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HOMAN MILE PREPARABTION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S.
Provisional Application No. #1/373,064, filed August30, 2010
the disclosure of which is incorporated herein in their
entirety.

TECHNICAL FIELD
[0002] Thiz disclosure is related to human milk products,

compositlicona and methods of making and using such

[}

compositlions,
BACKGROUND

[0003] Human milk is particularly important as a food

-

source for preterm and full

[#2)
o
(o)

nutriticnal composition and immunologic benefits.

nutriticnal valiue of raw or cornventiconallv-processad donor

w

milk, however, varies and, in mecst instances, iz not

sufficient to meet the neads of preterm infants. In addition,

a possibility of bacterial, viral and other contamination of

raw donor milk exists. Even with pasteuri

Lon the procass
merely reduces bioburden to a level that is acceptable.
Furthermore, heat treatment of liguid milk during
pasteurization degrades and denatures important proteins and
Diologically relevant molecules in the human milk.

SUMMARY
[0004] The disclosure provides sterile human milk protein
compositions. In one embodiment, the sterile human milk
protein composition is prepared by a method comprising
sterile filtering skim human milk through at least two
successively smaller submicron filters to obtain a human milk
protein composition; lyophilizing the human milk protein
composition; and applying a viral inactivation step and/or a

sterilizing process to the lyophilized human milk protein

composition. In one embodiment, the skim human milk is
1
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obtained by gravity separation for 24-36 hours or by
centrifugal separation. 1In another embodiment, the skim
human milk is clarified prior to filtration through at least
one clarifying filter. 1In yet another embodiment, the
clarifying filters comprise a micron filter or diatomaceous
earth. In one embodiment, the at least one clarifying
filters comprises two clarifying filters. 1In this
embodiment, a second clarifying filter is a submicron filter.
In one embodiment, the at least two submicron filters are
between about 0.5 and 0.2 micron filters. In yet another
embodiment, the viral sterilizing step comprises heat
treatment. 1In one embodiment, the viral sterilizing step
comprises gamma irradiation. In another embodiment, the
lyophilized product comprises proteins that upon
reconstitution in a liquid are bioclogically active. In yet
another embodiment, the lyophilized product comprises at
least 50% of the skim milk’s lysozyme content. In yet
another embodiment, the lyophilized product comprises at
least 40% of the skim milk’s IgA content. In yet another
embodiment, the lyophilized product comprises at least 80% of
the skim milk’s lactoferrin content. In one embodiment, the
lyophilized human milk product comprises a storage life of
about 6 months or more and comprises biologically active
proteins when reconstituted. In yet another embodiment,
following sterile filtration the skim human milk comprises
about 20-50 mg/ml protein. In one embodiment, the skim human
milk comprises about 1900-2400 pg/ml lactoferrin, about 12-18
pg/ml lysozyme and/or about 1-3 mg/ml human IgA. In various
embodiments, the human skim milk is non-pasteurized prior to
or during filtration.

[0005] The disclosure also provides a sterile lyophilized

human milk product obtained from non-pasteurized human milk
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comprising bioclogically active human IgA, human lactoferrin,
and human lysozyme proteins.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 shows a flow process of the disclosure,
{80077 Figure Za-C depicts general schematics of ayatems

of the disclosure for carrying cut the nethod of Figure L.
ta) shows a ayatem up through an individual vial filling
step, prioy to iyophilizaticn and sterilization of the
iyephilized product: (b} includes ancther examgple of filter
sizes usable in the disclosure as well as demonstrating the
ivophilizaticn; and (¢} shows an example utilizing a
different clarification stasp.

DETAILED DESCRIPTION
[0008] As used herein and in the appended claims, the
singular forms "a,” "and,” and "the" include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to "a protein” includes a plurality of
such proteins and reference to "the filter™ includes

reference to one or more filters, and so forth.

[0009] Also, the use of “or” means “and/or” unless stated

144 W 144 A\

otherwise. Similarly, “comprise, comprises, comprising”

" W2

“include, includes,

"

and “including” are interchangeable
and not intended to be limiting.

[0010] It is to be further understood that where
descriptions of various embodiments use the term
“comprising,” those skilled in the art would understand that
in some specific instances, an embodiment can be
alternatively described using language “consisting
essentially of” or “consisting of.”

[0011] Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as
commonly understood to one of ordinary skill in the art to

which this disclosure belongs. Although methods and
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materials similar or equivalent to those described herein can
be used in the practice of the disclosed methods and
compositions, the exemplary methods, devices and materials
are described herein.

(00127 Any publications discussed above and throughout the
text are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to
be construed as an admission that the inventors are not
entitled to antedate such disclosure by virtue of prior
disclosure.

(40137 In a study gerformed in 1977, heat treated human

milk proteinz were shown o degrade. For example, 1t wa:

in

shown That lomuncglobuling, lactofer: lysozyme, vitamin

BiZ and folate-binder proteins, and lactoperoxidase protein

degraded. Holder pasteurization {82.5 7“0 30 minutes) reduced
the Tgh titer by 20 percent, and destroved the small content
of TgM and mest of the lagtcferrin., Lysozyme was stable to
this ftreatment, bHubt with an increase in hemperature there was
prograssive destruction, to near 100 percent at 100 °C. The
same was broadiyv true of the capacityv of milk to bhind folic
acid and protect it against bacterial uphtake; with vitamin

I

BiZ the binder was more labile at 75 than at 100 °C (Ford
JE et al., Influence of the heat treatwmsnt of human milk on
some of its protective constituents. J Pediatr. 1977

dan; 90{1) 129-35} .

{00141 Preterm infants have poor cr underdeveloped ilmmune

and immaturs digestive systems, Begs

such preterm infants have increased total caloric and
specific mutrient needs {when generally compared with tern
infants) . Furthermore, it is well recognized ithe human milk
containg not only the nubtritional/caloric needs, but also
providea important biologlical molecules for immune resistance

and development. Thus, providing & of caloric
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and biclogically Iimportant maberic is an important factorxr
in thelr growth and development.,
[O0L5]

methoeds of

closure grovides human miikx compositionz and

and using such compositions for faeding to

compositions of the

infants, é,q., premature infantsa.
disclosure arve derived from human milk and thus comprize
human milk proteing; howsver, unlike pastevrization
processes, the methods of preparing and the resulting

compesitions do not have the zame

protein

degradation/inactz

rilized articles

107° microbial

Assurance of less than 1

SUYVIVOYN Pre habi

in 1 million that viable bicburden microorganisms are present

in the sterilized arvticle or dosage form, With process stable

articles, the apoproach often 1s to exceed the critical
L . o~ . B
LDrocess parameters negessary to achieve the 107 microbizal

oY
PR

SUrvivor probabils {overkill) of any pre-sterili
bicburden. The sterility aszurance of a sterilization process
ig attained through the use of a biclogical indicator;

however 1its efficacy for any appiication is associated with

the bioburden pregent during routine operation.

(00171

sterilizing f: ation has been

I

pradominantly accomplished over the last 20 years using 0.2um

filters, When coupled with appropriate process controls and

integrity test methods there have been comparatively few

incidents of nation associated solely with the

filtration process. In speclialized sebbings, larger ox

smaller pore ers mayv be apprc

riate,

[0018] Pasteurization processes merely reduce biclogical

ment and are typically characterized as

having a reduced bicburden for about 20 days. In contrast
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the products and methods of the disclosure reduced bicological
contaminants {bacterial and virai) and in many instances can

o3 w
02 Congiderad

sterile” having a bicburd

rasult in any contamination or micrebial degradation of

o -

nubtrient or microoial growth for at Ileast ol days.

{60157 In one embodime the diaclosure provides a

ized comgosition

sterile human milk protein

ter when

about 4-% mg of human milk protein per Deo

ile

reconstituted in

{00207 The

sclosure provides
reconstituted human milk proteln compositions, e.g.,

epositions that inmoiude human oligozaccharides, peptides,
G

and other zmall molecules and methods of o and using
suech compositions. The compositions contain various levels of
nutritional components and can be used in feeding of or

o~

administration to preterm and full term infants, a3g well as

-\

children and adulis with varicus discorders and/or dissases.
The compesitions are generated by clarifying human skim miik
followed by micron and submicron filtration, lyophilization

and wviral heat treatment. The resulting product comprises

sterile human milk form. The

sterile water ©

e

fyophilized proteins can be

in a mother's milk before feeding to her baby. In one

srbodiment, iyophilized product is reconstituted to

provide about 3.5-5.0 grams of protein per decaliter {e

ks

5
Q

LO-408, 4A.2-408, 4.2-405 grams per decaliterd.,
00211 In the methods of the digclosure, human milk is

obhtainad, inciuding pooled The human milk 1s

then separvated into cream and skim through various methods

including gx tational ssparation or through centrifugation.

The skim portion includes largs products

that can cleg a filter during filtra Accordingly, the

methods of the disclosure comprizes a clarvificaticon process
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to remove large pavticulars. Such methods can include

passing the skim milk through diatomaceous sarth or a large

microen filter (e.g.,. aboub 5-10 microns). The clarification

LrOcess may Comprise one or moré passages of the skim throuw

3 combination

5 micron filter or distomaceous

ing clarvified skim can then bhe atored by

=iy further sterile filter, The sterile

freszing or immedia!
filtration of the clarified skim can be parformed through one

raduated filiter aizes,

or more filters having
For example, in one embodiment, the clarified skim can be

lter, followad by a secc

filtered throu

s s

0.7 micron fil

embodiment, the clarified

n

e filltered more $0.7 micro filters or one

or more 0.45 a combination thereof. The

1k has a reduced bichurden

resulting sterile
and can be bacterial free. Thne resuliting sterile filtered
skim milk can then be freesd-dried or Ilvephilized to provide a

ivophilized sterile milk protein composition. This

1 then be heat treated

Iyophilized stevile milk compoesition o

to eliminate vival corntaminants providing a sterile human
milk protein composition. The lvophilized product mayv be
stored for & months or more withoub degradation or
contamination so long as sterile processes are followerd.

Furthermore, the lvophilized co ion can be readily

raconstituted in sterils water or may be reconstitubed in
human milk {e.g., a mother’s own milk}) to increase the

7

probein content of the mother’s milk., It may be desireable

ks

to add the lyophilized product te bovine milk or a mixture of

human and nen-rt milk formulaticns.

10022] The methods fe

can be used to process

mill,

donor milk, 2.g.,. about 30-1800 iiters of raw hu

7

The raw milk may be pre-screened for bilological contaminants

or the donocrs screened for varicous risk factors or
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infections, Methods of soreening a sublect are wvery similar
to those uzed for screening doncrz of bloed for blood

ed for substance

supplies. For examele, & doncr may o8 scree

T - I3

buse, viral infections {(e.g., HIV, hiMV, Hepatitia A, B, or

OL:

C and the like). The doneor may also be sorsened

vacterial infections The donor may aiso e gua

upon recent travel activities {e.g., to certain foreign

countries), zexuval obehavicor, and drug uze in yet other

embodiment, zubiects may e screened for milk content {(e.g..

=

desirable to
protein, low

{00233 B

b Trom which ne fat has

been removed. By Yekim milk™ is meant milk from which at

least 75% of fat has been removed.
(00241 The terms "premature’, "preterm™ and "low-birth-

weight (LBW} " infants are used interchangeably and refer to

infants born less than

37 weeks gestational age and/or with

Lirvth weignts less 2500 gm.

[0025] The term "full term™ infant is used to

infants born after 37 weeks gestational age and/or with birth

weights greater than 2500 gm.

(00267 By Vbioburden® is meant microbiological

contaminants and pathogens {generally living) that can be
present in milk, e.g., viruses, bacteria, mold, fungus and
the like.

(00271 Fig., 1

-
N
OF

obtaining human m protein, As discussed above, donor milk

-y R S S T B
can be carefulily

=

and to aveld cont waiion, frozen or
unfrozen, pooled or unpooled. If the donor milk is frozen,
the doncr wmilk is thawed., The thawed dornor nmi

pooled followi

awing or may be pceoled prior tc
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The raw milk iz then into

B
a
i
A
l>/.l
0

3
}f_\
=
i
pl
¢

>
£

separation of the skim from the cream

nuber of methods

to, gravitational arion o

directly

Separs

applying the skim to stevile

rapld clegging of the filter ayatem,

clarified bef sterile filtraticon.

N Ty
oy

be

(

5

o
D

performed by passing

Pa

earth or through large

diatomacecus

5 micron toe 50 micron fil

clarification ztep may compriae a com

ilrters and diatomaceous earth.

l.

ication f3

clarif

20 micron

Lyoa

(00281

permeate Ifrom the

wrocessed through one or mores

N . s

about 0.2 microns to

frlters are

embodiment, the permeats from

filtered through one or more

a .45

micron filter and then a

the sterile filtration

meates from different
batches.

dried/lvophilized

composition.  The lyo

V31x

than be further sterilized by a

other te

irradiation

oxr

The

resyl

(00281

ing lyophilized/frs

be easily stored in sterile containers

or more,  The Ilyoph:

recoenstituted in milk, human md

akim and
may be

known in the srt inci

fiiters
the
The ¢l

the

oore

nation of

LTication step 1s

graduated
0.2 micron
Can

sterile f

al heast

TOd e A e o . ey
lized/frecze-dried

PCT/US2011/049645

craam,. The

performed by any

uding, but not limited

rifugation. RBecause

will cauae
skim milk ia
arrfication

skim through

embodiment, the

arpla, & first
MiICTon
It will be

recognilzed

sive o

CrONS., on

sterile

filter)y. The

then be combined

iitrations

Lo provide a dry human milk probsin

composition

Ce

activation st ep Or

inown 1in the art,

ceze~dried product can
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mother of the baby to be fed), ¢r sterile solubions {e.¢.,
watery, The reconstitubing fluid can be further supplemented
with vitaming, minerals, cligesaccharides, fatty acids and

other nutritional factors., In one embodiment, the

iyephilized product is recgonstituted to a concentration

of abtout 4.0-5.0 mg/DL of protein. In ancther smbodiment,

from 2-8

oteln 18 fed bto a neona

1 o ST N
Lll(_‘,‘, ralons

times per day or as necessary or desired,

{0030} For

ple, human breast milk was centrifuged at

10,000 = g for 30 mainctes and passzed through 25 pm filter

paper to remove large particles. 1200 nb were passad
a2 Sartoclean GF 3 + .8 pn filter {(Sartoriusg Ha05Z04E7T-38)

which reached a final prassure 12.0

Fe)
(a3
I
oy
D
O]
s
o1
E._J.
-
(4]
2
e}
=

ware than passed through & Sartociean GF 0.8 + 0,65 um filter
o0 [alal

{(Bartorius 56052056785 without any backpressure. 0f the

1100 ml of filtrate remaining, 300 wl

Sartoclean CA 0.45 uym filter {Sartorius

entire 800 mL of remaining filtrate weve passed through a

PR T (0ot vt 1 RE DR TR T QT ted by e P
Sartoclean 0.2 um (Bartorius 56¢25307A7-85) without any

detectable In other en the filters oan

be ceramic
(00313 Figure 28-C depicts general schematics of systens
of the disclosure for obbtaining human milk protein in a

sterile composition.

(00321 The disclosure alse provides kits comprising a
iyophiliszed/ freeze~dried human milk protein composition in a
vial or other storage contalner; a syringe or obher container

z1s and liguid

for holding a recon tubing liguid. The v

containers may be in a unlt dose form. The reconstituting

figuid mayv comprize additlonal nutrl

therapsutics.

{0033} The following examples are msant to

not limited

10
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EXAMPLES

{00347 Two zamples of frozen human miik were provided for

filterability ztudies to eophbimize a fiiter train suitable for
filtering a 200 L batch with a 25% overcapacity to anticipate

le wasz

croduct and process variaticna., The farst 3 liver samp

daecanted for 24 hours to reduce the fabt content and the

36 hours.

second 15 L zample was

ehite

kept frozen at -15°C to ~20°C until thawed.

[G035]

tration rung were mads utilizing two

different filterz in the first pozition, four combinations in

the second position and three different sterilizing-grade 0.2

pm filters, The first one liter containing of the 24 hour

e

before it wags transferred to a
the final thaw. On the same day, a second Liter of milk was
thawed in approximately 45 minutes in 3 37 °C water bath

3 hours at room temperature. The

after rotating for
fast thawed material was significantly easier fo filter at

The submicron level than the slowly thawed materisl.

Subsequent containers of milk were thawed as

possible using a 37 C water bath or a

. s e b e mee e am be b by emy e - N - e
incubator. The water bath has better heat

properties than the incubator and thus the mi

faster., A variabtion that can be used would include a shaker

water bath. Care should be to mix the thawing milk to

sgquilibrate the temperatures and prevent overhsating of the

milk, The milk was refrigerated after thawing bhefore it was

3036 In the first clarifving filter position, 1t was
S ot} by 7

determined that a b micron DeltaMax™ DMGE polyvpropylens depth

filter protected the Protec® fillter betiter than 10 micron

ALPHA® MFIL0.

11
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{00371 DeltaMaz™ filter were not avadll I disc format

and the 236 hours decanted milk waz used to size the filter

3
PN B0 e R AP

55-772) .

vsing 2 small capsuie (SO lled wmilk wasz
stirrad wnile being filtered. Alwmeost i1k L were filtered in a
total of 66 minutes using a pup set at 260 mb/min. The
filter did not plug. Separated fat and clumps of milk

precipitate collected inside the capsule. Pressure increased

6 psi. A 235 L batch could be easily filtered at 3
a 307 Deltal DMGS filter.

(00387 In the second clarifyving filter positicn the

Protec® RFO.L glass microfiber filter was used,

,
-
o

T
et
(@]

g

thawed 24 hour and 36 hour deganted pra-filtered by the

as much

DMGED was readily filtered at 10 psi.

Throughput was possible with the 24 hour

ed milk., A 207" R¥0.5

the 36 hour

filtering up to 54480 T of 24 hour milk,
variation in milk gquality and permits filtration at 3 LPM

matching the DeltaMax™ prefilter. It should be noted that
attamphting to fiow faster than 1 LPM/I0Y REL.D would result

in rapid premature plugging of the fiiter.

{00397 A filtration scheme that uses a pump seb at 3 LEM
and tubing system capable of producing up to 20 psi upstream

pressure is able to filter the 200 L batch through the 307

Delts

and the 307 Protec® REU.E

This aliows up to 5 psi differential

first filter and 10 psi differential

o
L

b
&
=
T
P

prassure for the second filter isure Lo spare,

The milk

in a bag or terile

collection divids transport to a sterile filtration area.

ypically all itration will take place in a cold room
or in & manner guch that the milk is chilled before and after

filtration.

12
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{00407 The final sterile filtration

EverlUX™ STwo.Z2 filters for the 200 L bdatch =

of addition should ke cenzidered for

LY or nine {272L) etc.

B Py Ry = I«
filver module can filter approximately 9.7 L,

2 Yy [

cartridoges in a zingle housing, a flow rate of
pe poessible at 10 psi. Seaven cartridges aliow
separate pump or Pressure source should be use

BEac

~F
fe]

larger

ol

jith

Wi

1,

g

2

10

1.9

PCT/US2011/049645

oy
{U

o

e
[even

addition

o

batches

7

3TWO, 2

nine

LPM may

LEM, A

i

Y
J

r the final

{00417 If disposable capsules are usad, the total flow
rate is divided amongst all the That 1s, for 9

will

rat

nave

ie

capsules,

mi/min,

(00427 Two runsg 310G
materials for the olavification step followed
through 0.7 wmicron filters. Table 1 balow

resulting dat

(004313

Sampl

=
Tahle

raaen

Tx) B4

Lactoferrin

Lyme

ta of about

by

demonstrates

g

200

Cug/mi (mg/ml) Cruey /i
Control (DE raw akim) 1.51 14.25 0.355 not
meas’d.
Contrel (DB raw skim 1.71 13,91 0,356 not
neas’
Avarage 1.¢1 14.13 $.355 net
meas’ d
Filtered with &$T™W3.2 (1) 1.29 .49 0.17%
1.14 7,82 0.172
1.31 §.85 0.184
1.48 R.1B g0.161
1.48 g8.74 0.1%¢
Average 1.4 8,61 .18
(00441 Table demonstrates tration provides a
starile composzition comprising at least 45% or more of the

initial starting human milk prot

13
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{G045] Other varzations and embodiments of the inventlon
degcribed hevedn will now be apparent to those of cordinary
skill in the art withoub departing from the scope ¢of the

invention ¢y the spirit of the ciaims below.

14
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, R
i, A method

sterile filtering
successively swmallerx
wrotein compositior
lyophilizing
applving a

process Lo Lhe

2. The method

obtained by gravity

centrifugal

3. The method

clarified prio:
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The method of claim 1, wherein the viral sterilizing

step comprises heat treatment.,
5. The method of claim 1, wheredin the wviral sterilizing
step comprises gamna irradiation.

10. The method of claim 1, wherein the livephilized product
comprises proteins that upon reconstitution in a liquid are

biological active.

11. The method of claim 10, wherein the lyophilized product

comprises at least 50% of the skim milk’s lysozyme content.

12. The method of claim 10, wherein the lyvophilized product

comprises at least 40% of the skim milk’s IgA content.

13. The method of claim 10, wherein the iyophilized product
comprises at least 80% of the skim milk’s lactoferrin

content.

14. The method of claim 1, wherein the lyophilized human
milk product comprises a storage life of about 1 year or

more.

15. The method of claim 1, wherein following the sterile
filtration the skim human milk comprises about 20-50 mg/ml

protein.

16. The method of claim 15, wherein the skim human milk
comprises about 1900-2400 ug/ml lactoferrin, about 12-18
pg/ml lysozyme and/or about 1-3 mg/ml human IgA.

17. The method of claim 1, wherein the human skim milk is

non-pasteurized.

18. A lyophilized human milk product obtained by the process

of claim 1.
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19. A sterile lyophilized human milk product obtained from
non-pasteurized human milk comprising human IgA, human

lactoferrin, and human lysozyme proteins.

20. A lyophilized human milk protein composition wherein wen
reconstituted in comprising about 4.2 g/DL protein when

reconstituted in a non-protein containing medium.

21. A human milk composition prepared by mixing the
lyophilized human milk product of claim 18 with milk from a

mother of an infant to be fed.

22. A method of treating a neonatal subject comprising

feeding the subject the milk product of claim 19, 20 or 21.

23. The method of claim 22, wherein the feeding comprises

about 0.5 grams protein per feeding unit.

24 . The method of claim 22, wherein the feeding is given

about 8 times per day.
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