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HUMAN MILK PRODUCTS USEFUL IN PRE- AND POST-OPERATIVE CARE

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to, and the benefit of U.S. Provisional
Application No. 62/273,243 filed December 30, 2015, the contents of which are
incorporated herein by reference in their entireties.

FIELD OF THE INVENTION

[0002] The present disclosure relates to human milk compositions and methods of
making and using the same. In particular, the disclosure features methods of using human
milk compositions to feed subjects before and/or after surgery or medical operations and
that are useful in promoting recovery and decreasing the length of time the subjects must
spend in the hospital. Thus, also provided herein are methods of promoting recovery of a
subject, particularly an infant, following surgery by feeding those subjects one or more of

the compositions described herein.

BACKGROUND OF THE INVENTION
[0003] Human milk is the ideal source of nutrition for premature infants, providing
benefits in host defense, gastrointestinal maturation, infection rate, neurodevelopmental
outcomes, and long-term cardiovascular and metabolic disease (Schanler, R.J., Outcomes
of human milk-fed premature infants. Semin Perinatol, 2011. 35(1): p. 29-33). An
exclusive human milk (HM)-based diet significantly decreases the rates of necrotizing
enterocolitis (NEC), sepsis, days of parenteral nutrition, and death (Sullivan, S., et al., An
exclusively human milk-based diet is associated with a lower rate of necrotizing
enterocolitis than a diet of human milk and bovine milk-based products. J Pediatr, 2010.
156(4): p. 562-567 ¢el; Cristofalo, E. A, et al., Randomized trial of exclusive human milk
versus preterm formula diets in extremely premature infants. The Journal of Pediatrics,
2013(163): p. 1592-1595; Abrams, S.A | et al., Greater Mortality and Morbidity in
Extremely Preterm Infants Fed a Diet Containing Cow Milk Protein Products.
Breastfeeding Medicine, 2014. 9(6): p. 281-285).
[0004] Medical nutrition therapy is an important consideration for patient
populations at risk of malnutrition. This is of particular importance for infants undergoing
surgery as these infants are at an increased risk for growth failure, developmental delays,
necrotizing enterocolitis, poor wound healing and late onset sepsis, with the risk

increasing with earlier gestational age and lower birth weight as well as those infants who
1
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require surgery soon after birth. Human milk is generally the food of choice for all
infants, regardless of gestational age at birth because of its nutritional composition and
immunological benefits.

[0005] Breast milk may also be the optimal nutrition for pre- and post- surgical
infants because of its ease of digestibility, nutritional composition, immunologic
components and anti-infective benefits. (See, AAP COMMITTEE ON NUTRITION,
AAP SECTION ON BREASTFEEDING, AAP COMMITTEE ON FETUS AND
NEWBORN. “Donor Human Milk for the High-Risk Infant: Preparation, Safety, and
Usage Options in the United States.” Pediatrics. 2017;139(1):e20163440) Furthermore,
infants undergoing surgery often fail to tolerate feeding regimens due to intolerance of
artificial infant formulas resulting in complete or partial supplementation with total
parenteral nutrition (TPN) for extended periods of time increasing the risk of metabolic
derangements and TPN-associated complications.

[0006] Infants in need of surgery soon after birth include infants with congenital
birth defects affecting the major organs such as the heart, such as hypoplastic left heart
syndrome and the intestine, such as gastroschisis and omphalocele as well as infants that
develop conditions requiring surgery after birth, including infants that develop necrotizing
enterocolitis (NEC).

[0007] Even when infants are able to tolerate breast milk feeding in and around the
time of surgery, unfortified human milk does not meet the nutritional needs of many of
these infants necessitating supplementation, for example with TPN. The use of TPN and
incomplete enteral breast milk feeding may result in intestinal brush border dysfunction,
dysbiosis (heavy growth of harmful bacteria in the intestine), metabolic disorders as well
as TPN-related liver disease hindering post—op recovery and impacting long term
development. This is a particular concern when the infant’s condition necessitates fluid
restriction, as is often the case with infants with congenital heart disease. Recent data has
shown that the energy content of human milk often falls below generally accepted value of
20 kcal/oz (Wojcik, K.Y ., et al., Macronutrient analysis of a nationwide sample of donor
breast milk. Journal of the American Dietetic Association, 2009. 109(1): p. 137-140;
Vieira, A A, et al., Analysis of the influence of pasteurization, freezing/thawing, and offer
processes on human milk's macronutrient concentrations. Early Human Development,
2011. 87(8): p. 577-580). As a result, the expected energy and nutrient content may not be
achievable in peri-operative infants, particularly those with congenital heart disease where

total fluid intake is restricted. Due to the increased energy and macronutrient requirements
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of this population when compared to the normal infants, the ability to provide the extra
calories is an important step toward therapeutic intervention in the nutritional management
of pre and post-surgical infants.

[0008] Thus, a nutritional solution is needed to prepare and assist infants in

recovery from surgery, particularly those who must maintain a fluid restricted diet.

SUMMARY OF THE INVENTION
[0009] The current invention provides a high energy/high fat human milk
composition that can be administered orally or enterally to increase the caloric content of
human donor milk or mother’s own milk while not substantially increasing the overall
volume or osmotic load necessary to meet the nutritional requirements of these infants.
The opportunity for an exclusive human milk diet in infants requiring surgery thereby
improves short and long term clinical outcomes including improved growth velocity and
wound healing resulting in a decreased length of hospital stay (LOS) and improved
neurodevelopment.
[0010] This disclosure features human milk compositions and methods of making
and using such compositions. In some embodiments the human milk composition is a
human milk fortifier. In some embodiments, the human milk composition comprises milk
and human milk fortifier. In some embodiments, the milk is human mother’s milk. In
other embodiments, the milk is pooled human milk. In some embodiments, the milk is a
ready-to-feed product. In other embodiments, the milk is non-human. In some
embodiments, the human milk composition comprises infant formula.
[0011] The present invention provides human milk compositions comprising from
about 19 mg/mL to about 26 mg/mL protein, from about 49 mg/mL to about 64 mg/mL
fat, and from about 81 mg/mL to about 97 mg/mL carbohydrates. In another embodiment,
the human milk composition comprises about 24 to about 26 mg/mL protein, from about
60 mg/mL to about 64 mg/mL fat, and from about 83 mg/mL to about 97 mg/mL
carbohydrates. In another embodiment, the human milk composition comprises about 19
to about 20 mg/mL protein, from about 49 mg/mL to about 51 mg/mL fat, and from about
81 mg/mL to about 89 mg/mL carbohydrates. In another embodiment, the human milk
composition comprises about 21 to about 23 mg/mL protein, from about 54 to about 57
mg/mL fat, and about 82 to about 89 mg/mL carbohydrates.
[0012] In one embodiment, the method provides administering to a subject a

human milk composition comprising from about 19 mg/mL to about 26 mg/mL protein,
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from about 49 mg/mL to about 64 mg/mL fat, and from about 81 mg/mL to about 97
mg/mL carbohydrates. In another embodiment, the method provides administering to a
subject a human milk composition comprising about 24 to about 26 mg/mL protein, from
about 60 mg/mL to about 64 mg/mL fat, and from about 83 mg/mL to about 97 mg/mL
carbohydrates. In another embodiment, the method provides administering to a subject a
human milk composition comprising about 19 to about 20 mg/mL protein, from about 49
mg/mL to about 51 mg/mL fat, and from about 81 mg/mL to about 89 mg/mL
carbohydrates. In another embodiment, the method provides administering to a subject a
human milk composition comprises about 21 to about 23 mg/mL protein, from about 54 to
about 57 mg/mL fat, and about 82 to about 89 mg/mL carbohydrates.

[0013] In one embodiment, the human milk composition provides from about 67
to about 139 kcal/kg/day. In another embodiment, the human milk composition provides
from about 80 to about 130 mL/kg/day. In another embodiment, the human milk
composition provides from about 90 to about 100 mL/kg/day.

[0014] In one embodiment, the human milk composition further comprises one or
more constituents selected from the group consisting of: calcium, chloride, copper, iron,
magnesium, manganese, phosphorus, potassium, selenium, sodium, and zinc. In another
embodiment, the human milk composition further comprises human milk
oligosaccharides.

[0015] In one embodiment, the human milk composition is administered to the
subject orally. In another embodiment, the human milk composition is administered to the
subject enterally.

[0016] In one embodiment, said subject is a human child, or infant. In a particular
embodiment, the child is from about 18 years old to about 2 years old. In other
embodiments, said subject is a child about two years old or younger. In another
embodiment, said subject is less than or equal to 7 days old. In still other embodiments,
said subject is a premature infant. In some embodiments, said subject is a human adult.
In one embodiment, the human adult is 18 years old or older.

[0017] In one aspect, the method comprises providing nutrition to a subject who is
undergoing or has undergone surgery. In a further aspect, the method comprises
administering to a subject a human milk composition comprising a fortifier composition.
In one embodiment, the human milk composition provides about 70% of the total nutrition
and the fortifier composition provides about 30% of the total nutrition. In another

embodiment, the human milk composition provides about 60% of the total nutrition and
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the fortifier composition provides about 40% of the total nutrition. In another
embodiment, the human milk composition provides about 50% of the total nutrition and
the fortifier composition provides about 50% of the total nutrition.

[0018] Human milk is defined as expressed breast milk or donor milk and its
derivatives, human milk-based fortifier and human milk caloric fortifier. Standard human
milk formulation include Prolact-RTF™, PROLACTPLUS™ PROLACT+4®,
PROLACT+6%, PROLACT+8®, and/or PROLACT+10®, which are produced from human
milk and contain various concentrations of nutritional components.

[0019] The disclosure features standardized human milk formulations or fortifiers,
which are produced from human milk. Methods of making and using such compositions
are also described herein. In some embodiments, standardized human milk formulations
are supplemented with vitamins and/or minerals. In some embodiments, the standardized
milk formulations are fed orally to subjects who are undergoing or have undergone
surgery. The methods of generating these compositions are designed to optimize the
amount of nutrients and calories in the compositions.

[0020] In some embodiments, the human milk compositions further comprise one
or more constituents selected from the group consisting of’ calcium, chloride, copper, iron,
magnesium, manganese, phosphorus, potassium, selenium, sodium, and zinc.

[0021] In one aspect, the disclosure features a human milk fortifier composition
comprising: a human protein constituent from about 35 mg/mL to about 45 mg/mL and a
human fat constituent from about 80 mg/mL to about 100 mg/mL. In one aspect, the
disclosure features a human milk fortifier composition comprising: a human protein
constituent from about 35 mg/mL to about 42 mg/mL and a human fat constituent from
about 84 mg/mL to about 95 mg/mL. In another aspect, the disclosure features a human
milk fortifier composition comprising: a human protein constituent of about 37 to about 42
mg/mL and a human fat constituent of about 86 to about 94 mg/mL. In another aspect, the
disclosure features a human milk fortifier composition comprising: a human protein
constituent of about 39.2 mg/mL and a human fat constituent of about 94.5 mg/mL. The
carbohydrate constituent can include additional lactose. In some embodiments, the
composition further comprises one or more constituents selected from the group consisting
of: calcium, chloride, copper, iron, magnesium, manganese, phosphorus, potassium,
selenium, sodium, and zinc.

[0022] In one aspect, a method for obtaining a human milk composition is

provided. In some embodiments, the method includes: (a) genetically screening human
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milk for one or more viruses; (b) optionally filtering the milk; (c) optionally heat-treating
the milk, e.g., at about 63°C or greater for about 30 minutes; (d) separating the milk into
cream and skim; (e) adding a portion of the cream to the skim; and (f) pasteurizing or
otherwise sterilizing the composition.

[0023] In some embodiments, the genetic screening in step (a) is polymerase chain
reaction and/or includes screening for one or more viruses, e.g., human immunodeficiency
virus Type 1 (HIV-1), hepatitis B virus (HBV), and/or hepatitis C virus (HCV).

[0024] In some embodiments, the milk is optionally filtered through an about 200-
micron screen in step (b).

[0025] In some embodiments, the method further includes running cream, e.g.,
about 30-70% fat in the cream, through a separator following step (d). In one embodiment,
the method further includes filtering the skim through filters after step (d), e.g., to filter the
water out of the skim. In some embodiments, after filtering the skim after step (d), the
filters used in the filtering is washed to obtain a post wash solution. In further
embodiments, the post wash solution is added to the skim.

[0026] In some embodiments, the method further includes carrying out mineral
analysis of the portion of the composition obtained after step (e). In one embodiment, the
method also includes adding to the composition obtained after step (e) one or more
minerals selected from the group consisting of calcium, chloride, copper, iron,
magnesium, manganese, phosphorus, potassium, selenium, sodium, and zinc. Adding of
the one or more minerals includes heating the composition, in some embodiments.

[0027] In a particular embodiment, the method also includes cooling the
composition after step (), carrying out biological testing of a portion of the composition
after step (), and/or carrying out nutritional testing of a portion of the composition after
step (f).

[0028] In some embodiments, the human milk of step (a) is pooled human milk.
Thus, in some embodiments, the methods provided herein are carried out with large
volumes of the starting material, e.g., human milk, e.g., pooled human milk. In some
embodiments, the volumes can be in the range of about 75 liters/lot to about 10,000
liters/lot of starting material (e.g. about 2,500 liters/lot or about 2,700 liters/lot or about
3,000 liters/lot or about 5,000 liters/lot or about 7,000 liters/lot, about 7,500 liters/lot or
about 10,000 liters/lot).
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[0029] In another aspect, the disclosure features a method for obtaining a human
milk composition. The method includes: (a) genetically screening human milk for one or
more viruses; (b) filtering the milk; (¢) adding cream; and (d) pasteurizing.

[0030] In one embodiment, the genetic screening in step (a) is a polymerase chain
reaction. In some embodiments, the genetic screening includes screening for one or more
viruses, e.g., HIV-1, HBV, and/or HCV.

[0031] In one embodiment, the milk is optionally filtered through an about 200
micron screen in step (b). In some embodiments, the method further includes ultra-
filtering the whole milk after step (b) through filters. In some embodiments, the filters
used during ultra-filtering are post washed. In some embodiments, the filters used during
ultra-filtration are post washed with permeate. In some embodiments, the filters used
during ultra-filtration are post washed with water.

[0032] In some embodiments, the composition is cooled after step (d). In some
embodiments, biological and/or nutritional testing of the composition is carried out after
step (d).

[0033] In some embodiments, the human milk of step (a) is pooled human milk.
Thus, in some embodiments, the methods featured herein are carried out with large
volumes of the starting material, e.g., human milk, e.g., pooled human milk. In some
embodiments, the volumes are in the range of about 75-10,000 liters/lot of starting
material. In a particular embodiment, the volume is about 2,000 liters/lot. In another
embodiment, the volume is about 2,500 liters/lot. In another embodiment, the volume is
about 2,700 liters/lot. In another embodiment, the volume is about 3,000 liters/lot. In
another embodiment, the volume is about 4,000 liters/lot. In still another embodiment, the
volume is about 5,000 liters/lot. In still another embodiment, the volume is about 7,000
liters/lot. In still another embodiment, the volume is about 7,500 liters/lot. In still another
embodiment, the volume is about 10,000 liters/lot.

[0034] In some embodiments, the method includes adding to the composition
obtained after step (c) one or more minerals selected from the group consisting of:
calcium, chloride, copper, iron, magnesium, manganese, phosphorus, potassium, selenium,
sodium, and zinc.

[0035] In one aspect, a method is provided for improving one or more clinical
outcomes subjects recovering from surgery. In some embodiments, the one or more
improved clinical outcomes comprise short and/or long term benefits. In certain

embodiments, the one or more improved clinical outcomes are selected from improved
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neurodevelopmental outcomes, improved growth velocity including rate of weight gain,
incremental linear growth, incremental rate of head circumference growth, reduced length
of stay in the hospital and a reduction of the days of parenteral nutrition. In some
embodiments, the one or more improved clinical outcomes is selected from reduced
incidence and/or severity of feeding intolerance, reduced incidence and/or severity of
sepsis, reduced incidence and/or severity of necrotizing enterocolitis (NEC), rediced
incidence and/or severity of wound infections, and/or wound dehiscence. Thus, in one
aspect, methods for improving the clinical outcome of subjects, particularly infants,

recovering from surgery is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Figure 1 is a flow chart showing the method of fortifier production.
[0037] Figure 2 is a flowchart of an exemplary post-op feeding protocol.
[0038] Figure 3 is a flowchart of the feeding intolerance algorithm.

[0039] Figure 4 is a flowchart of the parenteral nutrition algorithm.

[0040] Figure 5 is a chart of the weaning schedule.

DETAILED DESCRIPTION OF THE INVENTION
[0041] This disclosure features human milk compositions, e.g., a human milk
fortifier, human milk fortifier mixed with mother’s own milk and standardized ready to
feed human milk compositions, as well as methods of making and using such
compositions.
[0042] This disclosure also features standardized human milk formulations,
which are produced from human milk. Methods of making and using such compositions
are also described. These standardized human milk formulations can be used to feed
subjects who are undergoing or have undergone surgery, with or without mixing them
with other fortifiers or milk, for instance mother’s own milk. Human milk formulations
can contain various caloric contents, for example, the human milk compositions
described herein can provide from about 67 to about 139 kcal/kg/day, for example from
about 90 to about 100 kcal/kg/day.
[0043] The compositions of the present disclosure are generated from human
donor milk, e.g., pooled milk, which undergoes rigorous genetic screening, processing
(e.g., to concentrate nutrients in the fortifier compositions, and/or to reduce bioburden),

and pasteurization. The milk can be supplemented with various minerals and/or vitamins.
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Thus, the disclosure also features methods of obtaining and processing milk from human
donors.

[0044] The methods of the present disclosure can be used to process large
volumes of donor milk, e.g., about 75-7,500 liters/lot of starting material. In a particular
embodiment, the volume is about 2,000 liters/lot. In another embodiment, the volume is
about 2,500 liters/lot. In another embodiment, the volume is about 2,700 liters/lot. In
another embodiment, the volume is about 3,000 liters/lot. In another embodiment, the
volume is about 4,000 liters/lot. In still another embodiment, the volume is about 5,000
liters/lot. In still another embodiment, the volume is about 7,000 liters/lot. In still another
embodiment, the volume is about 7,500 liters/lot. In still another embodiment, the volume
is about 10,000 liters/lot.

[0045] As used herein, the term "adulterant” refers to any non-human milk found
in human milk. The addition of adulterants to human milk is referred to as
"adulteration". Examples of adulterants include milk from non-human species (e.g., cow
milk, goat milk, etc.), milk-like products from plants (e.g., soy milk) and infant formula.
[0046] As used herein, the term "contaminant" refers to the inclusion of unwanted
substances in human milk. While an adulterant is a "contaminant" generally the use of the
term "contaminant" as used herein generally refers to other substances such as drugs,
environmental pollutants and/or bacteria and viruses. The inclusion of contaminants to
human milk is referred to as "contamination." The inclusion of contaminants may be due
to any reason including but not limited to accident, negligence or intent.

[0047] As used herein, the terms “surgery” and “surgical procedure” and
“surgical operation™ and “operation” or “operative care” or “operative
procedure” are used interchangeably herein and refer to a medical procedure that
uses operative manual and instrumental techniques including any invasive (involving
cutting) or non-invasive (i.e. where the internal organs are accessed via a bodily orifice)
procedure done on the human body to investigate and/or treat a pathological condition
such as disease or injury, to help improve bodily function or appearance or to repair
unwanted ruptured areas.

[0048] As used herein, the terms "donor" and "individual" are used
interchangeably and refer to a woman who supplies or provides a volume of her milk,
regardless of whether or not she is compensated, e.g., monetarily, for the milk.

[0049] As used herein, the term “full-term” or “term infant” refers to infant born in

a range of 37 to 42 weeks gestation.
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[0050] As used herein, the terms “preterm,” “preterm infant,” “premature,” or
“premature infant” are used interchangeably and refer to infants born before 37 weeks.
[0051] As used herein, the term “enteral feeding” refers to the delivery of a
nutritionally complete feed, containing protein, carbohydrate, fat, water, minerals and
vitamins, directly into the stomach, duodenum or jejunum. Typically, in infants too
premature to feed via a bottle or otherwise in infants unable to effectively feed from a
bottle (either mechanical or functional) short-term delivery of enteral feeds is
accomplished via placement of a nasogastric (NG) or nasojejunal (NJ) tube. If oral
feedings are delayed for extended periods, more permanent feeding tubes may be placed
directly in the stomach as a gastrostomy tube or in the small intestine as a jejunostomy
tube.

[0052] As used herein, the terms "human milk", "breast milk", "donor milk", and
"mammary fluid" are used interchangeably and refer to milk from a human.

[0053] As used herein the term “child” or “children” refer to one (or more) human

subjects who are under the age of 18.

[0054] As used herein the term “infant” refers to a child who is less than 1 year
old.

[0055] As used herein the term “adult” refers to a human who is 18 years old or
older.

[0056] As used herein, the term “parenteral nutrition™ or refers to feeding a subject

intravenously, bypassing the usual process of eating and digestion. Compositions for
parenteral nutrition contain nutrients such as glucose, amino acids, vitamins and dietary
minerals. Fats are administered separately as a lipid emulsion by central or peripheral
vein. Total parenteral nutrition (TPN) may refer to a situation where a patient receives the
majority of nutrition via the parenteral route. However, the term TPN is often used in the
art as well as herein, synonymously with the nutritional solution used for parenteral
nutrition, regardless of the proportion of nutrition derived from this route. Parenteral
nutrition may be administered through peripheral vein access in a limb or with a line
placed in a large central vein.

[0057] As used herein, the term “whole milk™ refers to human milk from which no
fat has been removed.

[0058] As used herein, the term “bioburden” refers to microbiological
contaminants and pathogens (generally living) that can be present in milk, e.g., viruses,

bacteria, mold, fungus and the like.
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[0059] As used herein, the term “congenital heart defect”, or CHD, refers to a
problem with the structure of the heart. Present at birth, congenital heart defects are the
most common type of birth defect. The defects can involve the walls of the heart, the
valves of the heart, and the arteries and veins near the heart. The heart defects can disrupt
the normal flow of blood through the heart and its partitioning to the heart, body and
brain. The blood flow can slow down, go in the wrong direction or to the wrong place, or
be blocked completely.

[0060] The terms “single ventricle physiology™ or “single defect anomaly™ or
“single ventricle defect” refer to a variety of cardiac defects where only one of the heart’s
two ventricles are present or functions properly. As a result of having only one functioning
ventricle, infants with a single ventricle defect have a "Y" shaped circulation where the
blood flows from the heart to both the lungs and the body. Further, the working ventricle
may be either the left or the right ventricle. Thus, in certain circumstances, it can be
difficult to tell which pumping chamber is working properly, making single ventricle
physiology among the most complex defects of the heart.

[0061] The term “necrotizing enterocolitis” or “NEC” refers to a common and
serious intestinal disease in preterm infants. It also occurs at increased frequency in some
term infants requiring surgery, for example for serious cardiac malformations. NEC occurs
when tissue in the small or large intestine is injured or begins to die off, possibly due to
causes such as too little oxygen or blood flow to the intestine at birth, an underdeveloped
intestine, injury to the intestinal lining, heavy growth of harmful bacteria in the intestine
(dysbiosis) and formula feeding. The inability of the intestine to hold waste once injured
could lead to escape of bacteria and other waste products into the infant’s bloodstream or
abdominal cavity and possible subsequent infection.

[0062] The term “sepsis™ refers to a potentially life-threatening complication of an
infection. Sepsis happens when chemicals released into the bloodstream to fight the
infection trigger inflammatory responses throughout the body. This inflammation can
trigger a cascade of changes that can damage multiple organ systems, causing them to fail.
[0063] By “mixed human milk composition™ or “mixed composition™ or “mixed
formulation™ or any human milk product indicated as “mixed” is meant a composition
wherein a fortifier has been mixed with a separate milk formulation for use in feeding to
an infant. In some embodiments, the fortifiers described herein may be mixed with the

infant’s mother’s own milk, donor milk, a standardized ready to feed human milk
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formulation or other human or non-human milk or infant formula. A “‘mixed
composition” therefore is a ready to feed composition.

[0064] As used herein the term “ready to feed” when used to describe human milk
formulations/compositions refers to milk that is ready to be fed to an infant, that is in a
form that is suitable for feeding to an infant without further dilution concentrating or
mixing (i.e. not a fortifier). In some embodiments, the ready to feed composition is made
by mixing a fortifier with pasteurized donor breast milk, mother’s own milk, or other
standardized pasteurized breast milk formulation. In some embodiments, the ready to feed
composition is formulated directly from pooled human milk donations and is provided to
the infant in a form that is ready to feed without additional mixing. Such ready-to-feed
formulations derive directly from pooled human milk donations and are also referred to as
“standardized human milk formulations.” The formulations are “standardized” because
they contain specific (i.e. standardized) levels of constituents (i.e. fat, protein and
carbohydrates). Thus, as used herein “standardized high fat human milk formulations™ or
“high fat standardized human milk formulations™ are ready to feed formulations made
directly producing the formulation from pooled human milk donations. While “ready to
feed high fat formulations™ are made either from mixing a high fat fortifier with ready to
feed milk (mother’s own milk, donor milk, or other standardized milk formulation) or are
made directly from human milk donations.

[0065] As used herein “fortifier” means any human milk composition that is added
to another milk formulation (human or otherwise) to arrive at a ready to feed formulation.
[0066] As used herein the term “pasteurization” refers to any method used to
reduce bioburden or otherwise sterilize the human milk for human consumption. Methods
of pasteurization include, but in no way are limited to, the use of high temperatures for
short periods of time (HTST or “flash™ pasteurization), the use of ultra-high temperatures
for really short periods of time (UHT). These methods may optionally be combined with

homogenization of the milk and/or high pressure treatment of the milk.

Nutritional Requirements of Subjects Preparing for and Recovering from Surgery

[0067] Some infants require surgery soon after birth. After completion of surgery,
patients are typically transferred directly from the operating room to the neonatal intensive
care unit to be closely monitored. When the patient is judged to have recovered from the
anesthesia, he/she may also be transferred to a surgical ward or other intensive care unit

elsewhere in the hospital. During the post-operative period, the patient's general function
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and outcome of the procedure are assessed, and the surgical site is checked for bleeding,
wound dehiscence or signs of infection. The likelihood of a positive post-operative
recovery is linked to nutrition and immune health both prior to the surgery and after. In
fact, given the stress on the body and the energy needed to recover, infants that require
surgery typically need more calories than an infant without surgery procedures to maintain
their basal metabolic levels, to maintain and/or increase growth as well as to heal from the
surgery. Milk expressed by mothers of infants delivered after 37 weeks of gestation,
however, generally does not meet this increased caloric demand, as its biological function
is in the nutrition of a healthy full term infant able to tolerate full volume feeds.

[0068] Subjects described herein include human adults, children, and/or infants
that have or will undergo surgery. Infants include term and pre-term infants. While the
methods and protocols described here are done on 7 day old infants or younger term
infant, a person of skill in the art would understand that the compositions and methods
would be suitable for older children, adults, and/or preterm infants. One of skill in the art
will readily be able to adapt the disclosure herein to meet the nutritional requirements of
these older children and adults.

[0069] It is critical that the nutritional content of the daily feedings for infants
requiring or recovering from surgery meet acceptable levels of key components including
total calories and protein contained within a volume they are able to tolerate. In this
regard, the nutritional situation for infants requiring or recovering from surgery is similar
to that of preterm infants. However, the caloric content of the human milk supplied to
infants is very rarely measured but is assumed to be 20 calories/ounce. Traditional human
milk fortifiers seek to increase caloric content in part by increasing protein levels.
However, while that strategy is appropriate to preterm infants, it may not be appropriate
for term infants requiring surgery who are fluid restricted and may not need as much
protein for calories as a healthy term infant.

[0070] The human milk compositions described herein provide a solution to this
problem and may be used to supplement human milk in order to increase the caloric
content to the desired level without providing an excess of protein and without increasing
the volume to be fed to the infant, and in some instances decreasing the volume fed to the
infant. This is particularly useful when all that is needed is increased caloric intake and
not increased protein content. Similarly, provided herein are compositions that are
standardized high caloric human milk products that contain increased caloric content at

similar or decreased volumes compared to donor milk, or mother’s own milk, that may be
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used without fortification. The compositions of the current invention solve this problem by
increasing calories without over supplying protein, and therefore, provide a more cost
effective solution to the problem while also avoiding possible liver and/or kidney
dysfunction associated with excess protein consumption.

[0071] The present disclosure features human milk compositions and methods of
making and using such compositions for feeding subjects who will undergo or have
undergone surgery and who, because of their underlying condition, are fluid restricted.
The particular human milk compositions herein provide a unique balance of protein, fat
and carbohydrates such that useful calories can be delivered without the need for large
volumes of liquid. The human milk compositions can be used to reduce and eliminate the
need for TPN.

Human Milk Compositions

[0072] The human milk fortifier compositions described herein are produced from
whole human milk. The compositions featured herein contain various amounts of
nutrients, e.g., protein, carbohydrates, fat, vitamins, and minerals, as well as other milk
components. Standardized human milk formulations (including donor milk or
mom’s own milk) can be supplemented with vitamins and/or minerals if desired and
can be fed orally or enterally to subjects who are undergoing or have undergone surgery.
The methods of generating these compositions are designed to optimize the amount of
nutrients and calories in the compositions.

Human Milk Fortifier

[0073] The high energy/high fat human milk fortifier as featured herein can be
mixed with human milk or other standardized human milk formulation to produce a
fortified human milk formulation suitable for administration to an infant requiring or
recovering from surgery. The human milk fortifier as described herein is made

according to Table 1:

Table 1: Exemplary Human Milk Fortifiers

Nutrient Range (mg/mL)
Fat 86-94
Protein 37-42
Carbs 75-110
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[0074] In some aspect of the current invention, the fortifier described in Table 1
is mixed with human milk (either the infant’s mother’s own milk, donor milk or a
standardized human milk composition, for example, Prolact-RTF™), cow’s milk, or
infant formula. Preferably, however the fortifier is mixed with fully human milk (e.g.
mom’s milk, donor milk or Prolact-RTF™). In some embodiments, the human milk
fortifier described herein is mixed with human milk at a ratio of 50:50 to yield a mixture
that comprises the constituents as listed in Table 2, below. In some embodiments, the
human milk fortifier described herein is mixed with human milk at a ratio of 70:30 to
yield a mixture that comprises the constituents as listed in Table 3, below. In some
embodiments, the human milk fortifier described herein is mixed with human milk at a
ratio of 60:40 to vield a mixture that comprises the constituents as listed in Table 4,
below. In some embodiments, the human milk fortifier is mixed with cow’s milk. In
some embodiments, the human milk fortifier described herein is mixed with cow milk at
a ratio of 50:50 to yield a mixture that comprises the constituents as listed in Table 2,
below. In some embodiments, the human milk fortifier described herein is mixed with
cow milk at a ratio of 70:30 to yield a mixture that comprises the constituents as listed in
Table 3, below. In some embodiments, the human milk fortifier described herein is
mixed with human milk at a ratio of 60:40 to yield a mixture that comprises the
constituents as listed in Table 4, below. In some embodiments, the human milk fortifier
1s mixed with infant formula. In some embodiments, the human milk fortifier described
herein is mixed with infant formula at a ratio of 50:50 to yield a mixture that comprises
the constituents as listed in Table 2, below. In some embodiments, the human milk
fortifier described herein is mixed with infant formula at a ratio of 70:30 to yield a
mixture that comprises the constituents as listed in Table 3, below. In some
embodiments, the human milk fortifier described herein is mixed with human milk at a
ratio of 60:40 to yield a mixture that comprises the constituents as listed in Table 4,
below.

Standardized Human Milk Formulations

[0075] The standardized human milk formulations featured herein are used to
reduce and eliminate the need for TPN for subjects who are undergoing or have
undergone surgery. These standardized formulations include various nutritional
components for subject growth and development.

[0076] Exemplary standardized human milk compositions are found in Tables 2, 3,

and 4. These standardized human milk compositions may be made directly from donor
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milk and supplied in a ready to feed formulation or these compositions may be made by

mixing appropriate quantities of the high fat human milk fortifiers described herein with

donor milk, mother’s own milk, and other ready to feed standardized feeding formulations

of human or non-human milk including cow’s milk and infant formulas.

Table 2: Exemplary Human Milk Composition

Nutrient Range (mg/mL.)
Fat 60-64
Protein 24-26
Carbs 83-97
Table 3: Exemplary Human Milk Composition
Nutrient Range (mg/mL.)
Fat 49-51
Protein 19-20
Carbs 81-89
Table 4: Exemplary Human Milk Composition
Nutrient Range (mg/mL)
Fat 54-57
Protein 21-23
Carbs 82-89
Specific Components of the Featured Compositions
[0077] One component of the milk compositions featured herein is protein. In

the body, protein is needed for growth, synthesis of enzymes and hormones, and

replacement of protein lost from the skin, urine and feces. These metabolic processes

determine the need for both the total amount of protein in a feeding and the relative

amounts of specific amino acids. The adequacy of the amount and type of protein in a

feeding for subjects is determined by measuring growth, nitrogen absorption and

retention, plasma amino acids, certain blood analytes, and metabolic responses.
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[0078] Another constituent of the milk compositions described herein is fat.
Fat is generally a source of energy for subjects, not only because of its high caloric
density but also because of its low osmotic activity in solution.

[0079] Vitamins and minerals are important to proper nutrition and
development of subjects. A subject requires electrolytes, e.g., sodium, potassium and
chloride for growth and for acid-base balance. Sufficient intakes of these electrolytes
are also needed for replacement of losses in the urine and stool and from the skin.
Calcium, phosphorus and magnesium are needed for proper bone mineralization and
growth.

[0080] Trace minerals are associated with cell division, immune function and
growth. Consequently, sufficient amounts of trace minerals are needed for subject growth
and development. Some trace minerals that are important include, e.g., copper,
magnesium and iron (which is important, e.g., for the synthesis of hemoglobin,
myoglobin and other iron- containing enzymes). Zinc is needed, e.g., for growth, for
the activity of numerous enzymes, and for DNA, RNA and protein synthesis. Copper is
necessary for, e.g., the activity of several important enzymes. Manganese is needed, e.g.,
for the development of bone and cartilage and is important in the synthesis of
polysaccharides and glycoproteins. Accordingly, the human milk formulations and
compositions of the invention can be supplemented with vitamins and minerals as
described herein.

[0081] Vitamin A is a fat-soluble vitamin essential for, e.g., growth, cell
differentiation, vision and proper functioning of the immune system. Vitamin D is
important, e.g., for absorption of calcium and to a lesser extent, phosphorus, and for the
development of bone. Vitamin E (tocopherol) prevents peroxidation of polyunsaturated
fatty acids in the cell, thus preventing tissue damage. Folic acid plays arolein, e.g.,
amino acid and nucleotide metabolism.

[0082] As described above, the variability of human milk vitamin and mineral
concentrations often require some fortification to insure that a child is receiving adequate
amounts of vitamins and minerals. Examples of vitamins and minerals that can be
added to the human milk compositions featured herein include: vitamin A, vitamin B1,
vitamin B2, vitamin B6, vitamin B12, vitamin C, vitamin D, vitamin E, vitamin K, biotin,
folic acid, pantothenic acid, niacin, m-inositol, calcium, phosphorus, magnesium, zinc,

manganese, copper, selenium, sodium, potassium, chloride, iron and selenium. The
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compositions can also be supplemented with: chromium, molybdenum, iodine, taurine,
carnitine and choline may also require supplementation.

[0083] The osmolality of standardized human milk formulations featured herein
can affect adsorption, absorption, and digestion of the compositions. High osmolality,
e.g., above about 400 mOsm/Kg H2O, has been associated with increased rates of NEC,
a gastrointestinal disease that affects neonates (see, e.g., Srinivasan et al., Arch. Dis.
Child Fetal Neonatal Ed. 89:514-17, 2004). The osmolality of the human milk
compositions of the disclosure is typically less than about 400 mOsm/Kg H20. The

osmolality can be adjusted by methods known in the art.

Methods of Making Human Milk Compositions

[0084] The human milk compositions described herein are produced from whole
human milk. The human milk may be obtained from an infant’s own mother or from
one or more donors. In certain embodiments, the human milk is pooled to provide a pool
of human milk. For example, a pool of human milk comprises milk from two or more
(e.g., ten or more) donors. As another example, a pool of human milk comprises two or

more donations from one donor.

Obtaining Human Milk from Qualified and Selected Donors

[0085] Generally, human milk is provided by donors, and the donors are pre-
screened and approved before any milk is processed. Various techniques are used to
identify and qualify suitable donors. A potential donor must obtain a release from her
physician and her child’s pediatrician as part of the approval process. This helps to insure,
inter alia, that the donor is not chronically ill and that her child will not suffer as a result
of the donation(s). Methods and systems for qualifying and monitoring milk collection
and distribution are described, e.g., in U.S. Patents 8,545,920; 7,943,315; 9,149,052;
7,914,822 and 8,278,046, which are incorporated herein by reference in its entirety.
Donors may or may not be compensated for their donation.

[0086] Usually, donor screening includes a comprehensive lifestyle and medical
history questionnaire that includes an evaluation of prescription and non-prescription
medications, testing for drugs of abuse, and testing for certain pathogens. The donor or
her milk may be screened for, e.g., human immunodeficiency virus Type 1 (HIV-1), HIV-

2, human T-lymphotropic virus Type 1 (HTLV- 1), HTLV-II, hepatitis B virus (HBV),
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hepatitis C virus (HCV), and syphilis. These examples are not meant to be an exhaustive
list of possible pathogens to be screened for.

[0087] Donors may be periodically requalified. A donor who does not requalify or
fails qualification is deferred until such time as they do, or permanently deferred if
warranted by the results of requalification screening. In the event of the latter situation, all
remaining milk provided by that donor is removed from inventory and destroyed or used
for research purposes only.

[0088] A donor may donate at a designated facility (e.g., a milk bank office) or, in
a preferred embodiment, express milk at home. If the donor will be expressing milk at
home, she will measure the temperature in her freezer with, e.g., a supplied thermometer

to confirm that it is cold enough to store human milk in order to be approved.

Testing Donor Identity
[0089] Once the donor has been approved, donor identity matching may be
performed on donated human milk because the milk may be expressed by a donor at her
home and not collected at a milk banking facility. In a particular embodiment, each
donor’s milk can be sampled for genetic markers, e.g., DNA markers, to guarantee that the
milk is truly from the approved donor. Such subject identification techniques are known
in the art (see, e.g., US Patent 7,943,315, which is incorporated herein by reference in its
entirety). The milk may be stored (e.g., at —20°C or colder) and quarantined until the test
results are received.
[0090] For example, the methods featured herein may include a step for obtaining
a biological reference sample from a potential human breast milk donor. Such sample
may be obtained by methods known in the art such as, but not limited to, a cheek swab
sample of cells, or a drawn blood sample, milk, saliva, hair roots, or other convenient
tissue. Samples of reference donor nucleic acids (e.g., genomic DNA) can be isolated
from any convenient biological sample including, but not limited to, milk, saliva, buccal
cells, hair roots, blood, and any other suitable cell or tissue sample with intact interphase
nuclei or metaphase cells. The sample is labeled with a unique reference number. The
sample can be analyzed at or around the time of obtaining the sample for one or more
markers that can identify the potential donor. Results of the analysis can be stored, e.g.,
on a computer-readable medium. Alternatively, or in addition, the sample can be stored

and analyzed for identifying markers at a later time.
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[0091] It is contemplated that the biological reference sample may be DNA typed
by methods known in the art such as STR analysis of STR loci, HLA analysis of HLA loci
or multiple gene analysis of individual genes/alleles. The DNA-type profile of the
reference sample is recorded and stored, e.g., on a computer-readable medium.

[0092] It is further contemplated that the biological reference sample may be
tested for self-antigens using antibodies known in the art or other methods to determine a
self- antigen profile. The antigen (or another peptide) profile can be recorded and stored,
e.g., on a computer-readable medium.

[0093] A test sample of human milk is taken for identification of one or more
identity markers. The sample of the donated human milk is analyzed for the same marker
or markers as the donor’s reference sample. The marker profiles of the reference
biological sample and of the donated milk are compared. The match between the markers
(and lack of any additional unmatched markers) would indicate that the donated milk
comes from the same individual as the one who donated the reference sample. Lack of a
match (or presence of additional unmatched markers) would indicate that the donated milk
either comes from a non-tested donor or has been contaminated with fluid from a non-
tested donor.

[0094] The donated human milk sample and the donated reference biological
sample can be tested for more than one marker. For example, each sample can be tested
for multiple DNA markers and/or peptide markers. Both samples, however, need to be
tested for at least some of the same markers in order to compare the markers from each
sample.

[0095] Thus, the reference sample and the donated human milk sample may be
tested for the presence of differing identity marker profiles. If there are no identity marker
profiles other than the identity marker profile from the expected subject, it generally
indicates that there was no fluid (e.g., milk) from other humans or animals contaminating
the donated human milk. If there are signals other than the expected signal for that
subject, the results are indicative of contamination. Such contamination will result in the
milk failing the testing.

[0096] The testing of the reference sample and of the donated human milk can be
carried out at the donation facility and/or milk processing facility. The results of the
reference sample tests can be stored and compared against any future donations by the

same donor.
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Screening for Contaminants and Adulterants
[0097] The milk is also tested for pathogens. The milk is genetically screened,
e.g., by polymerase chain reaction (PCR), to identify, e.g., viruses, such as HIV-1, HBV
and HCV. A microorganism panel that screens for various bacterial species, fungus and
mold via culture may also be used to detect contaminants. For example, a microorganism
panel may test for aerobic count, Bacillius cereus, Escherichia coli, Salmonella,
Pseudomonas, coliforms, Staphylococcus aureus, yeast and mold. In particular, B. cereus
is a pathogenic bacterium that cannot be removed through pasteurization. Pathogen
screening may be performed both before and after pasteurization.
[0098] In addition to screening for pathogens, the donor milk may also be tested
for drugs of abuse (e.g., cocaine, opiates, synthetic opioids (e.g. oxycodone/oxymorphone)
methamphetamines, benzodiazepine, amphetamines, and THC) and/or adulterants such as
non-human proteins. For example, an ELISA may be used to test the milk for a non-
human protein, such as bovine proteins, to ensure, e.g., that cow milk or cow milk infant
formula has not been added to the human milk, for example to increase donation volume
when donors are compensated for donations.
[0099] Adulterants include any non-human milk fluid or filler that is added to a
human milk donation, thereby causing the donation to no longer be unadulterated, pure
human milk. Particular adulterants to be screened for include non-human milk and infant
formula. As used herein, "non-human milk" refers to animal-, plant- and synthetically-
derived milks. Examples of non-human animal milk include, but are not limited to,
buffalo milk, camel milk, cow milk, donkey milk, goat milk, horse milk, reindeer milk,
sheep milk, and yak milk. Examples of non-human plant-derived milk include, but are
not limited to, almond milk, coconut milk, hemp milk, oat milk, rice milk, and soy milk.
Examples of infant formula include, cow milk formula, soy formula, hydrolysate
formula (e.g., partially hydrolyzed formula or extensively hydrolyzed formula), and
amino acid or elemental formula. Cow milk formula may also be referred to as dairy-
based formula. In particular embodiments, the adulterants that are screened for include
cow milk, cow milk formula, goat milk, soy milk, and soy formula.
[00100] Methods known in the art may be adapted to detect non-human milk
proteins, e.g., cow milk and soy proteins, in a human milk sample. In particular,
immunoassays that utilize antibodies specific for a protein found in an adulterant that is
not found in human milk can be used to detect the presence of the protein in a human

milk sample. For example, an enzyme-linked immunosorbent assay (ELISA), such as a
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sandwich ELISA, may be used to detect the presence of an adulterant in a human milk
sample. An ELISA may be performed manually or be automated. Another common
protein detection assay is a western blot, or immunoblot. Flow cytometry is another
immunoassay technique that may be used to detect an adulterant in a human milk
sample. ELISA, western blot, and flow cytometry protocols are well known in the art
and related kits are commercially available. Another useful method to detect adulterants
in human milk is infrared spectroscopy and in particular mid-range Fourier transform
infrared spectrometry (FTIR).

[00101] The human milk may be pooled prior to screening. In one embodiment,
the human milk is pooled from more than one donation from the same individual. In
another embodiment, the human milk is pooled from two or more, three or more, four or
more, five or more, six or more, seven or more, eight or more, nine or more, or ten or
more individuals. In a particular embodiment, the human milk is pooled from ten or
more individuals. The human milk may be pooled prior to obtaining a sample by mixing
human milk from two or more individuals. Alternatively, human milk samples may be
pooled after they have been obtained, thereby keeping the remainder of each donation
separate.

[00102] The screening step will yield a positive result if the adulterant is present
in the human milk sample at about 20% or more, about 15% or more, about 10% or
more, about 5% or more, about 4% or more, about 3% or more, about 2% or more, about
1% or more, or about 0.5% or more of the total volume of the milk donation.

[00103] The screening of the donated human milk for one or more adulterants can
be carried out at the donation facility and/or milk processing facility.

[00104] Human milk that has been determined to be free of an adulterant, or was
found to be negative for the adulterant, is selected and may be stored and/or further
processed. Human milk that contains an adulterant will be discarded and the donor may
be disqualified. For example, if an adulterant is found in two or more human milk
samples from the same donor, the donor is disqualified. In another embodiment, if an
adulterant is found in one or more human milk samples from the same donor, the donor

is disqualified.

Processing Human Milk
[00105] Once the human milk has been screened, it is processed to produce a high
fat product, e.g., a human cream composition. The donation facility and milk processing

facility can be the same or different facility. Processing of milk can be carried out with
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large volumes of human milk, e.g., about 75 liters/lot to about 10,000 liters/lot of starting
material (e.g. about 2,500 liters/lot or about 2,700 liters/lot or about 3,000 liters/lot or
about 5,000 liters/lot or about 7,000 liters/lot, about 7,500 liters/lot or about 10,000
liters/lot).

[00106] Methods of obtaining compositions that include lipids from human milk to
provide nutrition to patients are described in US Patent 8,377,445 filed on May 17, 2010
(National Stage Entry of PCT/US07/86973 filed on December 10, 2007), the contents of
which are incorporated herein in their entirety.

[00107] After the human milk is carefully analyzed for both identification purposes
and to avoid contamination as described above, the milk can optionally undergo filtering,
e.g., through about a 200 micron filter, and the further optional step of heat treatment. For
example, the composition can be treated at about 63°C or greater for about 30 minutes or
more. Next, the milk is transferred to a separator, e.g., a centrifuge, to separate the cream
(i.e., the fat portion) from the skim. The skim can be transferred into a second processing
tank where it remains at about 2 to 8°C until a filtration step. Optionally, the cream
separated from the skim, can undergo separation again to remove more skim.

[00108] Following the separation of cream and skim, the skim portion undergoes
further filtration, e.g., ultrafiltration. This process concentrates the nutrients in the skim
milk by filtering out the water. The water obtained during the concentration is referred to
as the permeate. The resulting skim portion can be further processed to produce human
milk fortifiers and/or standardized human milk formulations.

[00109] Processing of human milk to obtain human milk fortifiers (e.g.,
PROLACTPLUS™ Human Milk Fortifiers, e.g., PROLACT+4®, PROLACT+6®,
PROLACT+8®, and/or PROLACT+10®, which are produced from human milk and
contain various concentrations of nutritional components) and the compositions of the
fortifiers are described in U.S. Patent 8,545,920, filed on November 29, 2007, the contents
of which are incorporated herein in their entirety. These fortifiers can be added to the
milk of a nursing mother to enhance the nutritional content of the milk for, e.g., a preterm
infant.

[00110] Methods of obtaining standardized human milk formulations (exemplified
by PROLACT20™, and/or PROLACT24™) and formulations themselves are also
discussed in U.S. Patent 8,545,920, filed on November 29, 2007, the contents of which are

incorporated herein in their entirety. These standardized human milk formulations can be
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used to feed, e.g., infants. They provide a nutritional human-derived formulation and can

substitute for mother’s milk.

Use of Human Milk Compositions

[00111] The disclosed human milk compositions are particularly useful for
providing nutrition for subjects who are undergoing or have undergone surgery in order
to provide enough calories to meet the increased nutritional requirements associated with
conditioning regimen before surgery, the complications resulting from the surgery
procedure and the demands of physical growth of subjects. The compositions of the
present invention are useful in situations where infants and/or children require enteral
feeding. Feeding TPN is often used to feed subjects who have undergone surgery.
However, due to the negative effects associated with TPN, enteral feeding is desired.
Enteral feeding can also be combined with TPN. The use of human lipids for parenteral
nutrition, a practice of intravenous feeding (e.g., total parenteral nutrition), for a patient
in need thereof is described in US Patent Nos. 8,821,878 and 8,377.445the contents of
each of which are incorporated herein in their entirety.

[00112] Compositions and methods of the present disclosure are useful in
providing nutrition to infants prior to surgery, after surgery, or before and after surgery.
[00113] Feeding guidelines prior to surgery may include providing human milk
compositions of the present invention at 2.5 ml/kg every three hours for a total of 20
ml/kg per day. If tolerating well, may advance feeds per cue with a maximum volume as
per standard practice at the center, for example feeds may be advanced by 20ml/kg per
day every 24 hours for a maximum determined by the attending physician, for example
the maximum feed may be 60 ml/kg per day.

[00114] Feeding guidelines post-surgery may include a phased approach. Phase 1
may comprise initiation of trophic feeds with human milk compositions of the present
invention when ready as per attending physician at 1 ml per kg body weigh per day with
a goal of 1 to 5 days. Phase 1 may also include the initiation of feeds at 20 ml/kg/day
with continued advancements after 24 hours by 20 to 40 ml/kg/day. Phase 2 may
comprise advancing to a goal of about 60 to about 100ml/kg/day. Feeding
advancements may occur every 6-12 hours with progress to full feeds in Phase 2. Phase
3 may begin once phase 2 has been tolerated for 24 hours. Phase 3 may comprise
advancing 10 to 20 ml/kg to a goal of about 130 to about 140 ml/kg/day. Advancement

to phase 4 may occur after tolerance in phase 3 has been observed for a minimum of 24
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hours. Stepwise fortification may occur during each phase beginning at 24 cal/oz in
phase 2, advancing to 26 calories/oz in Step 3 to 28 calories/oz in step 4and finally 30
calories/oz at the completion of Step 4. If poor weight gain is demonstrated, additional
advances of 10 to 20 ml/kg/day may be utilized and titrated to weight gain. One of skill
in the art will understand that the above represents an exemplary protocol and that the
exact timing of calorie and/or volume increases will depend on the post-surgical
situation that is encountered (e.g gastroschisis vs cardiac) or the subject being fed (e.g. a
preterm infant vs a term infant vs an older infant vs an adult).

[00115] All patents, patent applications, and references cited herein are
incorporated in their entireties by reference. Unless defined otherwise, technical and
scientific terms used herein have the same meaning as that commonly understood by one

of skill in the art.

EXAMPLES
[00116] The following examples are intended to illustrate but not limit the
disclosure.
EXAMPLE 1
STANDARDIZED HUMAN MILK AND FORTIFIER PRODUCTS
[00117] In order to provide a nutritional supplement that can add the desired amounts

of calories to mother’s own or donor milk without adding a significant amount of volume, a
human cream composition was produced that can be delivered enterally, thereby avoiding the
negative effects associated with TPN. Human milk from previously screened and approved
donors was mixed together to generate a pool of donor milk. In a clean room environment,
the pool of donor milk was further tested for specific pathogens and bovine proteins.
Specifically, PCR testing was used to screen for the presence of HIV-1, HBV, and HCV in the
milk. A microbiological panel was also performed that tests for, e.g., acrobic count, Bacillius
cereus, Escherichia coli, Salmonella, Pseudomonas, coliforms, Staphylococcus aureus, yeast
and mold.

[00118] Figure 1 is a chart showing an embodiment of generating a human milk
fortifier. The screened, pooled milk undergoes filtering, e.g., through about a 200 micron
filter (step 2), and heat treatment (step 3). For example, the composition can be treated at
about 63° C or greater for about 30 minutes or more. Depending on the methods used,
however, the initial filtering and/or heat treatment step may be omitted. In step 4, the milk
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is transferred to a separator, e.g., a centrifuge, to separate the cream from the skim. The
skim can be transferred into a second processing tank where it remains at about 2 to 8 ° C
until a filtration step (step 5).

[00119] Optionally, the cream separated from the skim in step 4, can undergo
separation again to yield more skim.

[00120] Following separation of cream and skim (step 4), a desired amount of
cream is added to the skim, and the composition undergoes further filtration (step 5), e.g.,
ultrafiltration. This process concentrates the nutrients in the skim milk by filtering out the
water. The water obtained during the concentration is referred to as the permeate. Filters
used during the ultrafiltration can be postwashed and the resulting solution added to the
skim to maximize the amount of nutrients obtained. The skim is then blended with the
cream (step 6) and samples taken for analysis. At this point during the process, the
composition generally contains: about 8.5% to 9.5% of fat; about 3.5% to about 4.3% of
protein; and about 8% to 10.5% of carbohydrates, e.g., lactose.

[00121] After the separation of cream and skim in step 4, the cream flows into a
holding tank, e.g., a stainless steel container. The cream can be analyzed for its caloric,
protein and fat content. When the nutritional content of cream is known, a portion of the
cream can be added to the skim milk that has undergone filtration, e.g., ultrafiltration,
(step 5) to achieve the caloric, protein and fat content required for the specific product
being made. Minerals can be added to the milk prior to pasteurization.

[00122] At this point, the processed composition can be frozen prior to the addition
of minerals and thawed at a later point for further processing. Any extra cream that was
not used can also be stored, e.g., frozen. Optionally, before the processed composition is
frozen, samples are taken for mineral analysis. Once the mineral content of the processed
milk is known, the composition can be thawed (if it were frozen) and a desired amount of
minerals can be added to achieve target values.

[00123] After step 6 and/or the optional freezing and/or mineral addition, the
composition undergoes pasteurization (step 7). For example, the composition can be
placed in a process tank that is connected to the high-temperature, short-time (HTST)
pasteurizer via platinum-cured silastic tubing. After pasteurization, the milk can be
collected into a second process tank and cooled. Other methods of pasteurization known in
the art can be used. For example, in vat pasteurization the milk in the tank is heated to a
minimum of 63 ° C and held at that temperature for a minimum of thirty minutes. The air

above the milk is steam heated to at least three degrees Celsius above the milk
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temperature. In one embodiment, the product temperature is about 66 ° C or greater, the air
temperature above the product is about 69 ° C or greater, and the product is pasteurized for
about 30 minutes or longer. In another embodiment, both HTST and vat pasteurization are
performed.

[00124] The resulting fortifier composition is generally processed aseptically. After
cooling to about 2 to 8 ® C, the product is filled into containers of desired volumes, and
various samples of the fortifier are taken for nutritional and bioburden analysis. The
nutritional analysis ensures proper content of the composition. A label that reflects the
nutritional analysis is generated for each container. The bioburden analysis tests for
presence of contaminants, e.g., total aerobic count, B. cereus, E. coli, Coliform,
Pseudomonas, Salmonella, Staphylococcus, yeast, and/or mold. Bioburden testing can be
genetic testing.

[00125] The product is packaged and shipped once the analysis is complete and

desired results are obtained.

EXAMPLE 2
USE OF HUMAN MILK PRODUCTS FOR INFANTS UNDERGOING SURGERY

[00126] A randomized controlled trial is undertaken to evaluate growth velocity and
clinical outcomes of infants with single ventricle physiology fed an exclusive human milk
diet with early nutritional fortification following surgical repair. While the methods and
clinical protocol described herein are done on a 7 day old or younger term infant, a person
of skill in the art would understand that the compositions and methods would be suitable
for older children, adults and pre-term infants.

[00127] In the United States, about 40,000 births per year are associated with a
congenitally malformed heart. Infants with single ventricle physiology (~15% of all CHD)
face a significant challenge in terms of growth both short and long term, particularly after
the first palliative surgery during the inter-stage (Anderson JB, Iyer SB, Schidlow DN et
al. Variation in Growth of infants with single ventricle. J Pediatrics 2012;161:16-21).
[00128] Currently, the standard of care is to feed these infants with unfortified
human milk or formula until infant is almost at full feeds. Early feeding of fortified human
milk has been shown to improve growth in a neonatal population at highest risk for growth
failure such as preterm infants, (Cristofalo EA, Schanler RJ, Blanco CL, et al
Randomized trial of exclusive human milk versus preterm diets in extremely premature

infants. J Pediatrics, doi: 10.1016/j.jpeds.2013.07.011, 2013. Hair AB, Hawthorne
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KM, Chetta KE, Abrams SA. Human milk feeding supports adequate growth in infants
<1250 grams birth weight. BMC Res Notes, 2013, 6:459. Doi: 10.1186/1756-0500-6-459.)
In addition, it has been well-demonstrated over the past few years that extremely
premature infants (<1250g birthweight) fed a 100% human milk diet demonstrate
significantly better clinical outcomes, e.g. decreased incidence of NEC and time spent on
intravenous feedings (TPN), than babies fed a diet containing any cow milk-based
components. Currently, all participating centers do not utilize an exclusive human milk
diet in term infants with a single ventricle physiology heart defect as they need increased
caloric intake via fortification utilizing cow’s milk derived products (fortifiers/formula).
While their growth patterns are similar when a standard nutritional protocol is used, a
much more aggressive protocol is possible with a 100% human milk diet resulting in
improved growth at similar nutritional volumes (Hair, 2013).

[00129] In this single blinded (physician investigator), randomized, controlled trial
we evaluate growth velocity and clinical outcomes in infants with single ventricle
physiology fed an exclusive human milk diet during their initial hospitalization after birth
and through the 30 days post-surgical repair feeding period or hospital discharge,
whichever comes first.

[00130] The study population comprises infants less than or equal to 7 days old
with single ventricle cardiac physiology whose enteral nutrition, if any, consists of an
exclusive human milk diet prior study enrollment and who require surgical palliation
within the first 1 month of life.

[00131] Subjects are randomized to one of two groups (described in more detail
below) at birth or immediately following diagnosis if prenatal care was not obtained prior
to birth. Parents who decline participation by their infants in the study are asked to
consent to data gathering on their infants who will be treated and fed per institutional
practice. The data on these individuals is summarized and evaluated descriptively in
comparison with the actual trial results. Any infant who is randomized and has undergone
cardiac repair will continue on the intervention even if exclusion criteria are later
discovered (i.e. microarray comes back positive for 22ql1 deletion). Infants are
terminated from study if is not in the best interest of the infant (i.e. chylothorax, NEC)
[00132] All patients receive exclusive maternal human milk or donor human milk
prior to randomization. Once randomized, patients in Group One receive an exclusive
human milk diet prior to the surgery and throughout the 30 day feeding period following

surgical repair or until hospital discharge, whichever comes first. Day 1 is defined as the
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day of the first enteral feed post-surgery. Patients in Group Two (Control Group) receive
maternal human milk or formula or donor human milk (per standard of care at each
hospital) in the pre-surgical period. During the post-surgical period, the control group
receives human milk or formula, as per feeding algorithm.
[00133] The primary objective is to evaluate growth velocity (weight velocity
[g/kg/day | and weight z-score from WHO growth charts) at 30 days after the initiation of
feed post-surgery for infants with single ventricle physiology who are fed an exclusive
human milk diet from birth throughout the 30 day feeding period following surgical repair
or until hospital discharge, whichever comes first. Day 1 is defined as the day of the first
enteral feed post-surgery.
[00134] The secondary objectives are to evaluate the role of an exclusive human
milk diet with regards to secondary measures of growth such as the rate of linear growth
(cm/week and z-score from WHO growth charts) and incremental rate of head
circumference growth (cm/week and z-score from WHO growth charts) over the duration
of the initial 6 months of the post-surgical period or prior to the 2" stage palliation
surgery whichever came first. Additional secondary measures include 1) Feeding
intolerance defined as nil per os (NPO) for at least 24 hours in the 30 days of post-surgery
enteral feeding period (day 1 is the first day of feeding post-op). NPO due to elective
surgeries or procedures will not be defined as feeding intolerance 2) Post-operative length
of stay in the hospital and length of stay in the intensive care/cardiac unit 3) Incidence of
key morbidities in the 30 day post-surgical period, such as:
o Confirmed sepsis (defined as clinical signs and symptoms consistent with
sepsis in association with the isolation of a causative organism from a
culture of blood. A definitive demonstration of infection must include one
or more of the following: 1) positive blood cultures (in cases of Coagulase-
negative Staphylococcus [CoNS] at least two positive cultures separated
temporally and physically are required.) 2) positive urine cultures 3)
positive CSF cultures. For the purposes of this endpoint only culture-
proven sepsis will be evaluated in the analyses. The number of cultures
taken for each patient will be recorded to collect data in regards of number
of events of “suspected sepsis™ vs “confirmed sepsis™.
o Necrotizing enterocolitis (NEC), defined as stage II or greater per Bell’s

criteria and whether surgical intervention was required
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o Wound infections defined as per CDC Surgical Site infection: Infection
that occurs within 30 days after any operative procedure and involves only
skin and subcutaneous tissue of the incision and has at least one of the
following: a) purulent drainage; b) organisms identified from an
aseptically-obtained specimen from the superficial incision or subcutaneous
tissue by a culture or non-culture based microbiologic testing methods
which is performed for purposes of clinical diagnosis or treatment (not
surveillance); ¢) superficial incision that is deliberately opened by a
surgeon/attending physician and patient has at least one of the following
signs or symptoms: pain or tenderness, localized swelling, erythema, or
heat; d) diagnosis of a superficial incisional SSI by the surgeon or attending
physician. Cellulitis, stitch abscess alone or localized pin site infection does
not qualify. Classify as deep if it involves deep soft tissues (fascia and
muscle layers).

o  Wound dehiscence that requires intervention (wound vac)

o Days of parenteral nutrition (PN) in the 30 day post-surgical period

[00135] Developmental outcome are evaluated based on Bayley III score at 18-24
months.
[00136] Data regarding cardiac anatomy and physiology risk factors, as assessed by

routine echocardiography, are periodically collected throughout the study period from
preoperative period to 18 to 24 months evaluation (ideally at pre-first surgery, at pre-2"
stage palliation surgery, within 1 week post-surgery if obtained as standard of care, and at
18-24 months). This included data regarding: congenital heart anatomic subtype,
qualitative assessment of dominant ventricular function, qualitative assessment of AV
valve regurgitation, degree of systemic outflow obstruction (aortic stenosis or coarctation)
degree of aortic insufficiency, and presence of residual pulmonary venous obstruction.
[00137] Quality objectives included length of time on human milk diet post-
discharge at the 3, 6 and 18-24 month follow up visits.

[00138] Supportive variables included time from birth to surgical repair, need for
cardiac re-operation, need for interventional cardiac catheterization, data collection of any
non-cardiac surgery and extracorporeal membrane oxygenation (ECMO), and major STS
morbidities/complications (Jacobs ML, O’Brien SM, et al. An empirically based tool for

analyzing morbidity associated with operations for congenital heart disease. ]
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Thorac. Cardiovasc. Surg. 2013; 145: 1046-1057) Major  STS
morbidities/complications as defined by local STS database managers include complete
heart block (CHB) requiring pacemaker (PM), diaphragm paralysis requiring plication,
tracheostomy at discharge, renal failure requiring dialysis, new post-operative
neurological deficit persisting at discharge, need for post-op mechanical circulatory
support, unplanned re-operation.

[00139] In addition, once a week a sample of the human milk (4 ml of breast or
donor thawed to prepare the feeding for the day before any fortification is added) being
fed are tested for macronutrient content (calories, protein, carbohydrates and fat). The
frequency of direct breastfeeding per day are recorded during the study intervention. The
length of time the patient is fed breastmilk is recorded at the follow up visits.

[00140] As a result of earlier fortification and better feeding tolerance, the infants
have improved growth and wound healing; in addition to the immunological and anti-
inflammatory benefits of an exclusive human milk diet, complications that occur post-
surgical repair are reduced. The overall length of stay in the hospital and the associated
cost of extended hospitalization are decreased. Furthermore, there is lower incidence of
confirmed sepsis and other morbidities such as NEC.

[00141] Feeding management PRE-surgery

[00142] 1. Readiness to feed is determined by the clinician team. Criteria to

consider to initiate enteral feeds in an attempt to standardize between centers include 1)

Hemodynamically stable (stable vital signs per attending physician), reasonable urine
output (>2ml/kg/hour) and good perfusion by exam 2) Minimal or no acidosis, based on
stable lactate levels or base deficit 3) Receiving no or low vasoactive support for at least
12hours, May be on milrinone and either dopamine <3mcg/kg/min or epinephrine
<0.03mcg/kg/min. OK if receiving prostaglandin (PGE 1), and OK if UAC or UVC in
place. The Wemovsky inotrope score will be calculated for information purposes

(Wernovsky et al., 1995). Not following these criteria is NOT considered a violation of

protocol.

[00143] 2. Initiate PO feeds (20ml/kg/day) if tolerating well may advance PO feeds
per cues with a maximum volume as per standard practice at the center.

[00144] 3. If not engaged in PO feeds but meets above criteria: May keep NPO OR
START TROPHIC FEEDS at (20 ml/kg/day) via OG, NG or NJ .

[00145] 4 TYPE OF FEEDING AFTER RANDOMIZATION: If infant is in Group

1 (Study group), infant will receive maternal human milk or donor human milk. If infant is
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in Group 2 infant will receive human milk (maternal or donor) or formula (Any term
formula 20 cal/oz) as per standard of care at each hospital. Research coordinator, dietitian
and dietary techs will be unblinded to group allocation. All treating clinicians to include:
attending physicians, residents, fellows, RN’s, APN’s will remain blinded to group
allocation.

[00146] Criteria for NOT feeding pre-surgery include 1) Feeding difficulties or
other intestinal disease such as dysmotility as determined by treating physicians which
may include increase in abdominal girth, emesis, paucity of bowel sounds, no stool for
>48 hours with a history of regular stooling, increased gastric residuals if NG feeding as
per standard practice at the hospital (Infants with NEC or intestinal surgical intervention
are excluded from study) and 2) Infant with history of pre-operative shock and/or multi-
organ failure (diagnosed with at least 2 of the following active diagnoses: Acute tubular
necrosis, acute liver failure with coagulopathy, intestinal bleeding). Clinician to determine
if pre-operative shock and multi-organ failure is severe enough to not feed.

[00147] Feeding management post-surgery

[00148] 1. Readiness to feed is determined by the clinician team. Criteria to

consider to initiate enteral feeds in an attempt to standardize between centers include 1)

Hemodynamically stable (stable vital signs per attending physician), reasonable urine
output (>2ml/kg/hour) and good perfusion by exam, 2) Minimal or no acidosis, based on
stable lactate levels or base deficit and 3) Receiving no or low vasoactive support for at
least 12hours, May be on milrinone and either dopamine <3mcg/kg/min or epinephrine
<0.03mcg/kg/min. OK if receiving prostaglandin (PGE 1), and OK if UAC or UVC in
place. The Wemovsky inotrope score will be calculated for information purposes

(Wernovsky et al., 1995). Not following these criteria is NOT considered a violation of

protocol.
[00149] 2 .Follow Post-surgical feeding algorithm (Figure 2) for feeding volume,

type, fortification and advancement. In brief, fortification will be initiated at 60 ml/kg/day
in the exclusive human milk group; the control group will initiate fortification as per
ordinary care at the participating institution in the post-surgical period (expected to be at
~100 ml/kg/day).

[00150] 3. Suggest following feeding intolerance algorithm for holding/advancing
feeds (Figure 3). Feeds can be held at the discretion of physician, not following algorithm

is NOT considered a deviation of protocol.
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[00151] Criteria for NOT feeding post-surgery include 1) Feeding difficulties or
other intestinal disease such as dysmotility as determined by treating physicians including
increase in abdominal girth, emesis, paucity of bowel sounds, no stool for >48 hours with
a history of regular stooling, increased gastric residuals if NG feeding as per standard
practice at the hospital (Infants with NEC or intestinal surgical intervention are excluded
from study), 2) Infant with history of pre-operative shock and/or multi-organ failure
(diagnosed with at least 2 of the following active diagnoses: Acute tubular necrosis, acute
liver failure with coagulopathy, intestinal bleeding). Clinician to determine if pre-
operative shock and multi-organ failure is severe enough to not feed and 3) Presence of
chylothorax. If developed while on study, infant will be off protocol.

[00152] Type of feeding and fortification at a certain volume is protocol driven. The
specific post-op nutritional protocol is given in one year, more than one year, more than
two years, more than three years, more than four years, more than five years, and any
duration longer than five years. In particular embodiments of any of the methods
described herein, a treatment regimen comprises a subject being provided with the halogen
compound, e.g., iodide, over a period of a lifetime. Clinicians determine enteral volume,
frequency to be given to infant per day and route (PO/NG/NJ). The order should read:
type of feeding and fortification as per protocol. Otherwise this study will not alter the
medical and/or surgical management of patients with single ventricle physiology.

[00153] In both the investigational and control groups, TPN is given in both the
pre-surgical and immediate post-surgical period as needed according to the attending
physicians (see Figure 4 for suggested TPN algorithm). The amount of TPN given each
day will be recorded in terms of volume, kcal and protein. This overall randomization
process will be performed within each of the study centers.

[00154] Randomization between the study groups will be performed using a
permuted block randomization scheme (with the block size remaining blinded to study
investigators). A predetermined randomization table will be provided to each study site by
the study statistician and this will be given to an individual at each site not responsible for
patient evaluation. Randomization will take place as soon as the infant is enrolled in the
study. Study allocation will be disclosed to research coordinator, dietitians, and dietary
techs in order to follow feeding algorithm and ensure appropriate fortification and type of
milk is provided to each patient. All treating clinicians to include: attending physicians,

residents, fellows, RN’s, APN’s will remain blinded to group allocation but the stage of
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fortification will be disclosed upon request (stage as defined in post-op feeding algorithm,
Figure 2).

[00155] Infants remain on this feeding algorithm for 30 days or until discharge,
whichever comes first. Once discharge is being anticipated, transitioning off donor human
milk and fortifier will begin and will follow the weaning table (Figure 5). Once an infant
is completely off Human Based Milk Fortifier (Prolacta Product), formula/HMF will be
added to provide a minimum of 24kcal/oz per the individual site’s practice fortification
can be adjusted as per attending physician. For the control group (study arm 1) transition
to a discharge formula will not occur as they are already receiving formula/HMF. Once
an infant is off intervention, fortification can be adjusted as per the attending physician.
[00156] Transition to discharge feeding regimen is summarized in Figure 5 and is
only needed for infants strictly on human milk arm. If anticipating discharge within 5 days
begin transition off DBM (donor breast milk) following feeding chart below. Optionally,
transition day 3 may be skipped. If EBM (expressed breast milk) is available transition to
EBM fortified to 24kcal/oz with term formula. If standard of care is to discharge on donor
human milk at that facility then it can be used. If no EBM is available transition to TERM
formula fortified to 24kcal/oz. TERM Formula to be used can be chosen per facility by
Dietitian or Cardiac team, Minimum concentration of 20 cal/oz during intervention period.

Direct breast feeding may be incorporated into feeding regimen per facility.

EXAMPLE 3
STATISTICAL ANALYSIS

[00157] Quantitative data are summarized using mean + standard deviation and/or
median + interquartile range, and qualitative data will be summarized using proportions
and percentages.

[00158] The primary endpoints of the study include weight velocity (g/kg/day) in
the 30 day enteral feeding period following surgical repair or until hospital discharge,
whichever comes first, as well as length (cm/week) and head circumference growth
(cm/week)in the first 6 months post-surgery (or prior to the 2™ palliation surgery).

[00159] The experimental and control groups will be compared using the Wilcoxon
rank-sum test in each case. The calculation of weight velocity in g/kg/day will be based on
the method proposed by Patel et al. (2009). Calculation of length and head circumference
velocity will be based on the change in the measurements from the initial reading to the

last value obtained in the relevant time period divided by the time frame in weeks.
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[00160] The incidences of any feeding intolerance, confirmed sepsis, NEC, wound
infection and wound dehiscence will be compared between the study groups using the
Fisher’s exact test. While these analyses look only at whether or not these outcomes
occurred, if there are multiple occurrences, the rates will be evaluated using the two-
sample exact test of Poisson rates (based on the algorithm found in the program StatXact
11).

[00161] The length of stay in the hospital, length of stay in the intensive
care/cardiac unit and days of parenteral nutrition in the post-surgical period will be
compared using the Wilcoxon rank-sum test. However, if there is any censoring (e.g. if the
infant is transferred or dies) in either of these variables, the data will be evaluated using
the Kaplan-Meier estimation scheme and compared with the log rank test.

[00162] Multivariate regression models (linear for quantitative variables, Cox
proportional hazards for censored data, logistic for qualitative data, and Poisson for count
data) may be used in a secondary adjusted analysis to account for pre-defined relevant
covariates (i.e. birth weight, gender, type of surgical procedure, etc.). In all analyses,
significance will be declared for any p-value less than 0.05 with no adjustment for
multiple endpoints.

[00163] For developmental outcomes, the Bayley scores at 18-24 months will be
compared using the Wilcoxon rank sum test.

[00164] For exploratory objectives, various quantitative measures obtained from the
echo cardiography are evaluated using the Wilcoxon rank-sum test and categorical
outcomes will be compared between the groups using either the Fisher’s exact test
(dichotomous data) or the chi-square test for homogeneity using an exact calculation of
the p-value (StatXact 11) for multichotomous outcomes.

[00165] For quality objectives, length of time on an exclusive human milk diet post-
discharge at the 3 and 6 month (+/- 2 weeks) and the 18-24 month follow up visits are
individually evaluated by the Wilcoxon rank-sum test. However, if the information is not
completely known at a specific time, then the log rank test will be used because of
censoring.

For supportive variables, the time from birth to surgical repair will be analyzed using the
Wilcoxon rank-sum test. The need for re-operation will be compared between the groups

using Fisher’s exact test.
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What is claimed is:

1. A human milk fortifier composition comprising about 35 to about 45 mg/ml
protein and from about 80 to about 100 mg/ml fat.

2. The composition of claim 1, wherein the human milk fortifier composition
comprises about 37 to about 42 mg/ml protein and from about 86 to about 94
mg/ml fat.

3. The composition of claim 1, wherein the human milk fortifier composition
comprises about 35 to about 42 mg/ml protein and from about 84 to about 95
mg/ml fat.

4. The composition of any of claims 1-3, wherein the human milk fortifier
composition can further comprise one or more constituents selected from the
group consisting of: calcium, chloride, copper, iron, magnesium, manganese,
phosphorus, potassium, selenium, sodium, and zinc.

5. A human milk composition comprising about 50% pooled donor milk and
50% human milk fortifier.

6. The composition of claim 5 wherein the composition comprises about 20 to
about 30 mg/ml protein, about 60 to about 70 mg/ml fat, and about 80 to about
100 mg/ml carbohydrates.

7. The composition of claim 5 wherein the composition comprises about 24 to
about 26 mg/ml protein, about 60 to about 64 mg/ml fat, and about 83 to about
97 mg/ml carbohydrates.

8. A human milk composition comprising 70% pooled donor milk and 30%
human milk fortifier.

9. The composition of claim 8 wherein the composition comprises about 10 to
about 20 mg/ml protein, about 40 to about 50 mg/ml fat, and about 80 to about
90 mg/ml carbohydrates.

10. The composition of claim 8 wherein the composition comprises about 19 to
about 20 mg/ml protein, about 49 to about 51 mg/ml fat, and about 81 to about
89 mg/ml carbohydrates.

11. A method for providing nutrition to a subject who is about to undergo or has
undergone surgery, the method comprising administering to said subject a

human milk composition according to any of claims 1-10.
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12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

A method for providing nutrition to a subject who is about to undergo or has
undergone surgery, the method comprising administering to said subject a
human milk composition according to any of claims 8-10.

A method for providing nutrition to a subject who has undergone surgery, the
method comprising administering to said subject a human milk
composition according to any of claims 1-7.

The method of claim 10, wherein the human milk composition is administered
at about 67 to about 139 kcal/kg/day.

The method of claim 11, wherein the human milk composition is administered
at about 90 to about 100 mL/kg/day.

The method of claim 11, wherein the human milk composition is
administered orally or enterally.

The method of claim 11, wherein the subject is about two years old or younger.
A human milk composition comprising: a human protein constituent from
about 20 to about 30 mg/ml protein, a human fat constituent from about 60 to
about 70 mg/ml fat, and human carbohydrate constituent from about 80 to
about 100 mg/ml carbohydrate.

The human milk composition of claim 18, wherein the human protein constituent
is about 25 mg/ml; the human fat constituent is from about 64 mg/ml; and the
human carbohydrate constituent is about 85 mg/ml.

A human milk composition comprising: a human protein constituent from
about 10 to about 20 mg/ml protein, a human fat constituent from about 40 to
about 50 mg/ml fat, and human carbohydrate constituent from about 80 to

about 90 mg/ml carbohydrate.

The human milk composition of claim 20, wherein the human protein constituent
is about 19 mg/ml; the human fat constituent is from about 51 mg/ml and the
human carbohydrate constituent is about 82 mg/ml.

The human milk composition of claim 20, wherein the carbohydrate
constituent further includes lactose.

The human milk composition of claim 22, wherein the composition further
comprises one or more constituents selected from the group consisting of:
calcium, chloride, copper, iron, magnesium, manganese, phosphorus,

potassium, selenium, sodium, and zinc.
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24. A method for improving one or more clinical outcomes in a subject who has
undergone surgery comprising administering to said subject a human milk
composition according to any of claims 1-10.

25. The method of claim 24 wherein the one or more improved clinical outcomes
comprises improved neurodevelopmental outcomes, improved growth velocity
including rate of weight gain, incremental linear growth, incremental rate of
head circumference growth, reduced length of stay in the hospital and/or a
reduction of the days of parenteral nutrition.

26. The method of claim 24 or 25 wherein the one or more improved clinical
outcomes comprises a reduced incidence of feeding intolerance, sepsis,
necrotizing enterocolitis (NEC), wound infection and/or wound dehiscence.

27. The method of any one of claims 24-26, wherein the human milk
composition is administered at about 67 to about 139 kcal/kg/day.

28. The method of any one of claims 24-27, wherein the human milk
composition is administered at about 90 to about 100 mL/kg/day.

29. The method of any one of claims 24-28, wherein the human milk composition
is administered orally or enterally.

30. The method of any one of claims 24-29, wherein the subject is about two years old
or younger.

31. The method of claim 17 or 30 wherein the subject is a full term infant.

32. The method of claim 17 or 30 wherein the subject is a preterm infant.

33. The method of claim 31 or 32 wherein the infant is 7 days old or younger.
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FIGURE 3
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