had adverse
events

1 Discontinued
study
1 Refused to
drink YCF

A 4

6 Discontinued
study
2 Withdrew
1 Lost contact
1 Refused
normal diet
2 Had adverse
events

\ 4

A 4

A 4

110 Completed
study

110 Completed
study

113 Completed
study

108 Completed
study

FIGURE 1 Flow diagram of subjects
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TABLE 1 Demographics and clinical

YCF-Ref YCF-A YCF-B YCF-C information of study participants at
Feature (n=114) (n=114) (n=114) (n =114) natl y particip
baseline
Age, months 17.7 £4.8 17.6 +4.7 17.7 +4.7 179 +4.7
Male 60 (52.6) 57 (50.0) 57 (50.0) 58 (50.9)
Birthweight, kg 3.10+0.42 3.18 £0.42 3.15+0.39 3.18+0.43
Neonatal problems® 3(2.6) 7 (6.1) 5(4.4) 4 (3.5)
With older siblings 48(42.1) 42 (36.8) 36(31.2) 42 (36.8)
Paternal age, y 35.9+5.5 35.7+5.2 34.8+5.2 35.9+5.6
Paternal education at 45 (39.5) 62 (54.4) 56(49.1) 61 (53.5)
college or above
Maternal age, y 32.5+4.6 32.5+4.3 320+44 32.9+4.8
Maternal education at 55 (48.2) 66 (57.9) 64 (56.1) 67 (58.8)
college or above
Body weight, kg 107+ 1.4 10.8+1.5 109+ 1.6 109+ 1.5
Standing height, cm 80.6 £4.6 80.6 +4.5 81.1+4.8 81.3+4.5
Breastfeeding ever 100 (87.7) 104 (91.2) 104 (91.2) 103 (90.4)
Duration of 3.3+4.4 3.7+44 49+51 3.1+49
breastfeeding, mo
Current household 36 (31.6) 34 (29.8) 37 (32.5) 34 (29.8)
smokers
Current day-care 41 (36.0) 46 (40.4) 39 (34.2) 42 (36.8)
attendance
Intake of nutritional 25(21.9) 26 (22.8) 27 (23.7) 24 (21.1)
supplements
Personal history of 14 (12.3) 21(18.4) 14 (12.3) 16 (14.0)

allergy

Note: Results are expressed as mean + standard deviation or number (percentage).

2All measured subject baseline characteristics were similar between groups (all P > .05).

PMain neonatal problems included neonatal jaundice, clinical sepsis, congenital heart disease, and
pneumonia. However, none of these problems was considered to be clinically significant at the time

of subject recruitment.

intervention period, milk consumption was restricted to two servings of
200 mL/d for the allocated YCFs. Subjects preferring to drink more than
two daily servings were also provided with regular YCF (similar composition
to YCF-Ref), to be consumed only after consumption of the allocated YCF.

2.5 | Data collection

At baseline, trained senior nutritional science students assessed
each child's habitual food intake in the past month using an age-
appropriate Chinese Food Frequency Questionnaire.*® Using a diary,
parents/caretakers of subjects recorded left-over milk (or amount of
extra YCF consumed), and any signs of illness or medication used.
Parents/caregivers also recorded daily defecation patterns (time,
frequency, and stool's visual appearance), and stool consistency
[using the Bristol Stool Scale (BSS)] (Figure 51).3* Subjects returned
for scheduled clinic visits every 2 months, during which they were
examined physically and their study diaries reviewed for clarity/
completeness including any adverse events (AEs). Nasal swabs and
stool samples were collected at baseline and final visits for micro-

biota analyses (see Supporting Information).

Parents/caregivers were instructed to report newly observed
illness symptoms immediately. If subjects developed respiratory or
gastrointestinal symptoms, they were instructed to return to the
clinic for physical examination by a pediatrician. An additional nasal
swab and/or stool sample was collected closest to the second day
from the onset of infection episode (see Supporting Information).
AEs were recorded using the International Classification of Diseases,
10th Revision codes (http://apps.who.int/classifications/apps/icd/
icd10online/). Severity and likelihood of the relationship between
AEs and intervention were scored by a pediatrician and evaluated by
an independent data safety monitoring board (DSMB) consisting of

pediatrician, nutritionist, and biostatistician.

2.6 | Study outcomes

Primary outcomes were the incidence of URTIs and duration of GITls
as recorded by parents/caregivers on study diaries and verified by
investigators and nurses over a 6-month period. The incidence of
URTIs was defined as the number of new episodes per child over
the 6-month period, with URTI being defined as runny nose and/



http://apps.who.int/classifications/apps/icd/icd10online/

http://apps.who.int/classifications/apps/icd/icd10online/
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TABLE 2 Summary of compliance

with interventions and reasons for stud YCF-Ref YCF-A YCF-B YCF-C
R R N Y Parameter (n=114) (n=114) (n=114) (n=114)
discontinuation
Subjects completed study 110 (96.5) 110 (96.5) 113 (99.1) 108 (94.7)
Per-protocol subjects® 100 (87.7) 101 (88.6) 97 (85.1) 98 (86.0)
Product compliance (%) 85.8+17.6 87.3+16.5 88.2+124 85.0+16.3
Subjects compliant with 103 (90.4) 106 (93.0) 101 (88.6) 104 (91.2)
YCF intake®
Intake of extra YCF 215+ 109 192 + 110 185 + 1021 177 + 1091
(serving per 6 mo)
Completion of primary 89.2+15.0 89.8 +13.9 90.2+7.9 88.4 +14.5
outcome data
Primary outcome 105 (92.1) 105 (92.1) 106 (93.0) 102 (89.5)
compliance?
Reasons for dropout
Withdrawal of consent 0 0 0 2(1.8)
Family lost to follow-up 0 1(0.9) 0 1(0.9)
Disliked study formula 0 1(0.9) 1(0.9) 0
Protocol violation 0 0 0 0
Adverse event 4 (3.5) 2(1.8) 0 2(1.8)
Others 0 0 0 1(0.9)

Note: Results are expressed as mean + standard deviation or number (percentage).

?Per-protocol subjects refer to those providing 280% of primary outcome data in the study diaries
(primary outcome compliance) and consuming 270% of supplied YCF (product compliance) during

the study period.

P = .034 and 5P = .008 when compared with YCF-Ref.

or cough for 22 days.'® A new episode of URTI was defined when
at least a 7-day interval separated the previous and new episodes.'
GITI was defined as 22 loose/liquid stools in 24 hours,* and the du-
ration of GITI was defined as the number of days from first until last
excretion of liquid or semi-liquid stools (BSS score 6 or 7) that was
not followed by another abnormal stool within 2 days.”*® The mean
duration of GITI episodes per child was calculated as the total num-
ber of diarrheal days divided by the number of episodes.

Secondary/tertiary outcomes included the following: (a) mean
duration of URTI, defined as the mean number of days per URTI
episode; (b) incidence of GITI, defined as the mean number of new
GITI episodes per subject per 6 months; (c) incidence and duration
of GITI, defined by WHO criteria (23 liquid/semi-liquid stools within
24 hours)'®; and (d) anthropometric data.

Methods used for pathogen identification and microbiome
analyses in nasal and stool samples were described in Supporting
Information.

2.7 | Statistical analysis

Sample size was calculated based on mean number of URTIs and dura-

tion of GITI episodes. Based on the literature®*?

and our pilot data,
the average URTI incidence and GITI duration were 3.5 + 2.8 and
3.0 + 2.4 days/episode, respectively, in the reference group. We ex-

pected URTI to reduce by one episode and GITI to shorten by 1 day

with our intervention. With a pre-set level of 5% significance, 80%
power allowing 2-sided testing, and 4% dropouts and non-compliant
cases, this study needed to recruit 98 and 116 subjects per trial arm
for URTI incidence and GITI duration, respectively. Therefore, this
clinical trial aimed to recruit 464 children (116 per trial arm). Details of

statistical analyses were reported in Supporting Information.

3 | RESULTS

A total of 1157 children were screened for eligibility, and informed
consent was obtained for 478 children who attended the screen-
ing visit (Figure 1). The final intention-to-treat (ITT) group comprised
456 children (114/group) who received YCF. The percentage of drop-
outs during the 6-month study was 1%-5%. All study groups were
comparable with respect to baseline characteristics (Table 1) and
nutrient intake (results not shown). Per-protocol (PP) analysis was
possible in 85%-89% of subjects (Table 2).

3.1 | Primary outcomes: URTI incidence and
GITI duration

Table 3 summarizes the main efficacy outcomes. The average num-
bers of new URTI episodes for YCF-A, YCF-B, YCF-C, and YCF-Ref
were 1.9, 1.7, 2.0, and 1.9, respectively (not statistically different).
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TABLE 3 Summary of study outcomes

YCF-Ref YCF-B YCF-C (ITT analysis)
Outcome (n=114) YCF-A(n=114) (n=114) (n=114) 4
Primary outcomes
Total URTI episodes 1.9+1.5 19+1.5 1.7+1.5 20+1.6
per subject
Duration of 3.3+23 31+19 3.5+1.7 3.2+20
GITl episodes
(Agustina), d
Secondary outcomes
Duration of URTI, d 7.3+4.6 8.1+74 8.6 +6.0 8.9 +5.6"
Total GITI episodes 0.3+0.7 0.6+ 09" 0.4+0.8 0.5+0.9
(Agustina) per
subject
Total GITI episodes 0.2+0.5 0.3+0.6 0.2+0.5 0.3+0.5
(WHO) per subject
Duration of GITI 43+24 3.1+1.8 44 +3.5 3.4+22
episodes (WHO), d
Tertiary outcomes
Time to first URTI,d  81.5+63.8 84.7 £ 65.6 95.5+ 679 84.1+64.0
Time to first GITI 165.1 +53.5 146.1 + 64.31 159.9 + 57.5 149.7 + 60.3"
(Agustina), d
Modified Vesikari 51+4.1 41+23 5.0+3.2 4.2+3.1
clinical severity
scores of GITI
Number of days 9.5+17.1 7.8+ 151" 9.9 +18.8 8.0+ 14.0f
with hard stool
Number of LRTI? 0(0-4) 0(0-4) 0(0-3) 0(0-4)
Number of cough 9.3+10.9 91+12.0 9.7 +14.0 12.6 + 1491
episodes
Number of runny 11.2+134 11.1+13.0 10.5+12.8 13.7 £ 15.8"
nose episodes
Antibiotic 01£07 0.3+ 14" 0.2+1.0f 01+0.8
prescriptions
Total number of 1.9+27 1.5+ 191 19+2.6 2.5+3.1f
days with fever
23 URTI episodes 39 (34.2) 37 (32.5) 34(29.8) 47 (41.2)
Otitis media 0(0-1) 0(0-1) 0(0-1) 0(0-1)

Note: Results are expressed as mean + standard deviation, number (percentage) or median (range).

Abbereviations: GITI, gastrointestinal tract infection; LRTI, lower respiratory tract infection; URTI,
upper respiratory tract infection.

2Consisted of the physician diagnoses of pneumonia, bronchitis, bronchiolitis, and asthma.

P <.05,7P <.01,°P <0.001, and TP = .002 compared with YCF-Ref.

Changes in the mean weekly URTI incidence also showed no discern-
ible between-group patterns or differences (data not shown). GEE
revealed a trend for more URTI episodes among subjects aged 1.00-
1.50 years receiving YCF-C vs YCF-Ref (# = 0.303, 95% confidence
interval [CI] 0-0.606; P = .050). Subjects receiving YCF-A, YCF-B,
YCF-C, and YCF-Ref had similar mean duration of GITI episodes (3.1,
3.5, 3.2, and 3.3 days, respectively). PP analysis showed similar find-
ings (results not shown). GITI duration results remained insignificant
after subgroup analysis for breastfeeding at infancy (<2 months vs
>2 months; Table S4).

3.2 | Secondary/tertiary outcomes

The mean URTI duration was longer with YCF-C than YCF-Ref
(8.9 vs 7.3 days; P < .05). The time to first URTI was similar among
all four groups (Table 3). Subjects in the YCF-C group also had
more episodes of cough and runny nose than YCF-Ref (P < .001
for both) and days with fever (P < .01), although total fever days
(2.5 £ 3.1 days) were very low during follow-up. Furthermore,
YCF-C recipients had fewer days with hard stool than YCF-Ref
(P < .001). YCF-A showed fewer days with fever (P < .01) and hard
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TABLE 4 Summary of main adverse events® included in the ITT
analysis

YCF-Ref  YCF-A YCF-B YCF-C
Adverse event (n=114) (n=114) (n=114) (n=114)
All adverse 97 100 98 100(87.7)
events (85.1) (87.0) (86.0)
Any serious 15 17 (14.8) 15(13.2) 10 (8.8)
adverse (13.2)
events®
Respiratory
URTI 88 88(77.2) 85 (74.6) 91 (79.8)
(77.2)
Acute 6(5.3) 6(5.3) 9(7.9) 6(5.3)
bronchiolitis
Acute 10(8.8) 6(5.3) 6(5.3) 13(11.4)
bronchitis
Acute otitis 3(2.6) 2(1.8) 2(1.8) 2(1.8)
media
Gastrointestinal
GITI 22(19.3) 45(39.5) 29 35 (30.7)
(25.4)
Acute gastritis 1(0.9) 4 (3.5) 1(0.9) 5(4.4)
Vomiting 1(0.9) 0 3(2.6) 1(0.9)
Others
Isolated fever 5(4.4) 8(7.0) 6(5.3) 9(7.9)
Acute 3(2.6) 5(4.4) 2(1.8) 1(0.9)
pharyngitis
Eczema 5(4.4) 3(2.6) 0 3(2.6)
Hand-foot- 3(2.6) 2(1.8) 2(1.8) 3(2.6)
mouth
disease
Roseola 6(5.3) 8(7.0) 6(5.3) 7(6.1)
infantum
Viral 2(1.8) 1(0.9) 3(2.6) 3(2.6)
infection?

Note: Results are expressed in number (percentage).

Abbreviations: GITI, gastrointestinal tract infection; URTI, upper
respiratory tract infection.

dListed are only adverse events that occurred in 23 subjects in any
group.

bSerious adverse events in this study refer to adverse events that
required hospitalization.

‘One hundred and thirty one GITI episodes were reported by families
during the study, whereas detailed analysis of relevant symptoms

on study calendars and re-grouping of the nature for adverse events
following study completion revealed that there were a total of 192 GITI
episodes.

4judged by investigators to have viral etiologies because of compatible
clinical features (eg, isolated fever, skin rash, lymphadenopathy), but did
not meet the criteria for URTI and GITI.

stool (P <.001) vs YCF-Ref. GIT| episodes were more frequent with
YCF-A vs YCF-Ref (0.6 vs 0.3; P < .01). Subgroup analysis revealed
that subjects in YCF-A who were breastfed for <2 months had more
GITIs (P = .009; Table S4).

WILEY--"

GEE confirmed an independent association between YCF-A and
the incidence of GITI, defined by Agustina criteria (P = .006), but
not by WHO criteria (P = .075). Compared with YCF-Ref, GEE also
showed more GITI (Agustina) among subjects aged 12-17 months re-
ceiving YCF-A (P = .004) and YCF-B (P = .040). The time to first GITI
episode was significantly shorter among subjects receiving YCF-A
than YCF-Ref (P = .002; Table 3).

Changes in anthropometric data noted no remarkable be-
tween-group differences (Figure S2). Outcomes from pathogen
identification and microbiome analyses in nasal and stool samples

are described in Supporting Information.

3.3 | Adverse events (AEs)

All four YCFs had similar frequencies of AEs (85.1%-87.7%) and seri-
ous AEs (8.8%-14.8%) (Table 4). There were no reported cases of
product-related AEs as judged by investigators and confirmed by the
DSMB. Compared to YCF-Ref (21 cases), subjects consuming YCF-A
(45 cases) had a higher GITIl count (P =.001).

3.4 | Effect of YCFs on fecal microbiome

Figure 2 shows the relative abundance of the top 20 most abundant
microbial genera, which did not reveal any significant differential ef-
fect of YCF-A, YCF-B, or YCF-C on fecal microbiota compared with
YCF-Ref. Phylogenetic diversity analysis indicated that within-sam-
ple diversity was significantly higher in older than younger toddlers
(P <.0001).

4 | DISCUSSION

The current trial, being the first RCT on efficacy outcomes among
toddlers, showed no benefit for three new YCFs containing varying
combinations of bioactive proteins and/or 2'-FL and/or milk fat on the
primary outcomes of URTI incidence and GITI duration in Chinese tod-
dlers compared to YCF-Ref. Additionally, the occurrence of AEs and
changes in subjects’ anthropometry were similar in all treatment arms,
indicating that all YCFs were safe and supported normal growth.

The non-beneficial results observed for the 2'-FL group were un-
expected. Although 2'-FL concentrations in human milk are generally
between 2 and 4 g/L,2?° a recent study in Chinese and Malaysian
lactating women indicated that levels decline to ~0.8 g/L at 1 year.?!
High 2'-FL levels in human breast milk are associated with protec-
tion against Campylobacter jejuni diarrhea.!! Infants receiving breast
milk lacking 2'-FL were also shown to have delayed establishment of
gut bifidobacteria.?? Pre-clinical research indicated bifidogenic and
anti-pathogenic effects to be the two most important functions of
2'-FL?0

More clinical research on 2'-FL and other HMOs has been un-

dertaken with their increasing availability. Levels of 2'-FL in different
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FIGURE 2 Effects of study YCFs on subjects’ fecal microbiome. (A) Relative abundance of the top-20 most abundant genera in fecal
samples collected at baseline (BL) and end line (EL), grouped and differentiated per YCF treatment arm; and (B) multivariate redundancy
analysis (RDA) plot showing no significant YCF treatment effect on the fecal microbiota profile at end line (explained 0% variance). Small
colored symbols indicated individual samples and YCF group membership, while large colored symbols represented sample centroids of
the YCF groups. Ellipses indicate the 66% quantile of the approximated 2D-normal density distribution function for each YCF group. Gray
arrows represent the 20 best-fitted genera

formulas studied varied as follows: Two studies used 0.2 g/L, while 3.0 g 2'-FL/L (the reported mean level in mature human milk).82°
two studies tested up to 1.0 g/L (combined with lacto-N-neotetraose All studies showed that 2'-FL was safe and well tolerated in infants.
[LNNnT] 0.5 g/L in one study).232> Our YCF-C and YCF-A contained These RCTs also found lower circulating inflammatory cytokines
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with 2/-FL,? less lower respiratory tract infections (LRTIs) and med-
ication use with 2'-FL/LNnT,2* and reduced respiratory infections
with 0.2 g/L 2-FL (but no effect of 1.0 g/L 2'-FL).? In contrast, we
could not find any effect of 2’-FL on URTI incidence (primary out-
come) among toddlers. Remarkably, 2’-FL YCF prolonged URTI by
an average of 1.6 days (secondary outcome). Because nasal micro-
biome was similar between groups, this finding in YCF-C was not
caused by altered microbial composition or pre-disposition to cer-
tain pathogens. It is interesting to test whether such was related to
the reported suppressive effect of 2'-FL on circulating inflammatory
cytokines.?

Considering the interest in supplementing formulas with 2'-FL
and other HMOs, more studies particularly in infants are needed to
substantiate postulated health benefits. We cannot exclude the pos-
sibility that the effects of nutritional support might differ with age,
given that the immune system is more immature in infants.?” Infants
rely on breast milk and/or formula, whereas toddlers have a more
varied food intake pattern. Therefore, potential effects of 2'-FL sup-
plied in milk might less likely be noticeable in toddlers.

Interestingly, the unexpected finding of 2'-FL on URTI duration
in YCF-C was not observed with YCF-A, which also contained 2’-FL
3.0 g/L. We speculate that bioactive proteins and/or milk fatin YCF-A
contributed to prevention of prolonged URTI duration. Bioactive
proteins such as bovine immunoglobulins were shown to be bacteri-
cidal, escape gastrointestinal digestion, bind human pathogens and
allergens, interact with human Fc receptors, and enhance antigen
presentation.'? It is thus difficult to explain why YCF-A (and YCF-C
to a lesser extent) increased GITI incidence compared with YCF-Ref.
Further investigations should clarify whether the anti-inflammatory
effects of 2'-FL and other HMOs were desirable (mimicking findings
in breastfed infants).?>%® It is possible that these effects help shape
the immune system and prevent allergy in infants, but they might
come at the cost of lowering defense against common early-life
infections.?®

The effects of YCFs on fecal microbiome in our toddlers gener-
ally matched those in infants.?? The bifidogenic effects of 2-FL on
gut microbiome of infants and young children still need to be es-
tablished, and the current study found similar relative abundances
of bifidobacteria and other main genera among YCF-C, YCF-A, and
YCF-Ref in toddlers (see Supporting Information). It is possible
that GOS (4 g/L) contained in all YCFs was sufficient to establish/
maintain a bifidobacterium-dominated gut microbiome. Finally,
16S sequencing of the nasal microbiome showed profiles expected
for toddlers. Indeed, the main bacterial genera detected from nose
swabs were Dolosigranulum, Moraxella, and Corynebacterium,
which were also identified from deeper nasopharyngeal swabs in
infants.%°

In conclusion, three new YCFs with varying combinations of
bioactive proteins, 2'-FL, and milk fat were generally ineffec-
tive in reducing the incidence and duration of URTIs and GITIs in
healthy Chinese toddlers. All new YCFs had similar safety profiles
to the reference YCF. Unexpectedly, YCF-C containing 3 g/L 2'-FL

was associated with prolonged URTI duration. Further human

WILEY-"2

studies are needed to investigate whether the positive pre-clinical
immune-boosting effects of HMOs and bioactive proteins can be

extrapolated to infants and toddlers.
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ABSTRACT

Human milk oligosaccharides (HMOs) are indigestible carbohydrates representing the third largest fraction of
solutes in human breastmilk. They provide valuable prebiotic and anti-pathogenic functions in breastfed infants,
but are not yet included in most infant formula products. Recent biotechnological advances now facilitate large-
scale production of HMOs, providing infant formula manufacturers with the ability to supplement their products
with HMOs to mimic human breastmilk. Although the safety of individual HMOs has been confirmed in pre-
clinical toxicological studies, the safety of HMO mixtures has not been tested. We therefore performed bacterial
reverse mutation and in vitro micronucleus tests and conducted a repeated-dose oral toxicity study in rats with a
mixture of five HMOs (HMO MIX I), containing 2’-fucosyllactose (2’-FL), 3-fucosyllactose (3-FL), lacto-N-tetraose
(LNT), 3’-sialyllactose (3’-SL) and 6’-sialyllactose (6’-SL). HMO MIX I was not genotoxic and did not induce
adverse effects in the repeated dose study. The no-observed-adverse-effect-level (NOAEL) for HMO MIX I in this
study is 10% in the diet (equivalent to 5.67 g HMO MIX I/kg bw/day for males and 6.97 g HMO MIX I/kg bw/
day for females). Our results provide strong evidence for the safety of HMO MIX I in infant products and general

foods.

1. Introduction

The best food for infants is breastmilk, which has the optimal bal-
ance of nutrients and also contains additional functional components.
After water, the most abundant ingredients of breastmilk are sugars
(primarily lactose) followed by fats and proteins (Kunz and Rudloff,
1993; Andreas et al., 2015; Ballard and Morrow, 2013). However, the
sugars in breastmilk are not solely concerned with nutrition. More
complex sugars known as human milk oligosaccharides (HMOs) are
present in lower quantities, and these act as prebiotics by promoting
selective colonization by intestinal bifidobacteria, and as anti-infectives
by inhibiting the adhesion of pathogens such as Pseudomonas aerugi-
nosa, Escherichia coli, Vibrio cholerae and Salmonella fyris (Newburg,
2009; Coppa et al,, 2006; Weichert et al., 2013; Donovan and
Comstock, 2016; Vandenplas et al., 2018). The most abundant HMOs
are 2’-fucosyllactose (2’-FL), trifucosyllacto-N-hexaose (TFLNH), difu-
cosyllacto-N-hexaose (DFLNH), lacto-N-fucopentaose (LNFP), lacto-N-
tetraose (LNT), lacto-N-neotetraose (LNnT), 3-fucosyllactose (3-FL),
difucosyllactose (DiFL), sialyllacto-N-tetraose ¢ (LSTc) and 3’-sia-
lyllactose (3’-SL) and 6’-sialyllactose (6’-SL) (Coppa et al., 1999; Thurl
et al., 2017). The total concentration of these oligosaccharides exceeds
20 g/L in the first days of lactation and declines slightly during the
lactation period, but still remains the third most abundant solute in

* Corresponding author. Maarweg 32, 53619, Rheinbreitbach, Germany.
E-mail address: julia.parkot@jennewein-biotech.de (J. Parkot).
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breastmilk after lactose and lipids, but before proteins (Coppa et al.,
1999; Miller et al., 1994; Thurl et al., 2010). The HMO content varies
not only during lactation, but also according to the Lewis blood group
of the mother, which reflects the activity of the fucosyltransferases
FUT2 (Se) and FUT3 (Le). Whereas most mothers can produce fucosy-
lated oligosaccharides with al-2-, al-3-, and al-4-linkages (blood
groups Le*™®* and Le®*™), certain groups lack the ability to generate
al-2- and/or al-4-linkages, due to the absence of the corresponding
enzymes, which correspond to the Lewis blood groups Le® >~ and Le® -
(Thurl et al., 1997; Stahl et al., 2001; Chaturvedi et al., 2001). Fur-
thermore, HMO concentrations in preterm milk even exceed con-
centrations in term milk, indicating the high relevance for preterm in-
fants, who are likely to be immunosuppressed (Gabrielli et al., 2011).

Until recently, infant formula products aimed to replicate the nu-
tritional compositions of breastmilk but did not include HMOs, so
newborns and infants fed solely with formula products did not benefit
from the abovementioned prebiotic and anti-infective properties.
However, the advent of new technological approaches, such as total
chemical synthesis and bacterial fermentation have made it possible to
produce synthetic HMOs on a large scale (Jennewein et al., 2014;
Albermann et al., 2001; Chin et al., 2015; Hiifner et al., 2010), focusing
on the use of these oligosaccharides as infant (preterm, term and tod-
dler) nutrition, functional food and medical/therapeutic nutrition
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ingredients. Extensive toxicological and preclinical/clinical investiga-
tions are required to confirm the safety of these HMO products before
they can be marketed for human consumption (Hanlon and Thorsrud,
2014; Monaco et al., 2018, 2019; Coulet et al., 2013; Gurung et al.,
2018; Phipps et al., 2018a, 2018b; Reverri et al., 2018). Three synthetic
HMOs (2’-FL, LNnT and 3’-SL) have already been concluded generally
recognized as safe (GRAS) in the USA (U.S. Food and Drug
Administration, 2014a; U.S. Food and Drug Administration, 2014b; U.S.
Food and Drug Administration, 2015; U.S. Food and Drug
Administration, 2016; U.S. Food and Drug Administration, 2017; U.S.
Food and Drug Administration, 2018). Furthermore, 2’-FL. and LNnT
have been approved as novel foods in the European Union under EU
Regulation 2015/2283 (Regulation 2015/2283, 2015). These HMOs are
now included in infant formula products marketed around the world at
doses equivalent to the dietary intake via breastmilk (Bych et al., 2018).
Although individual HMOs have been approved and a GRAS noti-
fication for a mixture of 2’-FL and DiFL is still pending (U.S. Food and
Drug Administration), mixtures of several HMOs at the levels present in
natural breastmilk would offer the greatest benefits to formula fed
newborns and infants. It is therefore necessary to carry out prescribed
toxicological analyses before such mixtures can be approved for the
market. Accordingly, we performed a reverse mutation test in strains of
Salmonella typhimurium, a micronucleus test in cultured human per-
ipheral lymphocytes, and a subchronic toxicity study in rats by feeding
them on a certified commercial diet supplemented with a 10% blend of
2’-FL, 3-FL, LNT, 3’-SL and 6’-SL produced by bacterial fermentation
(Fig. 1). We used the same repeated-dose 90-day oral toxicity study
design that has been accepted by the regulatory authorities for the
safety assessment of novel ingredients (including single HMOs) for in-
fant formula products (European Food Safety Authority, 2015a, 2015b).
The rats were fed ad libitum for 91 days on the HMO mix and we
monitored them for HMO related changes in clinical observations, body
weight, food consumption, hematology, clinical chemistry, coagulation
and urinalysis. We also determined the no-observed-adverse-effect-level
(NOAEL) as a means to confirm the safety of the HMO mixture.

2. Materials and methods
2.1. Good laboratory practice and regulatory guidelines

The 7-day pilot oral tolerance study, 13-week oral toxicity study,
the bacterial reverse mutation test and the micronucleus test were
carried out by the LPT Laboratory of Pharmacology and Toxicology
(Hamburg, Germany) in compliance with European Community (EC)
good laboratory practice (GLP) regulations enacted in Germany under
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the Chemicals Act. These are based on the OECD-Principles of GLP and
Compliance Monitoring (ENV/MC/CHEM(98)17, ENV/JM/MONO(99)24
and ENV/JM/MONO(2002)9), and the principles of GLP as described in
Directive 2004/10/EC, which are compatible with the GLP regulations
specified by regulatory authorities throughout the EC, the USA (U.S.
Environmental Protection Agency (EPA) and US Food and Drug
Administration (FDA)) and Japan (Ministry of Health, Labour and
Welfare (MHLW), Ministry of Agriculture, Forestry and Fisheries
(MAFF) and Ministry of Economy, Trade and Industry (METI)).

The 13-week oral toxicity study was carried out according to OECD
Guidelines for the Testing of Chemicals No. 408 (repeated-dose 90-day
oral toxicity study in rodents, adopted September 21, 1998)
(Organisation for Economic Co-operation and Development, 1998), and
EC method B.26 (subchronic oral toxicity test, repeated-dose 90-day
oral toxicity study in rodents) (Commission of the European
Communities, 2001) with a duration of 91 days instead of 90 days and
dissection on day 92 for organizational reasons. The study was designed
as a limit test at one single dose level based on the results of a 7-day
pilot study and the available toxicological data on the individual HMOs
(Gurung et al., 2018; Phipps et al., 2018b; Kim et al., 2018; van Berlo
et al., 2018; Coulet et al., 2014). Additionally, although no toxicity
studies on 3’-FL have been published, similar results were expected for
3’-FL because of high structural-chemical similarity to 2’-FL.

The bacterial reverse mutation test was performed in accordance to
the OECD Guidelines for Testing of Chemicals No. 471 (bacterial re-
verse mutation test, adopted July 21, 1997) (Organisation for Economic
Co-operation and Development, 1997) and to the EC method B.13/14
(mutagenicity: reverse mutation test using bacteria) (Commission of the
European Communities, 2008). The micronucleus test was conducted
according to OECD Guideline for Testing of Chemicals No. 487 (in vitro
mammalian cell micronucleus test, adopted July 29, 2016)
(Organisation for Economic Co-operation and Development, 2016).

Histopathological evaluations were carried out by InSight Pathology
BV (Oss, The Netherlands).

2.2. Chemicals and test item

The chemicals, which were positive control mutagens applied in the
genotoxicity studies, were benzo[a]pyrene (BaP), 2-aminoanthracene
(2-AA), 2-nitrofluorene (2-NF), cyclophosphamide, colchicine obtained
from Sigma-Aldrich Chemie (Taufkirchen, Germany), 9-aminoacridine
(9-AA) purchased from Honeywell Specialty Chemicals (Seelze
Germany) and sodium azide (NaN3), mitomycin C and aqua ad in-
iectabilia from B. Braun (Melsungen, Germany). The post-mitochondrial
fraction (S9 fraction) from rats treated with Aroclor 1254, prepared
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Fig. 1. Structural formula of the human milk oligosaccharides used in HMO MIX L.
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according to Maron and Ames (1983) and collected from male rats, was
obtained from Trinova Biochem (Giefen, Germany, Lot. no. 3850).
Cytokinesis blocker Cytochalasin B (CytoB) for micronucleus testing
was purchased from AppliChem (Darmstadt, Germany).

The HMO MIX I (Jennenwein Biotechnologie, Rheinbreitbach,
Germany) tested in the mutagenicity tests and applied to the diet was a
dry powder blend of a fixed combination of 2’-FL (47.1% DW), 3-FL
(16.0%DW), LNT (23.7%DW), 3’-SL (4.1%DW), 6’-SL (4.0%DW) and
other carbohydrates (5.1%DW). The aforementioned oligosaccharides
were produced individually by fermentation, following the removal of
the production strain and further purification and concentration pro-
cesses. Nuclear magnetic resonance (NMR) analysis and mass spectro-
metry (MS) were performed to unambiguously prove the chemical
equivalence to the human breast milk HMOs (data not shown).

2.3. Genotoxicity tests

2.3.1. Reverse mutation test in Salmonella typhimurium

The potential of HMO MIX I to induce gene mutation was examined
in the five Salmonella typhimurium strains TA98, TA100, TA102,
TA1535, and TA1537 in two independent experiments, each performed
in triplicate and carried out without and with metabolic activation
(microsomal preparation derived from Aroclor 1254-induced rat liver).
The first experiment was carried out as a plate incorporation test and
the second as a preincubation test as described by Ames et al., 1973,
1975 and later on revised by Maron and Ames (1983). Therefore, six
concentrations of 5.0, 10.0, 31.6, 100, 316 or 600 mg HMO MIX I/plate
were applied. The vehicle highly purified water was employed as the
negative control. Positive controls were performed without metabolic
activation (NaN3; for TA1535 and TA100, 2-NF for TA98, 9-AA for
TA1537, and mitomycin C for TA102) and with metabolic activation
(BaP for TA98, TA102 and TA1537, and 2-AA for TA100 and TA1535)
by adding 0.5 mL of the S9 mix. Cytotoxicity was defined as reduction
in the number of colonies by more than 50% compared to the solvent
control and/or a scarce background lawn. For a positive mutagenicity
test, the number of revertants had to be reproducable and dose-sig-
nificantly increased (p < 0.05, U test according to Mann and Whitney
(Colquhoun, 1971)) compared to the solvent control (at least 2-fold for
TA98, TA100, TA1535 and TA1537, and 1.5-fold for TA102) in both
independent experiments. Bacteria colonies were counted employing
the Bio-Sys Biocount 5000 system (Karben, Germany).

2.3.2. Micronucleus test in cultured human peripheral lymphocytes

Test samples of HMO MIX I were assayed in an in vitro micronucleus
test using human peripheral blood lymphocytes both in the presence
and absence of metabolic activation by the rat liver post-mitochondrial
fraction S9 mix from Aroclor 1254 induced animals. Human peripheral
blood was therefore obtained by venipuncture from young, healthy,
non-smoking individuals with no known recent exposures to genotoxic
chemicals or radiation. In order to maximize the probability of de-
tecting an aneugen or clastogen effect at a specific stage in the cell
cycle, 0.5 mL of freshly prepared blood lymphocytes were seeded with
5 mL of Chromosome complete culture medium with
Phytohemagglutinin, to stimulate cell dividing, and 1% Penicillin/
Streptomycin for 48 h. Thereafter the cultures were centrifuged (10 min
at 800-900 rpm) and the medium replaced by fresh Ham's F10 medium
with fetal calf serum (FCS) (GIBCO Invitrogen GmbH, Karlsruhe,
Germany). Eventually. each test was carried out in duplicate, em-
ploying two exposure times without S9 mix for 4 and 24 h, and one
exposure time with S9 mix for 4 h, each maintained at 37 °C. The
concentrations applied were 7.5, 15, 30 and 60 mg HMO MIX I/mL
medium without and with metabolic activation. The vehicle highly
purified water was used as the negative control and mitomycin C (at
0.2 pg/mL) and colchicine (at 0.02 pg/mL) were employed as positive
controls in the absence and cyclophosphamide (at 20 pg/mL) in the
presence of metabolic activation with the S9 mix. After expiry of the
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4-24 h exposure time, the medium was removed and the cultures were
washed twice with Ham's F10 medium with FCS and incubated for a
further 20 h, adding 5 mL Chromosome complete medium containing
5 pg/mL CytoB. The cytokinesis-block technique was applied to ensure
that micronucleus scoring was limited only to cells, which went through
mitosis during or after the treatment. At the end of the 20 h incubation
the cells were harvested, applied to prewarmed and pre-cleaned mi-
croscope slides and stained using 10% Giemsa.

At least 500 cells per replicate cell culture were scored and classified
as mononucleates, binucleates or multinucleates to estimate the pro-
liferation index as a measure of toxicity. The evaluation of cytotoxicity
was based on the Cytokinesis-Block Proliferation Index (CBPI) or the
Replicative Index (RI). The CBPI indicates the average number of nuclei
per cell during the period of exposure to CytoB, and is used to calculate
cell proliferation. The RI indicates the relative number of cell cycles in
treated cultures compared to control cultures and can be used to cal-
culate the percentage of cytostasis.

The micronucleus frequencies were analyzed in at least 2000 bi-
nucleate cells per concentration (i.e. = 1000 binucleate cells per cul-
ture; two cultures per concentration).

A test chemical was considered to be positive if there was a statis-
tically significant and/or dose related increase compared to the nega-
tive control or if any of the results were outside the distribution of the
historical negative control data (Poisson-based 95% control limits).

2.4. Seven-day pilot oral tolerance study in rats

2.4.1. Animals and housing conditions

CD rats (Charles River Laboratories, Sulzfeld, Germany) were
checked on delivery and 10 healthy female rats were selected for the
experiments and allowed to adapt to their new surroundings for six
days. At the time of the first treatment, the rats were 60 days old and
their body weight was 217.9-247.5 g. The animals were divided in two
groups. The first group was provided with a standard diet (control diet)
and second group was provided with the same diet supplemented with
10% HMO MIX 1.

Each animal was kept in an individual Makrolon cage (type III plus)
with a basal surface of approximately 39 cm x 23 cm and a height of
approximately 18 cm. Room temperature was at 22 °C * 3 °C (max-
imum range) with a relative humidity of 55% = 10% (maximum
range). The rooms were illuminated for 12 h and kept in darkness for
12 h each day. Granulated textured wood (Granulat A2, J.
Brandenburg, Goldenstedt, Germany) was provided as bedding mate-
rial. The cages were changed once a week.

2.4.2. Diet

The diets used in this study included a control diet (group 1) and a
test diet (group 2). Both diets were based on the certified commercial
diet ssniff-R/M-H V1530 (ssniff Spezialdiéten, Soest, Germany), which
were offered ad libitum with and without the 10% HMO MIX I. Drinking
water was also offered ad libitum. The 10% HMO MIX I diet was pre-
pared once, one day prior beginning the study. The components were
combined in an impact mill and one part HMO MIX I was mixed with
nine parts of the commercial diet in a Rohnradmischer Type ELTE 650
(Engelsmann AG, Ludwigshafen, Germany) for 15 min. The final mix-
ture was transferred to a closable bucket and labelled.

2.4.3. Viability and clinical signs

The animals were observed daily for viability, behavioral changes,
and reactions to treatment or illness. Cage-side observations included
skin and fur, eyes, mucous membranes, respiratory and circulatory
systems, somatomotor activity and behavior patterns, feces output and
consistency. The onset, intensity and duration of any observed signs
were recorded. If changes were noted, the animals were observed until
the symptoms disappeared.
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2.4.4. Body weight
Body weight was recorded at the time of group allocation, on the 1st
day of treatment and daily thereafter at the same time each day.

2.4.5. Food, drinking water, and test item consumption
Food consumption was recorded daily and food intake per rat (g/
rat/day) was calculated as follows:

Relative food consumption (g/kg bw/day)
_ Total food given(g) — Total food left (g)
" Number of animal days X Body weight (kg)

Drinking water consumption was monitored daily by visual in-
spection. HMO MIX I intake was calculated on a daily and weekly basis
throughout the experimental period based on the concentration in the
diet, individual food intake and body weight of each rat.

2.5. Repeated dose 13 weeks oral toxicity study in rats

2.5.1. Animals and housing conditions

CD rats (Charles River Laboratories, Sulzfeld, Germany) were
checked on delivery and 40 healthy specimens (20 male and 20 female
rats) were selected for the experiments and allowed to adapt to their
new surroundings for six days. At the time of the first treatment, the rats
were 65 days old and their body weight was 343.1-390.5 g (males) and
212.7-245.5 g (females). The animals were divided in two groups (10
males and 10 females per group), the first group provided with a
standard diet (control diet) and group 2 provided with the same diet
supplemented with 10% HMO MIX 1.

Each animal was kept in an individual Makrolon cage (type III plus)
with a basal surface of approximately 39 cm x 23 cm and a height of
approximately 18 cm. Room temperature was at 22 °C * 3 °C (max-
imum range) with a relative humidity of 55% = 10% (maximum
range). The rooms were illuminated for 12 h and kept in darkness for
12 h each day. Granulated textured wood (Granulat A2, J.
Brandenburg, Goldenstedt, Germany) was provided as bedding mate-
rial. The cages were changed and cleaned once a week.

2.5.2. Diet

The diets used in this study included a control diet (group 1) and a
test diet (group 2). Both diets were based on the certified commercial
diet ssniff-R/M-H V1530 (ssniff Spezialdiédten, Soest, Germany), which
were offered ad libitum without HMO MIX I to group 1 and with 10%
HMO MIX I to group 2. Food residues were removed and weighed daily.
Drinking water was also offered ad libitum.

The 10% HMO MIX I diet was freshly prepared each week. The
components were combined in an impact mill and one part HMO MIX I
was mixed with nine parts of the commercial diet in a Rohnradmischer
Type ELTE 650 (Engelsmann AG, Ludwigshafen, Germany) for 15 min.
The final mixture was transferred to a closable bucket and labelled.

2.5.3. Animal observations

2.5.3.1. Clinical signs. The animals were observed daily for clinical
signs (behavioral changes, reactions to treatment or illness). Records for
each individual animal were prepared. Cage-side observations included
skin/fur, eyes, mucous membranes, respiratory and circulatory systems,
somatomotor activity and behavior patterns. The onset, intensity and
duration of any observed signs were recorded.

Additionally, on one occasion before the first exposure (to allow for
within-subject comparisons) and on a weekly basis thereafter (always
on the first day of the test week), detailed clinical observations were
made for all animals. In test week 13, these observations were made
before any laboratory investigations. The observations were made
outside the home cage in a standard arena and at the same time of day.
Signs noted included changes in the skin, fur, eyes and mucous mem-
branes, the occurrence of secretions or excretions, and autonomic
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activity (e.g. lacrimation, pilo-erection, pupil size, and unusual re-
spiratory patterns). Changes in gait, posture and response to handling
as well as the presence of clonic or tonic movements, stereotypies (e.g.
excessive grooming, repetitive circling) or bizarre behaviors (e.g. self-
mutilation, walking backwards) were part of the inspection range.

2.5.3.2. Neurological screening. In test week 13, before any blood
sampling, all animals were tested outside the home cage to screen for
sensory reactivity to different stimuli (auditory, visual and
proprioceptive stimuli) (Gad, 1982), grip strength (Meyer et al.,
1979) and to assess locomotor activity.

Observational screening included the righting reflex, body tem-
perature, salivation, startle response, respiration, mouth breathing,
urination, convulsions, pilo-erection, diarrhea, pupil size and response,
lacrimation, impaired gait, stereotypic behavior, toe and tail pinch,
wire maneuver, hind leg splay, positional passivity, tremors, positive
geotropism, limb rotation and auditory function. Together, the tests
covered peripheral, sensory, muscular, central and gastro-intestinal
neural components. Functional tests comprised grip strength and lo-
comotor activity.

2.5.3.3. Mortdlity, body weight, food consumption and HMO MIX I
intake. Mortality was checked every morning and afternoon during
the study to ensure that post mortem examinations could be carried out
during the working period of that day.

The body weight of each rat was recorded (i) at the start of the
adaptation period, (ii) at the time of group allocation, (iii) on the day
treatment commenced, and (iv) weekly thereafter always on the same
day of the week throughout the experimental period.

The quantity of food left by individual animals was recorded daily
throughout the experimental period and the food intake per rat (g/rat/
week) was calculated using the total amount of food given to and left by
each rat in each group by the end of the treatment day. Relative food
consumption (g/kg body weight (bw)/day) was determined by mea-
suring the difference in weight of food provided and the food left un-
eaten, divided by the product of the number of animal days and body
weight:

Relative food consumption (g/kg bw/day)
_ Total food given(g) — Total food left (g)
" Number of animal days X Body weight (kg)

One animal day was defined as 24-h period during which the animal
remained alive. Hence the method assumes that none of the animals
consume food on the day they are euthanized.

Individual HMO MIX I intake was calculated on a weekly basis
throughout the experimental period based on the concentration in the
diet, individual food intake and body weight. Relative daily test item
intake was calculated accordingly to relative food consumption in g/
kg bw/day.

Drinking water consumption was also monitored by daily visual
appraisal throughout the study.

2.5.3.4. Ophthalmological and auditory examinations. Ophthalmological
and auditory examinations were performed on all animals before (test
day —1) and one week before the end of the treatment (test day 81 in
week 12).

The eyes were examined using a Heine ophthalmoscope to de-
termine the pupillary reflex. Ocular structures, specifically the adnexa
oculi (lids and lacrimal apparatus), conjunctiva, cornea, anterior
chamber, lens, vitreous body and fundus (retina, optic disc) were ex-
amined after treatment using Stulln eye drops (ankerpharm,
Rudolstadt, Germany) to trigger mydriasis. Auditory acuity was de-
termined using a simple noise test.
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2.5.4. Clinical pathology

Blood and urine samples were taken from all animals fasted over-
night at the end of test week 13 before necropsy on test day 92.

Blood was taken under isoflurane anesthesia from the retrobulbar
venous plexus. Whole blood samples for hematological analysis were
collected in ethylenediaminetetraacetic acid (EDTA) anticoagulant
tubes. Plasma samples for coagulation tests were collected in citrate
anticoagulant tubes and plasma for clinical chemistry tests was col-
lected in lithium-heparin anticoagulant tubes.

For urinalysis, urine was collected for 16 h in an URIMAX funnel
cage and was terminated immediately before drawing blood for he-
matological, coagulation and clinical chemistry analysis. The volume,
pH and specific gravity were determined and followed by semi-quan-
titative analysis of protein, glucose, bilirubin, urobilinogen, ketones,
hemoglobin and nitrite using a Combur 9 Test (Roche Diagnostics,
Mannheim, Germany).

The urine was also analyzed by microscopy after sample cen-
trifugation and spreading the pellet on a microscopic slide. We de-
termined the frequency of epithelial cells, leucocytes, erythrocytes,
organisms, crystalluria and constituents such as sperm and casts. The
color and turbidity of the urine were examined visually.

2.5.5. Organ weights and histopathology

On test day 92, the animals were dissected according to a rando-
mization scheme. The animals were euthanized in a CO, atmosphere,
exsanguinated by cutting the aorta abdominalis, weighed, dissected and
inspected macroscopically under the direction of a pathologist. We
measured the weights of the adrenal glands, brain, epididymides, heart,
kidneys, liver, ovaries, spleen, testes, thymus, uterus (including cervix),
and prostate and seminal vesicles with coagulating glands as a whole.
Paired organs were weighed individually and identified as left or right.
The relative organ weight [g/kg bw] was calculated as ratio of the
absolute organ weight [g] to the animal body weight at dissection [kg].

Histological analysis was carried out on the organs listed above as
well as the aorta abdominalis, bone (os femoris with joint), bone
marrow (os femoris), eyes with optic nerve, gross lesions observed,
large intestine (colon, rectum), small intestine (duodenum, jejunum,
and ileum, including Peyer's patches), lungs (with mainstem bronchi
and bronchioles), lymph node (cervical and mesenteric), mammary
gland, muscle (skeletal, leg), nerve (sciatic), esophagus, pancreas, pi-
tuitary, salivary glands (mandibular, parotid, and sublingual), skin (left
flank), spinal cord (cervical, midthoracic, and lumbar), stomach, thyr-
oids (including parathyroids), tissue masses or tumors (including re-
gional lymph nodes), trachea (including larynx), urinary bladder and
vagina. The tissues were fixed and paraffin sections stained with he-
matoxylin-eosin were prepared from all 40 animals. Frozen sections of
the heart, liver and one kidney were prepared and stained with Oil Red
O (ORO).

During dissection, three air-dried smears of fresh bone marrow were
obtained from the os femoris of all 40 animals and were stained ac-
cording to Pappenheim (Scudder, 1944). The myeloid/erythroid ratio
was then determined by cell differentiation (counting 200 nucleated
cells).

2.5.6. Statistical analysis

Data for toxicology and pathology were captured using Provantis
Integrated Preclinical Software, v9.4.0 (Instem LSS, Stone, United
Kingdom). Raw data that were not fully compatible with software were
maintained as paper records according to appropriate standard opera-
tional procedures (SOPs).

The data representing the control diet (group 1) were compared to
the 10% HMO MIX I diet (group 2) using Dunnett's multiple t-test
(Dunnett, 1964) for two sided comparisons (p < 0.05 and p < 0.01)
with regard to body weight, food consumption, hematology, coagula-
tion, clinical chemistry, urinalysis and relative and absolute organ
weights. The X? test and Fisher's exact test were used to compare bone
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marrow samples (p < 0.01) and histopathology data (p < 0.05), re-
spectively.

Homogeneity of variances was evaluated using Barlett's method and
normality of distribution was evaluated using the Shapiro-Wilk test. In
cases where either test was not satisfied, stepwise transformation into
logarithmic or rank values was performed prior to analysis of variance
(ANOVA). If the ANOVA yielded a significant effect (p < 0.05), inter-
group comparisons with the control group were carried out using
Dunnett's test (p < 0.01 and p < 0.05).

Data not captured by the Provantis system were evaluated using the
Student's t-test. Therefore, a numerical functional test was applied for
the comparison of body temperature, hind leg splay, grip strength and
spontaneous motility (p < 0.05 and p < 0.01). The p-values 0.05 and
0.01 represent the t-values 2.1009 and 2.8784 for 18 degrees of
freedom, and the t-values 2.1098 and 2.8982 for 17 degrees of freedom,
respectively.

3. Results
3.1. Genotoxicity test

3.1.1. Reverse mutation test in Salmonella typhimurium

No signs of cytotoxicity or mutagenicity were noted in any of the
TA98, TA100, TA102, TA1535, and TA1537 test strains of Salmonella
typhimurium compared with vehicle control counts, neither in the plate
incorporation test nor in the preincubation test, each carried out
without and with metabolic activation up to the top concentration of
600 mg HMO MIX I/plate. Positive controls, applying NaN3, 2-NF, 9-AA
and mitomycin C in the absence, and BaP or 2-AA in the presence of S9,
verified the sensitivity of the assay, as at least threefold increases in the
mean revertant colony numbers compared to the vehicle controls were
induced (see Table 1).

3.1.2. Micronucleus test in cultured human peripheral lymphocytes

Under the present test conditions, HMO MIX I tested up to the
maximum feasible concentration of 60 mg/mL medium in the absence
and in the presence of metabolic activation, employing two exposure
times (4 or 24 h) without S9 mix and one exposure time with S9 mix,
revealed no indications of chromosomal damage in the in vitro micro-
nucleus test. Furthermore, the frequency of micronucleate cells for the
test item as well as the vehicle controls were within the historical
control range. The same test with mitomycin C and cyclophosphamide
induced significant chromosomal damage and colchicine induced sig-
nificant (p < 0.05) damage to the cell division apparatus, respectively.
Thus, the test was considered valid (see Table 2).

3.2. Seven-day pilot oral tolerance study in rats

To determine the design of the 13-week oral toxicity study in rats, a
seven-day pilot study in ten female CD/Crl:CD rats was conducted. The
rats were fed either a control diet or a 10% HMO MIX I-containing diet
ad libitum (n = 5/group) over the course of seven days, and monitored
for viability, clinical signs, body weight, food and water consumption,
and HMO MIX I intake. Although the addition of the HMO MIX I to the
diet reduced the nutrient content of the diet by 10%, the rats consumed
between 6.7 and 13.7 g/kg bw/day, and there were no premature
mortalities, changes in behavior, appearance and consistency of the
feces, HMO-related differences in body weight, body weight gain, or
food consumption. Thus, the dose of 10% HMO MIX I in diet was chosen
for the 13-week oral toxicity study in rats.

3.3. Repeated dose 13 weeks oral toxicity study in rats
3.3.1. Deviations

Prior to and over the course of four weeks of the 13-week study, one
male animal in the control group (standard diet) gained weight at a
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Table 1
Bacterial reverse mutation test performed with HMO MIX 1.
Test item (mg/plate) Number of revertant colonies per plate
TA98 TA100 TA102 TA1535 TA1537
without S9 with S9 without S9 with S9 without S9 with S9 without S9 with S9 without S9 with S9

Plate incorporation test

Negative control (water) 26.3 + 4.2 25.3 + 3.2 153.7 + 28.3 151.7 + 6.8 287.0 = 13.0 276.7 * 26.7 17.0 + 3.6 17.0 + 2.6 53 + 0.6 9.3 £ 0.6
5 28.3 * 29 31.0 £ 5.2 139.3 + 3.2 167.7 + 15.5 252.0 = 4.6 274.3 *= 155 15.7 + 4.6 21.7 £ 15 53 * 25 80 * 1.7
10 29.0 = 1.0 323 = 6.7 129.3 + 10.1 159.0 = 19.1 273.3 = 29 256.7 = 13.1 16.0 = 1.0 18.0 = 4.4 50 = 0.0 7.7 £ 0.6
31.6 28.0 £ 2.0 31.0 + 8.2 129.3 + 3.8 160.0 + 7.8 283.7 = 37.4 266.3 = 2.5 15.0 + 1.0 143 + 2.5 6.7 + 3.2 57 +* 0.6
100 29.0 = 3.0 31.0 = 10.0 158.7 + 12.0 162.7 + 24.2 278.3 = 18.8 256.7 = 9.7 157 + 1.2 16.3 + 2.1 7.0 = 2.6 7.3 = 1.2
316 26.0 = 1.0 27.0 = 8.2 1453 + 12.6 172.7 + 6.4 264.3 = 3.8 254.7 = 9.8 15.0 + 1.7 18.7 + 4.0 7.0 £ 1.7 57 * 1.2
600 247 + 2.5 26.3 = 2.1 157.0 £ 35.5 177.0 = 4.4 2527 = 1.2 2743 = 1.2 15.7 = 23 16.7 = 3.1 6.0 = 0.0 7.0 £ 3.0
Positive control™” 179.7 + 15.3 175.7 + 28.7 892.0 = 139 887.3 = 11.6 918.3 + 34.8 911.7 + 18.1 147.0 = 19.1 158.7 + 27.2 73.3 £ 4.0 74.3 + 3.2
Preincubation test

Negative control (water) 29.7 £ 15 373 £ 15 182.0 * 6.2 164.7 + 35.3 285.3 = 1.5 283.3 = 84 227 * 78 17.0 = 2.6 6.7 + 23 6.0 £ 2.6
5 333 = 83 253 * 25 165.0 = 3.6 155.7 + 4.9 2833 = 7.2 273.3 = 10.3 147 = 21 21.3 £ 15 7.0 = 0.0 6.7 = 3.5
10 327 £ 25 28.7 + 6.4 169.3 + 12.7 171.3 + 10.8 295.7 = 7.1 277.7 *+ 18.6 16.3 + 2.3 16.0 + 3.6 6.0 £ 2.0 53 + 23
31.6 26.7 £ 4.7 30.7 = 4.0 171.0 = 12.8 158.7 + 23.1 301.3 = 13.3 298.3 = 5.5 17.7 + 2.3 16.0 + 4.4 83 + 21 43 £ 1.2
100 35.7 = 21 31.3 = 3.2 181.7 = 19.6 196.3 = 0.6 265.7 = 4.2 306.3 = 0.6 22.0 = 35 17.0 = 0.0 6.3 = 25 40 = 1.7
316 32.0 = 1.7 35.0 £ 5.6 186.3 + 2.1 189.3 + 6.7 272.0 = 9.0 294.7 + 5.7 237 * 1.2 19.0 + 2.0 50 + 1.7 47 £ 15
600 35.0 = 1.7 35.3 * 3.1 186.7 + 4.9 187.3 £ 7.5 270.7 = 30.2 251.3 = 2.1 23.3 * 81 19.7 + 1.5 6.3 + 2.1 5.0 = 2.6
Positive control™” 186.3 = 6.0 172.0 = 36.3 883.7 = 3.5 797.0 = 81.3 1001.3 * 4.7 990.3 * 44.2 1733 £ 1.5 179.0 = 3.0 76.7 * 4.9 733 £ 15

Values are means (n = 3) =+ standards deviations.

Abbreviations: BaP, benozo[a]lpyrene; 2-AA, 2-aminoanthracene; 2-NF, 2-nitrofluorene; 9-AA, 9-aminoacridine; NaN3, sodium azide.
2 Positive controls without S9: NaN; for TA1535 and TA100, 2-NF for TA98, 9-AA for TA1537, mitomycin C for TA102.
b Positive controls with $9: BaP for TA98, TA102 and TA1537, 2-AA for TA100 and TA1535.
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Table 2
In vitro micronucleus test in human peripheral blood lymphocytes exposed to
HMO MIX 1.

Test item CBPI RI [%] Number of Number of

concentration [mg/ binucleate micronucleated cells

mL] cells scored per 1000 binucleate

cells

4-h treatment without S9

Negative control 1.96 100 2000 4.0
(water)

7.5 1.83 87 2000 5.0

15 1.84 88 2000 4.5

30 1.99 103 2000 8.5

60 1.85 88 2000 6.0

Mitomycin C (0.2 pug/ 1.77 80 2000 44.5%
mL)

24-h treatment without S9

Negative control 1.58 100 2000 2.5
(water)

7.5 1.48 81 2000 3.5

15 1.56 95 2000 4.5

30 1.57 98 2000 2.5

60 1.31 53 2000 5.0

Colchicine (0.02 pg/ 1.57 96 2000 17.0%
mL)

4-h treatment with S9

Negative control 1.62 100 2000 4.0
(water)

7.5 1.59 97 2000 3.5

15 1.61 99 2000 2.0

30 1.57 93 2000 2.0

60 1.57 93 2000 2.0

Cyclophosphamide 1.40 65 2000 26.5%
(20 pg/mL)

Values are means (n = 2).
CBPI = Cytokinesis block proliferation index, RI = Replicative Index.
# Significantly different from negative control (p < 0.05).

slower rate compared to the other control animals. From six days prior
to the study to day 29, the male gained weight as a slower rate com-
pared to the remaining rats in the control group. From day 29 to day 90,
the body weight then remained constant while the remaining control
male rats continued to gain weight. This resulted in a resulted in a 12%
reduction in body weight at day 29 and a 27% reduction in body weight
at the end of the study for the control male. Although no changes in
behavior or external appearance were noted over the course of the
study, multiple erosions/ulcerations in the small intestine, thickening of
the duodenum wall, white foci in the lungs, enlarged glassy mandibular
lymph node, enlarge and thickened mesenteric lymph node, and en-
larged spleen were noted at necropsy. Hematology revealed an in-
creased number of leucocytes (9-fold) caused by increased numbers of
neutrophilic granulocytes (26-fold), lymphocytes (4-fold), monocytes
(19-fold), eosinophilic granulocytes (43-fold), large unstained cells (15-
fold) and basophilic granulocytes (24-fold) compared to the mean va-
lues for the group. Clinical chemistry revealed increased plasma level of
bilirubin (3-fold) and increased enzyme activities of alanine amino-
transferase (ALAT; 8-fold), alkaline phosphatase (aP; 2-fold), aspartate
aminotransferase (ASAT; 12-fold) and lactate dehydrogenase (LDH; 3-
fold). Due to the magnitude of the hematology and clinical chemistry
changes, the effects were deemed spontaneous and incidental and an-
imal was excluded from all analyses.

3.3.2. Food and drinking water consumption

The HMO MIX I had no effect on food consumption by male and
female animals compared to control group animals of the same sex
during the 91-day treatment period (Fig. 2). In the control group, the
weekly mean relative food consumption ranged from 51.4 * 1.9 to
75.8 * 4.3 g/kg bw/day for males and from 63.2 = 6.7 to
78.3 * 8.7 g/kg bw/day for females. In group 2, the corresponding
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Fig. 2. Weekly mean food consumption of by (A) male and (B) female rats in
group 1 (control diet) and group 2 (10% HMO MIX I).
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Fig. 3. Weekly mean intake of the HMO MIX I by male and female rats in group
2.

values ranged from 50.1 *= 3.4 to 68.8 + 3.3 g/kg bw/day for males
and from 62.6 = 2.8 to 79.1 + 4.7 g/kg bw/day for females. The
mean intake of HMO MIX I in group 2 ranged from 5.01 to 6.88 g/kg bw
per day for males and 6.26-7.91 g/kg bw per day for females (Fig. 3).
The visual appraisal of the drinking water consumption did not reveal
any test item-related influence in either of the groups.

3.3.3. Body weight and body weight gain

Body weight was recorded weekly, starting on the first day of the
adaptation period (day —6) and additionally on the day of group al-
location (day —1) and thereafter on the same day each week. The 10%
HMO MIX I showed no effect on body weight, body weight gain or body
weight at autopsy in either the male and female animals in group 2
compared to control group 1 during the 91-day treatment period. The
mean body weights of male and female rats in both groups are shown in
Fig. 4.
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Fig. 4. Mean body weights of (A) male and (B) female rats in group 1 (control) and group 2 (10% HMO MIX I).

3.3.4. Clinical observations
3.3.4.1. Mortality, behavior, external appearance, feces and clinical
observations. None of the male and female rats in either group needed
to be euthanized prematurely during the 91-day treatment period. We
observed no changes in behavior or external appearance and there was
no change in the appearance of consistency of feces in either group.
Body posture, movement and coordination capabilities were con-
sistent on day —1 and at weekly interval thereafter.
All clinical parameters in both groups were within the normal range
on test day —1, and all animals in both groups continued to present
normal values over the full 13 weeks of the test (data not shown).

3.3.4.2. Neurological screening. Neurological screening at the end of the
treatment period did not reveal any test item-related effects in male or
female rats undergoing functional observation tests, grip strength tests
and spontaneous motility tests (data not shown).

Although a significant (p < 0.05) increase in body temperature in
the HMO MIX I-treated female rats (38.5 * 0.3 °C) compared to the
control group (38.1 * 0.4 °C) was reported at the end of the treatment
period, the decrease was small (approximately 1%), occurred in only
the HMO MIX I-treated females, and was not associated with any other
adverse clinical observations. Additionally, the HMO MIX I-treated
male rats showed a significant decrease (p < 0.05) in spontaneous
motility (number of movements recorded over a period of 12 min), with
a mean value of 96.3 + 50.3 compared to 167.7 + 73.9 in the control
male rats. Further inspection of the individual rat data revealed that the
decrease in the HMO MIX I-treated males was due to two males in the
control group having spontaneous motilities higher than the upper

boundary of the historical range for the laboratory (224 and 299
movements/12 min vs an upper boundary of 217 movements/12 min;
laboratory historical control mean of 77.7 movements/12 min). Thus,
the increase in body temperature and decrease in spontaneous mobility
were deemed to be incidental and not related to the HMO MIX I
treatment.

3.3.4.3. Ophthalmological and auditory examinations. Ophthalmological
examination did not reveal any changes in the eyes and wider optic, or
any impairment of auditory acuity, in male or female rats in group 2
(data not shown).

3.3.5. Clinical pathology

Except for a statistically significant reduction (p < 0.05) in the
absolute number of neutrophilic granulocytes in HMO MIX I-treated
female rats compared to the control treated female rats
(0.71 = 0.38 X 10A3vs 0.80 += 0.2 X 10A3 cells/pl), there were no
significant differences between the control- and HMO MIX I-treated rats
in any of the remaining hematological parameters (Supplementary
Table S1). There were also no significant differences between the
groups in the myeloid/erythroid ratio in the bone marrow.

For the neutrophils, the mean cell counts were generally low re-
lative to the historical control range for the laboratory
(0.4-12.81 X 10A3 cells/ul) in both the control and HMO MIX I-
treated groups. Additionally, although the absolute number in one
HMO MIX I-treated female fell below the lower boundary of the his-
torical control range (0.33 X 10A3 cells/ul), all neutrophil counts in
the remaining males and females fell within the historical range. Thus,
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Table 3
Clinical chemistry values on day 92.
A
Sex Treatment Alb [g/L] Glob [g/L] Alb/Glob Bil [pumol/L] Chol [mmol/L] HDL-C [mmol/L]
M  Control (N) 29.8 * 0.7 (9) 309 * 2.4(9) 0.98 * 0.06 (9) 33 * 0.2(9) 1.7 = 0.4 (9) 0.66 * 0.18 (9)
F Control (N) 342 = 2.3 (10) 349 * 3.4 (10) 0.98 = 0.06 (10) 3.5 + 0.4 (10) 2.3 = 0.3(10) 0.70 * 0.12 (10)
M 10% HMO (N) 29.3 = 0.6 (10) 30.4 = 1.2 (10) 0.97 = 0.03 (10) 3.1 + 0.3(10) 1.9 = 0.6 (10) 0.92 + 0.29 (10)**
F 10% HMO (N) 32.2 + 1.1*%(10) 30.9 = 1.3>%(10) 1.05 + 0.04>% (10) 3.5 * 0.7 (10) 21 = 0.4 (10) 0.77 = 0.18 (10)
B
Sex Treatment TG [mmol/L] TP [g/L] Cre [umol/L] Gluc [mmol/L] Urea [mmol/L] Ca [mmol/L] Cl [mmlo/L]
M  Control (N) 0.7 = 0.3(9) 60.7 * 2.9 (9) 39.2 * 2.3(9) 81 * 1.4(9) 47 * 0.6 (9) 2.7 = 0.1(9) 101.7 += 1.4 (9)
F Control (N) 0.5 = 0.2 (10) 69.1 + 5.5 (10) 44.0 = 2.9 (10) 7.5 += 0.7 (10) 5.0 = 0.4 (10) 2.8 = 0.1 (10) 103.3 + 0.8 (10)
M 10% HMO (N) 0.7 = 0.3 (10) 59.7 = 1.6 (10) 41.1 * 2.4 (10) 8.4 = 1.6 (10) 5.2 = 0.7 (10) 2.7 = 0.1 (10) 101.8 = 1.2 (10)
F 10% HMO (N) 0.4 = 0.1 (10) 63.1 = 2.0° (10) 45.1 * 1.7 (10) 7.3 = 1.1 (10) 58 + 0.6 (10) 2.7 + 0.1 (10) 103.0 = 1.6 (10)
C
Sex Treatment K [mmol/L] Na [mmol/L] ALAT [U/L] aP [U/L] ASAT [U/L] LDH [U/L]
M  Control (N) 39 + 0.3(9) 139.2 * 1.1 (9) 39.6 = 7.7 (9) 77.0 = 12.8(9) 69.2 = 12.8(9) 91.0 = 35.2(9)
F Control (N) 3.8 £ 0.2(10) 139.2 = 0.9 (10) 40.7 = 13.3(10) 37.2 = 7.5(10) 849 = 28.5(10) 94.9 * 43.9 (10)
M 10% HMO (N) 3.9 = 0.2 (10) 139.5 = 0.8 (10) 35.8 = 9.0 (10) 74.2 = 18.6 (10) 70.3 * 6.0 (10) 79.4 = 23.7 (10)
F 10% HMO (N) 3.6 + 0.3 (10) 139.3 + 0.9 (10) 309 + 82™%(10) 47.6 = 13.7(10) 724 * 6.3(10) 93.0 + 35.0 (10)

Values are means *+ standard deviations.
? Significantly different from control (p < 0.05).
Y Significantly different from control (p < 0.01).

$ Laboratory Historical Control Ranges: Alb (27.2-37.5 g/L); Glob (26.8-37.7 g/L); Alb/Glob (0.72-1.19); TP (54.0-75.0 g/L); Urea (3.73-7.76 mmol/L); ALAT

(20.0-175.0 U/L); HDL-C (0.42-2.36 mmol/L); females: 0.09-0.48 mmol/L).

Abbreviations: N, number of animals per sex and group; M, male; F, female; Alb, albumin; Glob, Globulin; Bil, bilirubin; Chol, cholesterol; Cre, creatinine; Gluc,
glucose; TP, total protein; TG, triglycerides; HDL-C, high density lipoprotein cholesterol Ca, calcium; Cl, chloride; K, potassium; Na, sodium; ALAT, alanine ami-
notransferase; aP, alkaline phosphatase; ASAT, aspartate amino-transferase; LDH, lactate dehydrogenase.

the statistically significant reduction in the absolute number of neu-
trophilic granulocytes observed in HMO MIX I-treated female rats was
deemed to be not HMO MIX I-related.

Statistically significant changes were also noted in selected clinical
chemistry parameters in male and female rats receiving the HMO 1 mix
compared to the males and females receiving the control diet (Table 3).
Specifically, in the HMO 1 mix-treated males, significant increases in
the HDL-C was observed, although the levels overall were within the
historical range for the laboratory. In the HMO 1 MIX-treated female
rats, plasma levels of albumin (p < 0.05), globulin (p < 0.01), protein
(p = 0.01), and urea (p < 0.01), and the plasma albumin/globulin
ratio (p < 0.05) were increased whereas ALAT activity was decreased
(p = 0.05). All means for these parameters were within the historical
range for the laboratory and not greater than 15% different that the
control group means. For LDL-C, three males and eight females in the
control group, and one male and four females in the HMO MIX I-treated
group had values that fell below the LOQ (0.09 mmol/L). Thus, an
accurate assessment of the effect of the HMO MIX I on LDL-C level was
not possible. Importantly, because the plasma albumin, globulin, pro-
tein, urea and albumin/globulin ratio changes were within the histor-
ical range of the laboratory and small (< 15%), they were all deemed to
be not HMO MIX I-treatment related.

Urinalysis on test day 92 revealed no changes in any of the para-
meters except for a statistically significant decrease (p < 0.05) in the
specific gravity of urine from female rats in HMO MIX I-treated group
(Supplementary Table S2). Similar the changes in the clinical chemis-
tries, the decrease in the urine specific gravity was small (approx. 1%)
and within the historical range for the laboratory. Because these
changes were within the historical control range of the laboratory and
small (=15%), they were all deemed to be not HMO MIX I-treatment
related.

3.3.6. Postmortem study evaluation
Macroscopic inspection at necropsy on test day 92 did not reveal

any test item-related changes in the organs or tissues of the animals in
group 2 (with the exception of one animal from the control group,
which as stated above was excluded from all statistical evaluations).

Some statistically significant differences in absolute and relative
organ weights were noted between control and the HMO MIX I-treated
groups (Table 4 and Table 5). Specifically, the means for the absolute
weight of the brains in HMO MIX I-treated male rats were lower
(p = 0.05), the means for the absolute weights of the right kidneys
were lower HMO MIX I-treated in female rats (p < 0.05), and the
means for the relative weights of the left and right kidneys was lower in
the female rats in HMO MIX I-treated group (p < 0.05). There were no
significant differences mean absolute and relative organ weights for the
other organs. Review of the absolute kidney weights of the individual
female rats in the HMO MIX I-treated group revealed that one rat had
an absolute weight of the right kidney less than the lower boundary of
the historical range for the laboratory. The left kidney of the same
animal was also small relative to the other rats in the group (0.79 g vs
range of 0.92-1.12 g for the other female rats) and approached the
lower boundary of the historical range (0.78-1.40 g). Together, these
results indicated that the kidneys in the female were generally smaller
than those in the other rats HMO MIX I-treated group.

Importantly, although there was a mild increase in incidence and
severity of hepatocellular lipid content in the periportal areas in the
livers of males of HMO MIX I-treated group (seven out of ten males
HMO MIX I-treated group showed a presence of minimal to slight lipid
content compared to three out of ten in the control diet-treated group),
none of the organ weight and organ weight ratio changes in the HMO
MIX I-treated male rats were associated with significant histopathologic
changes. Additionally, there were no significant differences in the in-
cidences or severities of the histopathological changes observed in the
organs of the control and HMO MIX I-treated female rats (data not
shown). Therefore, because the brain and kidney changes were within
the historical range for the laboratory, the kidney changes in the HMO
MIX I-treated group were exaggerated by an animal with small kidneys,
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Table 4

Mean absolute organ weights.
A
Sex  Treatment BW [g] g‘;’e"a' Glands (1) g‘]"e“a' Glands (1)  grain [g] Epid () [g]  Epid (r) [g]
M Control (N) 553.1+31.2 (9) 0.031 + 0.006 (9) 0.031 + 0.007 (9) 22+01 (9) 0.7+£0.1(9) 0.8+0.1(9)
F Control (N) 291.4 +19.4 (10) 0.043 £ 0.008 (10)  0.038 £0.008 (10) 1.9+0.1 (10)
M 10% HMO (N) 553.8 + 38.0 (10) 0.029 £ 0.005 (10)  0.032 +0.008 (10) 2.1 +0.12%(10) 0.8+0.1(10) 0.8+0.1(10)
F 10% HMO (N) 300.8 + 16.3 (10) 0.037 £ 0.008 (10)  0.036 +0.005 (10) 2.0+ 0.1 (10)
B
Sex Treatment Testis (1) [g] Testis (r) [g] Heart [g] Kidney (I) [g] Kidney (r) [g] Liver [g]
M Control (N) 1.7+0.2(9) 1.8+0.2(9) 1.7+0.2(9) 1.9+0.2(9) 1.9+0.1 (9) 14.7+25(9)
F Control (N) 1.0+ 0.1 (10) 1.1+0.1(10) 1.1+0.1 (10) 8.2%0.7 (10)
M 10% HMO (N) 1.7 £0.2 (10) 1.7+ 0.2 (10) 1.6 +0.1(10) 1.6+0.1(10) 1.6+0.1 (10) 14.3+1.6(10)
F 10% HMO (N) 1.0 0.1 (10) 1.0£0.1(10) 1.0%0.12(10) 82+0.9 (10)
C
Sex Treatment Prost and Sem [g] Spleen [g] Thymus [g] Ovary (1) [g] Ovary (r) [g] Uterus [g]
M Control (N) 3.9+0.4(9) 0.8+0.1(9) 0.33 +£0.06 (9)
F Control (N) 0.5+0.1(10) 0.26 + 0.04 (10) 0.05+0.02 (10) 0.05+0.01(10) 0.8 +0.3 (10)
M 10% HMO (N) 3.6+0.6 (10) 0.9+0.1(10) 0.36 + 0.06 (10)
F 10% HMO (N) 0.5+0.1(10) 0.28 +£ 0.05 (10) 0.05+0.01 (10) 0.05+0.01(10) 0.7 +0.2(10)

Values are means + standard deviations

2 Significantly different from control (p < 0.05)
$ Laboratory Historical Control Ranges: Brain (1.76 — 2.35 g); Kidney (r)(0.85 — 1.48 g)
Abbreviations: N, number of animals per sex and group; M, male; F, female; (1), left; (r), right; BW, body weight; Epid,
epididymides; Prost and Sem, prostate and seminal vesicles

and the changes in the mean absolute and relative organ weights were
not associated with adverse clinical chemistry effects or increases in the
incidences and severities of histopathologic changes, the significant
differences in the absolute and relative organ weight mean in the HMO
MIX I-treated group were deemed as normal biological variation and

large-scale manufacturing technologies that make the prebiotic and
anti-pathogen health benefits of these complex oligosaccharides po-
tentially available to all infants, whether or not they are breast-fed.
HMO-mixtures are expected to be safe given their natural occur-
rence in human breast-milk. Thus, the aim of this repeated-dose toxicity

not HMO MIX I-related. study was to support this assumption by evaluating the genotoxicity
and oral toxicity of a mixture of five HMOs. Importantly, the test item
(HMO MIX I) contained 2’-FL (47.1%DW), 3-FL (16.0%DW), LNT
(23.7%DW), 3’-SL (4.1%DW) and 6’-SL (4.0%DW) manufactured by

Jennewein Biotechnologie and the structure of each oligosaccharide

4. Discussion

Interest into HMOs has increased significantly due to the advent of

Table 5
Mean relative organ weights in g/kg body weight.
A
Sex Treatment Adrenal Glands (I) Adrenal Glands (r) Brain Epid (I) Epid (r) Testis (l)
M Control (N) 0.06 £ 0.01 (9) 0.06 £ 0.01 (9) 4.3+0.3(9) 1.4+0.2(9) 1.6+0.3(9) 3.5+0.4(9)
F Control (N) 0.16 + 0.03 (10) 0.16 + 0.03 (10) 74x05(100 _—
M 10% HMO (N) 0.06 +0.01 (10) 0.06 £ 0.02 (10) 4.2+0.4 (10) 1.5+0.3(10) 1.6+0.2(10) 3.4+0.3(10)
F 10% HMO (N) 0.14 £ 0.03 (10) 0.14 £ 0.02 (10) 7.3+0.5(10)
B
Sex Treatment Testis (r) Heart Kidney (1) Kidney (r) Liver Prost and Sem
M Control (N) 3.5+0.4(9) 34+0.3(9) 3.8+0.3 (9) 3.8+0.2 (9) 29.0+4.1(9) 7.7+0.9(9)
F Control (N) / 3.7+0.3(10) 42+0.1 (10) 42+0.4 (10) 31.3+3.9(10)
M 10% HMO (N) 3.4+04(10) 3.3+0.2(10) 35+0.3 (10) 36+0.3 (10)  283+27(10) 7.1+0.8(10)
F 10% HMO (N) 3.7+0.3(10) 3.8+0.42%(10) 3.8+0.4*%(10) 30.7 +3.8(10)
Cc
Sex Treatment Spleen Thymus Ovary (l) Ovary (r) Uterus
M Control (N) 1.6+0.3(9) 0.7+0.1(9)
F Control (N) 1.8+0.2(10) 1.0+ 0.2 (10) 0.19+£0.06 (10) 0.20 £0.04 (10) 3.0+0.9 (10)
M 10% HMO (N) 1.7 £0.3 (10) 0.7 £0.2 (10) —
F 10% HMO (N) 1.8+ 0.3 (10) 1.1+0.2 (10) 0.18 0.4 (10)  0.18 +0.03 (10) 2.6 + 0.8 (10)

Values are means + standard deviations

a Significantly different from control (p < 0.05)

$ Laboratory Historical Control Ranges: Kidney (I)( (2.94 — 5.03 g); Kidney (r)(2.95 - 5.32 g)

Abbreviations: N, number of animals per sex and group; M, male; F, female; (1), left; (r), right; BW, body weight; Epid, epididymides;
Prost and Sem, prostate and seminal vesicles
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was been verified by MS, NMR and HPAEC-Pad analysis (data on
shown).

The assessment of potential genotoxicity, conducted by the two in
vitro genotoxicity assays, covered gene mutations and structural and
numerical chromosome aberrations as recommended by the European
Food Safety Authority (EFSA) (European Food Safety Authority, 2011).
In both genotoxicity assays the results were negative, demonstrating
that the HMO MIX I is not genotoxic. Our results are thus consistent
with data of previous studies for the single HMOs (Monaco et al., 2019;
Coulet et al., 2013, 2014; Phipps et al., 2018a, 2018b; Kim et al., 2018;
van Berlo et al., 2018).

For the repeated dose oral toxicity study, the HMO MIX [ was mixed
with the commercial standard sniff R/M-H V1530 diet. Rats in two
groups were then treated either to the unmodified sniff R/M-H V1530
diet (group 1, control) or to the same diet containing 10% HMO MIX I
(group 2). The concentration of HMOs in the ad libitum diet mix
therefore remained constant throughout the study. The mean intake of
the test item ranged from 5.01 to 6.88 g/kg bw/day for the male rats
and from 6.26 to 7.91 g/kg bw/day for the female rats, resulting in 2’-
FL mean intakes of 2.36-3.24 g/kg bw/d in males and 2.95-3.73 g/
kg bw/d in females, 3-FL mean intakes of 0.8-1.10 g/kg bw/d in males
and 1.0 and 1.27 g/kg bw/d in females, LNT mean intakes of
1.19-1.63 g/kg bw/d in males and 1.48-1.87 g/kg bw/d in females, 3’-
SL mean intakes of 0.21-0.28 g/kg bw/d in males and 0.26-0.32 g/
kg bw/d in females, and 6’-SL mean intakes of 0.2-0.28 g/kg bw/d in
males and 0.25-0.32 g/kg bw/d in females.

No test item-related changes were observed for animal behavior or
external appearance, nor were there any relevant changes in terms of
detailed clinical observations, neurological parameters, body weight,
body weight gain, body weight at autopsy, food and drinking water
consumption, hematological, clinical chemistry, urinalysis, the eyes or
optic region, auditory acuity, macroscopic inspection at necropsy, re-
lative and absolute organ weights, or the myeloid/erythroid ratio.

Although some statistically significant changes were noted in body
temperature, motility, neutrophilic granulocytes, selected clinical
chemistry parameters, absolute and relative organ weights (brain and
kidneys), and the specific gravity of the urine in the HMO MIX I-treated
animals, all deviations were limited to one sex, within the historical
range for the laboratory, generally below 20%, and deemed to be not
HMO MIX I-related. Additionally, the histopathological examination
also revealed no test item-related morphological changes at the end of
the 91-day treatment period. A mild increase in the incidence of he-
patocellular lipid was limited to male rates, which again was not con-
sistent and therefore not related to the HMO MIX IL.

These data therefore confirm that the NOAEL for HMO MIX I in this
study is 10% by daily oral administration via the diet (equivalent to
5.67 g HMO MIX I kg bw/day for males (2.67 g 2’-FL, 0.91 g 3-FL,
1.34 g LNT, 0.23 g 3’-SL, and 0.23 g 6’-SL/kg bw/day) and 6.97 g HMO
MIX I/kg bw/day for females (3.28 g 2’-FL, 1.12 g 3-FL, 1.65 g LNT,
0.29 g 3’-SL, and 0.28 g 6’-SL/kg bw/day)). Importantly, our findings
are consistent with those reported for other human milk identical HMOs
administered independently or in combination. Specifically, 2’FL, LNT,
LNnT, 3’-SL, 6’-SL, and a blend of 2’-FL and DiFL have been determined
to be not genotoxic or mutagenic in bacterial reverse mutation, in vitro
mouse lymphoma, chromosomal aberration, in vitro micronucleus and
in vivo micronucleus assays [24, 25, 26, 54 55, 56; cited in GRN 571].
Additionally, 90-day repeat dose toxicity studies conducted on 2’FL,
LNT, LNnT, 3’-SL, 6’-SL, and a blend of 2’-FL and DiFL all report
NOAELs at levels greater than the levels of the individual oligo-
saccharides administered in this study [24, 25, 26, 54 55, 56; cited in
GRN 571]. Except for 90-day repeat dose toxicity studies conducted by
Coulet et al. (2014) on 2’-FL, the NOAELs were set at the highest dose
tested, which ranged from 2 to 5 g/kg bw/day when the oligo-
saccharides were administered by gavage or approximately 7 g/kg bw/
day when the oligosaccharide was administered in the diet. In the study
conducted by Coulet et al. (2014), 2’-FL was administered by gavage at
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2, 5, and 6 g/kg bw/day. Although occasional slight, but statistically
significant, adverse effects were observed in the serum chemistry and
hematology of the rats administered 6 g/kg bw/day, 2’-FL was gen-
erally well-tolerated and did not provoke any adverse effects at 5 g/
kg bw/day, the dose reported to be the NOAEL. Collectively, the well-
established NOAELs and lack of genotoxicity for the individual oligo-
saccharides and the HMO MIX I tested in this study provide strong
evidence supporting the safe use of HMO MIX I in infant formula pro-
ducts at levels similar to natural human breastmilk, as well as foods or
beverages for toddlers and adults.

Author contributions

Katja Parschat: Conceptualization, Project administration, Writing -
Review & Editing; Anne Oehme: Data Curation, Writing - Original Draft
Preparation; Jost Leuschner: Methodology, Investigation; Stefan
Jennewein: Conceptualization, Supervision;  Julia  Parkot:
Conceptualization, Project administration, Writing - Review & Editing,
Supervision.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
The authors report that Katja Parschat, Anne Oehme, Stefan Jennewein
and Julia Parkot are employed by Jennewein Biotechnologie, the
sponsor of the study, and that Jost Leuschner is employed by LPT
Laboratory of Pharmacology and Toxicology.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.fct.2020.111118.

References

Albermann, C., Piepersberg, W., Wehmeier, U.F., 2001. Synthesis of the milk oligo-
saccharide 2’-fucosyllactose using recombinant bacterial enzymes. Carbohydr. Res.
334, 97-103. https://doi.org/10.1016/50008-6215(01)00177-X.

Ames, B.N., Durston, W.E., Yamasaki, E., Lee, F.d., 1973. Carcinogens are mutagens: a
simple test system combining liver homogenates for activation and bacteria for de-
tection. Proc. Natl. Acad. Sci. U.S.A. 70, 2281-2285.

Ames, B.N., McCann, J., Yamasaki, E., 1975. Methods for detecting carcinogens and
mutagens with the salmonella/mammalian-microsome mutagenicity test. Mutat. Res.
Environ. Mutagen. Relat. Subj. 31, 347-363. https://doi.org/10.1016/0165-
1161(75)90046-1.

Andreas, N.J., Kampmann, B., Mehring Le-Doare, K., 2015. Human breast milk: a review
on its composition and bioactivity. Early Hum. Dev. 91, 629-635. https://doi.org/10.
1016/j.earlhumdev.2015.08.013.

Ballard, O., Morrow, A.L., 2013. Human milk composition: nutrients and bioactive fac-
tors. Pediatr. Clin. N. Am. 60, 49-74. https://doi.org/10.1016/j.pcl.2012.10.002.

Bych, K., Miks, M.H., Johanson, T., Hederos, M.J., Vigsnzs, L.K., Becker, P., 2018.
Production of HMOs using microbial hosts - from cell engineering to large scale
production. Curr. Opin. Biotechnol. 56, 130-137. https://doi.org/10.1016/j.copbio.
2018.11.003.

Chaturvedi, P., Warren, C.d., Altaye, M., Morrow, A.L., Ruiz-Palacios, G., Pickering, L.K.,
Newburg, D.S., 2001. Fucosylated human milk oligosaccharides vary between in-
dividuals and over the course of lactation. Glycobiology 11, 365-372. https://doi.
org/10.1093/glycob/11.5.365.

Chin, Y.-W., Kim, J.-Y., Lee, W.-H., Seo, J.-H., 2015. Enhanced production of 2'-fuco-
syllactose in engineered Escherichia coli BL21star(DE3) by modulation of lactose
metabolism and fucosyltransferase. J. Biotechnol. 210, 107-115. https://doi.org/10.
1016/j.jbiotec.2015.06.431.

Colquhoun, D., 1971. Lectures on Biostatistics: an Introduction to Statistics with
Applications in Biology and Medicine. Clarendon, Oxford.

Commission of the European Communities, 2001. Commission Directive 2001/59/EC of 6
August 2001 Adapting to Technical Progress for the 28th Time Council Directive 67/
548/EEC on the Approximation of the Laws, Regulations and Administrative
Provisions Relating to the Classification, Packaging and Labelling of Dangerous
Substances.

Commission of the European Communities, 2008. Council Regulation (EC) No. 440/2008
of 30 May 2008 Laying Down Test Methods Pursuant to Regulation (EC) No 1907/
2006 of the European Parliament and of the Council on the Registration, Evaluation.
Authorisation and Restriction of Chemicals (REACH).

Coppa, G.V., Pierani, P., Zampini, L., Carloni, I., Carlucci, A., Gabrielli, O., 1999.



https://doi.org/10.1016/j.fct.2020.111118

https://doi.org/10.1016/j.fct.2020.111118

https://doi.org/10.1016/S0008-6215(01)00177-X

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref2

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref2

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref2

https://doi.org/10.1016/0165-1161(75)90046-1

https://doi.org/10.1016/0165-1161(75)90046-1

https://doi.org/10.1016/j.earlhumdev.2015.08.013

https://doi.org/10.1016/j.earlhumdev.2015.08.013

https://doi.org/10.1016/j.pcl.2012.10.002

https://doi.org/10.1016/j.copbio.2018.11.003

https://doi.org/10.1016/j.copbio.2018.11.003

https://doi.org/10.1093/glycob/11.5.365

https://doi.org/10.1093/glycob/11.5.365

https://doi.org/10.1016/j.jbiotec.2015.06.431

https://doi.org/10.1016/j.jbiotec.2015.06.431

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref9

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref9

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref10

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref10

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref10

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref10

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref10

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref11

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref11

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref11

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref11



K. Parschat, et al.

Oligosaccharides in human milk during different phases of lactation. Acta Paediatr.
88, 89-94. https://doi.org/10.1111/j.1651-2227.1999.tb01307.x.

Coppa, G.V., Zampini, L., Galeazzi, T., Facinelli, B., Ferrante, L., Capretti, R., Orazio, G.,
2006. Human milk oligosaccharides inhibit the adhesion to Caco-2 cells of diarrheal
pathogens: Escherichia coli, Vibrio cholerae, and Salmonella fyris. Pediatr. Res. 59,
377-382. https://doi.org/10.1203/01.pdr.0000200805.45593.17.

Coulet, M., Phothirath, P., Constable, A., Marsden, E., Schilter, B., 2013. Pre-clinical
safety assessment of the synthetic human milk, nature-identical, oligosaccharide
Lacto-N-neotetraose (LNnT). Food Chem. Toxicol. 62, 528-537. https://doi.org/10.
1016/j.fct.2013.09.018.

Coulet, M., Phothirath, P., Allais, L., Schilter, B., 2014. Pre-clinical safety evaluation of
the synthetic human milk, nature-identical, oligosaccharide 2'-O-Fucosyllactose
(2'FL). Regul. Toxicol. Pharmacol. 68, 59-69. https://doi.org/10.1016/j.yrtph.2013.
11.005.

Donovan, S.M., Comstock, S.S., 2016. Human milk oligosaccharides influence neonatal
mucosal and systemic immunity. Ann. Nutr. Metab. 69 (Suppl. 2), 42-51. https://doi.
org/10.1159/000452818.

Dunnett, C.W., 1964. New tables for multiple comparisons with a control. Biometrics 20,
482-491.

European Food Safety Authority, 2011. Scientific opinion on genotoxicity testing strate-
gies applicable to food and feed safety assessment. EFS2 9. https://doi.org/10.2903/
j.efsa.2011.2379.

European Food Safety Authority, 2015a. Safety of lacto-N-neotetraose as a novel food
ingredient pursuant to Regulation (EC) No 258/97. EFS2 13, 1264. https://doi.org/
10.2903/j.efsa.2015.4183.

European Food Safety Authority, 2015b. Safety of 2’-O-fucosyllactose as a novel food
ingredient pursuant to Regulation (EC) No 258/97. EFS2 13, 1313. https://doi.org/
10.2903/j.efsa.2015.4184.

Gabrielli, O., Zampini, L., Galeazzi, T., Padella, L., Santoro, L., Peila, C., Giuliani, F.,
Bertino, E., Fabris, C., Coppa, G.V., 2011. Preterm milk oligosaccharides during the
first month of lactation. Pediatrics 128, e1520-e1531. https://doi.org/10.1542/peds.
2011-1206.

Gad, S.C., 1982. A neuromuscular screen for use in industrial toxicology. J. Toxicol.
Environ. Health 9, 691-704. https://doi.org/10.1080/15287398209530197.

Gurung, R.B., Kim, D.H., Kim, L., Lee, A W., Wang, Z., Gao, Y., 2018. Toxicological
evaluation of 6'-sialyllactose (6'-SL) sodium salt. Regul. Toxicol. Pharmacol. 95,
182-189. https://doi.org/10.1016/j.yrtph.2018.03.010.

Hanlon, P.R., Thorsrud, B.A., 2014. A 3-week pre-clinical study of 2’-fucosyllactose in
farm piglets. Food Chem. Toxicol. 74, 343-348. https://doi.org/10.1016/].fct.2014.
10.025.

E. Hiifner, J. Parkot, S. Jennewein (Jennewein Biotechnologie GmbH) WO 2010/
070104 Al

S. Jennewein, E. Huefner, J. Parkot (Jennewein Biotechnologie GmbH) US 8,652,808 B2,
2014.

Kim, D., Gurung, R.B., Seo, W., Lee, A.W., Woo, J., 2018. Toxicological evaluation of 3'-
sialyllactose sodium salt. Regul. Toxicol. Pharmacol. 94, 83-90. https://doi.org/10.
1016/j.yrtph.2018.01.020.

Kunz, C., Rudloff, S., 1993. Biological functions of oligosaccharides in human milk. Acta
Paediatr. 82, 903-912. https://doi.org/10.1111/j.1651-2227.1993.tb12597 .x.

Maron, D.M., Ames, B.N., 1983. Revised methods for the Salmonella mutagenicity test.
Mutat. Res. Environ. Mutagen. Relat. Subj. 113, 173-215. https://doi.org/10.1016/
0165-1161(83)90010-9.

Meyer, O.A., Tilson, H.A., Byrd, W.C., Riley, M.T., 1979. A method for the routine as-
sessment of fore- and hindlimb grip strength of rats and mice. Neurobehav. Toxicol.
1, 233-236.

Miller, J.B., Bull, S., Miller, J., McVeagh, P., 1994. The oligosaccharide composition of
human milk. J. Pediatr. Gastroenterol. Nutr. 19, 371-376. https://doi.org/10.1097/
00005176-199411000-00001.

Monaco, M.H., Wang, M., Pan, X., Li, Q., Richards, J.D., Chichlowski, M., Berg, B.M.,
Dilger, R.N., Donovan, S.M., 2018. Evaluation of sialyllactose supplementation of a
prebiotic-containing formula on growth, intestinal development, and bacterial colo-
nization in the neonatal piglet. Curr. Dev. Nutr. 2, nzy067. https://doi.org/10.1093/
cdn/nzy067.

Monaco, M.H., Gurung, R.B., Donovan, S.M., 2019. Safety evaluation of 3'-siallylactose
sodium salt supplementation on growth and clinical parameters in neonatal piglets.
Regul. Toxicol. Pharmacol. 101, 57-64. https://doi.org/10.1016/j.yrtph.2018.11.

12

Food and Chemical Toxicology 136 (2020) 111118

008.

Newburg, D.S., 2009. Neonatal protection by an innate immune system of human milk
consisting of oligosaccharides and glycans. J. Anim. Sci. 87, 26-34. https://doi.org/
10.2527/jas.2008-1347.

Organisation for Economic Co-operation and Development, 1997. Test No. 471: Bacterial
Reverse Mutation Test. OECD.

Organisation for Economic Co-operation and Development, 1998. Test No. 408: repeated
dose 90-day oral toxicity study in rodents. https://doi.org/10.1787/
9789264070707-en.

Organisation for Economic Co-operation and Development, 2016. Test No. 487: in Vitro
Mammalian Cell Micronucleus Test.

Phipps, K.R., Baldwin, N., Lynch, B., Flaxmer, J., Soltésova, A., Gilby, B., Miks, M.H.,
Rohrig, C.H., 2018a. Safety evaluation of a mixture of the human-identical milk
oligosaccharides 2'-fucosyllactose and difucosyllactose. Food Chem. Toxicol. 120,
552-565. https://doi.org/10.1016/].fct.2018.07.054.

Phipps, K.R., Baldwin, N., Lynch, B., Stannard, D.R., Soltesov4, A., Gilby, B., Mik§, M.H.,
Rohrig, C.H., 2018b. Preclinical safety evaluation of the human-identical milk oli-
gosaccharide lacto-N-tetraose. Regul. Toxicol. Pharmacol. 99, 260-273. https://doi.
org/10.1016/j.yrtph.2018.09.018.

Regulation (EU) 2015/2283 of the European parliament and of the council of 25 no-
vember 2015, in: Official Journal of the European Union.

Reverri, E.J., Devitt, A.A., Kajzer, J.A., Baggs, G.E., Borschel, M.W., 2018. Review of the
clinical experiences of feeding infants formula containing the human milk oligo-
saccharide 2'-fucosyllactose. Nutrients 10. https://doi.org/10.3390/nu10101346.

Scudder, S.A., 1944. The combined Gram-Pappenheim stain as modified for films and
paraffin sections. Stain Technol. 19, 39-44. https://doi.org/10.3109/
10520294409105823.

Stahl, B., Thurl, S., Henker, J., Siegel, M., Finke, B., Sawatzki, G., 2001. Detection of four
human milk groups with respect to Lewis-bloodgroup-dependent oligosaccharides by
serologic and chromatographic analysis. In: Newburg, D.S. (Ed.), Bioactive
Components of Human Milk. Springer, Boston, MA, pp. 299-306 Springer US;
Imprint.

Thurl, S., Henker, J., Siegel, M., Tovar, K., Sawatzki, G., 1997. Detection of four human
milk groups with respect to Lewis blood group dependent oligosaccharides.
Glycoconj. J. 14, 795-799. https://doi.org/10.1023/A:1018529703106.

Thurl, S., Munzert, M., Henker, J., Boehm, G., Miiller-Werner, B., Jelinek, J., Stahl, B.,
2010. Variation of human milk oligosaccharides in relation to milk groups and lac-
tational periods. Br. J. Nutr. 104, 1261-1271. https://doi.org/10.1017/
$S0007114510002072.

Thurl, S., Munzert, M., Boehm, G., Matthews, C., Stahl, B., 2017. Systematic review of the
concentrations of oligosaccharides in human milk. Nutr. Rev. 75, 920-933. https://
doi.org/10.1093/nutrit/nux044.

U.S. Food and Drug Administration, 2'-fucosyllactose and Difucosyllactose: GRN No. 815,
Pending.

U.S. Food and Drug Administration, 2014. GRAS Exemption Claim for 2-O-
Fucosyllactose. GRN No. 546.

U.S. Food and Drug Administration, 2014. GRAS Exemption Claim for Lacto-N-
Neotetraose. GRN No. 547.

U.S. Food and Drug Administration, 2015. GRAS Exemption Claim for the Use of 2'-
Fucosyllactose (2'-FL) in Term Infant and Toddler Formulas. GRN No. 571.

U.S. Food and Drug Administration, 2016. GRAS Ecemption Claim for Lacto-N-
Neotetraose (LNnT) Produced by Fermentation. GRN No. 659.

U.S. Food and Drug Administration, 2017. GRAS Notification of Purified 2'-Fucosyllactose
(2'-FL). GRN No. 735.

U.S. Food and Drug Administration, 2018. 3'-Sialyllactose Sodium Salt. GRN No. 766.

van Berlo, D., Wallinga, A.E., van Acker, F.A., Delsing, D.J., 2018. Safety assessment of
biotechnologically produced 2'-Fucosyllactose, a novel food additive. Food Chem.
Toxicol. 118, 84-93. https://doi.org/10.1016/].fct.2018.04.049.

Vandenplas, Y., Berger, B., Carnielli, V.P., Ksiazyk, J., Lagstrém, H., Sanchez Luna, M.,
Migacheva, N., Mosselmans, J.-M., Picaud, J.-C., Possner, M., Singhal, A., Wabitsch,
M., 2018. Human milk oligosaccharides: 2'-fucosyllactose (2'-FL) and lacto-N-neote-
traose (LNnT) in infant formula. Nutrients 10. https://doi.org/10.3390/nul10091161.

Weichert, S., Jennewein, S., Hiifner, E., Weiss, C., Borkowski, J., Putze, J., Schroten, H.,
2013. Bioengineered 2'-fucosyllactose and 3-fucosyllactose inhibit the adhesion of
Pseudomonas aeruginosa and enteric pathogens to human intestinal and respiratory
cell lines. Nutr. Res. 33, 831-838. https://doi.org/10.1016/j.nutres.2013.07.009.



https://doi.org/10.1111/j.1651-2227.1999.tb01307.x

https://doi.org/10.1203/01.pdr.0000200805.45593.17

https://doi.org/10.1016/j.fct.2013.09.018

https://doi.org/10.1016/j.fct.2013.09.018

https://doi.org/10.1016/j.yrtph.2013.11.005

https://doi.org/10.1016/j.yrtph.2013.11.005

https://doi.org/10.1159/000452818

https://doi.org/10.1159/000452818

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref17

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref17

https://doi.org/10.2903/j.efsa.2011.2379

https://doi.org/10.2903/j.efsa.2011.2379

https://doi.org/10.2903/j.efsa.2015.4183

https://doi.org/10.2903/j.efsa.2015.4183

https://doi.org/10.2903/j.efsa.2015.4184

https://doi.org/10.2903/j.efsa.2015.4184

https://doi.org/10.1542/peds.2011-1206

https://doi.org/10.1542/peds.2011-1206

https://doi.org/10.1080/15287398209530197

https://doi.org/10.1016/j.yrtph.2018.03.010

https://doi.org/10.1016/j.fct.2014.10.025

https://doi.org/10.1016/j.fct.2014.10.025

https://doi.org/10.1016/j.yrtph.2018.01.020

https://doi.org/10.1016/j.yrtph.2018.01.020

https://doi.org/10.1111/j.1651-2227.1993.tb12597.x

https://doi.org/10.1016/0165-1161(83)90010-9

https://doi.org/10.1016/0165-1161(83)90010-9

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref31

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref31

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref31

https://doi.org/10.1097/00005176-199411000-00001

https://doi.org/10.1097/00005176-199411000-00001

https://doi.org/10.1093/cdn/nzy067

https://doi.org/10.1093/cdn/nzy067

https://doi.org/10.1016/j.yrtph.2018.11.008

https://doi.org/10.1016/j.yrtph.2018.11.008

https://doi.org/10.2527/jas.2008-1347

https://doi.org/10.2527/jas.2008-1347

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref36

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref36

https://doi.org/10.1787/9789264070707-en

https://doi.org/10.1787/9789264070707-en

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref38

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref38

https://doi.org/10.1016/j.fct.2018.07.054

https://doi.org/10.1016/j.yrtph.2018.09.018

https://doi.org/10.1016/j.yrtph.2018.09.018

https://doi.org/10.3390/nu10101346

https://doi.org/10.3109/10520294409105823

https://doi.org/10.3109/10520294409105823

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref44

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref44

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref44

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref44

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref44

https://doi.org/10.1023/A:1018529703106

https://doi.org/10.1017/S0007114510002072

https://doi.org/10.1017/S0007114510002072

https://doi.org/10.1093/nutrit/nux044

https://doi.org/10.1093/nutrit/nux044

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref49

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref49

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref50

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref50

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref51

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref51

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref52

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref52

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref53

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref53

http://refhub.elsevier.com/S0278-6915(20)30005-3/sref54

https://doi.org/10.1016/j.fct.2018.04.049

https://doi.org/10.3390/nu10091161

https://doi.org/10.1016/j.nutres.2013.07.009



Check for
DOI: 10.1002/jat.4071 updates

Journal of

AppliedToxicology WILEY

Received: 19 August 2020 Revised: 27 August 2020 Accepted: 28 August 2020

RESEARCH ARTICLE

Genotoxicity and neonatal subchronic toxicity assessment of a
novel mixture of the human-identical milk oligosaccharides
lacto-N-fucopentaose | and 2’-fucosyllactose

Kirt R. Phipps' © | Barry Lynch?> | DianeR. Stannard® | Ben Gilby* |

Nigel Baldwin® | Marta Hanna Miks>®

LIntertek Health Sciences Inc., Farnborough,

Hampshire, UK

?Intertek Health Sciences Inc., Mississauga,
Ontario, Canada

3Covance Laboratories Limited, Eye,
Suffolk, UK

“4Covance Laboratories Limited, Huntingdon,

Cambridgeshire, UK
5Glycom A/S, Harsholm, Denmark

SFaculty of Food Science, University of
Warmia and Mazury in Olsztyn, Olsztyn,
Poland

Correspondence

Kirt R. Phipps, Intertek Health Sciences Inc.,
Room 1036, Building A8, Cody Technology
Park, lvely Road, Farnborough, Hampshire
GU14 0OLX, UK.

Email: kirt.phipps@intertek.com

| Annette Lau® | Christoph H. Réhrig®

Abstract

Human milk oligosaccharides (HMOs) are a complex group of bioactive molecules
largely observed in human breast milk but also occurring in limited amounts in other
mammalian milks. Advances in biotechnology have enabled production of human-
identical milk oligosaccharides (HiMOs), structurally identical molecules to HMOs
found naturally in human milk, intended for addition to infant formula to more closely
replicate breast milk. Biosynthesis of a novel mixture of two major HMOs, lacto-
N-fucopentaose | and 2'-fucosyllactose (LNFP-1/2'-FL), recently became possible. To
support the safety of LNFP-1/2’-FL for use in infant formula and other foods, it was
subject to a safety assessment comprising a bacterial reverse mutation test, an
in vitro mammalian cell micronucleus test, and a 90-day oral gavage study in neonatal
rats. In the 90-day study (the first HIMO study to include the new endocrine-
sensitive endpoints described in the 2018 version of OECD Test Guideline 408),
LNFP-1/2'-FL was administered by oral gavage to neonatal rats once daily (from Day
7 of age) for 90 consecutive days, at doses up to 5000 mg/kg bw/day, followed by a
4-week recovery period. Concurrent reference controls received 5000 mg/kg
bw/day of the approved infant formula ingredient oligofructose. LNFP-1/2'-FL was
nongenotoxic in vitro. The highest dose tested (5000 mg/kg bw/day) was established
as the no-observed-adverse-effect level in the 90-day study, as there were no test
article-related adverse effects on clinical observations, body weight, food consump-
tion, clinical pathology, and organ weights nor any noteworthy macroscopic or micro-
scopic findings. This supports the safety of LNFP-1/2'-FL for its intended uses
in food.

KEYWORDS
2'-fucosyllactose, food ingredient, genotoxicity, human milk oligosaccharide, human-identical
milk oligosaccharide, infant formula, lacto-N-fucopentaose |, neonatal, safety, subchronic

toxicity

Abbreviations: 2'-FL, 2'-fucosyllactose; 2'-FL/DFL, 2'-fucosyllactose/difucosyllactose mixture; 2-AA, 2-aminoanthracene; 2-NF, 2-nitrofluorene; 3-FL, 3-fucosyllactose; 4-NQO, 4 nitroquinoline-
1-oxide; 9-AA, 9-aminoacridine; BaP, benzo[a]pyrene; bw, body weight; EFSA, European Food Safety Authority; GD, Gestation Day; HDL, high-density lipoprotein; HIMO, human-identical milk
oligosaccharide; HMO, human milk oligosaccharide; LDL, low-density lipoprotein; LNDFH-I, lacto-N-difucohexaose I; LNFP-I, lacto-N-fucopentaose |; LNnT, lacto-N-neotetraose; LNT, lacto-N-
tetraose; NaN3, sodium azide; NOAEL, no-observed-adverse-effect level; OECD, Organisation for Economic Co-operation and Development; PND, Post-natal Day; $9, S9 microsomal fraction;
T3, triiodothyronine; T4, thyroxine; TSH, thyroid stimulating hormone; UK, United Kingdom; UPLC, ultra performance liquid chromatography-mass spectrometry.
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1 | INTRODUCTION

It is broadly accepted that human breast milk is the most complete
source of nutrition for an infant, carrying important micronutrient and
macronutrient, growth factors, and other bioactive molecules
supporting optimal development in the first few months of life. The
oligosaccharide component of human milk is unique and comprises an
exclusive set of complex and diverse carbohydrates. Owing to their
particular enrichment in human breast milk compared with other
mammalian milks, these intricate compounds have been collectively
referred to as human milk oligosaccharides (HMQOs). HMOs are non-
digestible oligosaccharides that reach the infant gut, where they are
fermented by commensal bacteria, resulting in the selective promo-
tion of specific bacterial species (particularly bifidobacteria) (Sakanaka
et al., 2020; Thomson, Medina, & Garrido, 2018; Zuiiga, Monedero, &
Yebra, 2018). Formation of a bifidobacteria-enriched microbiota in
infancy is considered to be a key step in the establishment of a life-
long healthy gut ecosystem in humans (Tanaka & Nakayamna, 2017).
This is likely to feed into other potential downstream host health ben-
efits (whether through direct or indirect mechanisms) on maintenance
of gut barrier integrity, immunity, and protection against pathogenic
infection in the infant and noninfant population (reviewed in Doherty
et al., 2018; Triantis, Bode, & van Neerven, 2018). Interests in HMOs
have continued to surge in recent years, both in the context of their
roles in human health and their commercial value.

The total HMO fraction in mature human breast milk can reach
10 to 15 g/L, of which nearly 60% to 80% is composed of neutral
fucosylated oligosaccharides that contain the sugar fucose in their
chemical structure (Bode, 2012; Ninonuevo et al., 2006). Fucose can
principally be added by several different enzymes in three distinct
molecular linkages, namely, a-(1,2), a-(1,3), and a-(1,4). Two of these
linkages are not found in the milk of all mothers, because the genes
(i.e., FUT2 and FUT3) encoding the respective enzymes (i.e., a-(1,2)
and a-(1,3/4)-fucosyltransferase) are subject to genetic polymorphism
causing partial to total loss of the enzyme function in some proportion
of the population. In consequence, four different milk groups can be
characterized (i.e., FUT2*/FUT3*, FUT27/FUT3*, FUT2*/FUT3", and
FUT2/FUT3") with the FUT2" genotype leading to the so-called
Secretor phenotype and the FUT3"* genotype to the so-called Lewis
phenotype. Both 2'-fucosyllactose (2'-FL) and LNFP-I are typical rep-
resentatives of the Secretor phenotype HMOs. Curiously, although
more than 200 different HMO structures can be detected in human
milk (Remoroza et al., 2020), the five most abundant HMOs alone
account, on average, for nearly half of the oligosaccharide fraction by
mass. These five HMOs are 2’-FL, lacto-N-fucopentaose | (LNFP-I),
lacto-N-difucohexaose | (LNDFH-I), lacto-N-tetraose (LNT), and
3-fucosyllactose  (3-FL) (Molnar-Gabor, Hederos, Bartsch, &
Vogel, 2019; Thurl, Munzert, Boehm, Matthews, & Stahl, 2017). Three
of these HMOs (LNFP-I, LNDFH-I, and LNT) contain another biologi-
cally intriguing feature, the type | linkage (Gal-p(1-3)-GIcNAc), which is
predominant over type 2 (Gal-B(1-4)-GIcNAc) derived HMOs in
human milk and appears to be a unique feature of humans in contrast

to other mammals (Urashima et al., 2012).

The trisaccharide 2'-FL, typically recognized as by far the most
abundant HMO of Secretor milk and pooled milk samples, was among
the first HMOs to be manufactured (referred to as a human-identical
milk oligosaccharide, HIMO) and has now been successfully commer-
cialized globally as an ingredient in infant nutrition produced via
microbial fermentation following extensive safety testing, scientific
review, and approval by authoritative scientific and regulatory bodies
(Bych et al., 2019). This represents a pioneering advancement to
infant nutrition, as the historical basis for infant formula recipes were
limited to the components of bovine milk (containing negligible levels
of HMOs) and the alternative inclusion of artificial nondigestible oligo-
saccharides not customarily found in the human infant diet (such as
galacto-oligosaccharides and fructo-oligosaccharides). The endeavor
to more closely match the composition of infant formula to the gold
standard of human breast milk progresses in earnest, as emergent
research in HMOs continue to show their physiological value as bioac-
tive components in human milk. To date, four HiMOs (2'-FL, lacto-N-
neotetraose (LNNT), 2'-fucosyllactose/difucosyllactose mixture (2/-FL/
DFL), and LNT) have been authorized as novel food ingredients in the
European Union (2017) and six HiMOs (2'-FL, LNnT, 2’-FL/DFL, LNT,
and the sodium salts of 3'-sialyllactose and 6é’-sialyllactose) are noti-
fied “Generally Recognized as Safe” (GRAS) ingredients in the United
States (FDA, 2020).

LNFP-| is a pentasaccharide derived from type | LNT by addition
of fucose and a typical Secretor phenotype HMO. It occurs at approxi-
mately 0.8 to almost 5 g/L in human milk (Elwakiel et al., 2018;
Galeotti et al, 2014; Musumeci, Simpore, D'Agata, Sotgiu, &
Musumeci, 2006), generally in a decreasing pattern from colostrum to
mature milk. Although interest into LNFP-I function has been fueled
by its abundance in breast milk and its molecular structure being
linked to
et al., 2012), only preliminary studies have been published to date,

closely human-microbial  co-evolution  (Urashima
suggesting immunomodulatory, antiviral, bacteriostatic, and anti-
infective activity of LNFP-I (Asakuma et al., 2010; Derya et al., 2020;
Lin et al., 2017; Morrow et al., 2004; Morrow, Ruiz-Palacios, Jiang, &
Newburg, 2005; Sun et al., 2020). More robust preclinical and clinical
studies examining the biological effect of LNFP-I have thus far been
largely precluded by the inability to produce this HMO on an indus-
trial scale. However, the technology to biosynthesize LNFP-I using a
microbial fermentation process and lactose as a starting substrate is
now available. The nature of the biochemical pathway involved in the
stereospecific transfer of sugar units to produce LNFP-I from lactose
results in a product that contains both LNFP-1 and 2’-FL as a second-
ary product and is henceforth referred to as “LNFP-I1/2'-FL.” As
previously mentioned, both LNFP-1 and 2'-FL are prominent members
of the naturally occurring HMO profile of human milk, and thus,
LNFP-1/2'-FL is primarily intended for food ingredient uses in infant
formula, follow-on formula, and also for other foods consumed by
infants, young children, and the general population.

In accordance with the scientific principles of safety assessments
for ingredients intended to be consumed by infants, LNFP-1/2'-FL has
been subjected to preclinical toxicological studies to substantiate the

safety of this novel HIMO mixture and its production process. The
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results of a bacterial reverse mutation assay (Organisation for Eco-
nomic Co-operation and Development [OECD] Test Guideline 471),
an in vitro mammalian cell micronucleus test (OECD Test Guideline
487), and a 90-day oral toxicity study in neonatal rats to reflect the
primary target infant consumer (modified OECD Test Guideline 408)
are presented herein (OECD, 1997, 2016, 2018). These studies are
the first to evaluate the genotoxic potential and oral toxicity of
LNFP-I and the first 90-day oral toxicity study undertaken on any
HiMO to include additional endocrine endpoints related to thyroid
function in accordance with the recently revised OECD Test Guideline
408 (OECD, 2018).

2 | MATERIALS AND METHODS

2.1 | Regulatory compliance

Studies were carried out at Covance Laboratories Limited (gen-
otoxicity studies were conducted in Huntingdon, UK, and the 90-day
study was conducted in Eye, UK) in compliance with the U.K. Good
Laboratory Practice Regulations (Statutory Instrument 1999
No. 3106, as amended by Statutory Instrument 2004 No. 994), OECD
Principles of Good Laboratory Practice (as revised in 1997), and EC
Commission Directive 2004/10/EC (European Commission, 2004;
OECD, 1998; UK Government, 2004). The 90-day study was
conducted in compliance with the U.K. Animals (Scientific
Procedures) Act 1986 (ASPA) Amendment Regulations 2012
(UK Government, 2012).

The 90-day study was conducted using methods described in the
most recently revised version of OECD Test Guideline 408 (OECD,
2018), with the exception of the age of the animals at the start of dos-
ing (Day 7 of age, as opposed to as soon as possible after weaning).
Dosing the animals from Day 7 of age replicates the corresponding
period of human development from infancy to adolescence, in terms
of central nervous system and reproductive development (Barrow,
Barbellion, & Stadler, 2011; Buelke Sam, 2003; Kim, Parker,
Weinbauer, Remick, & Steinbach, 2017) and aligns the dosing period
with that described in guidelines developed for safety assessment of
compounds for pediatric applications (EFSA, 2017; EMEA, 2008;
FDA, 2006; MHLW, 2012), as the primary use of the ingredient is in
infant formula. The bacterial reverse mutation test and the in vitro
mammalian cell micronucleus test were conducted using methods
described in OECD Test Guidelines 471 (OECD, 1997) and
487 (OECD, 2016), respectively.

2.2 | Test materials

The test article, a novel mixture of LNFP-I (~59%), 2'-FL (~32%), and
other carbohydrates (see Table 1 for compositional details) was pro-
duced by Glycom A/S (Hgrsholm, Denmark), through microbial fer-
mentation using lactose as the starting substrate. Oligofructose, also

supplied by Glycom A/S (Hgrsholm, Denmark), was used as the
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reference control in the 90-day study, as it is already approved for use
in infant formula and follow-on formulae in the European Union
(European Commission, 2006). Sterile water for injection (Braun,
Germany) and reverse-osmosis grade water prepared at testing facility
were used as the vehicles in the 90-day and genotoxicity studies,
respectively. Positive controls used in the bacterial reverse mutation
test (sodium azide (NaNs), 9-aminoacridine (9-AA), 2-nitrofluorene
(2-NF), 4-nitroquinoline-1-oxide (4-NQO), 2-aminoanthracene (2-AA),
and benzol[a]pyrene (BaP)) and in vitro mammalian cell micronucleus
test (mitomycin C, colchicine, and cyclophosphamide) were obtained
from Sigma Aldrich Chemical (St. Louis, USA). The Salmonella enterica
serovar Typhimurium and Escherichia coli strains used in the bacterial
reverse mutation test, as well as S9 mix (prepared from the
livers of male Sprague-Dawley rats previously dosed with
phenobarbital/5,6-benzoflavone) used in both genotoxicity studies,
were supplied by MOLTOX Inc. (USA).

2.3 | Genotoxicity studies

2.3.1 | Bacterial reverse mutation test

The bacterial reverse mutation test was performed using the plate
incorporation and preincubation methods, as previously described in
several publications (Ames, McCann, & Yamasaki, 1975; Gatehouse,
Rowland, Wilcox, Callender, & Forster, 1990; Green, 1984; Maron &
Ames, 1983). Reverse-osmosis grade water served as the negative

control and positive controls were included in the presence (BaP and

TABLE 1 Composition of LNFP-1/2’-FL batch used for the
toxicology studies

Parameter Value

LNFP-1 + 2’'-FL (water-free) 91.0% (w/w)
LNFP-I (water-free) 59.4% (w/w)
2'-FL (water-free) 31.5% (w/w)

Sum of other carbohydrates 4.6% (w/w)
LNFP-I fructose isomer 0.7% (w/w)
D-Lactose 0.4% (w/w)
2'-Fucosyl-lactulose 0.4% (w/w)
DFL 0.6% (w/w)
LNT 0.6% (w/w)
3-FL 0.1% (w/w)
Fucose 0.03% (w/w)
Others 1.7% (w/w)

Physical-chemical characteristics

Appearance White powder
Moisture 1.3% (w/w)
pH (5% solution, 20°C) 4.6

Abbreviations: 2'-FL, 2’-fucosyllactose; 3-FL, 3-fucosyllactose; DFL,
difucosyllactose;  LNFP-l, lacto-N-fucopentaose I;  LNFP-1/2'-FL,
lacto-N-fucopentaose 1/2'-fucosyllactose mixture; LNT, lacto-N-tetraose.
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2-AA) and absence (NaNz, 9-AA, 2-NF, and 4-NQO) of S9 metabolic
activation.

For the plate incorporation assay, 0.1 ml aliquots of the vehi-
cle control, positive controls, or test article solutions (at LNFP-1/2'-
FL concentrations of 5, 15, 50, 150, 500, 1500, or 5000 ng/plate,
equivalent to 5.55, 16.65, 55.5, 166.5, 555, 1665, or 5550 pg/plate
of the test article as supplied, when corrected for LNFP-I and
2'-FL content (~91%) of the test article) were placed into glass
tubes, to which 0.5 ml of S9 mix or 0.1 M pH 7.4 sodium
phosphate buffer was added (depending on whether metabolic acti-
vation was required). This was followed by addition of a 0.1 ml
sample of bacterial culture (one of S. Typhimurium strains TA98,
TA100, TA1535, and TA1537, or E. coli strain WP2 uvrA
(pKM101)), 2 ml of histidine-containing agar, biotin (0.05 mM), and
tryptophan (0.05 mM). This mixture was then thoroughly shaken
and overlaid onto individually labelled Petri dishes containing 25 ml
minimal agar. For the preincubation assay LNFP-I/2'-FL concentra-
tions of 50, 150, 500, 1500, or 5000 pg/plate were used, and the
mixture containing bacteria, S9 mix (or buffer), and test article
solution, was preincubated at 34°C to 39°C for 30 min before
addition of the agar overlay. Additional plates were prepared
without the addition of bacteria to assess the sterility of the test
item, S9 mix and sodium phosphate buffer. All plates were then
incubated at approximately 34°C to 39°C for 72 h then
appearance of the background bacterial lawn was examined and
revertant colonies counted using an automated colony counter
(Perceptive Instruments, Bury St Edmunds, UK).

Tests were conducted in triplicate. A positive response was
defined as an increase in mean revertant colony number of at least
two times (three times in the case of strains TA1535 and TA1537)
that of vehicle controls, with evidence of a concentration-response
and/or reproducible increase at one or more concentrations in at least
one strain.

2.3.2 | In vitro mammalian cell micronucleus test

The in vitro mammalian cell micronucleus test was conducted
using the cytokinesis-block method, as previously described by
Fenech (1993). Blood collected from healthy nonsmoking adult donors
was pooled and diluted in RPMI 1640 media supplemented with 10%
fetal calf serum, 0.2 IU/ml sodium heparin, 20 IU/ml penicil-
lin/20 pg/ml streptomycin, and 2.0 mM (-glutamine (Sigma Aldrich
Chemical (St. Louis, USA)). Phytohemagglutinin solution (Gibco,
New York, USA) was added to the mixture to stimulate lymphocyte
cell division, and then the mixture was incubated at 34°C to 39°C for
approximately 48 h and the cells were re-suspended (twice daily) by
gentle inversion.

Before treatment, all cultures were centrifuged and re-suspended
in the required volume of fresh medium (with S9 mix where required).
Cells were exposed to concentrations of 0.5, 5, 50, 500, 1000, or
2000 pg/ml LNFP-1/2'-FL (equivalent to 0.56, 5.55, 55.5, 555, 1110,
or 2220 pg/plate of the test article as supplied) for 3 h in the absence

and presence of S9 (short-term exposure) and for 20 h in the absence
of S9 only (long-term exposure) in the initial main tests. An additional
short-term exposure test (with S9) was conducted using 500, 1000, or
2000 pg/ml LNFP-I/2'-FL. The high concentration is the maximum
recommended in OECD Test Guideline 487 (OECD, 2016) and was
selected based on preliminary results, where no precipitation or
limiting cytotoxicity was observed at any concentration. Water was
used as the vehicle control. Positive controls (mitomycin C and
colchicine in the absence of S9; cyclophosphamide in the presence of
S9) were included in all tests. Duplicate cultures were prepared for
each concentration and positive control culture, with quadruplicate
cultures prepared for vehicle controls. Subsequent treatment/han-
dling of cells, statistical analyses, and evaluation of the assay results
were performed as described by Phipps et al. (2018a).

2.4 | Neonatal 90-day oral gavage toxicity study

2.4.1 | Experimental animals
Nineteen female Sprague-Dawley time-mated rats (Gestation Day
14 to 17 at time of delivery) were obtained from Charles River Labo-
ratories (Margate, UK), to provide 13 randomized litters of animals for
allocation to dose groups. Neonates were pooled and redistributed
evenly on Postnatal Day (PND) 2, to provide litters containing at least
six males and six females. Surplus parental animals and neonates were
culled and discarded on PND 14. Two litters (providing 10 males and
10 females per group) were randomly allocated to the low- and mid-
dose LNFP-I/2'-FL groups, and three litters (providing 15 males and
15 females per group) were randomly allocated to the vehicle control,
high-dose LNFP-1/2’-FL, and reference control groups. Litters were
allocated to each group based on the mean litter weight on PND 4, to
provide an approximately equal distribution of mean body weights
across the groups at the start of dosing. At the start of the dosing
period (PND 7), neonate body weights ranged from 11.5 to 19.5 g.
Litters were housed together with their respective dam until
weaning, after which time, weanlings of the same sex and dose group
were housed together in groups of four for the remainder of the
study. All animals were housed in 610 x 435 x 215 mm solid bottom
polycarbonate cages (Tecniplast, Italy) with Lignocel softwood-based
bark-free fiber bedding (IPS Ltd, UK). Environmental enrichment, in
the form of Aspen enrichment chew blocks (Tapvei, Estonia) and
plastic shelters (Datesand, UK), was provided after weaning. Room
temperature (20-24°C) and relative humidity (40% to 70%) were
monitored continuously, and a 12-h cycle of light and darkness was
automatically controlled throughout the study. Diet (SDS VRF1
Certified pelleted diet) and potable water were provided ad libitum.

2.4.2 | Testitem preparation and dosing schedule

Neonates (10 of each sex per group) received either the vehicle,
LNFP-I/2'-FL (1000, 3000, or 5000 mg/kg body weight (bw)/day) or





PHIPPS ET AL

Journal of
5

the reference control (5000 mg/kg bw/day) by oral gavage at a dose
volume of 10 ml/kg for 90 consecutive days, from Day 7 of age until
the day before necropsy. An additional five males and five females in
each of the vehicle control, reference control and high-dose LNFP-
1/2'-FL groups were also dosed for 90 days under the same condi-
tions, before being retained undosed for a 4-week recovery period.

LNFP-1/2'-FL formulations and reference control formulations
were prepared weekly, correcting for LNFP-I and 2'-FL (i.e., LNFP-
I + 2'-FL content of ~91%) or oligofructose content (94%),
respectively. Thus, in terms of test material as supplied, doses were
equivalent to 1100, 3330, or 5550 mg/kg bw/day for the low-, mid-,
and high-dose LNFP-1/2'-FL groups, respectively, and 5320 mg/kg
bw/day for the reference control group. The LNFP-1/2’-FL high dose
was selected based on the results of similar studies with HMOs
(Phipps et al., 2018a, 2019a, 2019b), where 5000 mg/kg bw/day was
the no-observed-adverse-effect level (NOAEL). Results of a previous
90-day neonatal study conducted with 2’-FL alone, where 5000 mg/kg
bw/day (the mid-dose in that study) was established as the NOAEL
(Coulet, Phothirath, Allais, & Schilter, 2014), were also taken into con-
sideration when selecting the high-dose for this study. Formulations
prepared for use in the first and last week of dosing were found to
have been accurately prepared and homogeneous, with no LNFP-1/2’'-
FL or oligofructose detected in vehicle control formulations prepared
at the same time-points (data not shown).

2.4.3 | Clinical observations and ophthalmoscopy

Cage-side observations (for signs of morbidity and mortality) were
conducted twice daily throughout the study, with more detailed phys-
ical examinations performed daily from PND 7 to 20 and weekly from
PND 21 onwards. Observations associated with the dosing procedure
were recorded before dosing, 1 to 2 h after dosing, and toward the
end of the working day, according to the following schedule: PND
7 to 20—daily; PND 21 to 41—twice weekly (middle and end of each
week); PND 42 onwards—once weekly (end of each week). During the
last week of dosing, the eyes of all animals in the vehicle control,
reference control, and high-dose LNFP-1/2'-FL groups were examined
using an Omega 500 binocular indirect ophthalmoscope (HEINE
Optotechnik, Germany).

2.4.4 | Body weight, food consumption, and
physiological development

All neonates were weighed once daily from PND 7 to 20 (first 2 weeks
of dosing), and twice weekly thereafter (including the day sexual
maturity was reached [balano-preputial separation for males and vagi-
nal opening for females]) and the day of necropsy. Food consumption
was recorded twice weekly from weaning on PND 21 (Day 15 of dos-
ing) until necropsy.

To determine the age at which sexual maturity was reached,

males were examined daily for balano-preputial separation from PND

AppliedToxicology—WILEY

38 (Day 32 of dosing), and females were examined daily for vaginal
opening from PND 28 (Day 22 of dosing). The age at which the eyes
first opened and when the air righting reflex was first apparent were
examined from PND 12 (Day 6 of dosing) and from PND 16 (Day
10 of dosing), respectively. Ulna length for all animals was measured
on PND 14 (Day 8 of dosing) and fortnightly thereafter. Wet vaginal
smears were collected by lavage from all females at necropsy to deter-
mine the stage of estrous.

A functional observational battery test, including an assessment
of grip strength, was conducted on all animals during Week 11 of dos-
ing, following previously described methods (Meyer, Tilson, Byrd, &
Riley, 1979; Moser, McDaniel, & Phillips, 1991). Tests for auditory
function (startle response) and visual function (pupil closure response)
were conducted on PND 20 (Day 16 of dosing). Spatial learning and
memory of all animals was assessed using the Morris water maze (in a
series of three trials on each of 4 consecutive days) during Week
12 of dosing, based on methods described by Vorhees and
Williams (2006).

2.4.5 | Clinical pathology

Blood samples were collected at the end of the dosing period (after an
overnight fast) from the sublingual vein under light isoflurane anesthe-
sia, for hematology (0.5 ml samples into ethylenediaminetetraacetic
acid tubes [Teklab, UK]), coagulation (0.5 ml samples into citrate tubes
[Teklab, UK]), clinical biochemistry (0.7 ml samples into lithium heparin
tubes [Becton Dickinson, UK]), and thyroid hormones (1 ml samples
into MiniCollect® tubes with clotting activator [Greiner Bio-One,
Austria]). Additional 0.7 ml samples were collected into lithium
heparin tubes for clinical biochemistry at the end of the recovery
period.

Hematological parameters were determined using a Bayer Advia
120 analyzer (Bayer, Ireland) or calculated from derived values by
ClinAxys software. Coagulation parameters were determined using a
Stago STA Compact Max analyzer (Stago, France). Clinical chemistry
parameters were determined using a Roche Cobas® 6000 analyzer
(Hitachi High Technologies Corporation, Japan). Triiodothyronine
(T3) and thyroxine (T4) were measured by ultra-performance liquid
chromatography-mass spectrometry (UPLC) using an Acquity UPLC
(Waters, Wilmslow, UK) and a QTRAP 6500+ mass spectrometer
(Sciex, Warrington, UK), and thyroid stimulating hormone (TSH) was
measured on a Luminex 100 (Luminex Corporation, USA) using the
MILLIPLEX® MAP Pituitary Magnetic Bead Panel (Merck Mil-
lipore, USA).

Urine samples were collected from all animals (after an overnight
fast in individual metabolism cages) at the end of the dosing and
recovery periods, for analysis of urine clarity, color, volume, pH and
specific gravity (all measured manually), ketones, bilirubin and blood
pigments (determined using a Clinitek 500 [Bayer Healthcare LLC,
UK]), protein, creatinine, and glucose (determined using a Roche
Cobas® 6000 analyzer [Hitachi High Technologies Corporation,
Japan]).
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2.4.6 | Necropsy, organ weights, and histopathology
On Day 92 of the study (PND 98) and Day 29 of the recovery period
(PND 126), all surviving animals were weighed, killed by carbon diox-
ide inhalation, exsanguinated, and subjected to a full macroscopic nec-
ropsy. Specified organs were weighed after dissection of fat and other
contiguous tissues. Contralateral organs were weighed together.
Organ weight ratios were calculated relative to body weight (grams
per 100 g of body weight).

The following organs/tissues were fixed and preserved in 10%
(v/v) neutral buffered formalin (VWR International, UK): adrenal
glands, aorta, brain, cecum, colon, duodenum, epididymides, femur,
Harderian glands, head, heart, ileum, jejunum, kidneys, liver, lungs,
lymph nodes (mesenteric and left axillary), esophagus, ovaries, pan-
creas, pituitary gland, prostate, salivary glands (submandibular, parotid,
sublingual), sciatic nerves, seminal vesicles, skeletal muscle, skin (with
mammary glands), spinal cord, spleen, sternum, stomach, thymus,
thyroid glands (with parathyroids), trachea, urinary bladder, uterus
(with cervix), and vagina. Eyes and testes were fixed in Davidson's
fluid (VWR International, UK) and modified Davidson's fluid (prepared
inhouse), respectively. After being further processed, embedded into
paraffin blocks, sectioned, and stained with hematoxylin and eosin,
these organs/tissues were histopathologically examined for vehicle
controls and high-dose LNFP-I/2'-FL animals at the end of the dosing
period, and for early decedents after their specific day of death.

2.4.7 | Statistical analysis

Vehicle controls were compared with LNFP-I/2'-FL-administered
groups and to the reference control group; all statistical analyses were
carried out for males and females separately. The following parameters
were analyzed using the individual animal as the basic experimental
unit (excluding food consumption, which was analyzed on a cage basis):
body weights and body weight gains; food consumption; ulna length
and growth; day of eye opening and air righting; Morris maze perfor-
mance (trial time, number of failed trials, and number of sector entries);
sexual maturation (body weight and age at of completion of balano-
preputial separation and vaginal opening); clinical pathology parame-
ters; terminal body weights and organ weights (absolute and body
weight-relative). Statistical analyses were performed using previously
described methods (Phipps et al., 2019a, 2019b).

3 | RESULTS

3.1 | Genotoxicity studies
3.1.1 | Bacterial reverse mutation test

Results for the plate incorporation and preincubation assays, in the

presence and absence of metabolic activation, are provided in Table 2.

No evidence of cytotoxicity or precipitate was observed. Mean

revertant colony counts were similar between LNFP-1/2'-FL test arti-
cle groups and controls, in either the presence or absence of S9, with
all values remaining within the current historical vehicle control range
for the laboratory (data not shown). Appropriate positive control
chemicals (with S9 mix where required) induced substantial increases
in revertant colony numbers with all strains in both tests, confirming
sensitivity of the cultures and activity of the S9 mix. These results
fulfilled the criteria for a valid test and confirmed that LNFP-1/2'-FL is

nonmutagenic.

3.1.2 | Invitro mammalian cell micronucleus test

Micronucleus analysis and cytotoxicity results for the short-term (3-h
exposure in the absence and presence of S9) and long-term (20-h
exposure in the absence of S9) main experiments are presented in
Table 3. There was no evidence of cytotoxicity (i.e., no significant
reductions in cytokinesis-block proliferation index) at any concentra-
tion of LNFP-I/2'-FL, in any of the tests. No statistically significant
increases in the percentage of micronucleated cells between LNFP-
1/2'-FL groups and vehicle controls were observed under any of the
test conditions. Micronucleus frequencies for LNFP-1/2'-FL groups
and vehicle controls remained within the historical vehicle control
ranges for the laboratory (data not shown), with the exception of the
value for cultures exposed to 500 pug/ml LNFP-I1/2'-FL for 3 h in the
presence of S9, where the mean value (10.5) slightly exceeded the
upper 95% confidence limit (9.2). An additional test was therefore
conducted for 3 h in the presence of S9, and in this test, all micronu-
cleus frequencies for all LNFP 1/2'-FL groups and vehicle controls
were all within the historical vehicle control range. In the first
short-term test in the absence of S9, the positive control mitomycin C
did not cause a statistically significant increase in the percentage of
micronucleated cells; therefore, this test was repeated, and in the
repeat test, a statistically significance increase was observed. These
results fulfilled the criteria for a valid test and confirmed that
LNFP-I/2'-FL is neither clastogenic nor aneugenic.

3.2 | Neonatal 90-day oral gavage toxicity study

3.2.1 | Clinical observations and ophthalmoscopy

Five animals (one male and one female from the mid-dose group, and
one male and two females in the reference control group) were found
dead between Days 7 and 9 of dosing. Three animals (two males in
the reference control group and one high-dose female) were killed for
reasons of animal welfare due to body weight loss or general poor
clinical condition between Days 8 and 11 of dosing. The cause of
death was undetermined in all cases, as there were no macroscopic or
microscopic changes at necropsy. One high-dose male died on Day
15 of dosing as a direct result of a dosing error. Although the cause of
death could not be determined in eight of the cases, as these deaths

predominantly occurred in the reference control group (five animals),
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TABLE 3

LNFP-1/2'-FL concentration (pg/ml) CBPI (mean)

3-h treatment in the absence of metabolic activation

Negative control (1% v/v water) 1.80 NA
500 1.82 0.0
1000 1.80 0.0
2000 1.78 1.6

Positive controls:

COL (0.06 pg/ml) 1.64 19.1
MMC (0.3 pg/ml) 1.54 31.9
3-h treatment in the presence of metabolic activation (Experiment 1)
Negative control (1% v/v water) 1.78 NA
500 1.79 0.0
1000 1.74 4.9
2000 1.73 5.8
Positive control: CPA (10 pg/ml) 1.40 48.4
3-h treatment in the presence of metabolic activation (Experiment 2)
Negative control (1% v/v water) 1.94 NA
500 1.98 0.0
1000 1.95 0.0
2000 1.97 0.0
Positive control: CPA (10 pg/ml) 1.72 22.8
20-h treatment in the absence of metabolic activation
Negative control (1% v/v water) 1.85 NA
500
1000 1.83 34
2000 1.90 0.0
1.78 8.3

Positive controls:
COL (0.02 pg/ml) 1.47 45.2
MMC (0.1 pg/ml) 1.88 0.0

Mean cytostasis® (%)

In vitro mammalian cell micronucleus test conducted with LNFP-1/2'-FL

Mean number of micronucleated binucleated cells per
1000 binucleated cells counted

7.0
9.0
9.5
7.5

19.0**
42.5**

7.0
10.5
9.0

6.5
28.5***

7.0
55
9.0
8.5
29.0***

8.8

9.0

7.0

5.5+t

18.0***
15.5%

Abbreviations: —S9, without metabolic activation; +S9, with metabolic activation; LNFP-I/2'-FL, lacto-N-fucopentaose-1/2’-fucosyllactose mixture; CBPI,
cytokinesis-block proliferation index; COL, colchicine; CPA, cyclophosphamide; MMC, mitomycin C; NA, not applicable.

?Relative to negative control.

*Statistically significantly different to negative control (p < 0.05).
**Statistically significantly different to negative control (p < 0.01).
***Statistically significantly different to negative control (p < 0.001).
TStatistically significant linear trend (p < 0.05).

followed by the mid-dose group (two animals), they were considered
to be unrelated to the administration of LNFP-1/2'-FL.

There were no test item-related clinical signs during the study nor
were there any ocular findings at the ophthalmic examinations in
Week 13 of dosing.

3.2.2 | Body weight, food consumption, and
physiological development

Mean body weights (Figure 1) and food consumption (Figure 2) were

unaffected by the test article. No biologically relevant differences in

the age or body weight at which the males and females attained phys-
ical signs of sexual maturation (balano-preputial skinfold separation or
vaginal opening for males and females, respectively) were observed
(data not shown). The mean body weights at balano-preputial skinfold
separation for mid-dose males (248 g) and high-dose males (235 g)
were statistically significantly higher than for vehicle controls (220 g).
However, there was no dose-response relationship, and the body
weight for reference control males (249 g) was also statistically
significantly higher than that of vehicle controls.

There were no statistically significant differences in the age of

attainment of the surface and air righting reflexes, performance in the
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FIGURE 2 Mean food consumption during the 90-day dosing period of the neonatal subchronic study

pupil reflex and startle response tests, or mean ulna growth, between
LNFP-1/2'-FL groups and vehicle controls (data not shown). Behavior
of the animals during the in-hand and arena observations, as well as
Morris maze performance, were similar across all groups (data not
shown). Estrous cycles were unaffected by LNFP-1/2'-FL administra-
tion, with most females in all groups showing an estrus smear prior to

termination (data not shown).

3.2.3 | Hematology and coagulation

Hematological parameters were unaffected by LNFP-1/2'-FL adminis-
tration (Table 4). Where statistically significant differences were
observed, they were not associated with a dose response (increased
neutrophil count for males given 3000 or 5000 mg/kg bw/day,
increased monocytes and large unstained cells for mid-dose males,

decreased platelets for all male LNFP-1/2'-FL groups and reference
controls of both sexes, decreased reticulocytes for low- and mid-dose
females, decreased mean corpuscular hemoglobin and mean
corpuscular hemoglobin concentration for females given 5000 mg/kg
bw/day, and shortened prothrombin time for all female LNFP-1/2’-FL
groups) and were, therefore, considered to be unrelated to the test
article. Values for these parameters were also generally within histori-
cal control ranges (data not shown), demonstrating that values reflect

normal biological variation.
3.2.4 | Clinical biochemistry
Mean values for clinical biochemistry parameters (including thyroid

hormones) at the end of the dosing period are presented in Table 5

(data for the recovery period not shown). No test article-related
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adverse differences were observed. Statistically significant differences
compared with vehicle controls were either not associated with a
dose-response relationship (increased inorganic phosphorus for
females at 3000 or 5000 mg/kg bw/day) or the change was in the
wrong direction for toxicological relevance (decreased alanine amino-
transferase for females given 5000 mg/kg bw/day). Values for these
parameters were also generally within historical control ranges (data
not shown), demonstrating that values reflect normal biological varia-
tion. Whereas a few (six out of nine) of the phosphorus values for
mid-dose females were above the upper confidence limit of the his-
torical control range, the majority of phosphorus values for high-dose
females (seven out of nine) were within the historical control range.

Increases in T3 relative to vehicle controls were observed at
5000 mg/kg bw/day, both for males (vehicle controls = 558 pg/ml;
high-dose = 832 pg/ml) and females (vehicle controls = 817 pg/ml;
high-dose = 1380 pg/ml); however, there was no clear dose response
for either sex, and high-dose values were comparable with those for
respective reference controls (reference control males = 1050 pg/ml;
reference control females = 1090 pg/ml). Increases in TSH for low-
and mid-dose males, and for mid-dose females (primarily due to an
abnormally high value for one female, with a value of 2840 pg/ml
compared with 506 to 1390 pg/ml for other females in that group),
were also not associated with a dose response, with high-dose values
being comparable with those for vehicle controls. T4 values were
generally similar across all groups for both sexes.

3.2.5 | Urinalysis

Urinalysis results at the end of the dosing period are presented in
Table 6 (data for recovery period not shown). Statistically significant
increases in urinary pH (all male LNFP-1/2'-FL groups and females
given 3000 or 5000 mg/kg bw/day) and decreased specific gravity
(males given 5000 mg/kg bw/day) at the end of the dosing period
were not associated with a dose response and were, therefore,
considered to be unrelated to the test article; the high-dose female
pH value and high-dose male specific gravity value were also compa-
rable with those for reference controls. Values for all parameters were
generally within historical control ranges for all groups and both sexes
(data not shown). While a few (six out of nine) individual specific
gravity values for males given 5000 mg/kg bw/day were below the
lower confidence limit of the historical control range (data not shown),
the same was also seen for reference control males (five out of seven

individual values below the lower confidence limit).

3.2.6 | Necropsy, organ weights, and histopathology
Mean values for organ weights relative to body weight are provided
in Table 7. Salivary gland weight was statistically significantly lower
for mid-dose males compared with vehicle controls, but there was no
dose-response relationship. Statistically significant reductions in adre-

nal weight (males given 5000 mg/kg bw/day), brain weight (females

given 5000 mg/kg bw/day), and lungs and bronchi weight (females
given 5000 mg/kg bw/day) were also observed, but the differences
were limited to one gender and mean values for LNFP-1/2'-FL groups
were similar to those for respective reference controls.

There were no LNFP-I/2'-FL-related macroscopic or histological
abnormalities; the only findings observed were incidental and gener-
ally consistent with changes encountered in Sprague-Dawley rats of

this age kept under laboratory conditions (data not shown).

4 | DISCUSSION

The studies described in this research article assess the nonclinical
safety of LNFP-1/2'-FL (a novel mixture of the HiMOs LNFP-I and 2'-
FL, produced by microbial fermentation), which is intended for use as
a food ingredient primarily in infant formula and also in other conven-
tional food products. The safety of 2’-FL has been evaluated in previ-
ous neonatal subchronic studies, when administered on its own
(Coulet, Phothirath, Allais, & Schilter, 2014) and more recently in
an 8:1 mixture with difucosyllactose (another HiMO) (Phipps
et al.,, 2018a), on both occasions contributing to the European Food
Safety Authority's (EFSA) conclusions that they are safe for use in
infant formula and foods for the general population (EFSA, 2015,
2019a). However, the studies herein are the first assessing the
genotoxicity and subchronic toxicity of LNFP-I, in this case in
combination with 2'-FL. To the authors' knowledge, this subchronic
study is also the first to be conducted with any HiMO following the
requirements of the most recently adopted version of OECD 408 Test
Guideline (OECD, 2018), which was revised to include additional
endocrine endpoints related to thyroid function (measurement of T3,
T4, and TSH, as well as low-density lipoprotein and high-density lipo-
protein cholesterol) and collection of vaginal smears at necropsy.

The studies conducted to demonstrate the safety of LNFP-I/2'-
FL for use as a food ingredient (in vitro genotoxicity tests and a neona-
tal subchronic toxicity study) follows the testing requirements for
nonabsorbable compounds intended for use in infant formula
described in EFSA's guidance on the risk assessment of substances
present in food intended for infants below 16 weeks of age
(EFSA, 2017), as well as satisfying the general testing requirements
for safety assessment of new food ingredients (EFSA, 2016;
FDA, 2007); similar strategies have been employed for safety evalua-
tion of other HiMOs intended for use in infant formula (Coulet, Pho-
thirath, Constable, Marsden, & Schilter, 2013; Coulet, Phothirath,
Allais, & Schilter, 2014; Phipps et al., 2018a, 2018b, 2019a, 2019b).
Although the molecular structures of HiMOs have been shown to be
identical to their endogenous HMO counterparts, demonstrating that
any potential impurities (as part of the manufacturing process) are
nontoxic is an important conservative measure to ensure that the
ingredient is safe for human consumption. This is particularly relevant
for ingredients primarily intended for consumption by infants, which
represent a vulnerable demographic group and moreover may be con-
suming infant formula as their sole source of nutrition for the first

6 months of life.
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TABLE 7 Organ weights relative to body weight at the end of the 90-day dosing period

Organ weight values relative to body weight (g/100 g) (doses are in mg/kg body weight/day)

Males (n = 10 per group) Females (n = 10 per group)

0 (vehicle LNFP-1/2"FL 5000 (ref 0 (vehicle LNFP-1/2"FL 5000 (ref
Organ control) 1000 30007 5000 control)® control) 1000 3000° 5000 control)©
Adrenals 0.062 0.061 0.055 0.053* 0.054 0.068 0.064 0.068 0.062 0.059
Brain 2.228 2.283 2.261 2.223 2.179 2.092 2,097 2091 1.990* 2006
Epididymides 1.276 1.270 1.292 1.306 1.226 NA NA NA NA NA
Heart 1.556 1.528 1.501 1.535 1.498 1.027 1.016 0982 0.981 1.011
Kidneys 3.202 3.216 3.195 3.140 3.208 1.860 1.840 1839 1.732 1.853
Liver 13.358 14.093 13.861 13.095 12914 7.837 8324 7949 7927 8.328
Lungs and bronchi  1.723 1.754 1.691 1.686 1.665 1.398 1.382 1.339 1.259* 1.294
Ovaries NA NA NA NA NA 0.098 0.110 0.091 0.106 0.095
Pituitary 0.013 0.013 0.014 0.013 0.013 0.017 0.018 0.017 0.016 0.017
Prostate 1.065 1.134 1.026 1.077 1.019 NA NA NA NA NA
Salivary glands 0.771 0.717 0.621**  0.739 0.688% 0.472 0425 0444 0442 0.430"
Seminal vesicles 1.884 1.928 1.873 1.857 1.872 NA NA NA NA NA
Spleen 0.698 0.765 0.713 0.697 0.716 0.465 0.533 0.516 0.496 0.506
Testes 3.361 3.477 3.293 3.466 3.278 NA NA NA NA NA
Thymus 0.350 0.386 0.444 0.367 0.389 0.357 0412 0.307 0.349 0.387
Thyroids and 0.018 0.020 0.019 0.017 0.020 0.015 0.016 0.013 0.015 0.015

parathyroids

Uterus and cervix NA NA NA NA NA 0.685 0.593 0.901 0.747 0.638

Abbreviations: LNFP-1/2’-FL, lacto-N-fucopentaose 1/2'-fucosyllactose mixture; n, number of animals; NA, not applicable.

®n = 9 rather than 10.
bn = 8 rather than 10.
°n = 7 rather than 10.

*LNFP-1/2'-FL group statistically significantly different to vehicle control group (p < 0.05).
**LNFP-1/2'-FL group statistically significantly different to vehicle control group (p < 0.01).
TReference control group statistically significantly different to vehicle control group (p < 0.05).
*Reference control group statistically significantly different to vehicle control group (p < 0.01).

LNFP-1/2'-FL was negative in both of the in vitro genotoxicity stud-
ies, which is to be expected given the absence of any structural alerts
for HMOs and no reports of genotoxicity in previous studies with
related compounds. In a safety assessment of another HiMO (3-FL) pro-
duced biotechnologically, negative results were reported in the bacterial
reverse mutation test and chromosome aberration test, but the out-
come of the in vitro mammalian cell micronucleus test was equivocal
(Pitt et al., 2019). A negative result in a follow-up in vivo mammalian
erythrocyte micronucleus test confirmed that 3-FL was nongenotoxic
overall. It is unclear whether the equivocal in vitro finding with 3-FL was
spurious, or potentially the result of impurities in the test article batch,
but it is considered an outlier for HiIMOs as clear consistent negative
findings were observed in the current studies with LNFP-1/2'-FL, as well
as in other in vitro genotoxicity studies conducted either with mixtures
or individual HiMOs (Coulet, Phothirath, Constable, Marsden, &
Schilter, 2013, Coulet, Phothirath, Allais, & Schilter, 2014; Gurung
et al, 2018; Kim, Gurung, Seo, Lee, & Woo, 2018; Parschat, Oehme,
Leuschner, Jennewein, & Parkot, 2020; Phipps et al., 2018a, 2018b,
2019a, 2019b; van Berlo, Wallinga, van Acker, & Delsing, 2018).

In the neonatal 90-day study, there were no test article-related
clinical observations, nor any effects of LNFP-1/2'-FL on body weight,
food consumption, physiological development and maturation,
neurobehavioral assessments, organ weights, or on the incidence of
macroscopic or microscopic findings at necropsy.

There were eight unexplained deaths in the study, of which
five were for animals in the reference control group, two in the
mid-dose LNFP-1/2'-FL group, and just one in the high-dose
LNFP-1/2'-FL group. Thorough examinations of the raw data and
environmental conditions were conducted, but the etiology of the
deaths remained unclear. There was no evidence of dosing errors,
all dose formulations were confirmed as being accurately prepared,
and the deaths were not consigned to animals housed in the same
cages. As most of the deaths were in the reference control group,
the reference control material was subsequently examined for
potential microbial contamination, with results confirming the
absence of bacterial and fungal pathogens. The reference control
material was also well within its expiry date, and there were no

visual signs of rancidity.
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Unexplained deaths are occasionally observed in rodent toxicity
studies, with no relation to administration of the test article. Further-
more, early deaths in neonatal studies are more prevalent than in
studies with adult rats, as neonates are particularly fragile during the
first few days of life and there are additional procedural challenges in
the physical handling of young animals (Kim, Parker, Weinbauer,
Remick, & Steinbach, 2017). Unexplained deaths were also observed
in previous 90-day neonatal rat studies conducted with other
HiMOs—five in the study with 2'-FL alone (Coulet, Phothirath, Allais, &
Schilter, 2014), three in the study with LNT (Phipps et al., 2018b), two
in the study with 6'-SL (Phipps et al., 2019b), and two in the study
with LNnT (Coulet, Phothirath, Constable, Marsden, & Schilter, 2013).
It is unclear why the incidence of unexplained deaths was higher in
this study compared with those conducted previously with other
HiMOs, but it is evident that the deaths in this study were unrelated
to administration of LNFP-1/2'-FL.

Occasional statistically significant differences for LNFP-1/2'-FL
groups compared with vehicle controls were reported for some of the
clinical pathology parameters, but the differences were often not
associated with a dose-response relationship and/or were limited to
one gender, with individual values generally within historical control
ranges, thus reflecting normal biological variation. Dosing of neonatal
rats with relatively large doses of a food ingredient may also result in
high variability of certain parameters (EFSA, 2019b). Absence of any
associated test article-related organ weight changes, or macroscopic
or histopathological findings, confirms that these differences were
likely to be incidental variations rather than consequences of LNFP-
I/2'-FL administration.

Increases in T3 relative to vehicle controls were observed for
high-dose males and females; however, there was no clear dose
response for either sex and values were comparable with those for
respective reference controls. There were no associated changes in
T4 or TSH, no noteworthy macroscopic or microscopic changes in the
thyroids, and no effects on neurodevelopment of the neonates, as
evidenced by the absence of any differences in performances during
neurobehavioral examinations. Total cholesterol, as well as low-
density lipoprotein and high-density lipoprotein cholesterol (parame-
ters directly controlled by thyroid hormone action and contributing to
evidence of thyroid effects; Kovanen, 1987) were also unaffected by
LNFP-1/2'-FL.

As mentioned previously, this is the first HIMO subchronic rodent
study to include assessment of thyroid hormones; thus, it is unclear
whether this increase in T3 may have been seen in previous studies
with other HiMOs if these assessments had been conducted in those
studies. High-carbohydrate nutrition is reportedly associated with
higher levels of T3, compared with very low-carbohydrate diets
(Danforth et al., 1979; Kopp, 2004). As the quest to create infant for-
mula that more closely represents human breast milk continues, it is
likely that more subchronic studies on HiMOs will be published in
future studies, which should follow the requirements of the most
recently revised OECD 408 Test Guideline. It would be interesting to
see if similar effects on T3 are observed in these studies or whether

this was an incidental change only seen in the current study.

AppliedToxicology-W1LEY-L*

However, it is clear that the increase in T3 was nonadverse and the
changes were no different to those observed for animals provided
with oligofructose, an ingredient already approved for use in infant

formula and follow-on formulae in the EU.

5 | CONCLUSION

LNFP-1/2’-FL was negative in both in vitro genotoxicity studies,
and in the absence of any test item-related adverse effects in the
neonatal 90-day oral toxicity study in rats, 5000 mg/kg bw/day
(the highest dose tested) was established as the NOAEL; this
NOAEL corresponds to a total carbohydrate amount of 5550 mg/kg
bw/day (accounting for “other carbohydrates” in the LNFP-1/2'-FL
preparation). These results support the conclusion that LNFP-1/2'-
FL is safe for use in infant formula (at levels representative of nor-
mal infant intake of the corresponding naturally occurring HMOs
from human breast milk) as well as in foods and beverages for the
general population.
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Abstract

Introduction: human milk oligosaccharides (HMOs) are an important component of human milk supporting the development of a balanced
intestinal microbiota and immune protection in breastfed infants. Randomized controlled trials (RCTs) have demonstrated that infant formulas
supplemented with the HMOs 2’-fucosyllactose (2'FL) and lacto-N-neotetraose (LNNnT) are safe, well-tolerated, and support normal growth. This
Real-World Evidence (RWE) study aimed to evaluate growth and tolerance in infants consuming a formula supplemented with 1 g/L of 2'FL and
0.5 g/L of LNNnT, and included a mixed-feeding group never studied before in RCTs.

Participants and methods: this open-label, prospective study was conducted at six centers in Spain, and included healthy, exclusively breast-

Keywords: fed infants (BF group), an exclusively formula-fed group (FF) who received a milk-based formula with 2’ FL and LNNnT, and a group mixed fed
Infant formula with both formula and human milk (MF), for 8 weeks. Co-primary outcomes were growth (anthropometry) and gastrointestinal tolerance (Infant
Human mik Gastrointestinal Symptom Questionnaire, IGSQ). Secondary outcomes included formula satisfaction and adverse events (AEs).

oligosaccharides. Results: 159 infants completed the study (66 FF, 48 MF, and 45 BF). Mean z-scores for growth were similar between all groups and within + 0.5
2'-fucosyllactose. of WHO medians at week 8. Composite IGSQ scores demonstrated low Gl distress in all groups, with no significant group differences at baseline,
E?Stt‘r’oﬁtgzg}]ej aose. week 4, or week 8. Incidence of AEs was low overall, and comparable across groups.

tolerance. Growth. Conclusions: in this RWE study examining a HMO-supplemented infant formula, growth and tolerance outcomes were similar to RCT findings,
Real-world. supporting the effectiveness of this early feeding option.
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Resumen

Introduccion: los oligosacéridos de la leche materna (HMO) contribuyen a desarrollar la inmunoproteccion y la microbiota intestinal. Los ensayos
aleatorizados (RCT) han demostrado que las formulas enriquecidas con 2'fucosilactosa (2'FL) y lacto-N-neotetraosa (LNnT) son seguras, bien
toleradas y favorecen el crecimiento. El objetivo de este estudio ha sido valorar el crecimiento, la seguridad y la tolerancia digestiva en lactantes
alimentados con una férmula enriquecida con 1 g/L de 2’FL 'y 0,5 g/L de LNnT, con datos de la vida real (RWE), incluyendo un grupo de alimen-
tacion mixta no estudiado antes en los RCT.

Participantes y métodos: estudio prospectivo abierto en seis hospitales espafioles que incluyo lactantes sanos alimentados con leche materna
(BF), con formula enriquecida en 2'FL y LNnT (FF) o con mezcla de ambas (MF), durante ocho semanas. Se valoraron el crecimiento (antropometria),
la tolerancia gastrointestinal (cuestionario IGSQ) y los acontecimientos adversos.

Resultados: 159 lactantes completaron el estudio (66, 48 y 45, en los grupos FF, MF y BF, respectivamente). Las puntuaciones Z antropométricas
a la semana 8 fueron similares entre los grupos y se hallaron dentro del rango de + 0,5 de la normalidad. Las puntuaciones IGSQ compuestas
mostraron un bajo malestar digestivo, sin diferencias significativas entre los grupos, al inicio y en las semanas 4 y 8. La incidencia de eventos

Palabras clave:

Formula para
lactantes.
Oligosacaridos de

la leche materna.
2'fucosilactosa.
Lacto-N-neotetraosa.

;‘;‘:{;‘:ﬁtigstma‘ adversos fue baja y comparable entre los grupos.

Crecimiento. Vida Gonclusiones: en este estudio RWE que evalud una formula para lactantes enriquecida en HMO, los resultados sobre el crecimiento, la tolerancia
real. y la seguridad fueron similares a los obtenidos en los RCT, respaldando su eficacia como alimentacion temprana opcional.
INTRODUCTION (25,26). Safety, tolerance, and adequate growth, as well as poten-

Human milk oligosaccharides (HMOs) are found in abundance
in human milk and make up the largest solid component after
lactose and lipids (1-4). Bovine milk, in contrast to human milk,
contains relatively low levels of oligosaccharides, and the prev-
alence of fucosylated oligosaccharides, in particular, is quite low
(5). 2'fucosyllactose (2'FL) is a trisaccharide composed of glucose,
galactose, and fucose, and is one of the most abundant HMOs.
Levels of 2'FL vary depending on the secretor blood group status
of an individual woman as well as on ethnicity and stage of lac-
tation, with 2'FL levels from about 0.9 to above 4 gram/liter (g/L)
in mature milk among secretors (6-14). Another HMO in human
milk is lacto-N-neotetraose (LNNT), in levels ranging from 0.1
to 0.6 g/L, with higher levels within the first month of lactation
(7-10,15-17).

Evidence is emerging that HMOs play an important role in the
development of a balanced intestinal microbiota and in supporting
immune protection in breastfed infants (18-20). Preclinical models
have found that both 2’FL and LNnT promote the growth of Bifido-
bacterium species (21,22). Additionally, in a randomized controlled
trial (RCT) of a term infant formula supplemented with 2'FL and
LNNT, lower rates of parent-reported morbidity (particularly lower
respiratory tract illnesses such as bronchitis) and lower use of
antipyretics and antibiotics in the group receiving HMO-supple-
mented formula were reported as compared to the control fed
infants (23). In a subset of the infants in this same RCT, stool
samples collected for microbiota assessment and metabolic sig-
nature at three months showed that the addition of 2'FL and LNnT
shifted the stool microbiota closer to that observed in breastfed
infants both in composition and function (24). Collectively, these
findings, in conjunction with the documented differences in HMO
composition between human and bovine milk, have provided a
solid rationale for supplementing bovine milk-based infant for-
mulas with HMQOs.

Advancements in manufacturing technology now enable the
synthesis of HMOs, and preclinical studies have established their
safety for the purposes of supplementation of infant formulas
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tial clinical benefits, have been demonstrated in RCTs of term
infant formulas supplemented with 2’FL alone and in combination
with LNnT (23,27,28). The first such report was an RCT of growth
and tolerance conducted in the US, which found that infants
receiving a formula supplemented with either galacto-oligosac-
charides [GOS] or GOS + 2’FL demonstrated adequate growth and
good tolerance (27). A second RCT conducted in Belgium and Italy
examined a study formula containing 1.0 g/L of 2'FL and 0.5 g/L
of LNnT in the test arms, while the control arm received a stan-
dard formula without HMOs (23). The HMO-supplemented formula
was again well-tolerated and supported age-appropriate growth.
A third study in the US compared tolerance in infants receiving a
100 % whey, partially hydrolyzed infant formula with the probiotic
B. lactis, with and without the further addition of 2'FL, and found
that the HMO-supplemented formula was well tolerated (28).

While the evidence provided to date in RCTs is supportive of
the safety and tolerance of HMO-supplemented infant formulas,
studies are needed in a real-world setting because results from a
highly controlled RCT do not always translate outside of the trial
setting (29). Additionally, a relatively large proportion of infants
in real-world settings are fed both human milk and formula (30-
32), a mixed feeding regimen not studied in previous RCTs. The
current study was thus designed to complement and enhance
existing RCTs by assessing the growth, safety and tolerance of
healthy term infants consuming an infant formula supplemented
with HMOs either exclusively or mixed with human milk in a real-
world setting.

PARTICIPANTS AND METHODS

STUDY DESIGN

This was a three-group, non-randomized, open-label, prospec-
tive study in healthy, term (37-42 weeks of gestation) infants
enrolled at age 7 days to 2 months. The study was conducted
between October 2018 and March 2019 in six centres throughout
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Spain (Quiron-Dexeus Universitary Hospital, Barcelona; Casa de
Salud Hospital, Valencia; Maternal MH Belén Hospital, A Corufia;
Paediatric Hispalense Group, Sevilla; Vitha Santa Catalina Hospi-
tal, Las Palmas; Ruber International Hospital, Madrid). One study
group included infants who were exclusively formula fed (FF) while
a second group included infants who were fed a mixture of for-
mula and human milk (MF). The third group included exclusively
breastfed infants (BF) serving as a reference population. Formu-
la-fed infants were eligible to participate if their parent(s) had
independently elected, before study enrolment, to formula feed.
Breastfed infants were eligible if the infants had been exclusively
breastfed since birth, and their parent(s) had decided to contin-
ue exclusively breastfeeding until at least four months of age.
Exclusion criteria included any known intolerance/allergy to cow’s
milk (formula-fed group only); conditions requiring infant feedings
other than those specified in the protocol; evidence of significant
systemic disorders (cardiac, respiratory, endocrinological, hemato-
logic, gastrointestinal, or other); or parental refusal to participate.

At study enrolment, FF and MF infants received the study for-
mula and continued to be fed the study formula for approximately
8 weeks (56 days). The formula was prepared and fed at home,
and was given ad libitum. Infants completed an in-person clinic
visit at enrollment (baseline) and again at day 56 = 3 days (week
8 visit). A telephone visit with the parents was also conducted on
day 28 + 3 days (week 4 visit).

STUDY PRODUCT

The study formula was provided to the participants. Commer-
cially available in Spain since 2017, it was a partially hydrolyzed,
100 % whey, term infant reconstituted formula with 67 kcal/100
mL consisting of 1.9 g of protein, 11.5 g of carbohydrates, and
5.1 g of lipids per 100 kcal powder, and with two HMOs: 1.0 g/L of
2’FLand 0.5 g/L of LNnT. The formula also included Lactobacillus
reuteri (DSM 17938), vitamins and minerals.

ETHICAL APPROVAL AND INFORMED
CONSENT

This study protocol was approved by the coordinating Hospi-
tal Institutional Review Board of Puerta de Hierro, Majadahonda
(Madrid). Prior to the conduct of any screening tests, an informed
consent was obtained from each participant’s parent. Good clinical
practice was followed by all sites throughout the study. The study
was registered with ClinicalTrials.gov (NCT04055363).

STUDY MEASURES

At baseline, anthropometry measures were obtained includ-
ing weight, length, and head circumference using standardized
procedures. Anthropometric parameters were measured again
during the clinic visit at week 8. BMI was calculated as weight

E. Roman Riechmann et al.

(kg)/length (m)2. Z-scores for weight-for-age, length-for-age,
head circumference-for-age, and BMI-for-age were calculated
using the WHO Child Growth Standards (33).

The infant’s gastrointestinal (GI) symptom burden was assessed
via the Infant Gastrointestinal Symptom Questionnaire (IGSQ), a
validated 13-item questionnaire that assesses Gl-related signs
and symptoms as observed by parents over the previous week
in 5 domains: stooling, spitting up/vomiting, gassiness, crying,
and fussing. Each item is scored on a scale of 1 to 5 with higher
values indicating greater Gl distress. A composite 1GSQ score is
derived from summing the individual scores with a possible range
of 13 to 65, where higher values indicate greater Gl distress and
values < 23 indicate no digestive distress (34). The 1GSQ was
administered at baseline, week 4, and week 8.

A formula satisfaction questionnaire was administered to par-
ents of infants in the formula-fed groups at week 4 and week 8
including three questions regarding the parents’ experience with
the study formula. Questions included ‘Did your child like what
he/she consumed?’, ‘How satisfied are you overall with the study
product?’, and ‘Would you continue to provide the study formula
to your child?’

Adverse Events (AE) were captured from the time of enroll-
ment through the end of study. All AEs were assessed by the site
investigator for duration, intensity, frequency, and relationship to
study formula. AEs were classified into System, Organ, and Class
(MedDRA SOC codes).

STATISTICAL METHODS

Demographics and other baseline characteristics were com-
pared for overall differences between the feeding groups using
the Kruskal-Wallis test for continuous variables and Fisher’s exact
test for categorical variables. Pairwise comparisons were done
using two-sided Wilcoxon’s rank-sum tests (continuous variables)
and two-sided Fisher’s exact tests (categorical variables) adjusted
for multiplicity by the Holm procedure. Fisher’s exact tests were
computed from contingency tables. For tables larger than 2 x 2 a
Monte Carlo estimation of the exact p-value was performed with
20,000 samples, otherwise a direct exact p-value computation
was performed. Missing values were excluded before performing
the aforementioned tests.

The co-primary outcomes were growth and composite 1GSQ
score. Feeding group comparisons were assessed for all growth
measures using the analysis of covariance (ANCOVA) with adjust-
ment for baseline value, age, gender, and study center. Tolerance
was assessed via the 1GSQ scores. The 13 individual questions
in the 1GSQ, as well as the five domain scores, were tabulated for
each feeding group at each time point. The composite IGSQ scores
were calculated for each feeding group and compared between
feeding groups using ANCOVA with adjustment for baseline IGSQ
score.

All analyses were conducted using the SAS software, version
9.3 (SAS Institute Inc., Cary, NC, USA). Statistical significance was
assessed using an o level of 5 % with a two-sided test.
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Being a RWE study, sample size was determined based on
previous RCTs, aiming to have an analysis set of at least 40-50
subjects per group. Infants who were not compliant with the
study protocol were withdrawn from the study and did not con-
tinue to participate in the study measurements or visits. The
analysis set was defined by excluding infants who did not have
a growth and/or tolerance measurement at week 8. All analyses
of growth, tolerance, and satisfaction in this paper were con-
ducted in the analysis set. Adverse events were reported for all
enrolled infants.

RESULTS

SUBJECT DISPOSITION AND DEMOGRAPHICS

In this study, 207 infants were enrolled including 82 exclusively
formula-fed (FF), 62 mixed-fed (MF), and 63 exclusively breastfed
(BF) infants (Fig. 1). The number of subjects in the analysis set
(those with tolerance and growth measurements at the end of
8 weeks of study) were 66, 48, and 45, respectively, in the FF,
MF, and BF groups, with primary exclusion reasons being major
protocol deviations and losses to follow-up.

The demographics and baseline characteristics of all enrolled
infants are shown in table I. The FF group was slightly young-
er at enrollment as compared with the MF group and BF group
(p < 0.01), with more male infants in contrast to the MF or BF
groups. Gender distribution was, however, not statistically differ-
ent between groups (p > 0.05). Other baseline characteristics
were also comparable across the feeding groups, including age,

educational attainment, and smoking status of the mothers and
fathers. The baseline characteristics of the analysis set (n = 159)
were similar to those of all enrolled infants for all feeding groups
(data not shown).

GROWTH

Overall, age-appropriate growth was observed in all three
feeding groups. Baseline weight and length were slightly lower
in the FF group (FF mean weight of 3.34 kg versus 3.75 and
3.93 in the MF and BF groups, respectively; FF mean length of
50.62 cm versus 51.86 and 52.82 ¢m in the MF and BF groups,
respectively), which is consistent with the slightly younger age. By
Week 8, there were no significant differences between any feed-
ing groups for any of the anthropometric measures (all ANCOVA
p-values between feeding groups > 0.05). Mean Z-scores for
weight, length, head circumference, and BMI at baseline and week
8 are shown in figure 2. Weight-for-age, length-for-age, and BMI-
for-age z-scores were similar between all feeding groups, and the
mean z-scores were within = 0.5 of the WHO medians at week 8.
Head circumference-for-age z-scores were also similar between
groups and tracked closely with the WHO standards.

GASTROINTESTINAL TOLERANCE

Table Il shows descriptive characteristics for the five IGSQ
domains and the overall composite score. Composite IGSQ scores
demonstrated low Gl distress in all feeding groups at all time

Enrolled
n=207
y \ !
Exclusively formula-fed Mixed-fed Exclusively breast-fed

Received trial feeding
n=2382

Received trial feeding + breastmilk

n=262

Received breastmilk
n=63

8-week follow-up

— Protocol deviation, n = 6

| — Dropped-out due to adverse

events,n=3
— Lost to follow-up,n =7

— Protocol deviation, n = 8

| — Dropped-out due to adverse

events,n=3
— Lost to follow-up, n =3

— Protocol deviation, n = 11

— Dropped-out due to adverse
events,n =1

— Lost to follow-up, n =6

Analysis set (n = 66)

Analysis set (n = 48)

Analysis set (n = 45)

Figure 1.
Flow chart of subject disposition.

[Nutr Hosp 2020;37(4):698-706]





702

E. Roman Riechmann et al.

Table I. Demographics and baseline characteristics (shown as N and % unless otherwise
noted), by feeding group, all enrolled subjects (n = 207)

Subject characteristics 0 :F63) 0 I\=M:52) T :Fsz) p-value'

Age at enroliment, days (median [IQR]) 13(9-32) 13.5 (10-33) 10 (8-19) <0.01?
Gender

Male 28 (44.4 %) 27 (43.6 %) 43 (52.4 %) 0.50

Female 35 (55.6 %) 35 (56.5 %) 39 (47.6 %)
Ethnicity

Black 2 (3.2 %) 2(3.2 %) 1(1.2%)

Caucasian 59 (93.7 %) 58 (93.6 %) 79 (96.3 %) 0.84

Other 2 (3.2 %) 2 (3.2 %) 2 (2.4 %)
Days breastfed since birth (median [IQR]) 13 (9-32) 13 (10-32) 0(0-0) <0.01?
Days formula-fed since birth (median [IQR]) 0 (0-0) 12 (7-22) 10 (8-15) <0.01®
Mother’s age, years (median [IQR]) 35 (31-36) 35 (32-38) 35 (32-38) 0.27
Mother’s highest level of education

Primary school 2 (3.2 %) 0 (0.0 %) 3 (3.7 %)

High school 6 (9.5 %) 9 (14.5 %) 13 (15.9 %) 0.69

College or above 40 (63.5 %) 39 (62.9 %) 45 (54.9 %)

Professional school 15 (23.8 %) 14 (22.6 %) 21 (25.6 %)
Mother smoked during pregnancy 4 (6.4 %) 1(1.6 %) 7 (8.5 %) 0.22
Father’s years, days (median [IQR]) 37 (33-40) 37 (33-40) 37 (33-39) 0.75
Father’s highest level of education

Primary school 1(1.6%) 3(4.8%) 10 (12.2 %)

High school 8 (12.7 %) 8(12.9 %) 14 (17.1 %)

College or above 32 (50.8 %) 30 (48.4 %) 28 (34.2 %) 0.54

Professional school 18 (28.6 %) 17 (27.4 %) 19 (23.2 %)

Missing or less than primary school 4 (6.4 %) 4 (6.5 %) 11 (13.4 %)
Father is a smoker 15 (23.81 %) 13 (20.97 %) 17 (20.73 %) 0.97

BF: exclusively breastfed; MF: mixed fed; FF: formula fed (exclusively); IQR: interquartile range (Q1-Q3); SD: standard deviation. ' Global p-values to detect any
difference between the three feeding groups using the Kruskal-Wallis test for continuous variables and Fisher’s exact test for categorical variables. °FF different from
MF and BF (< 0.01) using two-sided Wilcoxon rank-sum tests adjusted for multiplicity by the Holm procedure. °BF different from MF and FF (< 0.01) using two-sided

Wilcoxon rank-sum tests adjusted for multiplicity by the Holm procedure.

points, and there were no significant differences between feed-
ing groups at baseline, week 4, or week 8. Within each feed-
ing group, for four of the five domains of the 1GSQ (gassiness,
fussiness, crying, and spitting-up/vomiting) there were no sig-
nificant differences in scores between baseline and week 4 or
week 8 (data not shown). For the fifth domain, stooling, FF infants
had scores significantly different from the ones in the BF group
(p < 0.001) at baseline, and showed significant improvement at
week 8 (mean change [95 % confidence intervall =-0.79 [-1.35,
-0.23], p < 0.01), moving closer to the stooling profile of the BF
group. The scores for stooling of MF infants were significantly
different from those of the BF infants at baseline (p < 0.05) and
week 8 (p < 0.05).

FORMULA SATISFACTION

Formula satisfaction is summarized in table Ill. Nearly all parents
reported satisfaction with the study product. More than 90 % of
parents also reported at both week 4 and week 8 that their child
liked what he/she consumed and that they would continue to
provide the study formula to their child.

ADVERSE EVENTS
A total of 49 subjects experienced 58 adverse events (AEs)

during the course of the study, including 18 AEs in the BF group,

[Nutr Hosp 2020;37(4):698-706]
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Weight-by-age Length-by-age
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Baseline Week8 Baseline Week 8
Head circumference-by-age BMI-by-age
| I
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\
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Baseline Week 8 Baseline Week 8
@BF OMF AFF
Figure 2.
Anthropometric mean z-scores at baseline and at week 8, by feeding group, analysis set (n = 159). Bars represent 95 % confident intervals (two-sided).
Table Il. Descriptive statistics for IGSQ domains, and composite scores at baseline,
week 4, and week 8, by feeding group, analysis set (n = 159)
BF MF FF
Min- Min- " Min- "
n | Mean| SD Max n | Mean | SD Max p-value*| n | Mean| SD Max p-value
1IGSQ domains
Baseline | 41 | 232 | 082 | 26 | 45| 293 | 1.21 | 2-6 0.045 | 62 | 347 | 180 | 2-9 | <0.001
Stooling Week4 | 45| 224 | 065 | 2-5 | 48| 283 | 155 | 2-8 0.18 65 | 329 | 211 | 2-10 0.012
Week8 | 45| 218 | 039 | 2-3 | 48| 285 | 152 | 2-8 0025 |66 | 271 | 126 | 2-7 0.07
Suit ; Baseline | 38 | 6.26 | 2.83 | 4-16 | 41 | 588 | 1.83 | 4-11 0.49 60 | 6.17 | 2.62 | 4-15 0.85
Vs:n:;gg“p Week 4 | 41| 6.00 | 2.27 | 413 | 47 | 562 | 1.76 | 411 | 035 |62 | 576 | 2.32 | 415 | 0.38
Week8 | 45 | 562 | 1.83 | 410 | 45 | 556 | 218 | 4-12 0.93 65 | 5.88 | 2.08 | 4-11 0.53
Baseline | 39 | 4.08 | 1.69 | 3-11 | 43 | 456 | 225 | 3-14 0.35 61 | 479 | 265 | 3-15 0.13
Crying Week4 | 44 | 400 | 148 | 3-9 | 46 | 417 | 1.95 | 3-12 0.77 66 | 458 | 219 | 3-12 0.18
Week8 | 44 | 389 | 1.37 | 3-8 | 47 | 4.04 | 1.61 | 3-10 0.98 64 | 430 | 1.76 | 3-11 0.38
Baseline | 41 | 4.00 | 2.07 | 2-10 | 39 | 400 | 210 [ 2-10 | >0.99 | 59 | 3.83 | 2.16 | 2-10 0.69
Fussiness Week4 | 44 | 352 | 225 | 2-10 | 43 | 3.77 | 227 | 2-9 0.75 58 | 4.10 | 2.28 | 2-10 0.24
Week8 | 42 | 331 | 188 | 2-8 | 35| 363 | 231 | 2-10 0.68 61 | 348 | 1.82 | 2-10 0.7
Baseline | 41 | 517 | 207 | 2-9 | 44 | 520 | 2.09 | 2-10 0.94 63 | 492 | 227 | 2-10 0.57
Gassiness Week4 | 45 | 469 | 177 | 2-8 | 48 | 494 | 200 | 2-9 0.67 65 | 5.09 | 2.40 | 2-10 0.21
Week8 | 45 | 482 | 177 | 2-8 | 48 | 438 | 2.05 | 2-10 0.11 66 | 430 | 1.98 | 2-10 0.12
COMPOSITE Baseline | 41 | 21.95 | 6.38 [13-37 | 45 | 2243 | 6.22 |13-38 0.77 63 | 23.26 | 8.83 [13-57| 0.39
1GSQ SCORE Week 4 | 45 | 20.62 | 5.57 |13-33 | 48 | 21.32 | 6.05 | 13-40 0.79 66 | 2269 | 7.4 [13-40| 0.17
Week8 | 45 | 19.85 | 4.74 |13-30 | 48 | 20.35 | 6.50 | 13-40 0.97 66 | 20.66 | 5.76 |13-36| 0.63

“p-value as compared to breastfed group; BF: exclusively breastfed; MF: mixed fed; FF: formula fed (exclusively); SD: standard deviation.
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Table lll. Formula satisfaction questionnaire results at weeks 4 and 8 among parents
of infants receiving the study formula, by feeding group, analysis set
(n =114 infants receiving formula)

MF FF
(n = 48) (n = 66)
Week4 | Week8 Week4 | Week8

How satisfied are you overall with the study formula?

Satisfied 44 (92 %) 46 (96 %) 62 (94 %) 65 (98 %)

Neutral 4 (8 %) 1(2 %) 4 (6 %) 0(0 %)

Dissatisfied 0(0 %) 0(0 %) 0(0 %) 0(0 %)

Missing 0(0 %) 1(2 %) 0(0 %) 1(2 %)
Would you continue to provide the study formula to your child?

Yes 47 (98 %) 45 (94 %) 66 (100 %) 63 (95 %)

No 1(2 %) 2 (4 %) 0(0 %) 2 (3 %)

Missing 0(0 %) 1(2 %) 0(0 %) 1(2 %)
Did your child like what he/she consumed?

Yes 46 (96 %) 48 (100 %) 66 (100 %) 65 (98 %)

No 2 (4 %) 0(0 %) 0(0 %) 0(0 %)

Missing 0(0 %) 0(0 %) 0(0 %) 1(2 %)

MF: mixed fed; FF: formula fed (exclusively).

21 in the MF group, and 19 in the FF group. Three patients expe-
rienced potentially product-related AEs, including two instances
of cow’s milk intolerance, one in the FF group and one in the
MF group, and one instance of irritability in the FF group. Six
serious adverse events occurred (4 in the FF group and 2 in
the MF group), all of which were bronchiolitis, and all were
considered unrelated to the study feeding. The incidence of AEs
was low overall and was not significantly different in the three
feeding groups.

DISCUSSION

This is the first RWE in infants fed a formula supplemented with
the HMOs 2’FL and LNnT, and containing L. reuteri, in which a
breastfed and a mixed-fed group are included. The results demon-
strate that formula-fed infants, either exclusively or mixed fed,
receiving the HMO-supplemented formula had age-appropriate
growth in line with the WHO standards, and that growth was also
comparable to that seen in previous studies with west and south
European infant populations (35). The formula was well tolerated,
as indicated by low IGSQ scores, and Gl tolerance in the formu-
la-fed infants was comparable to that in breastfed infants. There
was also a low incidence of adverse events in all groups, and
despite of the season of the year (fall-winter), cases of bronchi-
olitis were lower than expected from the literature (36). Finally,
parents provided high satisfaction ratings for the HMO-supple-
mented formula.

The results of this RWE study are similar to those from previous
RCTs that have also examined term infant formulas supplemented
with HMOs. One RCT was a multicenter, double-blind trial that
enrolled 175 healthy term infants in Italy and Belgium at less than
14 days of age, who were fed a study formula for 6 months (23).
The HMO-supplemented formula demonstrated age-appropriate
growth as well as good tolerance as measured by parents. Another
RCT included 189 term infants in the US who were randomized
to 1 of 3 different formula groups (27). Infants were exclusively
formula fed until 4 months of age. All formulas were considered
well tolerated based on parental reports, and no significant dif-
ferences were observed for growth between groups. Notably,
neither of those trials utilized a validated tool to assess tolerance,
and thus tolerance outcomes cannot be easily compared across
studies. A recent RCT used the same validated IGSQ tool as in the
current study to assess tolerance (28). The HMO-supplemented
formula was well tolerated as evidenced by similar IGSQ scores
between the groups with and without the addition of 2’FL. The
agreements between the previous RCTs and the current study in
a real-world setting, however, are reassuring that growth, safety
and tolerance of the HMO-supplemented formula are consistent
and robust across study designs.

This study included several strengths. First, Gl burden was
measured using a validated instrument, the 13-item 1GSQ based
on five separate domains of feeding tolerance. The use of a vali-
dated instrument provides information that is interpretable by and
meaningful to practicing clinicians. Second, this was a RWE study,
a design distinct from an RCT, simpler, less restrictive, and in line
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with current clinical practices, enhancing the generalizability of the
results and providing additional useful information. The published
prevalence of infants who are mixed fed, in Spain (30) and in the
US (31) indicate that at age 1 month, 30 % of infants receive
mixed feedings, similarly as in this study. Thus, the demonstration
of appropriate growth and good tolerance effects in the mixed
feeding group of infants in this study provides important evidence
not found in the RCTs conducted to date.

Some limitations of the study should also be noted. An open-la-
beled, non-randomized design increases the risk for bias, in par-
ticular for response bias (also for validated questionnaires), and
higher attrition rates and missing data. In a study with specifically
defined feeding regimens such as ours, randomization is however
not possible. The main aim of randomization is to have study
groups with equal characteristics. We therefore compared the
baseline characteristics in our three groups and there were no
substantial differences except for age, which was lower in the FF
as compared to the MF and BF groups. As we corrected all our
statistical models with baseline age, we therefore assume that
our outcomes are not significantly affected by the slight difference
in baseline age between the groups, and hence also not by the
non-randomized nature of our trial. The study formula was sup-
plemented with just a single level of 2'FL and LNNT, and thus this
study cannot assess whether the observed growth and tolerance
effects might differ over a wider range of levels of these HMOs.
Additionally, this study, while multi-center, took place within a
single country (Spain) and its results may not be generalizable
outside of western countries.

In conclusion, this is the first RWE study to examine the effec-
tiveness of supplementing infant formula with HMOs. The results
obtained were similar to those found in more tightly controlled RCT
settings, indicating robust effects for growth, safety, and tolerance
in association with HMO-supplemented infant formulas.
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ABSTRACT

Background: Oligosaccharides are the third most abundant compo-
nent in human milk. They are a potential protective agent against
neonatal sepsis.

Objectives: We aimed to explore the association between human
milk oligosaccharides (HMOs) and late-onset sepsis in very-
low-birth-weight infants, and to describe the composition and
characteristics of HMOs in Peruvian mothers of these infants.
Methods: This is a secondary data analysis of a randomized
clinical trial. We conducted a retrospective cohort study of mothers
and their very-low-birth-weight (<1500 g) infants with >1 milk
sample and follow-up data for >30 d. HMOs were measured by
high performance liquid chromatography (HPLC). We used factor
analysis and the Mantel-Cox test to explore the association between
HMOs and late-onset neonatal sepsis.

Results: We included 153 mother—infant pairs and 208 milk
samples. Overall, the frequency of the secretor phenotype was
93%. Secretors and nonsecretors were defined by the presence
and near-absence of «1-2-fucosylated HMOs, respectively. The
most abundant oligosaccharides were 2’-fucosyllactose, lacto-N-
fucopentaose (LNFP) I, and difucosyllacto-N-tetraose in secretors
and lacto-N-tetraose and LNFP II in nonsecretors. Secretors had
higher amounts of total oligosaccharides than nonsecretors (11.45
g/L; IQR: 0.773 g/L compared with 8.04 g/L; IQR: 0.449 g/L).
Mature milk samples were more diverse in terms of HMOs than
colostrum (Simpson’s Reciprocal Diversity Index). We found an
association of factor 3 in colostrum with a reduced risk of late-
onset sepsis (HR: 0.63; 95% CI: 0.41, 0.97). Fucosyl-disialyllacto-
N-hexose (FDSLNH) was the only oligosaccharide correlated to
factor 3.

Conclusions: These findings suggest that concentrations of different
HMOs vary from one individual to another according to their
lactation period and secretor status. We also found that FDSLNH
might protect infants with very low birth weight from late-onset
neonatal sepsis. Confirming this association could prove 1 more
mechanism by which human milk protects infants against infections
and open the door to clinical applications of HMOs. This trial was
registered at clinicaltrials.gov as NCT01525316.  Am J Clin Nutr
2020;112:106-112.

Keywords: human milk oligosaccharides, breast milk, neonatal sep-
sis, very-low-birth-weight infants, intensive care unit, breastfeeding

Introduction

Neonatal sepsis is a major global health problem that
contributes significantly to infant morbidity and mortality.
Late-onset sepsis, occurring after the first 72 h of life, is
associated with nosocomial and community-acquired infections
(1). Human milk has proven protective against neonatal sepsis
and other infections, especially in preterm and very-low-birth-
weight infants (2). Multiple components of human milk seem to
be responsible for this protection, including immunoglobulins,
cytokines, lactoferrin, and human milk oligosaccharides (HMOs)
(3,4).

HMOs are the third most abundant component of breast
milk (ranging between 5 and 15 g/L in mature milk) and
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contribute to the many benefits of breastfeeding. Their most
significant biological effects are 7) prebiotics, shaping the gut
microbiome by serving as metabolic substrates for selected
enteric microbes like Bifidobacterium and Lactobacillus (5, 6);
2) antiadhesives, blocking the adhesion of many bacterial, viral,
or protozoan parasite pathogens or their toxins to epithelial
cells based on structural homology between the milk glycan
and the glycan on host cell surfaces—some of them include
sepsis-related pathogens such as Streptococcus pneumoniae and
Listeria monocytogenes (7) and enteric pathogens like rotavirus,
norovirus, Campylobacter jejuni, enteropathogenic Escherichia
coli, Entamoeba histolytica, and Clostridium perfringens (8, 9);
3) antimicrobials, by directly affecting proliferation of bacterial
and fungal pathogens—HMOs also have a bacteriostatic effect on
Group B Streptococcus and show a dose-dependent mitigation
of Candida albicans invasion of human premature intestinal
epithelial cells (4, 10); and 4) intracellular and extracellular
immune modulators, because they alter host responses such
as gene expressions that lead to changes in the cell surface,
suppress apoptotic pathways, and reduce the expression of
proinflammatory cytokines in macrophages (4, 11).

Previous studies have shown that composition of HMOs varies
geographically (12). Moreover, there are different compositions
even within similar demographic groups or within the same
mother across the lactation period (13). Differences in the
expression of the enzyme o 1-2-fucosyltransferase (FUT2) seem
to be accountable for part of this variation. Mothers with activity
of this enzyme are known as secretors (14).

The aforementioned biological functions and their interaction
with neonatal sepsis—related pathogens (7, 8) suggest that there
may be an association between HMOs and late-onset neonatal
sepsis. However, to the best of our knowledge, there are no studies
evaluating HMOs’ impact on severe clinical outcomes, especially
in high-risk populations such as very-low-birth-weight infants.

Therefore, this study aims to explore the association between
HMOs and the risk of developing late-onset sepsis (probable
or confirmed) in very-low-birth-weight infants and describe the
composition and characteristics of HMOs in Peruvian mothers of
very-low-birth-weight infants.

Methods

The present study is designed as an observational retrospective
cohort and is a secondary data analysis of a randomized placebo-
controlled trial. The NEOLACTO study (NCT01525316), the
parent trial, evaluated bovine lactoferrin supplementation for
prevention of late-onset neonatal sepsis in infants <2000 g at
birth.

The NEOLACTO study enrolled infants from May 2012
to September 2014 in the neonatal units of 3 tertiary care
hospitals in Lima, Peru. As part of the clinical trial, milk samples
(2-3 mL) were collected during the morning (no specific time)
before feed or milk extraction in the first 7 d of life (colostrum)
and at 1 mo = 7 d (mature milk). Neonates were randomly
assigned to receive either lactoferrin or placebo for 8 wk
(200 mg - kg=! - d~!). Infants were followed up daily, looking
for local and systemic infections. All systemic episodes were
analyzed to determine if they corresponded to possible, probable,
or confirmed sepsis based on Haque criteria (1). Their milk

consumption (breast milk doses in volume) was recorded daily
during their hospitalization period.

The parent trial included newborns with birth weights <2000
g who were transferred in their first 72 h of life to the neonatal
intermediate or intensive care units of any of the 3 participating
hospitals, and excluded those with underlying gastrointestinal
problems that prevented oral intake, those with existing condi-
tions that profoundly affected growth and development, those
with a family history of cow milk allergy, and those who lived
outside Lima.

The present study included those very-low-birth-weight in-
fants (<1500 g) who had participated in the NEOLACTO study,
had >1 milk samples with a minimum volume of 50 uL
(sufficient to measure HMO concentrations), and had completed
>30 d of follow-up to account for sepsis within the neonatal
period. Because the clinical trial did not prove any significant
difference between the intervention and placebo groups (15),
the consumption of bovine lactoferrin was less likely to be
a confounding factor. Therefore, participants of the parent
trial were eligible for inclusion regardless of their lactoferrin
consumption.

HMO composition was measured by high-performance liquid
chromatography with fluorescence detection (HPLC-FL) using
raffinose as an internal standard (16). This technique allows
for the identification and absolute quantification of 19 different
oligosaccharides listed in Supplemental Table 1. Secretor
phenotype was defined based on the presence or near absence of
the o1-2-fucosylated oligosaccharides 2’-fucosyllactose (2°FL)
and lacto-N-fucopentaose (LNFP) I (17). HMO concentrations
were examined in micrograms per milliliter (ug/mL) using
medians, quartiles, and IQRs to describe their characteristics
and composition. To assess differences in distributions between
colostrum and mature milk, we analyzed gross differences in
medians and quartiles using paired data of children who had both
samples. Simpson’s Reciprocal Diversity Index D was calculated
as the reciprocal sum of the square of the relative abundance
of each HMO to measure the HMO diversity in every milk
sample.

A possible association of HMOs with serious infections was
investigated by analyzing 2 outcomes: late-onset neonatal sepsis
(probable or confirmed sepsis that occurred between the first 3
and 30 d of life); and a composite outcome consisting of late-
onset neonatal sepsis, stage 2 or 3 necrotizing enterocolitis, and
death by sepsis. The 19 HMOs were summarized through factor
analysis to reduce the number of comparisons and, therefore,
the chance of obtaining a false positive association. Factor
analysis works by generating factors that represent the common
variance of the observed variables (HMOs) and their underlying
correlations, thus summarizing multiple observed variables into
underlying unobserved factors (18). Colostrum and mature milk
samples were analyzed separately. For this analysis, we excluded
infants who did not consume milk on any day within the first
7 d of life from the colostrum cohort and those who did not
consume milk on any day within the whole neonatal period from
the mature milk cohort. We predetermined 3 factors with an
eigenvalue >1 for each sample type. The eigenvalue represents
the total of the variance explained by each factor. We did not
rotate any of the factors. The association between the resulting
factors and the outcomes was examined through survival analysis
using the Mantel-Cox test in each sample type, yielding 12
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414 newborns enrolled in
NEOLACTO study

v

Parent trial

256 weighed <1500 g at birth

v

153 met inclusion criteria:
e Milk samples > 50 uL
e Complete 30-d follow-up

v

v

v

98 had 1 sample type:
colostrum or mature milk

55 had both sample types:
colostrum and mature milk

v

v

v

208 milk samples underwent
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v
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FIGURE 1 Flow diagram of newborns and milk samples through the study. For factor analysis, we excluded infants who did not consume breast milk on
any day within the first 7 d of life from the colostrum cohort and those who did not consume breast milk on any day within the entire neonatal period from the
mature milk cohort. HPLC-FL, high-performance liquid chromatography with fluorescence detection.

comparisons. We performed all the statistical analyses using Stata
16 software by StataCorp LLC.

The NEOLACTO trial was approved by the Institutional
Review Boards (IRBs) of the University of Texas Health Science
Center at Houston, Universidad Peruana Cayetano Heredia
(UPCH), and the 3 participating hospitals. Parents gave written
consent to participate in the study and to use the biological
samples for future studies related to protective factors of human
milk. The present study was reviewed and approved by the IRB
of the UPCH (inscription number: 101865).

Results

Among the 414 neonates enrolled in the parent trial, 256
weighed <1500 g at birth; 153 met the inclusion criteria, out
of which 55 individuals had both colostrum and mature milk
samples. We compared the HMO composition of colostrum
with that of mature milk in these 55 individuals to avoid any
potential bias introduced by different person-to-person enzymatic
profiles, including scretor status. A total of 208 milk samples
were analyzed by HPLC-FL. From these, 106 corresponded to
colostrum and 102 to mature milk (Figure 1).

Of the total participants (n = 153), 39 individuals (25%) had
extremely low birth weight (<1000 g) and 43 (28%) developed
late-onset neonatal sepsis. Most of the participants (83%) were
born by caesarean delivery; the median birth gestational age
was 29.4 £ 1.5 wk; 41 infants (27%) were born small for their
gestational age. The characteristics of the 55 infants who had both

milk samples were very similar to those of the total population of
participants (Table 1).

The samples were stratified according to their sSecretor status.
Of the mothers, 93% were identified as secretors. In samples
corresponding to secretors (n = 196 ; colostrum: 102, mature
milk: 94), the 3 most abundant HMOs were 2’FL (median:
3282 pg/mL), LNFP I (2007 pg/mL), and difucosyllacto-N-
tetraose (994 pg/mL). In samples corresponding to nonsecretors
(n = 12; colostrum: 4, mature milk: 8), the 2 most abundant
HMOs were lacto-N-tetraose (median: 1654 pg/mL) and LNFP
II (1544 pg/mL) (Supplemental Table 1). There was a significant
difference between secretors and nonsecretors in terms of the
total amount of HMOs. Their distributions were compared by
the Mann—Whitney U test (11.45 g/L; [IQR: 11.06-11.83 g/L]
compared with 8.04 g/L; [IQR: 7.80-8.25 g/L] g/L; P < 0.0001,
respectively). Medians of the total HMO concentrations were
stratified according to the sample type. In colostrum (n = 106)
the median was 11.47 g/L (IQR: 11,063-11,946 g/L), whereas in
mature milk (n = 102) the median was 11.34 g/L. IQR: 10,978—
11,732 g/L).

The variation in the HMO concentrations (ug/mL) over the
lactation period was examined in the 55 individuals who had
both colostrum and mature milk samples. The oligosaccharides
2’FL and sialyllacto-N-tetraose ¢ had higher concentrations in
colostrum (3600 compared with 2777, and 662 compared with
304, respectively), whereas lacto-N-tetraose (LNT), sialyllacto-
N-tetraose b, difucosyllacto-N-tetraose (DFLNT), and fucosyl-
disialyllacto-N-hexose (FDSLNH) had higher concentrations in
mature milk (Table 2). In addition, HMO diversity was examined
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All participants

Participants with both
colostrum and mature

Characteristics (n=153) milk samples (n = 55)
Sex
Male 81 (53) 28 (51)
Female 72 (47) 27 (49)
Birth weight, g
<1000 39 (25) 14 (25)
1000-1500 114 (75) 41 (75)
Delivery mode
Vaginal 26 (17) 7(13)
Cesarean 127 (83) 48 (87)
Adequacy of weight for gestational age
AGA 106 (69) 40 (73)
SGA 41 (27) 12 (22)
LGA 6(4) 3(5)
Gestational age, wk
>37 1(1) 1(1)
32-36 36 (23) 13 (24)
28-31 79 (52) 26 (48)
<28 37 (24) 15 (27)
Mean £ SD 294+ 1.5 294429
Secretor phenotype 143 (93) 53 (96.4)
Lactoferrin?-3 83 (54.2)
Outcomes?
Late-onset sepsis 43 (28.1)
NEC 10 (6.5)
Sepsis-associated death 8(5.2)

"Values are n (%) unless otherwise indicated. AGA, appropriate for gestational age; LGA, large for gestational
age; NEC, necrotizing enterocolitis; SGA, small for gestational age.
2Number of participants who received lactoferrin in the NEOLACTO trial (parent study). A potential, but

unlikely, confounder.

3Neither the proportion of participants who received lactoferrin nor the ones who developed the listed outcomes
are reported for the cohort with both milk sample types (n = 55) because this cohort was solely used to compare
concentrations of oligosaccharides between sample types (colostrum compared with mature milk), not for outcome

assessment.

in paired samples. The HMO diversity in mature milk was greater
than in colostrum (median: 5.44; IQR: 4.05-6.79 compared with
median: 4.25; IQR: 3.44-5.15; P = 0.0001 using the Wilcoxon
matched-pairs test).

Factor analysis was applied in a parallel manner in all samples
for both milk sample types. We predetermined 3 factors for
each sample type. Table 3 shows the results of the log-rank
test (Mantel-Cox test) for each factor. Factor 3 in colostrum
showed a statistically significant association with a reduced risk
of both late-onset neonatal sepsis (HR: 0.63; 95% CI: 0.41,
0.97; P < 0.05) and the composite outcome (HR: 0.67; 95% CI:
0.46, 0.96; P < 0.05). Moreover, Factor 3 in colostrum showed
a correlation of 0.63 with the oligosaccharide FDSLNH. The
correlations between this factor and the other oligosaccharides
were <0.3 (Supplemental Table 2). No other statistically
significant differences were observed.

Post hoc analysis revealed that FDSLNH concentrations were
lower in colostrum given to infants who had late-onset neonatal
sepsis compared with control infants without late-onset neonatal
sepsis (Figure 2). This was also observed in a Kaplan—-Meier
survival plot, where FDSLNH concentration was dichotomized
using the median as the cutoff (Figure 3).

Discussion

Previous studies have suggested that HMOs have a protective
effect against some infectious agents; however, clinical studies
to validate associations in human cohorts are often missing. To
our knowledge, this is the first longitudinal study that explores
the association between HMOs and late-onset neonatal sepsis.
Through factor analysis and the Mantel-Cox test, we found an
association of Factor 3 in colostrum with a reduced risk of late-
onset sepsis (HR: 0.63; 95% CI: 0.41, 0.97), which correlated
with the oligosaccharide FDSLNH. We further explored this
association in the post hoc analysis where we found greater
concentrations of FDSLNH in colostrum of infants who did
not develop late-onset neonatal sepsis. Little is known about
the biological effects of this HMO. In other studies, FDSLNH
measured at 1 mo has been proven to have a linear positive
association with the weight of infants at 6 mo of age (19).
Also, a longitudinal study in a Canadian population showed that
greater concentrations of FDSLNH are associated with a lower
risk of food sensitization at 1 y (20). The association between
this HMO and late-onset neonatal sepsis must be confirmed by
future studies.
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TABLE 2 HMO concentrations in individuals with paired milk samples

(ng/mL)’

HMO Colostrum (n = 55) Mature milk (n = 55)
2’ FL 3600 [2862-4339 ] 2777 [1926 -3776]
3FL 211 [156-291] 199 [121-251]
DFLac 353 [256-618] 349 [230- 524]
3’SL 342 [238-495] 329 [213-506]
6’SL 460 [295-633] 429 [309-563]
LNT 526 [353-793] 891 [661-1491]
LNnT 533 [444-631] 496 [347 -—587]
LNH 16 [10-31] 29 [10-47]
LNFP I 1947 [1358-2525] 1912 [1287-2663]
LNFP II 429 [335 - 533] 518 [389-784]
LNFP III 92 [62-118] 65 [47-94]
DFLNT 819 [367-1390] 1089 [523 -727]
FLNH 61 [30-85] 78 [38-123]
DFLNH 137 [73 - 202] 157 [9-25]
LSTb 38 [26 -55] 73 [56 - 137]
LSTc 662 [496-816] 304 [229-417]
DSLNT 302 [207-394] 337 [229-418]
DSLNH 244 [203-348] 253 [166—327]
FDSLNH 42 [31-77] 79 [54-124]
Total 11,482 [11,063-11,946] 11,424 [10,978 —11,732]

'Values are medians [IQR]. DFLac, difucosyllactose; DFLNH,
difucosyllacto-N-hexaose; DFLNT, difucosyllacto-N-tetraose; DSLNH,
disialyllacto-N-hexaose; DSLNT, disialyllacto-N-tetraose; FDSLNH,
fucosyl-disialyllacto-N-hexose; FLNH, fucosyllacto-N-hexaose; HMO,
human milk oligosaccharide; LNFP, lacto-N-fucopentaose; LNH,
lacto-N-hexaose; LNnT, lacto-N-neotetraose; LNT, lacto-N-tetraose; LSTb,
sialyllacto-N-tetraose b; LSTc, sialyllacto-N-tetraose c; 2’FL,
2’-fucosyllactose; 3FL, 3-fucosyllactose; 3’SL, 3’-sialyllactose; 6’SL,

6’-sialyllactose.

There is growing evidence that the biological effects of some

HMOs are structure specific (21). One of the most comprehensive
examples is the antimicrobial effect of o 1-2-fucosylated HMOs
over C. jejuni by specifically inhibiting its attachment to the
epithelial surface and further colonization (9). In contrast, in
order to block the attachment of E. histolytica, fucose has to be
linked by both «1-4- and «1-3-linkages, and the «-1-2-linkage
has to be removed. Some sepsis-related pathogens have also been

studied. One study conducted by Andreas et al. (10) suggested
that the oligosaccharide lacto-N-difucohexaose I could be
associated with reduced colonization by one of the most common
late-onset sepsis pathogens, Group B Streptococcus (GBS). They
also observed in vitro a bacteriostatic effect over GBS in a dose-
dependent manner (10). An animal model study conducted by
Idanpidédn-Heikkild et al. (22) reported that the administration
of lacto-N-neotetraose and some of its sialylated derivatives
can inhibit the colonization of Streptococcus pneumoniae in
the oropharynx and even serve as a therapeutic agent once
pneumonia or bacteremia have been installed. Despite the need
for confirmation of the association observed in our cohort,
our exploratory model supports future research into effects of
FDSLNH on the pathogenesis of late-onset neonatal sepsis. In
Peru, the most frequently isolated pathogens are coagulase-
negative Staphylococcus, Staphylococcus aureus, and Gram-
negative bacteria (23). Interestingly, a Finnish study found a
strong correlation between greater concentrations of FDSLNH
and bacterial counts of S. aureus in milk (24).

The frequency of the secretor phenotype in this study was 93%.
Other studies have reported that the frequency of the secretor
phenotype varies geographically, but it is more common than the
nonsecretor phenotype (7, 17, 25, 26). The secretor phenotype
is more frequent in Latin-American populations than it is in
Caucasians (12). A study of geographic variation published in
2017 by McGuire et al. (12) reported that 98% of Peruvian
mothers who lived in a peri-urban area in Lima were secretors
(n = 43), compared with 68% in Ghana and 68% in Washington,
USA. Moreover, Bode () reported that 70% of Caucasian women
carry the secretor gene.

The oligosaccharides with the highest concentrations in this
study were 2’FL, LNFP I, DFLNT, LNT, and LNFP II among
secretors and nonsecretors, similar to other studies (27). The
quantity of these oligosaccharides is also similar to those found
by other studies, even in different populations. Kunz et al. (27)
reported that LNFP I ranges between 1.2 and 1.7 g/LL and LNT
between 0.5 and 1.5 g/L in milk samples from German mothers
of term infants (28). In our cohort, LNFP I showed a median
concentration of 2 g/L in secretors, whereas LNT was present
at 0.7 g/L in secretors and 1.7 g/L in nonsecretors. In 2015,

TABLE 3 Survival analysis using the Mantel-Cox test for the factors obtained from the individual concentrations of human milk oligosaccharides in

colostrum and mature milk’

Outcomes
Late-onset sepsis Composite outcome?

Sample type Factors HR (95% CI) P HR (95% CI) P
Colostrum (n = 99)

1 1.00 (0.67, 1.49) 0.98 1.18 (0.85, 1.63) 0.31

2 1.26 (0.87, 1.80) 0.21 1.30 (0.92, 1.84) 0.14

3 0.63 (0.41,0.97) 0.04 0.67 (0.46, 0.96) 0.03
Mature milk (n = 100)

1 0.74 (0.45, 1.20) 0.22 0.71 (0.44, 1.14) 0.15

0.96 (0.65, 1.44) 0.86 0.92 (0.62, 1.36) 0.67
3 1.24 (0.83, 1.84) 0.29 1.24 (0.84, 1.82) 0.28

IProportional hazards were assumed after we tested for nonproportionality using the Schoenfeld residuals (P > 0.05). HRs were calculated using the

Mantel-Cox test. Factors 1, 2, and 3 were generated independently for colostrum and mature milk through factor analysis. They summarize the concentrations
of the 19 initial oligosaccharides. We predetermined 3 factors for each sample type with eigenvalues > 1. No rotation was applied for those factors.
2Includes late-onset neonatal sepsis, necrotizing enterocolitis, and death by sepsis.
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FIGURE 2 Concentrations of FDSLNH (pg/mL) in colostrum of
mothers of infants with and without late-onset neonatal sepsis. Data are
displayed in a box plot where the median is represented by a horizontal line
within the box and the upper and lower borders of the box correspond to
quartiles 3 and 1, respectively. FDSLNH, fucosyl-disialyllacto-N-hexose.

Alderete et al. (19) reported that in American mothers of term
neonates, the most abundant oligosaccharide was 2’FL, with a
median concentration of 2.8 g/L in the first month; the second
most abundant oligosaccharide was LNT with 1.4 g/L, followed
by LNFP IT with 1.3 g/L.

In the present study, which includes almost entirely preterm
neonates, the total amount of HMO was similar in colostrum and

mature milk, with values ~11 g/L. This quantity seems low when
compared with other studies that report 20-23 g/L in colostrum
and 12-15 g/L in mature milk of preterm infants (14, 29, 30).
Furthermore, these studies suggest a tendency toward higher
concentrations in preterm infants than in term infants.

There was a significant difference in the total amount of HMOs
between secretors and nonsecretors. This difference could be
explained given that nonsecretors lack the enzyme FUT2, and
therefore lack 2 of the most abundant HMOs: 2’FL. and LNFP
I(11).

This study had some limitations including the retrospective
design and the limited quantity of milk samples per individual.
In addition, the large number of HMOs analyzed did not allow
us to establish individual direct associations because of the
increased risk of obtaining a false positive association. To account
for this problem we used factor analysis, a useful method for
exploratory analysis. A potential limitation of this method is
that factor analysis grouped HMOs according to the greater
linear variation and not necessarily according to a metabolic
or biological relation, thus potentially missing a true individual
association.

In conclusion, these findings suggest that concentrations of
different HMOs vary from one individual to another according
to their lactation period and secretor status. We also found that
FDSLNH might protect infants with very low birth weight from
late-onset neonatal sepsis. If true, this association could prove
one more mechanism by which human milk protects infants
against infections. In addition, it would open the door to a wide
range of clinical applications of HMOs: from testing adequate
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FIGURE 3 Kaplan—-Meier survival graph of infants developing late-onset neonatal sepsis within the neonatal period (3-30 d). Having an FDSLNH
concentration in colostrum above the median was considered high FDSLNH (n = 50). Having an FDSLNH concentration in colostrum below the median
was considered low FDSLNH (n = 49). FDSLNH, fucosyl-disialyllacto-N-hexose.
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concentrations of protective agents to enhancing supplementation
of infant formulas. Therefore, we recommend a prospective study
testing FDSLNH with a larger population, broader geographic
scope, and rigorous microbiological detection of the most
frequent causal agents of late-onset neonatal sepsis.
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