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Overview

Human breast milk is the gold standard, providing a
myriad of health benefits. Lactoferrin, which is found
in high concentration in mammalian milk, is a
multifunctional glycoprotein that has antimicrobial
and immunomodulatory properties. Paolo Manzoni,
MD, PhD, explains its critical role in protecting
neonates against infection.

Historically, lactoferrin has been low in infant formula
due to lower levels in bovine milk; however, advanced
technology concentrated bovine lactoferrin in formula.
Data show how much lactoferrin is needed, and when
it is appropriate to supplement. Lactoferrin
supplementation—human or bovine—appears to
have measurable clinical benefits. Although
inconsistencies exist among major RCTs in terms of
lactoferrin efficacy, in study results, Dr. Manzoni
identifies various heterogeneity as a cause.

Target Audience

This activity was developed for neonatologists,
nurses, nurse practitioners, dietitians, hospital
pharmacists, and other health care providers who
have an interest in newborns, infants and toddlers.

Learning Objectives

At the conclusion of this activity, participants should be
better able to:

e Evaluate clinical research that is expanding the
understanding of the physiological and
developmental properties of lactoferrin

e Develop evidence-based NICU feeding
regimens with lactoferrin.
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Paolo Manzoni, MD, PhD: It's my
pleasure to be here today and to go
through  this  presentation  of
lactoferrin  with the most recent
updates and with an overview of the
role of lactoferrin in nutrition of
preterm infants, specifically whether lactoferrin has
arole, thanks to its properties, in good development
of the neonatal period and of the period following
birth.

The benefits of human milk are well known by
everyone. Fresh human milk is reported to prevent
bronchopulmonary disease (BPD), chronic lung
disease, retinopathy of prematurity (ROP),
necrotizing enterocolitis (NEC), and especially
infections in neonates. This activity against infection
is noteworthy because it is related to the intake of
human milk."®

Benefits of Human Milk
Fresh human milk prevents: 7

» Bronchopulmonary disease (BPD)/
chronic lung disease (CLD)M

- Retinopathy of prematurity (ROP)[Z]rBJ/"'
= Necrotizing enterocolitis (NEC)#51 ’

- Infections in neonatesl#}(€]

Slide 1 - Benefits of Human Milk

1. Furman
Hum Bev. 2
6. Hylander

It has been estimated, according to a series of
neonates fed with human milk, that babies need to
receive at least 50 ml/kg/day of fresh human milk,
and this translates into a 50%-60% reduction of the
odds of developing sepsis. In this view, we know

that these fascinating properties of human milk
should be attributable to a number of bioactive
factors that can be retrieved in human milk.

Figure. The beneficial effects of fresh
human milk are linearly associated
with the intake volume.["!

Table. Reduced logistic regression mode! for
infection in relation to confounding variables(@2!

feeding (NPO) 103 (099-1.07) 153

o em e wae -

Odds

z Variable Ratio 95% CI PValue
§ 5 Gestational age (wk) 080 (0.68-0.95) .009
% 4 Apgar score at5 mins 093 (0.77-1.14) 494
G

3 -
% Days without enteral
EE
2
E 0

Mechanical ventilatordays 1.01 (0.99-1.03) .184

(©23-081) 010

a. The total for the regression model s 112 cases, The number of cases with Imputed
values an any single variable is 11 5.0%).

+ Human milk fed
D 1500 3500 5500 7500 9500 11500 13500

Cumulative Human Milk Intake (mL)

Fresh human-milk feeding prevents infections in neonates.

Slide 2

You see in this slide [Slide 2], and in the next couple
of slides, that the list of putative actors in prevention
of infection is truly long [Slides 3-5], with several
actions and several modalities that, of course,
cannot but be interactive between each other.
Lactoferrin stands as one of the most likely
important bioactive factors with specific anti-
infective activity.®’

Major Bioactive Factors in Human Milk

Compound Function
Cells
Macraphages Protection against infection, T-cell activation
Stem cells Regeneration and repair
Immunoglobulins
IgA/sigh Pathogen binding inhibition
g6 Antimicrobial, activation of phagocytosis (IgG1, IgG2, 1863}, an  response to
1gM Agglutination complement activation
Cytakines
IL6 Stimulation of the acute phase response. & cell activation, proinflammatory
-7 Increased thymic size and output

IL-8 Recruitment of neutrophils, proinflammatory

10 Repressing Th1-type inflammation, induction of antibody production, facilitation of tolerance
IFNy Proinflammatary, stimulates Th1 response

TGFR Anti-inflammatory, stimulation of T cell phenatype switch

ThFa Stimulates inflammatory in

Slide 3 - Major Bioactive Factors in Human Milk

Adapted from: Ballard O, Morraw
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Major Bioactive Factors in Human Milk (continued)

Compound Function
Chemokines
G-C3F Trophic factor in intestines
MIF pl igratory Inhibitory Factor: pe phage movement, incr activity
of macrophages
Cytokine Inhibitors
TNFRI and 11 Inhibition of TNFa. anti-inflammatary
Growth Factors
EGF Stimulation of cell praliferation and maturation
HB-EGF Protective against damage from hypoxia and ischemia
VEGF Promotion of angiogenesisand tissue repair
NGF Promation of neuran grawth and maturation
IGF Stimulation of growth and development, increased RBCs and hemoglobin
ythropoiesis, intestinal
Hormones
Calcitonin Development of enteric neurons

Somatostatin Regulation of gastric epithelial growth

Slide 4 - Major Bioactive Factors in Human Milk (continued)

Major Bioactive Factors in Human Milk (continued)

Compound Function
Antimicrobial
( Lactoferrin Acute phase protein, chelates iron, antibacterial, antioxidant )
Lactadherin/MFGES Antiviral, p y f apoptotic cells

Metabalic and Hormones

Adiponectin Reduction of infant BMI and weight, anti-inflammatory
Leptin Regulation of energy conversion and infant BM), appetite regulation
Ghrelin Regulation of energy conversion and infant M|
Oligosaccharides & Glycans
HMOS Prebiatic, beneficial 1 with pathogens; reduced inflammation
Gangliosides Brain development; antk-infectious

Glycosaminoglycans Anti-infectious

Mucins
MuCt Block infection by viruses and bacteria

Muca Block infection by viruses and bacteria

Slide 5 - Major Bioactive Factors in Human Milk (continued)

And this is true for lactoferrin, also, thanks to its
iron-binding  characteristics, which we'll be
elucidating later on. As a matter of fact, lactoferrin
is multifunctional, and it's very widely represented
in human milk because, just as in mammal milk, it's
a considerable part for all the human milk whey-
proteins portfolio. It's a glycoprotein and can also
be found in other secretions, such as saliva, plasma,
and neutrophils [Slide 6].5°

Lactoferrin Defined

Lactoferrin (LF) is a multifunctional, glycoprotein found in
high concentration in mammalian milk W|th antlmlcroblal
and immunomodulatory properties:

+ Iron-binding characteristics

+ Critical role protecting neonates
and infants against infection

F. lactoferrin,

m B

Slide 6 - Lactoferrin Defined

dal B, et al. | Pediatr Gastroenterol Nutr, 2014:59:642-652. Telang S. Nulrients. 2018:10. pii: E1

Historically, lactoferrin is very low in formula milk
because lactoferrin in cow's milk is not very
concentrated, with respect to colostrum in human
milk. It's very important, however, [to note] that
bovine and human lactoferrin share a very strong
homology in biochemical structure. Most of all, they
have the same antimicrobial peptide called N-
lactoferricin. It's an 11 amino-acidic peptide placed
on the N-terminal side of the protein.'®'®

Lactoferrin: A Multifunctional Milk Protein

+ Lactoferrin is a biologically active protein with potentially
important health benefitst

+ Glycoprotein (80kDa), with iron-binding property
+ Major whey protein in human milk!2!

Lysozyme

Lactoferrin

= Also found in other mucosal secretions, such as tears and
saliva,®114 as well as in plasma, neutrophils, and epithelial cells

+ Resistant to degradationin the newborn digestive tract®!
+ LFis historically low in infant formulas due to low levels in

bovine milki?; newer technology allows LF to be concentrated
for addition to infant formula

+ Bovine and human lactoferrin share strong (77%) sequence
homology® and the same antimicrobial peptide
(n-Lactoferricin)

a-Lactalbumin

Human Milk
Whey Proteins!

+ Bovine LFis resistant to protealytic digestion™

35, bov m albumin; 185, Immunoglobulin G
B Gruar R, et
L hicClelian . Sorv
8 1428, 7. Davidson LA, et al. Acta

Slide 7 - Lactoferrin: A Multifunctional Milk Protein

Critical role in immune response

Lactoferrin, as | was alluding to, is not only a milk
protein, because it's a part of a more complex
antimicrobial protein network of inflammatory
markers that have a critical role in immune
response during infections. In fact, lactoferrin is
released by neutrophils, by mucosal secretion. It's
highly represented in the ocular liquid during
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ophthalmitis. It's highly represented in saliva. It's
highly represented in all places where an
inflammatory response occurs."’

It's very important to underline the typical pattern,
the typical trend of the decreasing concentration of
lactoferrin during different stages of lactation. In
colostrum, lactoferrin is abundant with the
concentration estimated around 6 g per liter. But
this concentration decreases to 1.5 g/l in mature
milk. And this decrease occurs typically in all
mammals.'®

Lactoferrin Concentration Decreases in Mature
Human Milk vs Colostrum

This decrease typically occurs in all mammals.

Milk Concentrations of lactoferrin

5 2 (mature milk) -

go @ Woman 6 (colostrum) mg/ml
= Cow 0.2-0.5 mg/ml

.E 3 Rat <50 meg/ml

8 Rabbit <50 mcg/ml

3 <50 mcg/ml

Goat 0.2 mg/ml

r Dog

Pig 0.2 mg/mi

)
Colostrum Intermediate  Mature
milk. milk

3

Slide 8 - Lactoferrin Concentration Decreases in Mature Human
Milk vs Colostrum

2i6 M. et al. Am | Perinato. 2016:33(1151085-9.

That means the action and the role of lactoferrin is
even more critical in the periods in which all human
beings—and | would dare to say, all mammalian
beings—receive colostrum.

Anti-infective activity

This is a representation of all the different actions
exerted by lactoferrin in terms of anti-infective
activity [Slide 9]. There are direct mechanisms of
action that can be defined antibiotic-like by
targeting different epitopes of the pathogens:
[Lipopolysaccharide] LPS with gram-negatives,
[Lipoteichoic acid] LTA with gram-positives, as an
example. But there are also indirect mechanisms;
one of them would be in iron-sequestering ability,
ultimately prompting to bacteriostasis.

An indirect mechanism—and probably a very
important one—is the ability to modulate the
function and the development of the intestinal
enterocyte by mixing actions of proliferation and
differentiation, thus enhancing the gut barrier in a
period in which the gut is terribly leaky. An indirect
mechanism, [also includes] the ability to promote a
good bifidogenic microflora in the gut.

Lactoferrin and Its Mechanisms for Anti-Infective Activity

Direct Mechanisms—antibiotic-like action Indirect Mechanisms
+ Anti-LPS (vs Gram-negatives) + Iron-sequestring (—bacteriostasis)
+ Functional modulation of intestinal
proliferation and differentiation
(—enhancement of gut barrier)

* Anti-LTA (vs Gram-positives)
+ Anti-Candida cell-wall components

+ Bifidogenicaction on gut microflora

Immunomodulatory Actions in the Gut

Lymphoid Tissues (GALT)

+ IL-18 production, NK cell activity

+ Maturation and differentiation of
T-lymphocytes—Th1/Th2 balance

- CD8%/4-DCs maturation

+ Recruitment and activation of APCs

Antiflogistic Mechanisms

+ Inhibition of formation of reactive oxygen
species (ROS) by suppressing free-radical
activity

+ Decrease the levels of oxidative products
when medicinal iron is presentin a formula

esenting cells; NK cell. natural killer cells; Th1, T-helper 1; Th2, T

Slide 9 - Lactoferrin and Its Mechanisms for Anti-Infective Activity

Promoting intestinal development

We will see later on, but | want to focus once more
on the ability of lactoferrin to promote intestinal
development. In doing so, ultimately reaching the
ability to exert true antimicrobial effects, because
enterocyte developing in a correct way and
proliferating rapidly soon after birth are effective in
promoting the establishment of a gut barrier that
prevents pathogens from translocation from the
gut to the bloodstream.'
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Functions of Lactoferrin in Gut Development
and Immune Defense :

- Intestinal development Ty
« Promotes cell proliferation and differentiation =

= Improves intestinal mucosal structure, increased It
villus height, and crypt proliferationti}(2l

- Antimicrobial effects
= Antibacterial, antiviral, and antiparasitic protein

= Inhibits growth, adhesion, translocation, and
virulence of pathogensl4

Sequestersiron
+ Immune modulation
« Stimulates cells involved in innate and acquired . -
immunity e D
: )

iochimie. 2009:91:30-34,
14021,

Slide 10 - Functions of Lactoferrin in Gut Development and Immune
Defense

Bifidogenic factor

| was telling you that lactoferrin is bifidogenic. This
is data that we obtained in Italy,** thanks to the
group in Rome [Slide 11]. This group was able to
measure content of lactoferrin and characteristics
of microbiota in breast milk and in stools of infants
who had been breastfed. By studying 48 mother-
infant pairs at birth and after 30 days of life,
investigators came to the conclusion, and to the
evidence, that the fecal count of Bifidobacteria and
Lactobacilli were significantly associated with the
concentration of fecal lactoferrin after birth. The
concentration of fecal lactoferrin was significantly
associated with the concentration of milk lactoferrin
in the human milk of the mothers. So, the
[correlation] towards human milk lactoferrin and
good microbiota has been demonstrated.

Lactoferrin Is Bifidogenic
LF is able to promote growth of gut microbiota and
establish/restore “healthy” microbiota

= Mastromarinol'l et al 2014 measured content of LF and microbiota of
breast milk and feces of infants

= n=48 mother-infant pairs (34 full-term and 14 preterm) at birth and
30 Dol

= LF had positive influence on the microbiota — fecal count of
Bifidobacteria and Lactobacilli was significantly associated with the
concentration of fecal LF at 3 DoL (p=0.01)

jometals. 2014;27:1077-1086.

Slide 11 - Lactoferrin Is Bifidogenic

Human and bovine lactoferrin similarities

It is important to know that human and bovine
lactoferrin are very similar in biochemical structure,
just as | was telling you. Also, in several
experiments, it has been tested that bovine and
human lactoferrin actually have the same actions
on the nascent gut. In particular, both of them are
fully able to promote the proliferation and
differentiation of the enterocyte, just as | was telling
you. Commercial bovine lactoferrin might even be
(in several experiments) a little more active than
human lactoferrin on enterocyte in vitro. Therefore,
we suspect, and we presume that once added to
infant formula, bovine lactoferrin may actually

develop the same actions as in human milk.3%

Bovine and Human Lactoferrin Similarities

+ Bovine and human lactoferrin have 77% biochemical homology

+ Bovine and human lactoferrin provide similar actions on the
nascent gut:
« Commercial bLF is biologically active, as well as purified bLF and hLF

« Commercial bLF exerts several bioactivities if added to infant formula

§7">?i/&( ol

K
o \i
&fzx):‘-’(‘ﬁo NG

Slide 12 - Bovine and Human Lactoferrin Similarities

Lactoferrin clinical trials

We go now to discuss clinical studies. This has been
a matter and a target of a number of studies
conducted in the last 10 years. Some 15 randomized
clinical trials, both multicenter and single center,
exploring the ability of lactoferrin to promote the
prevention of sepsis, to prevent necrotizing
enterocolitis, and ultimately to enhance the well-
being of a neonate and infant over the first weeks
of life.
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Lactoferrin Clinical Studies

Study (date)

Manzoni P, €t al. AMA
2008,

Mullicenter RCT, 10
months

Started
bif m u day 30 >Hre[lay‘5’ or

Patients(n=)  Objective
N=472 VLBW (<15008)  Evals
i of

Dosing

Duration  Result
ness  Group A1 = DLT 100 1 <

(20 With placebo, bLF
in

Grp A2 L1100 g 416G, 6 neontes <1000 § o
x 108 CFUAday;
Pla

ferrin recuced incidence of lat

Wanzoni P, et al. Group A1 -0L1 163 4021400l dally 4106 P oral
Pedionrcs. 2012 G A2 -1 100 g + LG, 6 weeks. a o of bLF
% 108 CFU/day; idence of IFI in
Placeba (2 o 5% gucose p W neonates. No
ol to milk feeding) 2 zation

Peds,

Ochoa ) etal.
2m3,

wic Jo>
(diluted in "33 o e e

P, et al. JAMA. 2009:302:1421-1428. Manzoni P, et et al. | Pediatr. 2013;162:349-356.

actoferrin: Dol days of
m b

Slide 13 - Lactoferrin Clinical Studies

The first study was conducted by our group. It was
published in JAMA."™ Probably many of you know it
from 2009 [Slide 13]. It was the first demonstration
that bovine lactoferrin, when supplemented to the
regular feeds, was able to reduce the incidence of
late-onset sepsis in very low-birth-weight infants.

After this study, many more [have been
added]...[Slide 24] with most of them providing
results similar to what we could provide. Groups in
Peru, groups in Turkey, groups in India, groups in
Canada, explored different dosing regimens,
different categories of premature infants.?*° Most
of them, up to last year, were able to show similar
ability of lactoferrin to promote well-being of the
infants and to prevent late-onset sepsis.

Started
birth until 30 Dol

Duration Result
aSS:SSEd intil
dise

Study (date) Patients (n=) Objective

Manzoni F, et al. Early  n=743 VLBW Studies have Sllmm\ bLF (100 mgrday)

Hum Dev. 2014. neonate: reduction of N alone (n=247) or bLF

animal mcde\s W/LGG (al &¢10(%)
d

Dosing

rar ue emnmem

study assessed

TS Sone o Piaceo fconirel

3 group; n=2s8)

shalar efect in human

Akin M, etal. Amj = Doss oral L (200 mgich 200 mg L day

Perinatal, 2014, vme bom 32 - reduce nosocomial throughout
sepsis episodes ani a hospitalizatian

. maceum 25)  MEC in premature

mgLF

daily throughout
hospitalization

infants; Evaluate
possiie ffecs of LF

on Treg levels,
Kaur G.etal. ) Trop  LBW infar msw Bvaluate efficacyof BLE L 100-200 mgiday, <48 hrs of e First 30 Dol
Ped, 2015, tindia)  lessthan 2000g)  to prevent first episode  according to
of LOS in LBW hcreasing W 1000-
neonates. 20 g

NEGLACTO study Determine :ha affen of blF (200mg/kg/day)  500-2500 g at birth g wiks since
INCTOTS25316; Pary Mmzm} had”  bovine LF o lacebo nrollment.
Ochoa.ctal.JPeds. <1008 BW (Malwuevtrm)

Peruvian infants.

glven In 3-divided
doses/day

Slide 14

The last published Cochrane review, in 2017,
included 6 randomized clinical trials, with more than

1000 preterm infants, and was able to establish that
there was a 41% reduction attributed to lactoferrin
in late-onset sepsis [Slide 15]. However, the
evidence was graded as low-to-moderate quality
with significant heterogeneity between trials. There
is clearly room for additional trials warranted in
order to confirm or discard the ability of lactoferrin
to prevent sepsis and also NEC.

Study (date) Patients(n=)  Objective Dosing Started Duration Result

Trial of lactoferrin for  neonates >23 <30.6 Determine tolerability of LLF 100 mg/day, <48 hours of 36 wks GA or DBLF is well tolerated, easy to

prevention of whs GA BLF in VP, and if doses per day  Iife diseharge administer, and its presence in
infections in wery Ff5[4! hrs of age. intervention can be \[I]b Wks GA prepared milk is not evident

premature babies
{LACUNA) via (z016) Ecmrm.ﬁroun milk
Barrington et al. wiaLF

1 Pecinatol. 2016.

adequately masked or discharge

Sherman etal,

TLf (n=60) or placebo  Evaluate safety and LA 150 mgrkg
1 Pedistrics. 2016. (n=60) i

efficacyof recombinant  every 12 hours
human LF (TLf) to reduce

Day1-28Dol 28 days No clinical or lab toxicity; trend
toward less infectious morbidity

in infants treated with TLf

Cochrane Review  5ix RCTs In 1071 Three co-primary Clarification + Oral Lf prophylasis withiwo
6 RCTs Effect of LF on  preterm infants; autcomes: regarding probiotics decreases LOS and
Late Onset Sepsis * LOS (n-885) optimal dosing NEC zstage llin preterm

PammiM, et al Risk Ratio 0.50  NEC=stage nl regimens, types infants without adverse
Cochrane Databose  (95% C1 0.40-D.87; (n=750) of LF (human or
Syst Rev. 2017. P, . Hnsp la\ martality bovine), and + Current available evidence
(=1 long-erm graded as "low-moderate
outcomes is ales
needed
ng trials will
provide data from more than
6000 preterm neonates,
wihich may enhance the
quality of the evidence
LF. | | [ eps litis; TLT, T fe
L i
. et al. Perinatol. 2016:36:666-669. Sherman MP, et al.  Pediacr. 2016;175:68-73.23. Pammi M, et al. Coct

arrington K. et al. / Perinatol
v. 2017:6:CD007137.

FF

Slide 15

Lactoferrin tackling cytomegalovirus

In the meanwhile, several studies have been
experimentally assessing the ability of lactoferrin to
tackle cytomegalovirus (CMV) [Slide 16]. You all
know that cytomegalovirus in human milk is of
concern, especially in premature infants.

This group, led by David Kaufman in Virginia,®* has
performed several assays assessing the ability of
different types of lactoferrin, compared with
cytomegalovirus, to inhibit the growth and
proliferation of cytomegalovirus. And the findings
are very interesting because lactoferrin actually
neutralizes cytomegalovirus in vitro. And bovine
lactoferrin is even more potent than human. What's
disappointing is that the naturally occurring
concentrations of lactoferrin in breast milk and
saliva are likely too low for effective neutralization
in vivo. And this explains why, even in breastfeeding,
the concern of transmitting cytomegalovirus is still
there. Therefore, these findings advocate for
assessing the opportunity to give extra lactoferrin to

7
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preterm neonates who are breastfed, when there is
a risk to transmit the cytomegalovirus.

Lactoferrin and Cytomegalovirus (CMV)

+ Lactoferrin (LF) neutralizes CMV in vitro

Lactoferrin Neutralization Assay

N ot i « Bovine LF has more potency than
g human
L — * LF concentrations in breast milk and
saliva are likely too low for effective

neutralization in vivo

ot
R BRI

Congentration (ng/mL)

- Breastfed, preterm neonates might
need extra-LF to prevent CMV
acquisition

Neutralization potency of human and bovine
lactoferrin against human cytomegalovirus.
Neutralization of HCMY AD169 by human purified,
human recombinant, and two bovine-purified
lactoferrin preparations. The dotted lines represent
the ICso and 1Cap (ng/mlL).

HCMVY, human cytomegalavirus.

Wairmer KED, et al_Am | Perinatol. 2020. [published orline ahead of print February 18, 2020] Used by permission of Thieme. & Georg
1 Thizme Verlag KG

Slide 16 - Lactoferrin and Cytomegalovirus (CMV)

Getting back to the Cochrane review, | was telling
you that 41% [reduction in LOS] was seen, but this
was clearly in need, and pending the results of 2
major trials conducted in the last 2 years—one in
the UK and the other in Australia: the ELFIN trial and
the LIFT trial [Slide 18].

Benefits of Prophylaxis Oral Lactoferrin
(Cochrane Database Syst Rev)

+ 6 RCTs; n=1071 preterm infants

« 3 co-primary outcomes:

n= Risk Ratio

NNT 17
Currentavailable evidence graded as

; 0,59
Late-onsetsepsis 886 (95% C10.40 10 0,87; P=0,008) oo e gl

NEC = stage Il 750 4l o Corrent avallable evidence graded a5
(95% CI 0.18 to 0.86; P=0.02) e
Hospital mortality 1071 g;gqsﬁ C10.37t0 1.11; P=0.12)
i e interval; NNT, Number Needed to Trea
Meyer MP, et al. | Neonatal Perinatal Med. 2017:10:249 255, Pammi M, et al. Cochrane Batabase Syst Rev: 2017,6: CDOOTIR.

Slide 17 - Benefits of Prophylaxis Oral Lactoferrin

Both of them have been published, and I will go
through the results in order to show what is
happening now, and how the results of these very
recent large trials can be reconciled with existing
literature.

Year 2018-2019-2020 — Two Mega Trials:
ELFIN and LIFT Lactoferrin RCTs

Study Population Intervention Group  Control Group Primary Outcome
Enteral Lactoferrin UK Bovine LF Milk with placebo  Culture-proven or
In Neonates Neonates 150 mg/kg/day clinically suspected
(ELFIN); <32 wks GA (max: 300 mg) LOS from trial entry
ISRCTNB8261002 First 72 h of age until discharge until discharge
(n=2,200)
Lactoferrin Infant AUSTRALIA, INDIA,  Bovine LF Breast milk or Incidence of sepsis
Feeding Trial (LIFT)  CANADA, ITALY 200 mg/kg/day formula without  or brain injury or
to prevent sepsis Neonates with until 34 weeks GA bLF CLD or NECor
and deathin BW <1,500 g corrected or severe ROP
preterm infants; GA 22-28 wks discharge
ACTRN12611000247976  First 7 Dol
(n=1,100)

CLD, chroniclung Dol days of life; ELFIN, Enteral Lactoferrinin Neonates; GA. gestational age; LIFT, Lactoferrin Infant Feeding Trial.

Slide 18 - Year 2018-2019-2020—Two Mega Trials: ELFIN and LIFT
Lactoferrin RCTs

ELFIN trial

The ELFIN trial was published in the Lancet one year
ago, and it was absolutely disappointing because
the goal investigators had was not achieved.®
Lactoferrin supplementation, 150 mg/kg/day until
34 weeks of post-menstrual age was not able to
prevent or reduce the risk of late-onset infection.
The reduction was only 6%, [which is] not
significant.

ELFIN Trial (7ae Lancet Jan 2019)

nnnnnnnnnnnnnnnnn

Primary and Secondary oL
Outcomes

rhrmedorciricoly curpected | 161083098 1341088018

195 0lor 594 €11

084083 0107)

150n0TNTH)

64
525/10821454)
2008

n  SoMomEs)  SswOme 16210 w3 oass

mue e

*...enteral lactoferrin supplementation (150 mg/kg/d until 34-weeks postmenstrual age) does not
reduce the risk of late-onset infection, other morbidity, or mortality in very preterm infants...

Slide 19 - ELFIN Trial

ELFIN trial imvestigators group.
The Author(s). Grifiths | et al

This was true, more or less, in all categories of
preterm infants, and in all feeding types of the
infants. However, please consider that there were
different conditions in this trial that might explain
these disappointing results.
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ELFIN Trial (7he Lancet, Jan 2019)

Lactoferringroup  Cantrol group
(p=t0s (ne101)

Loctoferinial)  Placebo (nH)

Fiskratio (95%1)  praloe

orsatstca et e i on. Nagroup sze
Trial participants were allocated to receive either
bovine lactoferrin or sucrose

ELFIN trial investigators group. Lancet. 2019;303:423-433. © 2019 The Authoris). Griffiths ), et al. heaith Technol

discharge by exposure to prabiatics

LF dosing -> 150 mg/kg per day; maximum 300 mg/day
Once daily until 34-weeks postmenstrual age

Slide 20 - ELFIN Trial

Assess. 2018:22:1-60.

In any case, the ELFIN trial has a take-home
message that is clearly a pre-final word against
lactoferrin. Lactoferrin in this trial was not able to
reduce late-onset sepsis, and therefore, it's not
recommended as supplementation.®*

ELFIN Trial (7he Lancet Jan 2019)

Main take-home messages derived from 2,200 neonates enrolled

- “..does not support routine use of enteral bLF supplementation to
prevent late-onset infection of other morbidity or mortality in very
preterm infants”

+ Highlights of trial data, clarifying conclusions
+ Significance of specific populations
+ Quantity of LF received with human milk (donor or mother's)

Please note only 113 of 2,182 patients (5%) were exposed to formula milk!

chnol Assess. 2018:22:1-60.

Slide 21 - ELFIN Trial

LIFT trial

The LIFT trial was conducted during the same years
and was published just a few days ago in the Lancet
Child & Adolescent Health.*®> | will go through the
results, and you will see there is room for further
consideration.

Differently from other trials, the LIFT was targeting
a composite outcome, which was the occurrence of
death, and/or late-onset sepsis, and/or brain injury,
and/or NEC, and/or ROP. So, the ultimate goal of
this trial was to see whether lactoferrin improves
the general health of the preterm infants.

NHMRC Lactoferrin Infant Feeding Trial

La

LIFT is a blind RCT to evaluate whether supplementing feeds in VLBW infants
with once-daily study supplement of lactoferrin vs no lactoferrin (control)
reduces:

+ Primary composite outcome
= Death, late-onset sepsis, brain injury, NEC, or ROP

+ Secondary outcome, including

» Death, late-onset sepsis, brain injury, NEC, chronic lung disease,
blood transfusions

ncil; NEC. necrotizing enterocolitis: ROP. retinopathy: VLBW, very low birth weight

joen. 2018:8:2023044,

Slide 22 - NHMRC Lactoferrin Infant Feeding Trial

This trial recruited infants less than 1500 g; they
were allocated to lactoferrin or placebo; lactoferrin
dose was 200 mg/kg/day [Slide 23]. Feeds with
lactoferrin were commenced up to 7 days of life.
These are the characteristics of compliance, when
we started treatment.

NHMRC LIFT Trial (continued)

ift
Intervention:

Bovine lactoferrin in breastmilk or formula milk to a daily dose of 200 mg/kg (control group
received no bLF added to breast milk or formula milk) until 34 weeks corrected gestational
age or for 2 weeks, whichever was longer, or until discharge home, if earlier.

Power and Sample Size:

n=1500, yields 85% power, with 2-sided 5% significance to detect difference in primary
outcome, from 26% in controls to 19.5% in the bLF group.

Predefined subgroups:
(i) birth-weight <1000 g and 1000-1499 g;
(i) randomized <72 hrs and >72 hrs from birth;
(iii) those who received or did not receive probiotics; and
(iv) <28-weeks and >28-weeks gestation
bLF, bavine lactoferrin; NHI Natignal Health and Medical arct uncil

Slide 23 - NHMRC LIFT Trial (continued)

Martin A et al. BMf Open. 2018:8:2023044,

As you see [Slide 24], most infants—almost 80% of
the infants—completed the study treatment. So, the
results are reliable, and we have a very preliminary
piece of it...very interesting information here.

The proportion of infants fed with mother's milk
was 95% in both investigational groups. In addition,
those who received probiotics at any time during
the study were 85%. So, the vast majority received
compounds, such as human milk or probiotics,
which can interfere with the prevention of sepsis—
clearly can prevent sepsis.
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NHMRC LIFT Trial (continued)

Table. Compliance With Study Treatment

Lactoferrin Control
Characteristic N (%) n=770 n=771
Days of study treatment 29 29
median (IQR) (16 to 40) (17 to 40)
27 days of study treatment 719 (93.4%) 734 (95.2%)
214 days of study treatment 638 (82.9%) 665 (86.3%)
Study treatment completed 603 (78.3%) 634 (82.2%)
Study treatment incomplete 167 (21.7%) 137 (17.8%)

LIFT, Lactoferrin Infant Feeding Trial; NHMRC

m b

Slide 24 - NHMRC LIFT Trial (continued)

onal Health and Medical Research Council.

M) Open, 2018:8:2023042,

Please note that the exclusively formula milk-fed
infants were only 8%, so, really few.
-

NHMRC LIFT Trial (continued)

Table. Descriptive Characteristics: Nutrition

Lactoferrin Control
Characteristic N (%) n=770 n=771
Any mother’s milk 733 (95.2%) 725 (94.0%)
Any donor breast milk 54 (7.0%) 53 (6.9%)
Any formula milk 64 (8.3%) 63 (8.2%)
Received probiotics atany time 660 (85.7%) 658 (85.3%)

Slide 25 - NHMRC LIFT Trial (continued)

As | was telling you, the primary outcome was not
met. There was a reduction by 5%, which is

absolutely negligible.

NHMRC LIFT Trial (continued)

Table. Primary Composite Outcome

. Lactoferrin Control Relative Risk
Primary Outcome n=770 n=771 (95% CI) P
B S orbidity 162(21.0%)  170(22.0%)  (%oeo1.44) 060

RC, National Health and Medical Research Council,

Martin A et al. 8 Open. 2018:8:2023044,

Slide 26 - NHMRC LIFT Trial (continued)

When we cluster the analysis for the different
compounds of the composite outcome [Slide 27],
we see that late-onset sepsis was reduced by 17%,
from 14% to 11.6%. It's not significant, but there is a
solid trend towards reduction, which is different
from all the other outcomes that were not affected
by lactoferrin.

NHMRC LIFT Trial (continued)

Table. RESULTS: Components of Primary Outcome

Lift

Lactoferrin Control Relative Risk
Primary Outcome n=770 n=771 (95% Cl)
Death before 32 (4.2%) 29 (3.8%) 112 0.66
discharge (0.68 to 1.84)
Necrotizing 26 (3.4%) 25 (3.2%) 1.09 0.75
enterocolitis (0.63 to 1.9)
Late-onset sepsis 89 (11.6%) 108 (14.0%) 0.83 0.16
(0.64 to 1.08)
Brain inju 50 (6.5%) 47 (6.1%) 1.06 0.78
B (0.72 to 1.54)
Treated retinopathy 29 (3.8%) 20 (2.6%) 19

1.43
(0.84 to 2.44)
Not significant; 17% reduction of sepsis in LF-treated infants.

Martin 4 et al. 814 Open. 2018;8:2023044

Slide 27 - NHMRC LIFT Trial (continued)

This may make sense because, as | was showing you
in the first part of my talk, the activities of lactoferrin
are mainly towards infections, and mainly based on
several actions that target pathogens, by targeting
them directly or by promoting a new modulation.
So, it's not surprising that brain injury or
retinopathy could not be affected by lactoferrin. But
in my opinion, it's still important that the 17%
reduction in sepsis occurs.

Well, anyway, this trial was not meeting the primary
outcome. The trend in reduction of sepsis is still not
significant. The power of the trial was enough to
detect a 25% decrease or increase in primary
outcome; however, a more moderate effect cannot
be excluded. What we can say is that the treatment
was absolutely well-tolerated, and this occurred
also in the ELFIN trial. So, safety concerns are not at
all applicable with lactoferrin, based on the
evidence.
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LIFT Trial Summary Overview

LF did not reduce the primary outcome, death, or major morbidity
(Risk Ratio 0.95, 95% C| 0.79-1.14).

Although a trend was observed, LF failed to reduce late-onset
sepsis significantly (RR 0.83, 95% Cl 0.64-1.08).

LF did not affect other primary outcome components.

« The trial had 85% power to detect a 25% decrease or increase in
primary outcome, but more moderate effects are not excluded.

« Treatment was well tolerated with good compliance, and there
were no safety concerns with LF.

Slide 28 - LIFT Trial Summary Overview

The LIFT results appear inconsistent with the
Cochrane review and with the ELFIN [trial]. Maybe
with the ELFIN even more, but both of them are not
confirming the ability of lactoferrin to prevent
sepsis. This raises the question about whether
exactly the same product has been tested in the
different trials or the same population has been
tested in the different trials. We'll go through
these 2 pending questions in the next slide [Slide
29].

LIFT Trial Summary Overview (continued)

+ The LIFT results appear inconsistent with the previous Cochrane review
of 6 RCTs.

+ While some differences between LIFT and the other trials may reflect the
play of chance, there was significant heterogeneity, both amongst earlier
studies and between LIFT and earlier studies.

+ This raises questions about whether exactly the same product was being
tested, or the same population was tested.

Slide 29 - LIFT Trial Summary Overview (continued)

Trial inconsistencies

My first very provoking slide is this one [Slide 30]. In
the different trials that have opposite results—stop
lactoferrin in red, green-light to lactoferrin in
green—you see that only mother's milk was
received by 90% in LIFT and ELFIN, compared with
24% only in the original trial in Italy.™333>

Why Are There Inconsistencies Between the 3
Major RCTs in Terms of LF Efficacy?

LIFT ELFIN Manzoni

n=1541 n=2199 n=472 Ratio
Only mother’s milk 86% 92% 24% >3
Only formula milk <8% <5% 15% ~0.5
Any probiotic 86% 75% 32% >2.5
Was bLF flash pasteurized? Yes Yes No

LF, £ lactoferrin; ELFIN, Enteral Lactoferrin in Neonates; LF, lactoferrin; LIFT

t al. 80 Open. 2018:8:2023044; ELFIN trial investigat

Martin & eb 2,393:423-433; Manzoni P, et
2009:302:14211428,

Slide 30 - Why Are There Inconsistencies Between the 3 Major RCTs
in Terms of LF Efficacy?

Only formula milk, vice versa was received by 15%
in the original trial vs 5% to 8% in the 2 recent trials.
Probiotic exposure was 80%, or something like this,
in the LIFT and ELFIN, whereas only 32% of our kids
in the original trial received probiotics. And finally,
bovine lactoferrin was flash pasteurized in the 2
recent trials owing to safety reasons—but was not
flash pasteurized in ours.

Pending Issues Related to Supplementation
Strategies With Lactoferrin
« LFlevels vary in maternal milk during lactation
+ Infant's GA and time of study sampling affect LF levels
« LF ranges in various breast milk types
+ Mother’s milk

+ Stored, refrigerated mother's milk
+ Donor milk

«+ Clarification regarding optimal dosing regimens, types of lactoferrin
(human or bovine), and long-term outcomes is needed.

m R

Slide 31 - Pending Issues Related to Supplementation Strategies
With Lactoferrin

ool 20116;33:1085- 1089,

| think that, and | suggest for your consideration,
that these 4 main differences can actually impact
why the results are so strikingly different.

Please remember the lactoferrin levels vary in
maternal milk during lactation. Please remember
that these levels are varying not only in maternal
milk but also when maternal milk is stored or
refrigerated, or even more, if it is pasteurized as
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donor milk."® It's clearly a matter of clarifying which
lactoferrin we are using and clarifying which
regimens we need to use.

If the evidence before 2020 was suggesting that
lactoferrin is effective, these recent results, based
on the differences in the population that have been
studied [Slide 32], might suggest that further
studies are needed to understand not only whether
lactoferrin is effective in preventing sepsis, but
ultimately what is the actual intake of lactoferrin
providing a beneficial effect.*’

How Do We Correctly Interpret These Data?
How Do We Reconcile Apparently Contrasting Findings?

+ The evidence BEFORE 2020 was suggesting that lactoferrin
supplementation to enteral feeds decreases late-onset in preterm
infants without adverse effects.

» The recently completed large-sized trials have provided data from
>6000 preterm neonates and should enhance the quality of the
evidence.

« However, the populations studied in these 2 recent RCTs are likely
different from those studied in the earlier trials!

Slide 32 - How Do We Correctly Interpret These Data? How Do We
Reconcile Apparently Contrasting Findings?

Pammi M, et al. Cachrane Database Syst Rev. 201 7:6: CDOO7137

Significance of lactoferrin intake

It is possible that the issue here is not
supplementation of lactoferrin simply, but it is
rather how much lactoferrin is this kid getting from
human milk or externally. | will guide you through
these considerations, thanks to a number of studies
that have been published in the last years, most
clinical and in vitro.

How Do We Correctly Interpret These Data?
How Do We Reconcile Apparently Contrasting Findings?

» The key for a better understanding is NOT THE SUPPLEMENTATION
OF LACTOFERRIN, but rather THE ACTUAL INTAKE OF LACTOFERRIN

+ Evidence from 3 clinical studies:
1. Trend! et al. (Australia)—2015
2. Ochoal? et al. (Peru)—2020

3. Manzonil® et al. (Italy & NZ)—2019

- Evidence from 2 Lab studies...

Slide 33 - How Do We Correctly Interpret These Data? How Do We
Reconcile Apparently Contrasting Findings?

This one is very important. It is from a group in
Australia.® Five years ago, they assessed the
concentration of lactoferrin and the outcomes of
preterm infants in a number of mothers’ and
infants’ diet. They noted, and they demonstrated
that lactoferrin was the only antimicrobial peptide
that limited pathogen growth more than 50% when
added to formula at a concentration equivalent to
that present in breast milk. But more importantly,
the addition of lactoferrin to formula milk was able
to inhibit growth of all pathogens, and the effect
was dose dependent. Meaning that if you want to
have an impact on pathogens, you should really
care about the amount, about the intake of
lactoferrin.

Antimicrobial Protein and Peptide Concentrations and Activity in
Human Breast Milk Consumed by Preterm Infants at Risk of
Late-Onset Neonatal Sepsis
This study assessed the levels and antimicrobial activity of antimicrobial proteins
and peptides, including lactoferrin, in breast milk consumed by preterm
(<32 wks) infants, and whether deficiencies of these factors were associated with
late-onset neonatal sepsis

- Breast milk from mothers of preterm infants (32 wks GA) was collected on days 7 (n=88)

and 21 (n=77) postpartum,

- Concentrations of lactoferrin, LL-37, beta-defensins 1 and 2, and alpha-defensin 5 were
measured by ELISA.

+ The antimicrobial activity of breast milk samples against Staphylococcus epidermidis,
Staphylococcus aureus, Escherichia coli, and Streptococcus agalactiae was compared to the
activity of infant formula, alone or supplemented with physiological levels of AMPs.

- Samples of breast milk fed to infants with and without subsequent LOS were compared for
levels of AMPs and inhibition of bacterial growth.

- , ,

Slide 34 - Antimicrobial Protein and Peptide Concentrations and
Activity in Human Breast Milk Consumed by Preterm Infants at Risk
of Late-Onset Neonatal Sepsis

Trend S, et al. PLOS One. 2015;10(2):20117034,
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And the final proof of this comes from the
assessment of the clinical findings from all infants in
these studies. Those babies who had a late-onset
sepsis episode during the course of their stay in the
NICU had actually consumed and received lower
intakes of lactoferrin both on day 7 of life and on
day 21 [Slide 35].

Results

= Levels of most AMPs, including LF, and antibacterial activity *Rk
in preterm breast milk were higher at day 7 than at day 21. 10

= The range of total daily LF consumed by infants ranged from
0-794 mg/kg on days 7 and 21 postpartum.

-+ Lactoferrin was the only AMP that limited pathogen
growth >50% when added to formula at a concentration
equivalent to that present in breast milk.

Lactoferrin (mg/mL})

- Levels of AMPs were similar in the breast milk fed to infants
with and without LOS, however, infants who developed LOS
consumed significantly less breast milk and lower doses of
milk AMPs than those who were free from LOS. Day7 Day 21

Levels of LF in breast milk are higher at 7 days than at 21 days (P<0.001).

microbial prof T, lactoferrin; LOS, late-om

Slide 35 - Results

1. Trend S, ot al. PLOS One. 2015;10(2):e0117038. Used un

Attribution License. © 2015 Trend et al,

Please note that the lactoferrin received in a septic
infant was one-fourth or one-third less than the
lactoferrin received by those babies who did not
develop sepsis.

Antimicrobial Activity of Lactoferrin When Added

to Infant Formula

* In a secondary experiment, physiological milk levels of individual AMPs, including LF, were
independently capable of inhibiting bacterial growth in LBWF.

* The addition of LF to LBWF at doses equivalent to the median concentration measured
in preterm breast milk (3.8 mg/mL) had >50% bacteriostatic effect against all bacterial
species, with >97% inhibition of growth for S. epidermidis, S. aureus, and E. coli,
and 67% for S. agalactiae (Fig. 3, Trend!" 2015).

* The effect was dose-dependent, with inhibition of all species >97% when 9.5 mg/mL LF
(equivalent to the highest concentration detected in preterm breast milk) was used.

* No significant effect on growth inhibition was seen when the lowest concentration
detected in preterm breast milk (0.5 mg/mL LF) was added to LBWF.

* The other AMPs tested did not show similar efficacy in inhibiting pathogens.

F. lactoferrin; LBWF, low birth weight form

Slide 36 - Antimicrobial Activity of Lactoferrin When Added to Infant
Formula

Trend s, et al. PLOS One. 2015;102):20117038.

Late-Onset Sepsis in Infants and Levels/Intakes of LF

+ The concentration of LF in breast milk showed negative correlation with the
colony forming units of E. coli and S. aureus after incubation with breast milk
+ The median doses of LF consumed by LOS cases were lower on day 7 (14
mg/kg LF in LOS cases and 52 mg/kg in controls, respectively; p=0.03)
and day 21 (131 mg/kg LF in LOS cases and 298 mg/kg LF in controls,
respectively; p=0.04).
A

M (mLkgle)
Cumulative milk (mLikg)

Slide 37 - Late-Onset Sepsis in Infants and Levels/Intakes of LF

The same finding was retrieved by our group when
we received a secondary analysis from the data of
our original trial [Slide 38]. With the post-hoc study,
we showed that the effect of lactoferrin was not
significant in those babies who had received only
human milk.”'>3’

In Light of ELFIN and LIFT Results...
Let’s Look Into JAMA 2009 Trial Results

+ N=472; 361 (76%) infants were not exclusively human-milk fed

+ Remaining 111 (24%) HM-fed infants had mean daily intake of
79 ml/kg/day (current evidence suggests >50 ml/kg/day is protective)
(Schanler!2l 1999)

« A post-hoc analysis shows the effect of bLF was not significant in
the HM-only subgroup (p=0.15 vs p<0.001)(!

« Why is this the case?

Slide 38 - In Light of ELFIN and LIFT Results... Let's Look Into JAMA
2009 Trial Results

Not only were we able to show that the exposure of
human milk-fed infants in our trial was...the
exposure to lactoferrin was seen in ranges spanning
between 160 to 280 mg/kg/day [Slide 39]. This
means that if we give 100 mg of lactoferrin a day to
a baby who is already receiving 200 or more mg,
maybe this is not effective because the effect is
already there. It's completely different to give 100
mg of lactoferrin to a baby who is not receiving
anything because he's getting formula milk.>’
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Why Was the Effect of bLF Not Significant in the
Subgroup of Infants Fed HM?

Assuming a mean concentration of hLF
comprised between 2-3.5 mg/ml, HM-
fed infants in the LIFT study were likely
exposed to 160-280 mg/kg/day during
their stay in NICU, which is more than
the bLF supplement (100 mg/kg/day)
given to the experimental arms

Post-hoc analysis on the 2009 RCT patients

Is Lactoferrin More Effective in Reducing Late-Onset
Sepsis in Preterm Neonates Fed Formula Than in Those
Receiving Mother’s Own Milk? Secondary Analyses

of Two Multicenter Randomized Controlled Trials

Slide 39 - Why Was the Effect of bLF Not Significant in the Subgroup
of Infants Fed HM?

The same findings have been found recently by
Theresa Ochoa in Peru [Slide 40].%® Her group again,
and once more, conducted a retrospective study
assessing which was the mother-milk cumulative
intake in the first weeks of life in babies developing
or not developing sepsis, and drew the conclusion
that the daily human lactoferrin intake in babies not
featuring sepsis was 334 mg/kg/day. In contrast, it
was only 89 mg/kg/day, which makes a great
difference and probably explains why the addition
and supplementation of external lactoferrin may
not be critical when a baby is already receiving such
a big amount of natural lactoferrin.

Is Mother's Own Milk Lactoferrin Intake Associated With
Reduced Neonatal Sepsis, Necrotizing Enterocolitis, and Death?

OBJECTIVES = to determine the association of maternal LF intake and mother's own milk intake in the first
10 days of life on the prevention of late-onset sepsis (LOS), necrotizing enterocolitis (NEC), or death in the
first 8 weeks of life in newborns with a birth weight <2,000 g.

METHODS - retrospective cohort study on 240 mother/infant pairs. Intakes of maternal milk, and content
of LF in the maternal milk feeds, were measured.

RESULTS >

The average daily human LF intake over days 4-10 of life was 283 mg/kg/day
2. The adjusted hazard ratio (HR) of mother's own milk LF intake 2100 mg/kg/day in days 4-10 for LOS, NEC,
or death 0.752 (95% CI 0.301-1.877, p = 0.541)
The adjusted HR of mother's own milk cumulative intake (days 4-10) of 54-344 mL/kg (25-75 quartiles)
for LOS, NEC, or death was 0.414 (95% CI 0.196-0.873, p = 0.02). Infants who developed an event (LOS,
NEC, or death) had significantly less median daily human LF intake than those that did not (89 vs
334 mgrkg/day, respectively, #<0.0001).

n

CONCLUSION - Consumption of higher amounts of mather's own milk in the first days of life is associated
with less infection, NEC, and death.

Slide 40 - Is Mother's Own Milk Lactoferrin Intake Associated With
Reduced Neonatal Sepsis, Necrotizing Enterocolitis, and Death?

Gchoa T, et al. Neanatolagy. 2020718

Lactoferrin stability

Two additional findings: please consider that
lactoferrin decreases in concentration in stored

human milk. If you are feeding a baby with stored
human milk, you cannot rely on the same intakes of
lactoferrin as if it was in fresh human milk. With
breastfeeding, compared to giving stored human
milk, there is a reduction of 50%,° and even more,

Stability of Lactoferrin in Stored Human Milk
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Slide 41 - Stability of Lactoferrin in Stored Human Milk

if lactoferrin undergoes pasteurization. Donated
human milk undergoing pasteurization, as it occurs
regularly and routinely, has a dramatic decrease in
concentration of lactoferrin. Something that does
not enable us to provide a protective effect of
lactoferrin in this human milk sample.*

Detectable Lactoferrin Is Significantly Lower in

Pasteurized vs Unpasteurized Donated Human
Breast Milk Samples
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Slide 42 - Detectable Lactoferrin Is Significantly Lower in
Pasteurized vs Unpasteurized Donated Human Breast Milk Samples

Beneficial feeding regimens with lactoferrin

This is summarizing the flow of the last slides, and
we are getting to the conclusion. If the goal of this
presentation is to give advice about which are the
most beneficial feeding regimens with lactoferrin,
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please note that according to 3 different studies on
3 different populations [Slide 43123 infants
without sepsis in the first 4 weeks of life receive 300
mg/kg/day of lactoferrin as a mean daily intake.
Infants with sepsis, in contrast, receive no more
than 100 mg/kg/day. That is only 30%, a two-thirds
reduction. This might be the key to understand what
we need to do.

Let Us Focus on the Figures...
LF Mean Daily Intakes and Neonatal Sepsis

Infants Infants
WITHOUT WITH

Study sepsis sepsis
Manzoni P, et al. 20191 160-280 100
Trend S, et al. 20162 298 131
Ochoa R), et al. 2020061 334 89

Slide 43 - Let Us Focus on the Figures... LF Mean Daily Intakes and
Neonatal Sepsis

And, once more, we had already foreseen and
designed this issue when the application for the LIFT
trial was placed 7 years ago. In fact, we had nicely
estimated the actual daily intakes of human
lactoferrin in babies who are regularly and routinely
fed with fresh human milk. It's already around 200
mg daily [term], and it's getting up to more than 300
mg when the baby is 2-weeks old. | dare say that
these intakes are the correct intakes we need to
target in order to have a protective effect.

How Much Lactoferrin Do We Need?
The Natural Model

Table. Typical intake of hLF in a 1000g infant after starting trophic feeding with breast milk

Day 1-2 3-4 5-6 7-8 9-10 11-12  13-14 15-16
ml feed 05 1 2 3 4 5 6 8
No. of feeds 6-8 8-12 12 12 12 12 12 12
Mean daily volume of feeds 3-4 8-12 24 36 48 60 72 96
hLF concentration [mg/ml] 7 6.5 6 55 5 5 4.5 4

Presumed weightin grams®™ 1000 900 850 870 870 890 920 950
Mean daily hLF (mg/kg) 21-27 47-66 130 [172 209 267 298 365 ]

LIFT application, NHMHRC, 2014—unpublished

Slide 44 - How Much Lactoferrin Do We Need? The Natural Model

Once these intakes are achieved—and this is
another summary of what | was telling you—
remember these figures because when these
intakes are achieved, thanks to fresh human milk,
it's probably not useful to give additional lactoferrin.

Dosing Summary: Ideal Ingestion of Lactoferrin

Studies suggest ideal scenario...

A newborn with exposure to fresh maternal milk since birth would ingest the
following daily amounts of bioactive LF:

+ At least 50 mg/kg at Dol 3
« At least 150 mg/kg at Dol 7

+ Around 300 mg/kg at Dol 15 to 21

Slide 45 - Dosing Summary: Ideal Ingestion of Lactoferrin

| want to leave you with this very recent (included in
the LIFT paper) meta-analysis, which has been able
to include, not only the previous studies but also the
ELFIN and the LIFT trials [Slide 46]. Now we have
more than 5,000 infants; very low-birth-weight
infants were randomized to lactoferrin or placebo
over 10 years coming from 11 different studies.*'

The evidence is solid enough to say that lactoferrin
prevents infections with a decrease by 19%. It's not
a great decrease, but it's actually significant within a
very narrow interval of confidence. And this might
be the final word prompting speculations.
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A Final Word: Prespecified Synthesis of Effects of Lactoferrin
Supplementation in LIFT and 11 Other Trials (up to August 31, 2019),
Assuming Fixed Effects in Each Trial.

Effect of lactoferrin supplementation vs control on late-onset sepsis
Enteral lactoferrin Control Risk Ratio Risk Ratio.

StudjorSubjroup __Events _Total Events Total Weight M, Fed, 85% 1 o950
Manzoni 2009
Manzoni 2014
o018
Dai 2015
Kaur 2015

152 1 168 6% 0307070
o 18 90 45% 053026100
57020, 169

1

3/ 8 35 19%  025[0.06109]
63 % 6 21% 034[005105
95 4 95 10%  1.00[0.26,338
garrington 2016 7 40 10 39 25%  06010.29,161)
Liu 2016 2 B0 5 90 12% 040[0.08.200
Sherman 2016 0 59 M 60 48% 051026099
Tang 2017 5 B2 15 90 35%  03710.14,095
ELFiN 2018 W 1093 180 1089 3% 1.05067,127]

2

UFT 2019 89 70108 T 762% 0831063107

Total (95% CIf 2585 2600 1000% ( 0.8110.71,083)

Total evens m e

Heterogensity. Chi*= 25,45, df= 11 (P = 0.008); F= 57% A+
" - - ues 02 H o

Testfor overal effect Z= 3,06 (P = 0.002) Favors lactaferrin. Favors control

Lactoferrin provides a 19% reduction in Late-Onset Sepsis

L

20, pii: $2352-4642(2030093-6. [published anline ahead of print May 12, 2020]

Slide 46 - A Final Word: Prespecified Synthesis of Effects of
Lactoferrin Supplementation in LIFT and 11 Other Trials

| would dare to say once more that bovine
lactoferrin supplementation may give clinically
measurable benefits only when lactoferrin intakes
of human milk are below a certain threshold, and
this occurs with pasteurized, stored, refrigerated
human milk or with donor milk, or even less with
formula milk.

Speculation Rising From Current Data

= Lactoferrin (either human or bovine) supplementation appears to have clinically
measurable benefits only when LF intakes from HM are below a certain threshold
(see LIFT; Manzonil" et al. JAMA. 2009; Sherman?! et al. / Pediatr. 2016.).

« Possible protective threshold levels of LF intake—according to the experimental data
and to natural breastfeeding trends—could be comprised between 50-150 mg/kg
at 7 DoL, and between 300-400 mg/kg at 21 DoL.

- When breastfeeding already provides these intakes, an external supplementation
might not be needed, nor effective, nor confer additional advantages.

- However, in all situations where LF intake is not needed, (including processed HM
and donor-banked HM), LF external supplememntation could be considered.

ol days sman milk; LF, lactoferrir
1. Manzoni P, st al.[AMA. 2009;302:
Sherman MP, et al

Slide 47 - Speculation Rising From Current Data

We were able to capture the current protective
threshold levels of lactoferrin intake, thanks to the
3 studies | was showing you, and thanks to the
analysis of the findings of different trials that
assessed different populations with different
dosing regimens. Therefore, my advice is that in all
situations where breastfeeding is already providing
these intakes, an external supplementation with
lactoferrin might not be needed or, in any case,
might not be able to provide additional advantages.

In contrast, in all situations where lactoferrin intake
is not the one that we estimate, that we need as
preventative, is not optimal... we need to consider
supplementation with external lactoferrin.

Ongoing Issues With Supplemental Lactoferrin

+ Quality control

+ Correct intakes

» Optimal dosing regimens

+ Types of LF: human or bovine, milk and formulas
+ Interactions with probiotics

» Long-term outcomes

Slide 48 - Ongoing Issues With Supplemental Lactoferrin

We need to understand that giving bovine
lactoferrin is safe (as of today), and that we can
expect the results only when human lactoferrin is
not given in the correct amounts.

And finally, before going further, we need also to
clarify further points about the quality control,
about the dosing regimens, and about the
interactions with probiotics because all these areas
are critical when we want to establish a feeding
regimen with a supplementation that might
enhance the protective effect of human milk.

QUESTION & ANSWER

Editor's Note: This is a transcript of audience questions together
with Dr. Manzoni’s responses from the May 20, 2020 audio
webcast.

lactoferrin in COVID-19
treatment in

Is there a role for
prevention management or
preterm or term infants?

Dr. Manzoni: This is a very timely question. We
actually have some scattered data on the ability of
lactoferrin to interfere with the MERS coronavirus.
The MERS coronavirus is closely similar to the
COVID-19, so we may expect that some action of
lactoferrin could be envisaged on coronavirus.
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Clearly, we need time and studies to understand
whether this antiviral effect of lactoferrin is actually
there.

How does lactoferrin promote growth of
intestinal microbiota to establish and restore
healthy microbiota?

Well, lactoferrin acts like a prebiotic. Prebiotics are
defined as food for probiotics. In other terms, they
are compounds, both chemical or other natural
compounds, that are critical to allow probiotics to
proliferate. Lactoferrin does this by stimulating the
proliferation of specific colonies of probiotics,
specific strains namely, bifidobacteria and
lactobacilli. These strains have been most
implicated with the benefits in human beings,
especially in the first weeks of life.

What is the most significant benefit of
lactoferrin for neonates?

Well, certainly the most significant one is the
prevention of sepsis, which is a result of the varying
and several anti-infective actions of lactoferrin. Of
course, human milk is a very complex compound.
We cannot extrapolate one single compound of
human milk and attribute the benefit of human milk
to that single compound. But it's presumable in a
complex context, like the one | was showing you.
Some compounds have different roles, and in this
view, lactoferrin has a critical role in preventing
infection.

How much does human breast milk vary in the
amount of lactoferrin produced? And is the
production of lactoferrin consistent in human
breast milk?

Yes. There are 2 different trends that can also mix
with each other and interfere with each other. The
first trend you mention, lactation. Usually more
lactoferrin in the first days, in colostrum in the first
days, then decreasing intermediate, and final
decrease in natural milk. And another trend is
related to the gestational age of the baby. These

mothers of premature infants may maintain higher
levels of lactoferrin over the duration of their
breastfeeding compared with what occurs should
the baby be born at term. This might be an
interesting mechanism of Mother Nature to provide
benefits of lactoferrin even longer than what occurs
for those babies more at risk of infection because
they have been born prematurely.

Is lactoferrin retained in pasteurized donor milk
after processing at the milk bank?

This is a critical point because it's known that
pasteurization, also  Holder  pasteurization
decreases by 30% to 60% the amount of lactoferrin
contained in the sample because pasteurization has
a denaturing ability. So, lactoferrin does not escape
this ability of pasteurization. The point is to identify
methods of pasteurization that could be more
gentle towards critical proteins, such as lactoferrin,
or, in contrast, to design strategies of
supplementation of lactoferrin whenever the milk is
pasteurized.

When should breast milk be supplemented with
bovine lactoferrin?

We need to be very accurate with the wording here
because if we speak about breast milk—and we
mean milk taken by an infant through
breastfeeding—we mean fresh human milk. And
therefore, supplementation with bovine lactoferrin
probably is not needed, thanks to all the data and
all the considerations that | was showing you. But if
breast milk is expressed human milk that goes to
storage and/or to refrigeration, because mothers
are expressing milk and storing it in the refrigerator
for 20 days because they have to go back to work,
this might be a different issue. And in my opinion, in
these cases, the decrease of lactoferrin content
compared with the original samples could be much
higher that it could be applicable to supplement
lactoferrin in those samples.
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What is the minimum threshold or intake of
human lactoferrin that requires bovine
lactoferrin supplementation?

Well, again we could speculate on that, and we
could identify threshold levels of 70, 80, 90
mg/kg/day. Below these levels, infants are
significantly more likely to develop sepsis. If a baby
is getting less than these intakes, in my opinion, this
baby would need an external supplementation.

In the ELFIN trial, there are 2 serious adverse
events that authors reported as possibly
associated with lactoferrin use. What are your
thoughts?

Well, | think | cannot respond to that. If they were
reporting on possibly regular lactoferrin, this might
be the case. In any case, it's curious that the
lactoferrin proved pace in all the other 11 trials,
which means 9,000 infants were randomized, so far.
In addition, let's consider that lactoferrin is naturally
given to neonates since the Stone Age. So, it would
be absolutely unreasonable that there would be a
safety issue for this protein, which is naturally
occurring within human beings for such a long time.

Itis true that we are talking about bovine lactoferrin,
but anyway, the homology of biochemical structure
is very high. And notably there is, to my knowledge
and to the knowledge of the most of us, no reported
allergy to lactoferrin. Lactoferrin is not a serum
protein of milk; it's not a lactic casein. It's a different
kind of protein; it's a glycoprotein. In pediatrics, we
never saw allergies to lactoferrin.

Lactoferrin has iron-binding characteristics.
What do you recommend in terms of lactoferrin
use and iron supplementation for example, dose
of iron timing of starting the supplementation if
an infant is given lactoferrin supplement?

Well, this is a very important question. Since
lactoferrin’s iron-binding ability is there to steal iron
from the pathogens, it's clear that if we provide iron
to the medium, and lactoferrin saturates with the

iron that we are providing externally, probably
there's no more room for lactoferrin to steal iron
from the pathogens. My recommendation and the
recommendation of everyone is not to give
lactoferrin together with iron. It's not only in several
studies, especially in women during pregnancy, it
has been seen that lactoferrin itself has good
activity promoting iron storage and restoring
anemia in sideropenic anemia during pregnancy.
My strong suggestion is absolutely not to give iron
to infants treated with lactoferrin, or to consider
giving iron for different periods.

Is there any research showing the role of
lactoferrin for infants who were not born early?

Yes, there are. There is data showing that lactoferrin
is able to provide the benefits of several types, also
in term infants and in infants during the first year of
life, in toddlers, in infants between 1 and 2 years of
age. In these other populations, the effect of
lactoferrin might be both for respiratory tract
infection, as shown in a study from 2007, and in
gastrointestinal morbidity, as shown in several
studies conducted by the Peruvian group.

It's important to remember that lactoferrin is there
when phlogistic reaction occurs. Lactoferrin has an
anti-inflammatory activity that might justify a role
also in an immunocompetent infant who actually
needs management over their
immunocompetence, rather than a replacement of
their competency.

Are there drug supplements we give infants—
iron and others—that could interfere with the
apo- or holo-forms of lactoferrin and, in turn,
the results of studies?

Yes, this is a very interesting point. | can tell you... |
can answer this question by addressing the more
general issue of stability and the pharmaceutical
form of lactoferrin. This is something we absolutely
need. The problem is that when you rely on
lactoferrin produced by manufacturers, you may
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find different rates of saturation and different
balances for apo- and holo-forms of lactoferrin. This
is a problem, because these products are not
comparable. | advocate for new studies and new
regulations clearly re-forming [those] that are the
commercial preparations of lactoferrin when this is
given as a supplement. Otherwise, we cannot
expect the full pattern of benefits to be displayed.

Do you support a role of lactoferrin to protect
from bronchiolitis as suggested in Ochoa'’s trial?

Yes. More generally speaking, there are data, at
least from 3 studies so far, showing that in the first
year of life supplementation on a daily basis with
lactoferrin given through formula milking, which
through lactoferrin is able to prevent upper and
lower respiratory tract infections, and it heals
bronchiolitis, too. Of course, this is not probably
attributable to a specific antiviral action, nor to a
specific anti-RSV [respiratory syncytial virus] action
of lactoferrin, but rather to immunomodulation or
mucosal secretion of lactoferrin, just like it occurs in
the tears or in saliva.

Is there any cohort of neonates who cannot
tolerate lactoferrin?

No. This has not yet been described. And again, |
would be very surprised should these kinds of
neonates exist, because if we think once to the
history of mankind and humanity, lactoferrin has
been there. It's not a new compound. It's not
something we created in a laboratory 20 years ago.
[It is] something that existed forever; it's something
that existed both in human milk and in cow milk or
in goat milk since forever. So, the point is only to
understand whether a little more concentrated

intake of lactoferrin might exert issues in terms of
toleration. But it would be quite unlikely to expect
serious issues about that.

Does lactoferrin have any effect on growth
velocity?

No. This is not occurring, and this is absolutely
consistent with the characteristics of lactoferrin.
Lactoferrin is not acting as a nutritional compound
but rather as anti-infective or bioactive compound,
better to say. This is something different.

When can we anticipate long-term outcomes
from bovine lactoferrin and low-birth-weight
formula?

Well, long-term outcomes might be a little difficult
to target and to show because the only long-term
outcome | can envision is a composite quality of the
neurodevelopmental, neurocognitive patterns
attributable to the fact that the infant was not
affected by sepsis during the NICU stay. It has been
shown that infections occurring in the NICU stay in
very low-birth-weight infants, impact the quality of
neurodevelopmental patterns, determining
impairments both in neurological and in cognitive
areas. However, it has not yet been shown that by
preventing sepsis, there can be any improvement.
This is a more complex issue, and I'm sincerely a
little less skeptical on the possibility to show long-
term outcomes significantly affected by a single
compound given in the very first weeks of life. This
is true for lactoferrin, but for whichever compound.

| Abbreviations

BPD Bronchopulmonary disease MERS Middle East Respiratory Syndrome
cmv Cytomegalovirus NEC Necrotizing enterocolitis

LOS Late-onset sepsis NICU Neonatal Intensive Care Unit

LPS Lipopolysaccharide ROP Retinopathy of prematurity
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LTA Lipoteichoic acid RSV Respiratory syncytial virus

| References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Furman L, Taylor G, Minich N, Hack M. The effect of maternal milk on neonatal morbidity of very low-
birth-weight infants. Arch Pediatr Adolesc Med. 2003;157(1):66-71.

Hylander MA, Strobino DM, Pezzullo JC, Dhanireddy R. Association of human milk feedings with a
reduction in retinopathy of prematurity among very low birthweight infants. / Perinatol. 2001;21(6):356-
62.

Manzoni P, Meyer M, Stolfi |, et al. Bovine lactoferrin supplementation for prevention of necrotizing
enterocolitis in very-low-birth-weight neonates: a randomized clinical trial. Early Hum Dev. 2014;90
Suppl 1:560-5. doi:10.1016/S0378-3782(14)70020-9.

Lucas A, Cole TJ. Breast milk and neonatal necrotising enterocolitis. Lancet. 1990;336(8730):1519-23.
Corpeleijn WE, de Waard M, ChristmannV, et al. Effect of donor milk on severe infections and mortality
in very low-birth-weight infants: The early nutrition study randomized clinical trial. JAMA Pediatr.
2016;170(7):654-61. doi:10.1001/jamapediatrics.2016.0183.

Hylander MA, Strobino DM, Dhanireddy R. Human milk feedings and infection among very low birth
weight infants. Pediatrics. 1998;102(3):E38.

Schanler RJ, Shulman RJ, Lau C. Feeding strategies for premature infants: beneficial outcomes of
feeding fortified human milk versus preterm formula. Pediatrics. 1999;103(6 Pt 1):1150-7.

Jiang R, Du X, Lonnerdal B. Comparison of bioactivities of talactoferrin and lactoferrins from human
and bovine milk. / Pediatr Gastroenterol Nutr. 2014;59(5):642-52. doi:10.1097/MPG.0000000000000481.
Telang S. Lactoferrin: A critical player in neonatal host defense. Nutrients. 2018;10(9). pii: E1228.
doi:10.3390/nu10091228.

Kanwar JR, Roy K, Patel Y, et al. Multifunctional iron bound lactoferrin and nanomedicinal approaches
to enhance its bioactive functions. Molecules. 2015;20:9703-9731.

deWit JN. Marschall Rhéne-Poulenc Award Lecture. Nutritional and functional characteristics of whey
proteins in food products. J Dairy Sci. 1998;81:597-608.

Reitamo S, Konttinen YT, Segerberg-Konttinen M. Distribution of lactoferrin in human salivary glands.
Histochemistry. 1980,;66:285-291.

McClellan KA. Mucosal defense of the outer eye. Surv Ophthalmol. 1997;42:233-246.

Spik G, Brunet B, Mazurier-Dehaine C, Fontaine G, Montreuil J. Characterization and properties of the
human and bovine lactotransferrins extracted from the feces of newborn infants. Acta Paediatr Scand.
1982;71:979-985.

Manzoni P, Rinaldi M, Cattani S, et al. Bovine lactoferrin supplementation for prevention of late-onset
sepsis in very low-birth-weight neonates: a randomized trial. JAMA. 2009;302:1421-1428.

Davidson LA, Lonnerdal B. Persistence of human milk proteins in the breast-fed infant. Acta Paediatr
Scand. 1987,76(5):733-40.

Berkestedt I, Herwald H, Ljunggren L, Nelson A, Bodelsson M. Elevated plasma levels of antimicrobial
polypeptides in patients with severe sepsis. J Innate Immun. 2010;2(5):478-82. doi:10.1159/000317036.
Albenzio M, Santillo A, Stolfi |, et al. Lactoferrin levels in human milk after preterm and term delivery.
Am | Perinatol. 2016;33(11):1085-1089. doi:10.1055/s-0036-1586105.

20



Pediatric Nutrition
CONTINUING EDUCATION FOR CLINICIANS

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Neonate Feeding Regimens and the Expanding Role of Lactoferrin

Reznikov EA, Comstock SS, Yi C, Contractor N, Donovan SM. Dietary bovine lactoferrin increases
intestinal cell proliferation in neonatal piglets. J Nutr. 2014;144(9):1401-8. d0i:10.3945/jn.114.196568.
Li Q, Hu W, Zhao J, Wang J, et al. Supplementation transgenic cow's milk containing recombinant
human lactoferrin enhances systematic and intestinal immune responses in piglets. Mol Biol Rep.
2014;41(4):2119-28. d0i:10.1007/s11033-014-3061-5.

Ochoa TJ, Cleary TG. Effect of lactoferrin on enteric pathogens. Biochimie. 2009;91(1):30-4.
doi:10.1016/j.biochi.2008.04.006.

Teraguchi S, Shin K, Ogata T, et al. Orally administered bovine lactoferrin inhibits bacterial
translocation in mice fed bovine milk. Appl Environ Microbiol. 1995;61(11):4131-4.

Shan T, Wang Y, Wang Y, Liu J, Xu Z. Effect of dietary lactoferrin on the immune functions and serum
iron level of weanling piglets. / Anim Sci. 2007;85(9):2140-6.

Mastromarino P, Capobianco D, Campagna G, et al. Correlation between lactoferrin and beneficial
microbiota in breast milk and infant's feces. Biometals. 2014;27(5):1077-86. doi:10.1007/s10534-014-
9762-3.

Lénnerdal B, Jiang R, Du X. Bovine lactoferrin can be taken up by the human intestinal lactoferrin
receptor and exert bioactivities. | Pediatr  Gastroenterol  Nutr. 2011;53(6):606-14.
doi:10.1097/MPG.0b013e318230a419.

Ochoa TJ, Chea-Woo E, Baiocchi N, et al. Randomized double-blind controlled trial of bovine lactoferrin
for prevention of diarrhea in children. J Pediatr. 2013;162(2):349-56. doi:10.1016/j.jpeds.2012.07.043.
Ochoa TJ, Zegarra J, Cam L, et al. Multicenter, RCT of oral bovine lactoferrin for prevention of sepsis in
neonates at birth. Pediatr Infect Dis J. 2015;34(6):571-6.

Akin IM, Atasay B, Dogu F, et al. Oral lactoferrin to prevent nosocomial sepsis and necrotizing
enterocolitis of premature neonates and effect on T-regulatory cells. Am J Perinatol. 2014;31(12):1111-
20. doi:10.1055/5-0034-1371704.

Kaur G, Gathwala G. Efficacy of bovine lactoferrin supplementation in preventing late-onset sepsis in
low birth weight neonates: A randomized placebo-controlled clinical trial. J Trop Pediatr. 2015,61(5):370-
6. doi:10.1093/tropej/fmv044.

Barrington K], Assaad MA, Janvier A. The Lacuna Trial: a double-blind randomized controlled pilot trial
of lactoferrin supplementation in the very preterm infant. J Perinatol. 2016;36(8):666-9.
doi:10.1038/jp.2016.24.

Pammi M, Suresh G. Enteral lactoferrin supplementation for prevention of sepsis and necrotizing
enterocolitis in  preterm infants. Cochrane  Database  Syst Rev. 2017;6:CD007137.
doi:10.1002/14651858.CD007137.pub5.

Weimer KED, Roark H, Fisher K, et al. Breast milk and saliva lactoferrin levels and postnatal
cytomegalovirus infection. Am J Perinatol. 2020;10.1055/s-0040-17016009.

ELFIN trial investigators group. Enteral lactoferrin supplementation for very preterm infants: a
randomised placebo-controlled trial. Lancet. 2019 Feb 2;393(10170):423-433. doi:10.1016/S0140-
6736(18)32221-9.

Griffiths J, Jenkins P, Vargova M, et al. Enteral lactoferrin to prevent infection for very preterm infants:
the ELFIN RCT. Health Technol Assess. 2018;22(74):1-60. doi:10.3310/hta22740.

21



35.

36.

37.

38.

39.

40.

41.

Pediatric Nutrition

CONTINUING EDUCATION FOR CLINICIANS

Neonate Feeding Regimens and the Expanding Role of Lactoferrin

Martin A, Ghadge A, Manzoni P, et al. Protocol for the Lactoferrin Infant Feeding Trial (LIFT): a
randomised trial of adding lactoferrin to the feeds of very-low birthweight babies prior to hospital
discharge. BMJ Open. 2018;8(10):e023044. doi:10.1136/bmjopen-2018-023044.

Trend S, Strunk T, Hibbert J, et al. Antimicrobial protein and peptide concentrations and activity in
human breast milk consumed by preterm infants at risk of late-onset neonatal sepsis. PLoS ONE. 2015;
10(2): e0117038. doi.org/10.1371/journal.pone.0117038.

Manzoni P, Militello MA, Rizzollo S, et al. Is lactoferrin more effective in reducing late-onset sepsis in
Preterm Neonates Fed Formula Than in Those Receiving Mother's Own Milk? Secondary Analyses of
Two Multicenter Randomized Controlled Trials. Am J Perinatol. 2019;36(S 02):5120-5125.
doi:10.1055/s-0039-1691807.

Ochoa TJ, Mendoza K, Carcamo C, et al. Is Mother's Own Milk Lactoferrin Intake Associated with
Reduced Neonatal Sepsis, Necrotizing Enterocolitis, and Death? Neonatology. 2020;1-8.
doi:10.1159/000505663.

Rollo DE, Radmacher PG, Turcu RM, Myers SR, Adamkin DH. Stability of lactoferrin in stored human
milk. J Perinatol. 2014,34(4):284-6. doi:10.1038/jp.2014.3.

Woodman T, Strunk T, Patole S, Hartmann B, Simmer K, Currie A. Effects of lactoferrin on neonatal
pathogens and Bifidobacterium breve in human breast milk. PLoS One. 2018;13(8):e0201819.
doi:10.1371/journal.pone.0201819.

Tarnow-Mordi WO, Abdel-Latif ME, Martin A, et al. The effect of lactoferrin supplementation on death
or major morbidity in very low birthweight infants (LIFT): a multicentre, double-blind, randomised
controlled trial. Lancet Child Adolesc Health. 2020;4(6):444-454. doi:10.1016/52352-4642(20)30093-6.

22





