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Abstract

Objectives—To determine the effect of bovine lactoferrin on prevention of late onset sepsis
(LOS) and neurodevelopment delay.

Study design—Randomized double blind controlled trial in neonates with a birth weight of
500-2000g in three neonatal units in Lima, Peru, comparing BLF 200mg/kg/day vs. placebo
administered for 8 weeks. The primary outcome was the first episode of culture-proven LOS or
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sepsis-associated death. Neurodevelopment delay was assessed by the Mullen Scales at 24 months
corrected age.

Results—Of the 414 infants enrolled, 209 received BLF and 205 received placebo. LOS or
sepsis-associated death occurred in 22 (10.5%) infants in the BLF group vs. 30(14.6%) in the
placebo group; there was no difference after adjusting for hospital and birth weight; hazard ratio
0.73 (95% CI 0.42-1.26). For infants with birth weights <1500g the hazard ratio was 0.69

(95%Cl, 0.39-1.25). The mean age-adjusted normalized Mullen composite score at 24 months was
83.3 + 13.6 in the BLF group vs 82.6 £ 13.1 in the placebo group. Growth outcomes and re-
hospitalization rates during the 2-year follow-up were similar in both groups, except for
significantly less bronchiolitis in the BLF group; rate ratio 0.34 (95% CI 0.14-0.86).

Conclusions—Supplementation with BLF did not reduce the incidence of sepsis in infants with
birth weights <2000g. Growth and neurodevelopment outcomes at 24 months of age were similar.
Neonatal BLF supplementation had no adverse effects.

Trial registration—ClinicalTrials.gov: NCT01525316.
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Breast milk protects preterm infants from infections and improves cognitive development.1-3
One of the multiple bioactive components in milk? is lactoferrin a glycoprotein with
antimicrobial, anti-inflammatory and immunomodulatory properties.® LF has multiple
mechanisms for protection against infection, including bacteriostatic effects (iron
sequestration); disruption of bacterial cell membranes by binding lipopolysacccharide in
gram-negative bacteria; binding pathogen-host cell receptors; inhibiting biofilm formation;
modulating intestinal flora; promoting intestinal cell proliferation, differentiation and
maturation; regulating immune response; and anti-oxidative effects.5.”

There is growing interest in LF clinical applications, including protection against neonatal
infections82 with published trials of bovine LF for protection against sepsis and necrotizing
enterocolitis in preterm infants1®-17, including our pilot study.® However, most trials, had
small sample sizes. All trials followed infants until hospital discharge without information
on long-term outcomes. It is postulated that preterm brain exposure to inflammatory
mediators during infection contributes to brain injury and poor neurodevelopment.19-20 We
hypothesized that BLF would improve neurodevelopment by immunoregulation, reducing
infection-related inflammation.

This study aimed to determine the effect of BLF on prevention of late-onset sepsis (LOS) or
sepsis-associated death in infants with <2000g birth weight (BW) (aim1); and the effect on
neurodevelopment and growth at 24 months (m) corrected age (c.a.) (aim2).

METHODS

The study was a randomized, double-blind, placebo-controlled trial in three neonatal
intensive care units (NICUs) in Lima, Peru (Cayetano, Almenara, Sabogal). The study was
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approved by the ethics committee of Universidad Peruana Cayetano Heredia, University of
Texas Health Science Center at Houston, each hospital, and Peruvian regulatory institutions
(ClinicalTrials.gov: NCT01525316).

Infants were included if they weighed 500-2000g at birth and were inborn or referred to the
NICUs in the first 72 hours (h) after birth. Infants were excluded if they had underlying
gastrointestinal problems preventing enteral intake, predisposing conditions profoundly
affecting growth and development, family history of cow’s milk allergy or were unlikely to
complete the study. Written informed consent was obtained from both parents.

The randomization list was performed with fixed, equal allocation to each group, in random
blocks of 4, stratified by BW (500-1000g, 1001-1500¢g, 1501-2000g) and hospital. Infants
were assigned a consecutive number in the order of enrollment after calling the central
coordination office. Randomization occurred immediately after recruitment. BLF or placebo
capsules were opened and dissolved in breast milk or formula for masking. Only the
research nurse knew treatment assignment; clinical and research staff and parents were
blinded until the end of the study.

Enteral BLF (Friesland Campina, The Netherlands) or placebo (maltodextrin) (Montana,
Lima, Peru) 200mg/kg/day was administered in 3 divided doses for 8 weeks (w) (maximum
600mg daily). Capsules containing 100 or 200 mg of BLF or placebo were dissolved in
breast milk or formula; 100mg dissolved in a minimum volume of 4mL (maximum BLF
concentration 25mg/mL). The first dose was given on enrollment day or as soon as she/he
tolerated enteral intake. The NICU nurse prepared and administered the intervention.

Hospital data was collected daily until discharge. Sepsis or meningitis evaluations were done
per standard care at each hospital; in general, two sets of blood cultures were drawn for each
episode of suspected sepsis and sent to the hospital microbiology laboratory and a
centralized laboratory. Cultures were monitored for growth with automated systems
(BACTEC and/or BacT/ALERT) and positive cultures were processed according to
conventional techniques. The hospitals had no protocols for feeding, fluconazole
prophylaxis or antibiotic prophylaxis. All human milk was mother’s own fresh expressed
milk; no donor milk or probiotics were used. Breast milk (2-3mL) was collected in the first
7d of life (colostrum) and at 1 month to measure human-LF using an ELISA (Assaypro,
St.Charles, MO, USA).

We followed infants up to 24 months corrected age by phone every 2 weeks. Pediatric
evaluations were performed at 3, 6, 12, 18 and 24 months; auditory brainstem response
examination at 37-44 weeks postmenstrual age or at hospital discharge; neurological
evaluations at 6, 12 and 24 months; and ophthalmology evaluations at 24 months. Infants
completed the Mullen Scales of Early Learning (Mullen)2! at 12, 18 and 24 months and the
Bayley Scales of Infant and Toddler Development,3-Edition (Bayley-111)%2 at 24 months.
The Mullen is a standardized assessment of five domains from 0-68m: Gross Motor, Fine
Motor, Visual Reception, Receptive and Expressive Language. The Early Learning
Composite is a standard score (mean=100, SD=15) representing overall cognitive ability,
derived from the latter subscales. The Mullen has favorable test-retest reliability for
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individual scales and excellent interrater reliability. Prior studies have shown that Mullen
scores are significant predictors of later-developing intelligence and executive function
scores.23-25- At 24 months, parents answered two questionnaires, the Adaptive Behavior
Assessment System, 2"d-Edition (ABAS-11)28 and the Modified-Checklist for Autism in
Toddlers, Revised (M-CHAT-R). 27

Culture-proven LOS was defined as clinical signs and symptoms of infection and =1 positive
blood and/or cerebrospinal fluid cultures obtained after 72 hours of age. For coagulase-
negative staphylococci (CoNS), we required two positive blood cultures or one positive
blood culture plus a C-reactive protein >10mg/L.28 Probable sepsis or culture-negative
infection was defined by the presence of clinical signs and symptoms of infection plus >2
abnormal laboratory results??; or one CoNS positive blood culture with >7 days of treatment
with anti-staphylococcal agents. Each LOS episode was classified based on an algorithm30
and an expert blinded committee.

Study outcomes

For aim 1, the primary study outcome was a composite outcome of the first culture-proven
LOS or sepsis-associated death (deaths associated with probable sepsis). Secondary
outcomes were: the composite outcome in very low birth weight infants (VLBW, <1500g);
pathogen-specific LOS; necrotizing enterocolitis (Bell stage =2); retinopathy of prematurity
requiring surgery; intraventricular hemorrhage (grade I11-1V); bronchopulmonary dysplasia
(oxygen requirement >28d); serious infections prior to discharge; hospitalization duration;
rehospitalization; overall mortality, infection-related mortality; and frequency of adverse
events or intolerance.

For aim 2, the primary outcome was the mean age-adjusted normalized Mullen composite
score at 24m. Secondary outcomes were: neurodevelopmental delay (Mullen composite
score <70, Bayley-Il1 scores <85),31:32 delayed adaptive skills (ABAS-11 general adaptive
composite score <70); neurodevelopmental impairment (Mullen composite score <70,
moderate to severe cerebral palsy, bilateral hearing impairment requiring amplification or
bilateral blindness); and growth delay (height-for-age and weight-for-height Z-scores <-2).
All study outcomes were pre-specified in the protocol.

An independent Data Safety Monitoring Board (DSMB) monitored the study for safety and
integrity. Serious adverse events were reported to the DSMB, IRBs and regulatory
institutions.

The quality and purity of the BLF sample used was analyzed and compared with BLF from
our pilot study.18 Samples were tested for purity and impurities using a Reversed Phase
High-Performance Liquid Chromatography (Patheon-Pharmaceuticals, Cincinnati, USA);
and for bacterial endotoxin (Nelson-Labs, Salt Lake City, USA).

Statistical Analyses

Assuming 25% confirmed-LOS episodes in the placebo group (based on the NICUs’
statistics) and a 15% attrition rate, 207 children were needed in each group to detect a 45%
reduction in the number of sepsis episodes (a=0.05; power=0.80). For neurodevelopment,
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with this sample size and a 30% attrition rate for the 24-m follow-up, we estimated a power
of 0.81 to detect a difference of 5 in the Mullen composite between the arms. Statistical
analyses were adjusted for weight category and hospital. Two-sided tests at the 0.05
significance level were used. Cox regression was used to evaluate the primary outcome for
aim 1on an intention-to-treat analysis; time-at-risk started at day 3 and ended at day 56, at
discharge or LOS, whichever came first. Secondary outcomes were evaluated using Cox
regression analyses, incidence rate ratios or prevalence ratios. For aim 2, linear regression
was used for numerical variables and generalized linear models for binary variables. For the
Mullen composite score aggregating data from the 12, 18 and 24m evaluation, we used
mixed-effects ML regression, with random intercepts and slopes, and independent
correlation. Post-hoc analysis on human LF intake was performed using general linear
models. Stata 8.2 was used (StataCorp, College Station, USA).

RESULTS

Enrollment occurred from May 2012 to July 2014; of 905 infants within the BW range; 414
were enrolled and randomized, 209 allocated to receive BLF and 205 placebo (Figure 1;
available at www.jpeds.com). Mean birth weight and gestational age were 1380+365g and
30.8+3.0 weeks, respectively; 256 were VLBW infants; 4, term; 97 infants (23.4%) from
Cayetano, 137 (33.1%) from Almenara and 180 (43.5%) from Sabogal Hospital. Baseline
characteristics and risk factors for LOS were comparable between groups (Table I).
Treatment compliance was similar; 82.3% of 16,852 prescribed BLF doses were
administered completely per protocol vs. 83.5% of 15,880 placebo doses. The diluents used
were fresh mothefs milk (57.7% of the doses), infant formula (42.2%) and dextrose (0.1%).

During the 8 weeks of intervention, there were 97 culture-proven or probable sepsis episodes
(43 in LF vs. 54 in placebo). The mean day of onset of first culture-proven LOS was
15.2+10.4 in the BLF group vs. 15.0+ 12.1 in placebo. Among 67 positive blood cultures,
there were fewer gram-negative bacteria, CoONS and Candida isolates in the BLF group.
However, there was no significant effect of BLF on the primary composite outcome
adjusting for clustering within hospital and BW; hazard ratio (HR) 0.73 (95% CI, 0.42-1.26,
p=0.26) (Table 2). Among VLBW infants, the primary outcome occurred in 19 (14.6%)
infants in the BLF group vs. 27 (21.4%) in placebo, HR 0.69 (95%Cl, 0.39-1.25, P=.22).

There were no significant differences in secondary outcomes of aim 1, except for less re-
hospitalization due to bronchiolitis in the BLF group; rate ratio, 0.34 (95% CI, 0.14-0.86,
p=0.02) (Table 2). The length of hospitalization was 31.8+25.6 days in the BLF group vs.
33.2+22.4 days in the placebo group. Mortality rates were similar between groups (Table 2).
Overall mortality was high among extremely-low-birth-weight infants (ELBW, <1000g),
59.0% (23/39) in the BLF group vs. 52.6% (20/38) in placebo; as well as sepsis-related
mortality: 20.5% (8/39) in BLF vs. 28.9% (11/38) in placebo. The mortality rates for ELBW
infants reported are similar to rates in the same NICUs and others in Lima.

For Aim 2, 152 infants (72.7%) completed the 24 month follow-up in the BLF group (20
dropped out, 37 died) vs. 158 infants (77.1%) in placebo (18 dropped out, 29 died). The 24
month drop-out rate was 9.2% (38/414). Follow-up was completed in October 2016. Table 3
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(available at www.jpeds.com) shows demographic information comparing infants lost to
follow up with those who were seen for the developmental follow up at 24 months. A total
of 899 Mullen tests were performed (Figure 2; available at www.jpeds.com). The Mullen,
Bayley-111 and ABAS-II results at 24 months were similar among groups (Table 4).
Neurodevelopmental delay in VLBW infants was 18.8% (15/80) in the BLF group vs. 21.2%
(18/85) in placebo (Table 5; available at www.jpeds.com). Growth outcomes were
comparable during the 2-year follow-up (Figure 3; available at www.jpeds.com).

The infants’ nutritional characteristics were similar in both groups, except for more mothefs
milk intake in the placebo group (Table 6); a higher percentage of child-days of observation
in which infants received only mother’s milk (32.6% vs. 38.0%, p<0.001). In addition, we
found high levels of human-LF in breast milk in both arms (Table 6). We explored the
amount of human-LF consumed by the infants and found non-significant higher mean
human milk LF intake within the first week of life in the placebo group (Table 6). Post-hoc
analyses adjusting for human-LF intake showed no statistically significant differences for
the primary composite outcome, HR, 0.87 (95% CI, 0.46-1.63). No differences between
groups were found adjusting for breast milk consumption (cc/kg) either, HR, 0.67 (95% ClI,
0.39-1.18).

Adverse Events: Signs or symptoms of allergic reactions or intolerance were closely
monitored. Among 12,745 child-days of observation, vomiting was present in 0.2% vs. 0.1%
in the BLF and placebo group respectively, >2cm increase in abdominal circumference in
0.3% vs. 0.8%, and diarrhea in 0.1% in both. No infant was diagnosed with cows$ milk
allergy. There were 141 re-hospitalizations (67, B LF group; 74, placebo) and 66 deaths (37,
BLF; 29 placebo); the DSMB evaluated all serious adverse events, none was found
attributable to the intervention.

Overall the purity of the two BLF lots was similar at 95.3% and 94.8%. The percentage of
label claim was slightly less for one BLF lot (89.0% vs. 97.5%) but still very close to the
industry standard 90-110% of label claim. Bacterial endotoxin was <0.500EU/mg for both
lots.

DISCUSSION

This study found that BLF supplementation in low birth weight infants had no significant
effect on LOS, sepsis-associated death, neurodevelopment and growth outcomes. A non-
significant 55% reduction in the risk for the composite outcome (LOS and sepsis-associated
death) was observed in infants with birth weight <1000 g (ELBW), similar to Manzonis
studies in Italy; they found significantly lower incidence of LOS mainly among ELBW
infants.10.11 The ELFIN study” found no significant effect in the subgroup analysis by
gestational age. Other previous trials have not analyzed BLF effect by birth weight category,
due to their small sample size.13-16.18 E|_ BW infants are the most vulnerable population33
and most likely the ones that will benefit from this intervention. In the first days after birth,
small infants receive minimal amounts of human milk; therefore, BLF supplementation may
be critical during this period when they need additional protection.

J Pedliatr. Author manuscript; available in PMC 2021 April 01.


http://www.jpeds.com/
http://www.jpeds.com/
http://www.jpeds.com/
http://www.jpeds.com/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ochoa et al.

Page 7

Fewer pathogens were isolated from all culture-proven and probable sepsis episodes in the
lactoferrin group, including fewer gram negative bacteria and Candida species (9 vs. 16
isolates). BLF may target pathogens in the gut, by modulating the intestinal microbiome and
preventing translocation of bacteria from the gut.” On the other hand, it is unlikely that BLF
can target CoNS, as it predominantly originates from the skin.

Our study differs from previous trials in several aspects. We used a BLF dose based on the
infant$ weight (200 mg/Kg/day), whereas previous studies used a fixed dose (100, 200, 300
mg/day),10-13. 15,16 The study by Kaur et al'4, our pilot study’8 (200 mg/Kg/day) and the
ELFIN studyl’ (150 mg/Kg/day) used weight-based dosing. The dose chosen was the
effective dose in the smallest infants (500g) in the Manzoni study1. Moreover, we
administered BLF three times daily for 8 weeks to mimic the effect of breast milk LF,
administered continuously with each feeding, during the period at-risk; most studies used
BLF once daily for 4 weeks or until discharge. All trials including ours used BLF, except for
the study by Sherman et al, with recombinant human-LF.15 LF purified from human and
bovine milk have similar structural and biochemical properties; their bioactivity, assessed in-
vitro and in animal models, is comparable, but not identical.?

A contribution of our study to the body of knowledge of BLF in neonates is the
neurodevelopmental and long-term follow-up. If LF becomes a standard of care it needs to
be demonstrated to be safe. Although we were not able to prove our hypothesis that BLF
improves neurodevelopment in preterm neonates, safety was demonstrated because
outcomes for infants in the BLF group were similar to those in the placebo group for
neurodevelopmental delays and overall neurodevelopmental impairments. In both the BLF
and placebo groups, Mullen expressive language subscale scores were lower than scores for
gross motor, visual reception, fine motor and receptive language, as previously described for
ELBW infants.34 Neonatal infections in very preterm infants are associated with worse
neurodevelopment29:33 including higher incidence of cerebral palsy,32:36 representing an
economic burden for families and society.3

We found significantly fewer re-hospitalizations for bronchiolitis in the BLF group. This
was in line with a previous study:38 children receiving a BLF-enhanced formula had
significantly fewer lower respiratory tract illnesses in the first year (0.5 vs. 1.5 episodes/
year). This is worth exploring given the high burden of respiratory infections in preterm
populations, especially in ELBW infants as they have the highest rate of respiratory hospital
readmissions in early childhood.3°

Some prior trials showed significantly decreased rates of sepsis but others,16-18 including
our pilot study!® and the ELFIN triall” (2203 participants) had negative results, as did the
current study. There are several explanations for this discordant outcome. First, this study
was underpowered; the overall number of sepsis episodes in both arms was lower than
expected. For our sample size calculation we estimated a 25% sepsis rate in the placebo
group; the final LOS rate was only 10.7%, mainly because infants >1500g contributed few
sepsis episodes; with <4% sepsis rate. The discrepancy between the pre-study LOS rates and
the actual ones, probably related to our more strict definition of LOS due to CoNS. Second,
the infants had higher human-LF intake from colostrum and breast milk4C than prior studies.
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41 Therefore, the high LF levels in human milk and the high breast milk consumption overall
could have diluted the effect of BLF. Third, another possible explanation for the lack of
effect is the quality and purity of the BLF. However, both BLF preparations were similar,
with optimal purity and no bacterial endotoxin. This analysis is critical, because there are
many commercial BLF preparations with potentially different degrees of denaturation and
purity#2 and no standard guidelines for the quality of products in clinical studies.

This study has some limitations. First, we had a small number of enrolled VLBW infants.
Initially, we did not plan a quota for each birth weight category; however, in the middle of
the study, reviewing the sepsis rates by birth weight category (blinded to the treatment
allocation), we decided to stop enrolling infants >1500g to increase the power of the study;
nevertheless, the number of VLBW infants (256) enrolled at completion of the sample size
(414), was not sufficient. Second, the clinical evaluation of suspected sepsis episodes was
done according to standard care of each hospital; therefore, the appropriateness and timing
of blood cultures and antibiotic use*3 varied between centers; however, the analysis of the
main study outcome was performed adjusting for this variable. Third, the Mullen test is not
validated in preterm infants or our population. With the company’s approval (Pearson, San
Antonio, TX), we translated the test from English to Spanish and back-translated to English,
but have not done a validation study. However, the Bayley-1ll, validated in Spanish, showed
similar results.

In summary, supplementation with BLF did not reduce the incidence of sepsis in infants
with birth weights <2000g but the use of BLF as a broad-spectrum antimicrobial protective
protein may have potential effect in infants <1000g on LOS that needs to be confirmed in
future trials. One additional large ongoing study, the LIFT trial (Australia)** will provide
further evidence on BLF effectiveness on sepsis, mortality and neurodevelopment.
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Infants <2000 g assessed for eligibility (n=904)

[ Enrollment

Excluded (n=490)
e Could not be approached within
the first 72 hours of life (n=195)?
e Congenital malformations/severe
> abnormalities (n=32)
e Family from another city (n=80)
e Declined to participate (n=136)
e Other reasons (n=47)"

Randomized (n=414)

v

l

[ Allocation ]

Did not receive allocated intervention (n=8) (n=200)
¢ Did not receive oral feeds and died e Did not receive allocated
(n=7) intervention (n=5)
e Did not receive oral feeds and was ¢ Did not receive oral feeds
transferred to another hospital (n=1) and died (n=5)

Allocated to receive lactoferrin (n=209)
Received allocated intervention (n=201)

Allocated to receive placebo (n=205)
e Received allocated intervention

l

l

Excluded from the analysis (n=0)

Excluded from the analysis (n=0)

|

[ Analysis | l

Included in the analysis (n=209)

Included in the analysis (n=205)°

Figure 1.

Consort diagram Lactoferrin vs Placebo.

@ Infants that died during the first 72 hours of life (n=75), were discharged (n=17), or whose
parents were not available for enrollment during that period (n=103).

b Infants of single mothers (n=8), adolescent mothers (n=13), mothers in the UCI (n=10),
father outside the city (n=5), father absent (n=10), father participating in the trial (n=1).

¢ This analysis includes a patient that was diagnosed after randomization with esophageal
atresia, a condition that prevented oral intake, an exclusion criterion.
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A total of 299 tests were performed at 12 months, 299 at 18 months and 301 at 24 months

corrected age; 438 in the lactoferrin group and 461 in the placebo.
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Figure 3.

Comparison of growth measurements from 40 weeks to 24 months corrected age. A. Weight-
for-age Z-scores (mean); B. Length-for-age Z scores (mean); C. Weight-for-length Z-scores

(mean); D. Head circumference Z-scores (mean).
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Baseline demographic and clinical characteristics

Table 1.

Characteristic

Lactoferrin (n=209)
No. (%)

Placebo (n=205)
No. (%)

Pregnancy and delivery

Maternal age, mean (SD), y
Single mother?

Mother, higher educationb

Monthly family income, mean (SD), US dollars
ATB use in the last month of pregnancy

Multiple pregnancy

Preeclampsia/eclampsia

Peripartum infection

Peripartum fever

Chorioamnionitis (clinical or suspected diagnosis)

Premature rupture of membranes

Antenatal steroids®

Cesarean delivery

Antibiotics during labor

Neonatal

Gestational age at birth, mean (SD), weeks
Birth weight, mean (SD), g

Small for gestational age

Male sex

5-min Apgar score, mean (SD)

Neonatal resuscitation needed

Early-onset sepsis

Post randomization risk factors for LOS until discharge or death, mean (SD)

Hospitalization in NICU, days

CVC use, daysd

Mechanical ventilation, days

CPAP use, days

Treatment with antibiotics, days

Use of steroids, days

Use of H2-receptor antagonists, days
TPN use, days

Age at establishment of full enteral feeding, days

29.8 (6.4)
16 (8.0)

96 (47.5)

567 (492)
41(20.9)
45 (21.6)
62 (29.8)
54 (28.6)
18 (9.3)
63 (30.9)
76 (36.9)
152 (82.6)

168 (80.8)
68 (38.2)

30.8 (2.8)
1382 (371)
57 (27.3)
114 (54.5)
85(1.1)
117 (56.3)
90 (43.1)

14.8 (18.7)
12.2 (17.0)

3.9(10.2)
3.4(7.4)
10.3 (14.8)
0.1(1.4)
06(2.1)
9.2 (13.7)
6.8 (8.8)

29.4 (6.5)
14 (7.0)

88 (44.4)

536 (430)
39 (20.4)
47 (22.9)
60 (29.3)
50 (26.2)
16 (8.2)
58 (28.6)
58 (29.3)
141 (75.0)

164 (80.0)
52 (28.9)

30.8(3.2)
1378 (353)
59 (28.8)
116 (56.6)
83(12)
119 (58.0)
92 (44.9)

16.2 (18.1)
14.2 (16.5)

40 (10.4)
35(5.9)
11.3 (15.0)
0.1(0.9)
0.4 (L5)
10.9 (13.4)
7.2(9.9)

Abbreviations: SD, standard deviation; LOS, late-onset sepsis; NICU, neonatal intensive care unit; C\VVC, central venous catheters; CPAP,
continuous positive airway pressure; TPN, total parenteral nutrition.

a . .
Unmarried or without a partner.

bHigher education defined as post-secondary education including college, university and/or institutes of technology.
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c .
At least one dose administered.

d . . . -
Central inserted, peripheral inserted central catheter (PICC) and umbilical catheter.
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Late-onset sepsis (LOS) and secondary outcomes

Table 2.

a
Outcomes

Lactoferrin (n=209)

Placebo (n=205)

Sepsis outcomes

Primary composite outcome, No. (%)
First culture-proven LOS, No. (%)
Sepsis-related deaths, No. (%)

Primary composite outcome by birth weight group, n/N (%)

500g - 1000g

1001g - 15009
1501g - 2000g
First culture-proven or probable LOS, No. (%)

All culture-proven and probable LOSC, No. (%)

Isolated pathogens (all culture-proven and probable sepsis), No.

Gram negative bacteriad

Gram positive bacteria (excluding CoNS)e
CoNS
Candida

Secondary outcomes

NEC Bell’s stage =2
ROP requiring surgery

Intraventricular hemorrhage 111-1V (3—4week)c
Periventricular leukomalacia (3—4weeks)c

Bronchopulmonary dysplasiac
Serious infections prior to discharge
Pneumonia
Meningitis / encephalitis
uTI
Conditions requiring re-hospitalization
Pneumonia
Meningitis/encephalitis
UTI

Bronchiolitis

Wheezing

Pertussis-like syndrome
Mortality

Mortality in the first 8 weeks

In-hospital mortality

Overall 24-month mortality

No. (%)
22 (10.5)
17 (8.1)
5(2.6)

7/39 (17.9)

12/91 (13.6)
3/79 (3.8)
34(16.3)
43 (43.1)

29
8

5

15
1

No. (IR/104

5(0.5)
8 (8.4)
3(1.9)

2(1.3)

25 (12.0)

24 (40.3)
4(6.4)
7(11.2)

20 (1.6)
1(0.1)
1(0.1)
6 (0.5)

7(0.6)
3(0.2)

29 (29.8)
30 (48.1)
37 (2.6)

No. (%)
30 (14.6)
22 (10.7)
8(4.4)

15/38 (39.5)

12/88 (13.8)
3/79(3.8)
44 (21.5)
54 (53.6)

38
12

3

19
4

No. (IR/10%)
11 (11)

11 (11.4)
7(46)

4(2.6)

26 (12.7)

25 (40.1)
6 (9.5)
4(6.3)

21 (1.6)
2(0.2)
2(0.2)
18 (1.4)

3(0.2)
3(0.2)

24 (24.5)
26 (40.7)
29 (2.1)
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Hazard Ratio (95% CI)
0.73 (0.42 - 1.26)

0.45 (0.18 - 1.10)”
0.99 (0.45 - 2.21)
1.04 (0.21 - 5.16)
0.76 (0.48 - 1.19)
0.82 (0.55 - 1.23)

Rate ratio (95% ClI)

0.46 (0.16 — 1.31)
0.74 (0.30 - 1.83)
0.42 (0.17 - 1.02)

0.48 (0.23 - 1.01)

0.94 (0.85-1.05)

1.01 (0.58 — 1.78)
0.64 (0.18 - 2.27)
050 (0.05 - 5.52)

1.00 (0.54 — 1.84)
051 (0.05 - 5.62)
0.50 (0.55 - 5.52)

0.34 (0.14 - 0.86)
2.49 (0.64 — 9.64)
1.04 (0.21 - 5.15)

1.23(0.72 - 2.11)
1.13 (0.67 - 1.91)
1.32 (0.81 - 2.15)
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Outcomes® Lactoferrin (n=209)  Placebo (n=205)

Infection-associated mortalityh 173 16(12) 1.13(057-224)

Abbreviations: LOS, late-onset sepsis; CONS, coagulase-negative staphylococci; NEC; necrotizing enterocolitis; ROP, retinopathy of prematurity;
UT], urinary tract infection.

aAdjusted for hospital and weight category (<1000 g, 1001-1500 g, 1501-2000 g), considering follow up from day 3 to day 56 or death for all
neonatal outcomes for all infants.

bp=0.08
cCumuIative incidences/100 cases and cumulative incidence ratio (95% ClI).

dK/ebsie//a (4 and 3), E. coli (3 and 3), Enterobacter (1 and 2), Pseudomona (0 and 2), Acinetobacter (0 and 1) and Empedobacter (0 and 1) among
BLF and placebo groups respectively.

EEnterocaccus (3 and 1), Staphylococcus aureus (1 and 2) and Streptococcus (1 and 0) among BLF and placebo groups respectively.
fIR/104, Incidence rate per 10,000 child-days.
9p=0.02

Mortality associated with sepsis and pneumonia, excluding early-onset sepsis. No infant died of meningitis/encephalitis, UTI or diarrhea.
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Table 3.

Demographic characteristics of infants that completed the 24-month evaluation and infants lost to follow-up.

Mullen at 24

months Dead Lost to follow-up  Cerebral palsy Other? Total
Lactoferrin
n 143 37 20 5 4 209
Birth weight, g, mean (SD) 1462 (323) 978 (325) 1572 (274) 1118 (228) 1655 (185) 1382 (371)
Gestational age at birth, weeks, mean
(SD) 31.4 (2.4) 28.2 (2.5) 31.8 (2.8) 278 (2.7) 31.0(3.3) 30.8(2.8)
Male sex, n (%) 79 (55.2) 19 (51.4) 9 (45.0) 3(60.0) 4(100.0) 114 (54.6)
SGA, n (%) 37 (25.9) 14 (37.8) 5 (25.0) 0(0.0) 1(25.0) 57 (27.3)
Placebo
n 149 29 18 6 3 205
Birth weight, g, mean (SD) 1432 (309) 947 (248) 1661 (313) 1214 (295) 1475 (117) 1378 (353)
Gestational age at birth, weeks, mean
(SD) 31.2 (2.8) 27.6 (2.8) 32.8(3.1) 29.8 (4.1) 313(15) 30.8(3.2)
Male sex, n (%) 87 (58.4) 12 (41.4) 11 (61.1) 3(50.0) 3(100.0) 116 (56.6)
SGA, n (%) 46 (30.9) 5(17.2) 6(33.3) 1(16.7) 1(33.3) 59 (28.8)

Abbreviations: SD, standard deviation; SGA, small for gestational age

aOther: Completed the 24-month follow up, but did not completed the Mullen test
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Table 4.

Neurodevelopmental and growth outcomes at 24 months corrected age

Outcome® Lactoferrin Placebo
Mullen, mean (SD) (n=143) (n=149) Adjusted difference (95% CI)
Composite 83.3 (13.6) 82.6 (13.1) 0.62 (-3.07 — 4.31)
Gross Motor 415 (7.0) 425 (7.9) -1.04 (-3.38 - 1.31)
Visual Reception 43.2 (9.4) 42.6 (9.2) 0.66 (-1.88 — 3.20)
Fine Motor 432(103)  43.8(9.9) -0.53 (-1.91-0.84)
Receptive Language 44.2 (11.5) 43.9 (12.2) 0.23 (-2.83-3.29)
Expressive Language 33.8(7.7) 329(7.4) 0.97 (-1.48-3.42)
Composite combined (12, 18 and 24 months)b, mean %1 85.2 ~134(-340-0.73)
Bayley-I11, mean (SD) (n=112) (n=112) Adjusted difference (95% CI)
Cognitive 94.0 (8.3) 94.7 (6.9) -0.76 (-2.11 - 0.59)
Language 86.9 (9.6) 85.7 (9.0) 1.26 (-1.74 - 4.24)
Motor 95.4 (10.7) 96.3 (10.9) -0.91 (-2.02-0.21)
Social emotional score 110.7 (20.4) 111.7 (17.5) -1.00 (-5.66 — 3.66)
Neurodevelopmental delay n/N (%) n/N (%) Relative risk (95% CI)
Mullen Composite <70 22/143 (15.4)  30/149 (20.1) 0.76 (0.44-1.32)
Bayley-111 Cognitive <85 8/112 (7.1) 5/112 (4.5) 1.60 (0.68 — 3.75)
Bayley-11I Language <85 40/110 (36.4)  46/110 (41.8) 0.87 (0.57 — 1.31)

Bayley-111 Motor <85
ABAS-1I, GAC <70

M-CHAT-R, Score 23°

Neurodevelopmental impairment (NDI)d

Growth outcomes

Weight-for-length Z-score <-2(wasting)
Length-for-age Z-score <-2(stunting)
Weight-for-age Z-score <-2(underweight)

Head circumference Z-score <—2 (microcephaly)

12/110 (10.9)
42/111 (37.8)
16/126 (12.7)

31/147 (21.1)

nIN (%)
47117 (3.4)
15/117 (12.8)
9/120 (7.5)
7/103 (6.8)

12/110 (10.9)
39/112 (34.8)
12/125 (9.6)

39/153 (25.5)

niN (%)
6/125 (4.1)
15/125 (12.0)
13/126 (10.3)
7/113 (6.2)

1.00 (0.46 — 2.16)
1.09 (0.84 — 1.41)
1.32 (0.69 — 2.54)

0.83 (0.56 — 1.22)

Relative risk (95% CI)
0.71 (0.24 - 2.14)
1.07 (0.54 - 2.11)
0.73 (0.29 - 1.85)
1.10 (0.56 — 2.15)
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Abbreviations: Mullen, Mullen Scales of Early Learning; SD, standard deviation; Bayley-I11, Bayley Scales of Infant and Toddler Development

Third Edition; ABAS-11, Adaptive Behavior Assessment System Second Edition; GAC, general adaptive composite; M-CHAT-R, Modified

Checklist for Autism in Toddlers-Revised; NDI, neurodevelopmental impairment.

aAdjusted for hospital and weight category (<1000 g, 1001-1500 g, 1501-2000 g), excluding patients with cerebral palsy (5, BLF; 7, placebo).
Corrected age is reported for all outcomes.

b . R .
Generalized estimating equations.

CMedium to high risk for autism spectrum disorder (ASD).

a . ] . . .
NDI (composite outcome): defined as the presence of any of the following: Early Learning Composite Mullen Score < 70, moderate to severe

cerebral palsy, bilateral hearing impairment requiring amplification or bilateral blindness.
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Table 5.

Neurodevelopmental outcomes at 24 month corrected age in VLBW infants

Outcome Lactoferrin  Placebo
Mullena, mean (SD) (n=80) (n=85) Adjusted difference (95% CI)
Composite 835(14.4) 81.8(12.3)  1.59(-7.12-10.30)
Gross Motor 41.6 (7.0) 41.7 (7.6) -0.09 (-2.20 - 2.01)
Visual Reception 43.7 (9.3) 42.0 (8.7) 1.68 (-4.25-7.61)
Fine Motor 420(10.1)  42.8(9.1) -0.80 (-4.43 - 2.83)
Receptive Language 447 (11.9) 435(12.2) 1.23 (-5.20 - 7.66)
Expressive Language 34.3(7.7) 33.2(7.3) 1.13(-5.67-7.92)
Composite combined (12, 18 and 24 months)b, mean 041 852 ~1.34(-340-0.73)
Bayleya, mean (SD) (n=63) (n=66) Adjusted difference (95% CI)
Cognitive 94.3(9.2) 94.5 (6.8) -1.22 (-2.87 - 0.43)
Language 86.0 (10.6)  85.6(10.0)  0.37 (-5.78 - 6.52)
Motor 954 (125) 96.9(11.3)  -1.44(-2.89-0.01)
Social emotional score 113.2(18.4) 111.7(18.1) 1.45(-0.78-3.67)
Neurodevelopmental delaya n/N (%) n/N (%) Relative risk (95% CI)
Mullen Composite <70 15/80 (18.8)  18/85(21.2) 0.89 (0.40 —1.95)
Bayley Cognitive <85 6/63 (9.5)  4/66 (6.1) 1.57 (0.54 — 4.61)
Bayley Language <85 27/61 (44.3)  25/65 (38.5) 1.15 (0.72 - 1.84)
Bayley Motor <85 8/62 (12.9)  7/65(10.8)  1.20 (0.84—1.71)
ABAS-I1, GAC <70 24/59 (40.7)  21/64 (32.9)  1.24 (0.86 — 1.80)
9/72 (125)  8/72(11.1)  1.13 (0.81 - 1.56)

M-CHAT-R, Score 23°

Abbreviations: Mullen, Mullen Scales of Early Learning (MSEL); SD, standard deviation; Bayley-111, Bayley Scales of Infant and Toddler
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Development Third Edition (BSID-I11); ABAS-11, Adaptive Behavior Assessment System Second Edition; GAC, general adaptive composite; M-
CHAT-R, Modified Checklist for Autism in Toddlers-Revised

aAdjusted for hospital and weight category (<1000 g, 1001-1500 g, 1501-2000 g), excluding patients with cerebral palsy (5, LF; 7, placebo).
Corrected age is reported for all outcomes.

b . R .
Generalized estimating equations.

DMedium to high risk for autism spectrum disorder (ASD).
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Table 6.

Nutritional characteristics and human milk lactoferrin intake

Characteristic

Lactoferrin (n=209)

Placebo (n=205)

mean (SD) mean (SD)
Age of enteral feeding initiation in days 22(3.1) 2.1(3.3)
Age of full enteral feeding establishment in days 6.8 (8.8) 7.2(9.9)
Daily mother’s milk consumption in cc/kg during complete hospitalization 50.2 (56.0) 54.4 (54.8)
Percentage of daily mother’s milk consumption during complete hospitalization ~ 53.7 (42.0) 60.0 (40.7)
Cumulative mother’s milk intake entire hospitalization in L, mean 2.0 2.3
Number of days with at least 1 direct oral take of breast milk 55(7.2) 5.8 (6.7)
Direct daily oral takes of breast milk 2.2(0.9) 2.3(0.9)

6284 child-days 6461 child-days

No. (%) No. (%)
NPO 613 (9.9) 648 (10.2)
Use of TPN 1931 (30.7) 2231 (34.6)
Fed only with mother’s milk 2019 (32.6) 2414 (38_0)51'
Fed only with artificial formula 1132 (18.3) 793 (12.5)
Fed both with breast milk and artificial formula 2421 (39.1) 2490 (39.2)

Breast milk human lactoferrin (hLF) concentration and intake

hLF concentration in colostrum, mg/mL
hLF concentration at 1 month, mg/mL
hLF intake from colostrum, mg/day

hLF intake at one month, mg/day

mean (SD) [n]b
14.3 (7.3) [145]
9.9 (6.1) [130]
266 (267) [141]
554 (571) [57]

mean (SD) [n]b
15.6 (8.6) [132]
10.8 (6.5) [129]
317 (363) [126]
663 (676) [64]

Abbreviations: SD, standard deviation; NPO, nothing per mouth; TPN, total parenteral nutrition; hLF, breast milk human lactoferrin.

<0001

b[n], number of infants with hLF determination in their mother’s milk sample.
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