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METHODS FOR ENHANCING MUCOSAL INNATE IMMUNE RESPONSES TO 
AND/OR DETECTION OF PATHOGENS USING HUMAN MILK 

OLIGOSACCHARIDES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to and any benefit of U.S. Provisional Application 

No. 61/976,791, filed April 8, 2014, the content of which is incorporated herein by reference in 

its entirety. 

FIELD OF THE DISCLOSURE 

[0002] The disclosure relates to methods for enhancing an individual's mucosal innate 

immune response to pathogens or an individual's mucosal innate immune detection of 

pathogens. Particularly, the disclosure relates to the use of nutritional compositions which 

include human milk oligosaccharides to enhance the individual's mucosal innate immune 

response to pathogens or the individual's mucosal innate immune detection of pathogens. 

BACKGROUND 

[0003] The immune system plays an important role in protecting individuals from 

pathogenic infections. Generally, the effectiveness of an immune response depends on the 

ability of the immune system to detect and respond to a pathogenic infection. The immune 

system's detection and response to pathogenic infections relies upon the expression of particular 

immune proteins. 
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SUMMARY 

[0004] Disclosed herein are methods for enhancing mucosal innate immunity in an 

individual. Such immunity is enhanced by administering nutritional compositions including 

human milk oligosaccharides (HMOs) to the individual. 

[0005] A method for enhancing an individual's mucosal innate immune response to 

pathogens is disclosed. The method includes a step of administering a nutritional composition to 

the individual. The nutritional composition includes about 0.05 to about 0.5 mg/mL 2'-

fucosyllactose (2'-FL), about 0.05 to about 0.5 mg/mL lacto-N-neotetraose (LNnT), or a 

combination of both. 

[0006] The present disclosure also provides a nutritional composition for use in 

enhancing an individual's mucosal innate immune response to pathogens wherein the nutritional 

composition comprises about 0.05 to about 0.5 mg/mL 2'-fucosyllactose (2'-FL), about 0.05 to 

about 0.5 mg/mL lacto-N-neotetraose (LNnT), or a combination of both. 

[0007] The present disclosure also provides the use of a nutritional composition for the 

manufacture of a medicament for enhancing an individual's mucosal innate immune response to 

pathogens wherein the composition comprises about 0.05 to about 0.5 mg/mL 2'-FL, about 0.05 

to about 0.5 mg/mL LNnT, or a combination of both. 

[0008] In another aspect, a method for enhancing an individual's mucosal innate immune 

detection of pathogens is disclosed. The method includes a step of administering a nutritional 

composition to the individual. The nutritional composition includes a neutral human milk 

oligosaccharide. 
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[0009] The present disclosure also provides a nutritional composition for use in 

enhancing an individuals's mucosal innate immune detection of pathogens wherein the 

nutritional composition comprises a neutral human milk oligosaccharide. 

[0010] The present disclosure also provides the use of a nutritional composition in the 

manufacture of a medicament for enhancing an individual's mucosal innate immune detection of 

pathogens wherein the composition comprises a neutral human milk oligosaccharide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 (A-D) provides graphs showing the change in RNA expression levels of 

genes encoding various mucosal innate immune receptor proteins, and the cytokine IL1B, in 

cells exposed to various treatments described in Example 1. 

[0012] FIG. 2 is a graph showing the change in the RNA expression level of the gene 

encoding the mucosal innate immune defense protein, MUC2, in cells exposed to various 

treatments described in Example 2. 

DETAILED DESCRIPTION 

[0013] The present disclosure relates to methods for enhancing mucosal innate immunity 

in an individual. More specifically, such immunity is enhanced by administering nutritional 

compositions including human milk oligosaccharides (HMOs) to the individual. 

[0014] A method for enhancing an individual's mucosal innate immune response to 

pathogens is disclosed. The method includes a step of administering a nutritional composition to 

the individual. The nutritional composition includes about 0.05 to about 0.5 mg/mL 2'-

fucosyllactose (2'-FL), about 0.05 to about 0.5 mg/mL lacto-N-neotetraose (LNnT), or a 

combination of both. 
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[0015] The present disclosure also provides a nutritional composition for use in 

enhancing an individual's mucosal innate immune response to pathogens wherein the nutritional 

composition comprises about 0.05 to about 0.5 mg/mL 2'-fucosyllactose (2'-FL), about 0.05 to 

about 0.5 mg/mL lacto-N-neotetraose (LNnT), or a combination of both. 

[0016] The present disclosure also provides the use of a nutritional composition for the 

manufacture of a medicament for enhancing an individual's mucosal innate immune response to 

pathogens wherein the composition comprises about 0.05 to about 0.5 mg/mL 2'-FL, about 0.05 

to about 0.5 mg/mL LNnT, or a combination of both. 

[0017] In another aspect, a method for enhancing an individual's mucosal innate immune 

detection of pathogens is disclosed. The method includes a step of administering a nutritional 

composition to the individual. The nutritional composition includes a neutral human milk 

oligosaccharide. 

[0018] The present disclosure also provides a nutritional composition for use in 

enhancing an individuals's mucosal innate immune detection of pathogens wherein the 

nutritional composition comprises a neutral human milk oligosaccharide. 

[0019] The present disclosure also provides the use of a nutritional composition in the 

manufacture of a medicament for enhancing an individual's mucosal innate immune detection of 

pathogens wherein the composition comprises a neutral human milk oligosaccharide. 

[0020] In the specification, references to the method also apply to the composition where 

applicable, and vice versa. 

[0021] Further areas of applicability of the present disclosure will become apparent from 

the detailed description, drawings, and claims provided hereinafter. It should be understood that 

the detailed description, including disclosed embodiments and drawings, are merely exemplary 
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in nature, are only intended for purposes of illustration, and are not intended to limit the scope of 

the invention, its application, or use. 

[0022] The term "administering," unless otherwise indicated herein, should be 

understood to include: a) providing the nutritional composition to an individual, b) the act of 

consuming the nutritional composition, and combinations thereof. 

[0023] The term "nutritional composition" as used herein, unless otherwise indicated 

herein, refers to nutritional products in various forms including, but not limited to, liquids, solids, 

powders, semi-solids, semi-liquids, nutritional supplements, and any other nutritional food 

product known in the art. It should be understood that a nutritional composition in powder form 

may be reconstituted upon addition of water or another liquid to form a liquid nutritional 

composition prior to administration to (e.g., providing to or consumption by) an individual. As 

discussed below, in certain embodiments disclosed herein, the nutritional compositions comprise 

at least one of: a protein source, a carbohydrate source, and a fat source. The nutritional 

compositions disclosed herein are generally suitable for oral consumption by a human. 

[0024] The term "individual," unless otherwise indicated herein, refers to a mammal, 

including, but not limited to, a human, a domesticated farm animal (e.g., cow, horse, pig), or a 

pet (e.g., dog, cat). In certain embodiments disclosed herein, the individual is a human. 

[0025] The term "substantially free," unless otherwise indicated herein, means that the 

nutritional composition contains less than a functional amount of the ingredient. This amount 

will vary based on the ingredient, but is typically less than about 1%, including less than about 

0.5%, including less than about 0.1%, including less than about 0.01%, including less than about 

0.001%), and also including zero percent, by weight of such ingredient. 
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[0026] The term "human milk oligosaccharide" or "HMO," as used herein, unless 

otherwise indicated herein, refers to a number of complex carbohydrates found in human breast 

milk that can be in acidic or neutral form, and to precursors thereof. Exemplary human milk 

oligosaccharides include, but are not limited to, lacto-N-neotetraose and 2'-fucosyllactose. 

Exemplary human milk oligosaccharide precursors include, but are not limited to, fucose. As a 

natural constituent of human breast milk, HMOs are largely believed to be benign in character. 

The term "human milk oligosaccharide" or "HMO" should be understood to include "neutral 

HMOs," e.g., fucosylated oligosaccharides and N-acetylated oligosaccharides. 

[0027] The nutritional compositions used in the methods disclosed herein may comprise, 

consist of, or consist essentially of the elements of the products as described herein, as well as 

any additional or optional element described herein or otherwise useful in nutritional product 

applications. For example, as used herein, the term "comprising" is intended to mean that a 

composition or method includes the recited features, but that other features are not excluded, and 

the term "consisting of' is intended to mean that a composition or method includes only the 

recited features. 

[0028] Unless otherwise indicated herein, concentrations of HMOs provided are the 

concentrations of the HMOs in the nutritional composition as administered to an individual. The 

concentration is the final concentration after dilution of a concentrated liquid or mixing of a 

powder with a liquid to form a liquid nutritional composition appropriate for administration to an 

individual. 

[0029] As previously discussed, disclosed herein are methods for enhancing mucosal 

innate immunity in an individual. In some embodiments, mucosal innate immunity enhancement 

involves enhancing one or both of the individual's mucosal innate immune response to 
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pathogens and the individual's mucosal innate immune detection of pathogens. The 

enhancement is achieved by administering a nutritional composition including one or more 

HMOs to the individual, as described in further detail herein. 

[0030] Generally, the HMOs included in the nutritional compositions used in the 

methods disclosed herein may include any of a number of HMOs known in the art. Such HMOs 

include the oligosaccharides found in human breast milk. In certain embodiments, suitable 

HMOs for use in the nutritional compositions used in the disclosed methods include any neutral 

HMO, including HMO precursors. Specific non-limiting examples of neutral HMOs and 

precursors include D-glucose (Glc); D-galactose (Gal); L-fucose (Fuc); Lacto-N-Tetraose, Lacto-

N-Neotetraose, Lacto-N-Hexaose, Para-Lacto-N-Hexaose, Lacto-N-Neohexaose, Para-Lacto-N-

Neohexaose; fucosyl oligosaccharides (i.e., Lacto-N-fucopentaose I; Lacto-N-fucopentaose II; 

2'-Fucosyllactose; 3'-Fucosyllactose; Lacto-N-fucopentaose III; Lacto-N-difucohexaose I; and 

Lactodifucotetraose). These HMOs are described more fully in U.S. Patent Application 

Publication No. 2009/0098240, which is hereby incorporated by reference herein in its entirety. 

In certain embodiments, the HMOs used in the nutritional compositions used in the disclosed 

methods include at least one of the following HMOs: lacto-N-neotetraose (LNnT), and 2'-

fucosyllactose (2'-FL). 

[0031] In certain embodiments, the nutritional compositions may include or exclude any 

HMO or combination of HMOs disclosed herein. In particular embodiments, when the 

nutritional composition includes LNnT or 2'-FL, the nutritional composition is substantially free 

of other HMOs. In other embodiments, the nutritional composition includes both LNnT and 2'-

FL. Also, in particular embodiments, the nutritional composition is substantially free of any 

HMO other than LNnT or 2'-FL. In other words, in such embodiments, the nutritional 
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composition can: (1) contain LNnT but is substantially free of all other HMOs, (2) contain 2'-

FL but is substantially free of all other HMOs, or (3) can contain LNnT and 2'-FL but is 

substantially free of all other HMOs. 

[0032] In some embodiments, the HMOs are present in the nutritional compositions in 

total amounts of HMO (i.e., all HMOs that are present) in the nutritional composition (mg of 

total HMO per mL of nutritional composition, as administered) of at least about 0.001 mg/mL, 

including at least about 0.01 mg/mL, including from about 0.001 mg/mL to about 20 mg/mL, 

including from about 0.01 mg/mL to about 20 mg/mL, including from about 0.001 mg/mL to 

about 10 mg/mL, including from about 0.01 mg/mL to about 10 mg/mL, including from about 

0.001 mg/mL to about 5 mg/mL, including from about 0.01 mg/mL to about 5 mg/mL, including 

from about 0.001 mg/mL to about 1 mg/mL, including from about 0.001 mg/mL to about 0.23 

mg/mL, including from about 0.01 mg/mL to about 0.23 mg/mL of total HMO in the nutritional 

composition. Typically, the amount of total HMO in the nutritional composition will depend on 

the specific HMO or HMOs present and the amounts of other components in the nutritional 

composition. 

[0033] In some embodiments where 2'-FL is present in the nutritional compositions, and 

the nutritional compositions are used in a method to enhance mucosal innate immune detection 

of pathogens, it is present in an amount of from about 0.001 mg/mL to about 2.5 mg/mL, 

including from about 0.01 mg/mL to about 2.5 mg/mL. In some embodiments, 2'-FL is present 

in the nutritional compositions at concentrations of less than 1 mg/mL, including less than 0.5 

mg/mL, including from about 0.05 to about 0.5 mg/mL, and including about 0.05 to about 0.25 

mg/mL. 
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[0034] In other embodiments where 2'-FL is present in the nutritional compositions, and 

the nutritional compositions are used in a method to enhance a mucosal innate immune response 

to pathogens, it is present at concentrations of less than 1 mg/mL, including less than 0.5 mg/mL, 

including from about 0.05 to about 0.5 mg/mL, and including about 0.05 to about 0.25 mg/mL. 

[0035] In some embodiments, where LNnT is present in the nutritional composition, it is 

present in an amount of from about 0.001 mg/mL to less than about 0.2 mg/mL, including from 

about 0.01 mg/mL to less than about 0.2 mg/mL, and also greater than about 0.32 mg/mL, 

including about 2 mg/mL. In some embodiments, LNnT is present in the nutritional composition 

at concentrations of less than 1 mg/mL, including less than 0.5 mg/mL, including about 0.05 to 

about 0.5 mg/mL, and including about 0.25 mg/mL to about 0.5 mg/mL. 

[0036] In some embodiments, the nutritional compositions may contain any combination 

of any of the HMOs disclosed herein. The HMOs may be present in any combination of 

individual HMO concentrations or total HMO concentrations disclosed herein. Thus, in some 

embodiments, the nutritional compositions include both LNnT and 2'-FL, each at a concentration 

of less than 1 mg/mL. In a particular embodiment, the nutritional composition includes LNnT 

and 2'-FL, each at a concentration of about 0.05 to about 0.5 mg/mL. 

[0037] In certain embodiments, the HMOs are synthetic, e.g., produced via microbial 

fermentation, enzymatic processes, chemical synthesis, or combinations thereof. 

[0038] Applicants have unexpectedly discovered that particular HMOs (e.g., LNnT and 

2'-FL) can be used to enhance mucosal innate immunity in an individual. Surprisingly, these 

HMOs can be used to enhance one or more of the individual's mucosal innate immune response 

to pathogens and the mucosal innate immune detection of pathogens. Applicants have identified 
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methods which include administering nutritional compositions containing one or more HMOs, 

including those HMOs described above, to enhance an individual's mucosal innate immunity. 

[0039] In some embodiments, an individual's mucosal innate immune response to 

pathogens is enhanced by administering a nutritional composition including one or both of LNnT 

and 2'-FL. In certain of these embodiments, where present, 2'-FL is present in a concentration 

of about 0.05 to about 0.5 mg/mL, and, where present, LNnT is present in a concentration of 

about 0.05 to about 0.5 mg/mL. 

[0040] Without being bound by theory, it is believed that the methods disclosed herein 

(i.e., administration of nutritional compositions comprising the HMOs described above) enhance 

the mucosal innate immune response to pathogens in an individual by increasing the expression 

of immune proteins. In some embodiments, the administration of the nutritional composition to 

an individual enhances the individual's mucosal innate immune response to pathogens by 

increasing the expression of: one or more mucosal innate immune receptors, one or more 

cytokines, one or more mucosal innate immune defense proteins, or combinations thereof. In 

specific embodiments, the mucosal innate immune receptors that are increased in expression are 

one or more of Toll-like receptor 3 (TLR3), Toll-like receptor 4 (TLR4), and Chemokine 

receptor 2 (CCR2). In specific embodiments, expression of the cytokine Interleukin-1 beta 

(IL1B) is increased. In a particularly specific embodiment, the mucosal innate immune defense 

protein is Mucin 2 (MUC2). Without being bound by theory, it is believed that increased 

expression of mucosal innate immune receptors and cytokines can enhance the mucosal innate 

immune response to pathogens by enhancing innate defenses and/or improving mucosal immune 

function. Increased expression of the receptors is believed to lead to increased expression of 
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mucosal innate immune defense proteins with antimicrobial activity, including MUC2, which 

leads to an enhanced antimicrobial response. 

[0041] In some embodiments, an individual's mucosal innate immune detection of 

pathogens is enhanced by administering a nutritional composition including a neutral HMO. The 

neutral HMO can be any neutral HMO, including any of the neutral HMOs listed above. In a 

particularly specific embodiment, the neutral HMO used to enhance the individual's mucosal 

innate immune detection of pathogens is 2'-FL. In those embodiments where 2'-FL is the 

neutral HMO, 2'-FL may be present in the nutritional composition in any concentration disclosed 

herein. In a specific embodiment, 2'-FL is present in the nutritional composition at a 

concentration of less than 1 mg/mL. In another particularly specific embodiment, the neutral 

HMO used to enhance the individual's mucosal innate immune detection of pathogens is LNnT. 

In those embodiments where LNnT is the neutral HMO, LNnT may be present in the nutritional 

composition in any concentration disclosed herein. In a specific embodiment, LNnT is present in 

the nutritional composition at a concentration of less than 1 mg/mL. 

[0042] Without being bound by theory, it is believed that the methods disclosed herein 

{i.e., administration of nutritional compositions comprising the HMOs described above) enhance 

mucosal innate immune detection of pathogens in an individual by increasing the expression of 

immune proteins. In some embodiments, the administration of the nutritional composition to an 

individual enhances the individual's mucosal innate immune detection by increasing the 

expression of one or more mucosal innate immune receptors and/or by increasing the expression 

of one or more cytokines. In specific embodiments, the mucosal innate immune receptors are 

one or more of TLR3, TLR4, and CCR2. In specific embodiments, the cytokine is IL1B. 

Without being bound by theory, it is believed that increased expression of these receptors and/or 
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IL1B enhances mucosal innate immune detection of pathogens by increasing the individual's 

immune surveillance for pathogens. 

[0043] In some embodiments, the methods disclosed herein involve administering a 

nutritional composition that has select combinations of HMOs. The combination of HMOs may 

be any combination of HMOs disclosed herein or otherwise known in the art, so long as the 

combination is effective at increasing mucosal innate immunity. In some embodiments, the 

methods involve administering a nutritional composition that contains one but not both of 2'-FL 

and LNnT. In other embodiments, the methods involve administering a nutritional composition 

which is substantially free of any HMO other than 2'-FL or LNnT. 

[0044] In some embodiments, the methods involve administering nutritional 

compositions which include LNnT and/or 2'-FL each at concentrations below about 0.5 mg/mL. 

In some embodiments, the methods involve administering a nutritional composition containing 

about 0.05 to about 0.25 mg/mL of 2'-FL and/or about 0.25 mg/mL to about 0.5 mg/mL of 

LNnT. 

[0045] In some embodiments, the methods disclosed herein involve administering a 

nutritional composition which includes at least one of: a protein source, a carbohydrate source, 

and a fat source. It should be understood that a protein source includes one or more than one 

source of protein, a carbohydrate source includes one or more than one source of carbohydrate, 

and a fat source includes one or more than one source of fat. As well, certain sources may 

provide more than one macronutrient (e.g., both fat and protein). 

[0046] In those embodiments where the nutritional composition includes a protein 

source, the protein source can include, but is not limited to, one or more of whey protein 

concentrates, whey protein isolates, whey protein hydrolysates, acid caseins, sodium casemates, 
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calcium casemates, potassium casemates, casein hydrolysates, milk protein concentrates, milk 

protein isolates, milk protein hydrolysates, nonfat dry milk, condensed skim milk, soy protein 

concentrates, soy protein isolates, soy protein hydrolysates, pea protein concentrates, pea protein 

isolates, pea protein hydrolysates, collagen proteins, potato proteins, rice proteins, fungal 

proteins, proteins expressed by microorganisms, and combinations thereof. 

[0047] In those embodiments where the nutritional composition includes a carbohydrate 

source, the carbohydrate source can include, but is not limited to, one or more of maltodextrin; 

hydrolyzed or modified starch or cornstarch; glucose polymers; corn syrup; corn syrup solids; 

rice-derived carbohydrates; high fructose corn syrup; honey; sugar alcohols, such as maltitol, 

erythritol, sorbitol, glycerine; sucrose; glucose; fructose; lactose; isomaltulose, sucromalt, 

pullulan, potato starch, and other slowly-digested carbohydrates; oligosaccharides such as fructo-

oligosaccharides or galactooligosaccharides; dietary fibers including, but not limited to, oat fiber, 

inulin, polydextrose, soy fiber, gum arabic, sodium carboxymethylcellulose, methylcellulose, 

guar gum, gellan gum, locust bean gum, konjac flour, hydroxypropyl methylcellulose, tragacanth 

gum, karaya gum, gum acacia, chitosan, arabinoglactins, glucomannan, xanthan gum, alginate, 

pectin, low and high methoxy pectin, cereal beta-glucans, carrageenan and psyllium, soluble 

dietary fibers such as digestion resistant maltodextrins, resistant modified food starches, other 

resistant starches; soluble and insoluble fibers derived from fruits or vegetables; and 

combinations thereof. 

[0048] In those embodiments where the nutritional composition includes a fat source, the 

fat source can include, but is not limited to, one or more of coconut oil, fractionated coconut oil, 

soy oil, corn oil, olive oil, safflower oil, high oleic safflower oil, medium chain triglyceride oil, 

high gamma linolenic safflower oil, sunflower oil, high oleic sunflower oil, palm oil, palm kernel 
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oil, palm olein, canola oil, marine oils, algal oils, cottonseed oils, interesterified oils, 

transesterified oils, monoglycerides, diglycerides, free fatty acids and combinations thereof The 

nutritional composition may also include any combination of protein, carbohydrate, and fat 

sources described herein. 

[0049] Generally, the methods disclosed herein involve administering the nutritional 

composition in any manner that allows for enhancement of a mucosal innate immune response to 

pathogens and/or enhancement of mucosal innate immune detection of pathogens. 

[0050] In some embodiments, the methods disclosed herein involve orally administering 

the nutritional composition to an individual. Oral administration, as defined herein, includes any 

form of administration in which the nutritional composition passes through the esophagus of the 

individual. For example, oral administration typically refers to oral consumption, but may also 

include nasogastric intubation, in which a tube is run from the nose to the stomach of the 

individual to administer the composition. Particularly suitable oral formulations include 

nutritional beverages, powders, bars, gels, or sachets sprinkled on food or dissolved in water. 

[0051] Generally, the nutritional compositions used in the methods disclosed herein can 

be in any form that can be effectively provided to an individual to enhance the individual's 

mucosal innate immunity. In particular embodiments, the nutritional composition is in the form 

of one or more of the following: liquid and powdered dietary supplements, liquid and powdered 

human milk fortifiers, liquid and powdered preterm infant formulas, liquid and powdered infant 

formulas, liquid and powdered elemental and semi-elemental formulas, liquid and powdered 

pediatric formulas, liquid and powdered toddler formulas, liquid and powdered follow-on 

formulas, and liquid, powdered and solid adult nutritional formulas 
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[0052] In other embodiments, the methods involve topically administering the HMO 

(e.g., 2'-FL, LNnT, or both) to an individual. Topical administration involves applying a 

composition including the HMO(s) to an area where sufficient absorption will occur (e.g., a 

mucosal surface such as the nasal cavity, lung cavity, vaginal cavity, eyes or the skin). Common 

forms of topical administration include, but are not limited to, drops, sprays, creams, ointments, 

lotions, pastes, jellies, aerosols, and bath oils. 

[0053] The nutritional compositions administered in the methods disclosed herein can 

generally be made by methods known in the art. Such methods are disclosed in various patent 

application publications and patents including U.S. Patent Publication 2012/0172307 Al, U.S. 

Patent 6,365,218, U.S. Patent 6,306,908, and U.S. Patent Publication 2003/0118703 Al, each of 

which is incorporated herein by reference for the disclosure of such methods. 

[0054] In one suitable manufacturing process, for example, at least three separate slurries 

are prepared, including a protein-in-fat (PIF) slurry, a carbohydrate-mineral (CHO-MIN) slurry, 

and a protein-in-water (PIW) slurry. The PIF slurry is formed by heating and mixing the oil (e.g., 

canola oil, corn oil, etc.) and then adding an emulsifier (e.g., lecithin), fat soluble vitamins, and a 

portion of the total protein (e.g., milk protein concentrate, etc.) with continued heat and agitation. 

The CHO-MIN slurry is formed by adding with heated agitation to water minerals (e.g., 

potassium citrate, dipotassium phosphate, sodium citrate, etc.), trace and ultra trace minerals 

(TM/UTM premix), thickening or suspending agents (e.g. avicel, gellan, carrageenan). The 

resulting CHO-MIN slurry is held for 10 minutes with continued heat and agitation before 

adding additional minerals (e.g., potassium chloride, magnesium carbonate, potassium iodide, 

etc.), and/or carbohydrates (e.g., HMOs, fructooligosaccharide, sucrose, corn syrup, etc.). The 

PIW slurry is then formed by mixing with heat and agitating the remaining protein, if any. The 
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resulting slurries are then blended together with heated agitation and the pH adjusted to 6.6-7.0, 

after which the composition is subjected to high-temperature short-time (HTST) processing 

during which the composition is heat treated, emulsified and homogenized, and then allowed to 

cool. Water soluble vitamins and ascorbic acid are added, the pH is adjusted to the desired range 

if necessary, flavors are added, and water is added to achieve the desired total solid level. The 

composition is then aseptically packaged to form an aseptically packaged nutritional emulsion. 

This emulsion can then be further diluted, heat-treated, and packaged to form a ready-to-feed or 

concentrated liquid, or it can be heat-treated and subsequently processed and packaged as a 

reconstitutable powder, e.g., spray dried, drymixed, agglomerated. 

[0055] In some embodiments, the methods disclosed herein are directed towards 

individuals with a particular disposition or susceptibility to pathogenic infections or to an 

individual who may already exhibit symptoms of infection. Such individuals can be qualified as 

being "in need of' treatment. In particular embodiments, individuals "in need of' treatment 

have one or more of an enteric infection, inflammatory bowel disease, irritable bowel syndrome, 

necrotizing enterocolitis, colitis, bowel obstruction, chronic stress, other gastrointestinal diseases, 

antibiotic therapy, radiation therapy, chemotherapy, surgery, other treatments or therapies; and 

dehydration. 

[0056] Individuals with enhanced mucosal innate immunity can be identified by any 

method known in the art. In some embodiments, the enhancement of an individual's mucosal 

innate immune response to pathogens is identified by the individual having increased expression 

of one or more of innate immune receptors, select cytokines, and innate immune defense 

proteins. The innate immune receptors are one or more of TLR3, TLR4, and CCR2. IL1B is an 

example of a select cytokine. The innate immune defense protein is preferably MUC2. 
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[0057] In some embodiments, the enhancement of an individual's mucosal innate 

immune detection of pathogens is identified by the individual having increased expression of one 

or more of innate immune receptors and select cytokines. As discussed above, the innate 

immune receptors are one or more of TLR3, TLR4, and CCR2. IL1B is an example of a select 

cytokine. 

[0058] In some embodiments, the enhancement of the individual's mucosal innate 

immune detection of pathogens, mucosal innate immune response to pathogens, or both, is 

identified by measuring changes in expression of one or more of innate immune receptors, select 

cytokines, and innate immune defense proteins in a model organism following administration of 

a nutritional composition disclosed herein to the model organism. The model organism can be 

any known model organism for measuring these properties. In some embodiments, the model 

organism is a pig, and, in particular, a piglet. 

EXAMPLES 

[0059] The following examples illustrate specific and exemplary embodiments, features, 

or both, of the methods disclosed herein. While the examples describe the use of specific HMOs 

described herein, it should be recognized that the protocols described hereinafter can be used to 

test the ability of any HMO, and nutritional compositions made therefrom, to enhance mucosal 

innate immunity in an individual. The examples are provided solely for the purpose of 

illustration and should not be construed as limitations on the present disclosure. 

EXAMPLE 1: HMOs INCREASE THE EXPRESSION OF MUCOSAL INNATE 
IMMUNE RECEPTORS AND SELECT CYTOKINES 

In this study, cells exposed to 2'-FL or LNnT. alone, exhibited increased expression of 

mucosal innate immune receptors in an in vitro exposure assay. 
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[0060] The ability of HMOs to increase expression of mucosal innate immune receptors 

and cytokines was tested by exposing LS174T human colorectal cancer cells, which are a model 

of human intestinal goblet cells, to either of the HMOs, 2'-FL or LNnT. The LS174T cells were 

obtained from the American Type Culture Collection (ATCC). LS174T cells were maintained in 

minimum essential medium supplemented with 10% Fetalplex, 1.5g/L of Na2C03, 10 ml/L 

penicillin G-streptomycin solution at 37°C in 5% CO2. Cells were plated at 0.2 x 105 

cells/ml/well in 24-well plates and allowed to attach for 24-30 hours. Solutions containing each 

HMO were prepared by resuspending lyophilized HMO in cell culture grade water to a 10%> 

solution and filter-sterilizing before diluting to the appropriate level in culture media. A solution 

free of carbohydrates (i.e., fresh medium alone, Control) was also prepared using the same 

procedure. After preparation of the HMO-containing solutions, the LS174T cell cultures were 

rinsed with IX HBSS and then incubated in 0.5 ml of fresh medium alone (Control) or 

containing 0.1 mg/mL or 1 mg/mL of 2'-FL (2FL), LNnT (LNnT), fucose (FUCOSE), or lactose 

(LAC) for 48 hours. Cells were harvested at the end of incubation with 1 ml of TRIzol to 

obtain RNA samples. 

[0061] RNA expression levels of the genes for the mucosal innate immune receptor 

proteins TLR3, TLR4, CCR2 and the cytokine IL1B were determined by quantitative reverse 

transcriptase polymerase chain reaction (qRT-PCR) of RNA samples from the cells. Fold 

change (Fold induction) in the RNA expression levels of the genes for the receptor proteins and 

the cytokine was normalized based on the change in GUSB transcript expression. Reported fold 

changes are the mean +/- 3 SEM. Treatments with statistically significant differences in fold 

expression (P<0.05) are reported with different letters above the bars. 
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[0062] As shown in FIGS. 1A-1D, cells exposed to 2'-FL at a concentration of 1 mg/mL 

exhibited a statistically significant fold change in RNA expression in each of the four genes 

relative to Control. Cells exposed to 2'-FL at a concentration of 0.1 mg/mL exhibited a 

statistically significant fold change in RNA expression of TLR3, TLR4, and CCR2 relative to 

Control. Surprisingly, these genes had a greater increase in expression in response to the 0.1 

mg/mL 2'-FL treatment than the 1 mg/mL 2'-FL treatment. Particularly surprising was the result 

that, of the HMOs tested, only 2'-FL showed an increase in expression at the lower level of 0.1 

mg/mL for more than one gene (more specifically, three genes). 

[0063] Also shown in FIGS. 1A-1D, exposure of the cells to 1 mg/mL of LNnT produced 

a significant change in expression of all four genes relative to Control. CCR2 expression was 

also significantly enhanced at an LNnT concentration of 0.1 mg/mL. 

EXAMPLE 2: HMOs INCREASE THE EXPRESSION OF MUCOSAL INNATE 
IMMUNE DEFENSE PROTEINS 

In this study, cells exposed to 2'-FL. alone, exhibited increased expression of the mucosal 

innate immune defense protein. MUC2. in an in vitro exposure assay. 

[0064] Experiments were carried out as described in Example 1, except the qRT-PCR 

assay was targeted to measure the RNA expression of the gene coding for MUC2. As shown in 

FIG. 2, cells exposed to 0.1 mg/mL of 2'-FL exhibited a significant increase in MUC2 gene 

expression. 

[0065] Unless otherwise indicated herein, all sub-embodiments and optional 

embodiments are respective sub-embodiments and optional embodiments to all embodiments 

described herein. While the present application has been illustrated by the description of 

embodiments thereof, and while the embodiments have been described in considerable detail, it 

is not the intention of the applicants to restrict or in any way limit the scope of the appended 
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claims to such detail. Additional advantages and modifications will readily appear to those 

skilled in the art. Therefore, the application, in its broader aspects, is not limited to the specific 

details, the representative compositions or formulations, and illustrative examples shown and 

described. Accordingly, departures may be made from such details without departing from the 

spirit or scope of the applicant's general disclosure herein. 

[0066] To the extent that the term "includes" or "including" is used in the specification or 

the claims, it is intended to be inclusive in a manner similar to the term "comprising" as that term 

is interpreted when employed as a transitional word in a claim. Furthermore, to the extent that 

the term "or" is employed (e.g., A or B) it is intended to mean "A or B or both." When the 

applicants intend to indicate "only A or B but not both" then the term "only A or B but not both" 

will be employed. Thus, use of the term "or" herein is the inclusive, and not the exclusive use. 

Also, to the extent that the terms "in" or "into" are used in the specification or the claims, it is 

intended to additionally mean "on" or "onto." Furthermore, to the extent the term "connect" is 

used in the specification or claims, it is intended to mean not only "directly connected to," but 

also "indirectly connected to" such as connected through another component or components. 

[0067] As used in the description of the invention and the appended claims, the singular 

forms "a," "an," and "the" are intended to include the plural forms as well, unless the context 

clearly indicates otherwise. 
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Listing of Claims 

1. A nutritional composition for use in enhancing an individual's mucosal innate immune 

response to pathogens wherein the nutritional composition comprises about 0.05 to about 0.5 

mg/mL 2'-fucosyllactose (2'-FL), about 0.05 to about 0.5 mg/mL lacto-N-neotetraose (LNnT), 

or a combination of both. 

2. The composition of claim 1, wherein enhancing the individual's mucosal innate immune 

response to pathogens comprises at least one of increased expression of innate immune receptors, 

increased expression of innate immune cytokines, and increased expression of innate immune 

defense proteins. 

3. A nutritional composition for use in enhancing an individual's mucosal innate immune 

detection of pathogens wherein the nutritional composition comprises a neutral human milk 

oligosaccharide. 

4. The composition of claim 4, wherein enhancing the individual's mucosal innate immune 

detection of pathogens comprises increased expression of one or more of innate immune 

receptors and innate immune cytokines. 

5. The composition of any one of claims 1-4, wherein the nutritional composition is 

administered orally. 

6. The composition of claim 5, wherein the nutritional composition is a nutritional beverage, 

powder, bar, gel, or a sachet sprinkled on food or dissolved in water. 

7. The composition of any one of claims 1-6, wherein the nutritional composition comprises 2'-

FL or LNnT, but not both. 

8. The composition of any one of claims 1-7, wherein the nutritional composition contains about 

0.05 to about 0.25 mg/mL of 2'-FL. 

9. The composition of any one of claims 1-8, wherein the nutritional composition contains about 

0.25 mg/mL to about 0.5 mg/mL of LNnT. 
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10. The composition of any one of claims 1-9, wherein the nutritional composition is a 

nutritional composition selected from liquid and powdered dietary supplements, liquid and 

powdered human milk fortifiers, liquid and powdered preterm infant formulas, liquid and 

powdered infant formulas, liquid and powdered elemental and semi-elemental formulas, liquid 

and powdered pediatric formulas, liquid and powdered toddler formulas, liquid and powdered 

follow-on formulas, and liquid, powdered and solid adult nutritional formulas. 

11. The composition of any one of claims 1-10, wherein the individual to whom the nutritional 

composition is administered has one or more of an enteric infection, inflammatory bowel 

disease, irritable bowel syndrome, necrotizing enterocolitis, colitis, bowel obstruction, chronic 

stress, other gastrointestinal diseases, antibiotic therapy, radiation therapy, chemotherapy, 

surgery, other treatments or therapies; and dehydration. 

12. The composition of any one of claims 3-7, wherein the neutral human milk oligosaccharide 

is 2'-FL. 

13. The composition of claim 12, wherein the concentration of 2'-FL in the nutritional 

composition is less than 1 mg/mL. 

14. The composition of any one of claims 1-13, wherein the nutritional composition is 

substantially free of any HMO other than 2'-FL or LNnT. 

15. A method for enhancing an individual's mucosal innate immune response to pathogens 

comprising administering a nutritional composition comprising about 0.05 to about 0.5 mg/mL 

2'-FL, about 0.05 to about 0.5 mg/mL LNnT, or a combination of both to an individual. 

16. The method of claim 15, wherein the enhancing of the individual's mucosal innate immune 

response to pathogens comprises at least one of increased expression of innate immune receptors, 

increased expression of innate immune cytokines, and increased expression of innate immune 

defense proteins. 

17. A method for enhancing an individual's mucosal innate immune detection of pathogens 

comprising administering a nutritional composition comprising a neutral human milk 

oligosaccharide to an individual. 
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18. The method of claim 17, wherein the enhancing the individual's mucosal innate immune 

detection of pathogens comprises increased expression of one or more of innate immune 

receptors and innate immune cytokines. 

19. The method of any one of claims 15-18, wherein the nutritional composition is administered 

orally. 

20. The method of claim 19, wherein the nutritional composition is a nutritional beverage, 

powder, bar, gel, or a sachet sprinkled on food or dissolved in water. 

21. The method of any one of claims 15-20, wherein the nutritional composition comprises 2'-

FL or LNnT, but not both. 

22. The method of any one of claims 15-21, wherein the nutritional composition contains about 

0.05 to about 0.25 mg/mL of 2'-FL. 

23. The method of any one of claims 15-22, wherein the nutritional composition contains about 

0.25 mg/mL to about 0.5 mg/mL of LNnT. 

24. The method of any one of claims 15-23, wherein the nutritional composition is a nutritional 

composition selected from liquid and powdered dietary supplements, liquid and powdered 

human milk fortifiers, liquid and powdered preterm infant formulas, liquid and powdered infant 

formulas, liquid and powdered elemental and semi-elemental formulas, liquid and powdered 

pediatric formulas, liquid and powdered toddler formulas, liquid and powdered follow-on 

formulas, and liquid, powdered and solid adult nutritional formulas. 

25. The method of any one of claims 15-24, wherein the individual to whom the nutritional 

composition is administered has one or more of an enteric infection, inflammatory bowel 

disease, irritable bowel syndrome, necrotizing enterocolitis, colitis, bowel obstruction, chronic 

stress, other gastrointestinal diseases, antibiotic therapy, radiation therapy, chemotherapy, 

surgery, other treatments or therapies; and dehydration. 

26. The method of any one of claims 17-21, wherein the neutral human milk oligosaccharide is 

2'-FL. 
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27. The method of claim 26, wherein the concentration of 2'-FL in the nutritional composition 

is less than 1 mg/mL. 

28. The method of any one of claims 15-27, wherein the nutritional composition is substantially 

free of any HMO other than 2'-FL or LNnT. 
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