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INFECTIONS ARE THE MOST COMMON

cause of death in premature infants
andamajorthreatforpooroutcomes.1

Late-onset sepsis, ie, infections aris-
ing after the perinatal period, are mainly
nosocomial and affect 21% of very low-
birth-weight (VLBW) (�1500 g) neo-
nates, with many more undergoing em-
pirical antibiotic treatment.2 In VLBW

neonates, thedigestivetract isamajorsite
for colonization and systemic transloca-
tionbymanypathogens.Also,prolonged

Author Affiliations and Task Force Members are listed
at the end of this article.
Corresponding Author: Paolo Manzoni, MD, Neona-
tology and Neonatal Intensive Care Unit, S. Anna Hos-
pital, Azienda Ospedaliera Regina Margherita-S. Anna,
C. Spezia 60, 10126 Torino, Italy (paolomanzoni
@hotmail.com).

Context Sepsis is a common and severe complication in premature neonates, particu-
larly those with very low birth weight (VLBW) (�1500 g). Whether lactoferrin, a mam-
malian milk glycoprotein involved in innate immune host defenses, can reduce the inci-
dence of sepsis is unknown. In animal models, the probiotic Lactobacillus rhamnosus GG
(LGG) enhances the activity of lactoferrin but has not been studied in human infants.

Objective To establish whether bovine lactoferrin (BLF), alone or in combination with
LGG, reduces the incidence of late-onset sepsis in VLBW neonates.

Design, Setting, and Patients Prospective, multicenter, double-blind, placebo-
controlled, randomized trial conducted in 11 Italian tertiary neonatal intensive care
units. Patients were 472 VLBW infants enrolled from October 1, 2007, through July
31, 2008, and assessed until discharge for development of sepsis.

Intervention Infants were randomly assigned to receive orally administered BLF (100
mg/d) alone (n=153), BLF plus LGG (6�109 colony-forming units/d) (n=151), or pla-
cebo (n=168) from birth until day 30 of life (day 45 for neonates �1000 g at birth).

Main Outcome Measure First episode of late-onset sepsis, ie, sepsis occurring more
than 72 hours after birth with isolation of any pathogen from blood or from perito-
neal or cerebrospinal fluid.

Results Demographic, clinical, and management characteristics of the 3 groups were
similar, including type of feeding and intake of maternal milk. Incidence of late-onset
sepsis was significantly lower in the BLF and BLF plus LGG groups (9/153 [5.9%] and
7/151 [4.6%], respectively) than in the control group receiving placebo (29/168 [17.3%])
(risk ratio, 0.34; 95% confidence interval, 0.17-0.70; P=.002 for BLF vs control and
risk ratio, 0.27; 95% confidence interval, 0.12-0.60; P� .001 for BLF plus LGG vs con-
trol). The decrease occurred for both bacterial and fungal sepsis. No adverse effects or
intolerances to treatment occurred.

Conclusion Compared with placebo, BLF supplementation alone or in combination with
LGG reduced the incidence of a first episode of late-onset sepsis in VLBW neonates.

Trial Registration isrctn.org Identifier: ISRCTN53107700
JAMA. 2009;302(13):1421-1428 www.jama.com
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maintenanceofacentralvenouscatheter
(CVC) is a major risk factor.

Attempts to reduce incidence of late-
onset sepsis are hampered by nonspe-
cific clinical features, inadequate sen-
sitivity of diagnostic tests, and late
recognition. Furthermore, early diag-
nosis and successful treatment do not
prevent prolonged stays in neonatal in-
tensive care units, high costs, or late
neurodevelopmental impairment.3

Lactoferrin is the major whey pro-
tein in mammalian milk and is impor-
tant in innate immune host defenses. In
human milk, its concentration peaks in
colostrum and then decreases, the de-
crease being slower in the milk of moth-
ers of premature neonates.4 Bovine lac-
toferrin (BLF) and human lactoferrin
(HLF) have high (77%) amino acid ho-
mology, with BLF exhibiting even higher
in vitro antimicrobial activity than HLF.5

Both lactoferrins resist proteolysis in the
digestive tract,6 bind to specific recep-
tors on enterocytes,7 and are poorly ab-
sorbed in the gut.8

Bovine lactoferrin anti-infective ac-
tivities have been elucidated in vitro9 and
in animal models,10 resulting either from
iron sequestration or from effects on mi-
crobial cell membranes that cause their
disintegration.11-14 In animal models, BLF
activity is enhanced by the probiotic Lac-
tobacillus rhamnosus GG (LGG).15

Bovine lactoferrin has been granted
GRAS (generally recognized as safe) sta-
tus by the US Food and Drug Adminis-
tration16 and on this basis is added to in-
fant formula by some manufacturers in
Italy and Japan, with no reported ad-
verse effects. Despite largely promising
experimental data, clinical information
on BLF in infants is scarce, with no stud-
ies investigating theeffectsofBLFsupple-
mentation in VLBW neonates.

This study was a prospective, multi-
center,double-blind,placebo-controlled,
randomized clinical trial examining
whetheroral supplementationwithBLF
aloneorincombinationwithLGGreduces
late-onset sepsis in VLBW neonates.

METHODS
Between October 1, 2007, and July 31,
2008, we enrolled VLBW neonates

younger than 3 days at 11 tertiary Ital-
ian neonatal intensive care units. The
study was approved by the ethics com-
mittees of the sponsoring Scientific and
Charity Neonatology Foundation
“Fondazione Crescere Insieme al
Sant’Anna” and of each participating in-
stitution. Parents or guardians pro-
vided written informed consent.

The primary objective was to evalu-
ate the effectiveness of BLF alone or BLF
plus LGG in the prevention of the first
episode of late-onset sepsis of bacte-
rial or fungal origin. Secondary objec-
tives were assessment of the incidence
of gram-positive/gram-negative bacte-
rial and fungal sepsis, mortality prior
to discharge (overall and sepsis-
attributable), incidence of urinary tract
infections, fungal colonization, pro-
gression from fungal colonization to in-
vasive fungal infection (IFI), stage 2 or
greater necrotizing enterocolitis, thresh-
old retinopathy of prematurity, severe
(grade 3-4) intraventricular hemor-
rhage, bronchopulmonary dysplasia, al-
teration of liver function, and adverse
effects or intolerance.

Exclusion criteria were parental con-
sent lacking/refused, ongoing antifun-
gal prophylaxis, early onset sepsis (be-
fore the third day of life), or liver failure
(aspartate aminotransferase, alanine
aminotransferase, �-glutamyl transfer-
ase, and direct bilirubin serum values
3-fold higher than reference range). All
infants underwent follow-up until death
or discharge.

Infants were randomly allocated to
1 of 3 groups in a 1:1:1 ratio. Random-
ization was stratified by center, and ran-
domly permuted blocks of size 9, 12,
and 15 were used. The random alloca-
tion sequence was generated using ral-
loc.ado version 3.2.5 in Stata 9.2 (Stata-
Corp, College Station, Texas). The
pharmacy at each center used these
computer-generated randomization lists
to form the 3 groups and prepared the
drug doses. Clinical and research staff
remained unaware of study group as-
signments during the study.

Infants received either BLF (100
mg/d) (LF100; Dicofarm SpA, Rome,
Italy) alone or BLF plus LGG (6�109

colony-forming units/d) (Dicoflor60;
Dicofarm SpA); the control group re-
ceived placebo (2 mL of a 5% glucose
solution). The dosage of LGG was taken
from published data.17 The dosage of
BLF was based on the mean HLF in-
take that VLBW neonates ingest with
mother’s fresh milk in the first 2 weeks
of life (30-150 mg/d). A single BLF lot
with a projected stability of 2 years or
longer was used. We decided not to
have a fourth group receiving only
supplementation with LGG, owing to
the absence of evidence addressing LGG
effectiveness on late-onset sepsis in
VLBW infants. Treatment lasted 6 (birth
weight �1000 g) or 4 (birth weight
1001-1500 g) weeks, unless neonates
were discharged earlier. Different treat-
ment durations were chosen because of
the different durations of risk for sep-
sis. Drug administration began on the
third day of life with 1 daily dose; all
doses including placebo were diluted
in prepared milk so as to maintain
blinding.

Neonates not feeding in the first 48
hours received the drug(s) or placebo
by orogastric tube. Nutritional and feed-
ing policies followed a common pro-
tocol.18 Administration of fresh, ex-
pressed maternal milk was encouraged.
Each mother could supply milk only for
her infant. When needed, feeding was
supplemented with a formula for VLBW
infants (PreAptamil; Milupa Italia, Mi-
lano, Italy) not supplemented with BLF.

Systematic surveillance of adverse
events (eg, vomiting, feeding intoler-
ance, skin rashes) was performed
through daily infant examination un-
til 2 days after end of treatment. Given
the enhanced risk of preterm infants for
nutrition-related cholestasis but also
that BLF supplementation might im-
prove liver function via antioxidative
actions,19 weekly surveillance of liver
function was also performed.

Outcomes

Late-onset sepsis was defined as occur-
ring more than 72 hours after birth and
before discharge. This condition was
based on the detection of clinical signs
and symptoms by the physician in
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charge, presence of laboratory findings
consistent with sepsis, and isolation of
a causative organism from blood (drawn
from peripheral sites) or cerebrospinal
or peritoneal fluid.18 Diagnostic criteria
were based on the existing literature,
guidelines from international consen-
sus documents,20 and recommenda-
tions from the Italian Neonatology So-
ciety’s Fungal Infections Task Force.21

Presumed sepsis (clinical presentation
consistent with sepsis but no microor-
ganisms isolated) was not considered
late-onset sepsis.

For Staphylococcus species, includ-
ing coagulase-negative Staphylococcus
species, diagnosis required 2 positive
culture results from peripheral blood
drawn within 48 hours or only 1 posi-
tive culture result accompanied by a
concomitant positive culture result
from the CVC (or blood drawn from the
CVC) for the same organism. In the case
of Staphylococcus aureus, only 1 posi-
tive result was required. For all micro-
organisms, isolation from specimens
other than those listed above was con-
sidered colonization. Infants with an
episode of late-onset sepsis continued
to receive follow-up until discharge for
secondary outcomes.

Severe bronchopulmonary dyspla-
sia was defined as use of supplemental
oxygen for 28 days plus 30% oxygen,
positive pressure ventilation at 36
weeks’ postmenstrual age, or both.22

Necrotizing enterocolitis was defined
as clinical signs with the presence of
pneumatosis intestinalis on abdomi-
nal radiographs, according to the Bell
criteria23; retinopathy of prematurity
was defined according to the Early
Treatment for Retinopathy of Prema-
turity study.24 Urinary tract infections
were diagnosed by isolation of a patho-
gen from urine collected by suprapu-
bic puncture or bladder catheteriza-
tion, with growth of more than 100 000
bacteria/mL or more than 10 000 fungi/
mL. Sepsis-attributable mortality was
defined as death within 5 days after the
last positive culture result from any site
without other causes or as isolation of
pathogens at autopsy. Presence and
grade of intraventricular hemorrhage

were documented by the most nega-
tive ultrasound finding available; in-
traventricular hemorrhage was classi-
fied by the Papile criteria.25 Fungal
colonization was defined as growth of
at least 1 fungal isolate from at least 1
surveillance culture.

Microorganism Isolation
and Identification

To diagnose bacterial and fungal colo-
nization, as well as progression from
fungal colonization to infection, sur-
veillance cultures were obtained from
ear canal swabs and umbilical cath-
eters at birth; in addition, at least 3 of
4 swabs (stool, gastric aspirate, rectal,
pharyngeal) were obtained every week
for 6 weeks. Cultures were also ob-
tained from surgical devices after re-
moval and from any sites at any time
when ordered by the physician.

Standard laboratory methods were
used to identify bacteria from cul-
tures.26,27 For Candida species, speci-
mens were incubated on chromogen
culture plates (Albicans ID; bioMér-
ieux, Marcy l’Etoile, France) to iden-
tify Candida albicans colonies as blue
stains after 48 hours at 37°C. Colonies
were speciated biochemically (Vitec
Yeast, bioMérieux).

Statistical Analysis

All primary and secondary outcomes
were represented by dichotomous vari-
ables (presence/absence) and ana-
lyzed by intention-to-treat.

Categorical predictor variables were
represented by percentages. Birth
weight, gestational age, Apgar score,
number of days receiving a given treat-
ment, and daily amount of milk in-
take were represented by continuous
variables. A complete list of the cat-
egorical and continuous variables con-
sidered is shown in TABLE 1.

The BLF and BLF plus LGG groups
were separately compared with the con-
trol group, overall and by birth weight
groups. Proportions and continuous
variables were compared using the
Fisher exact 2-tailed test and the t test,
respectively. Risk ratios (RRs) and 95%
confidence intervals (CIs) were calcu-

lated to compare cumulative between-
group incidences using Stata version
9.2. A multilevel (random-intercept) lo-
gistic regression model28 was fitted to
investigate the effect of relevant risk fac-
tors, taking into account the center-
level variance component. Covariates
included in the model were chosen a
priori on the basis of their clinical rel-
evance and included treatment assign-
ment (BLF/BLF plus LGG/placebo), sex
(male/female), gestational age, birth
weight, nutrition (maternal milk/
formula/both formula and maternal
milk/human nonmaternal milk), use of
H2 blockers, use of postnatal steroids,
and daily milk intake.

The Wald test was used to assess the
significance of the estimated coeffi-
cients. The likelihood ratio test was
used to test the significance of the cen-
ter-level variance component. Good-
ness-of-fit was evaluated through the
log-likelihood of the fitted model. All
tests were 2-tailed, and P� .05 was con-
sidered statistically significant. No ad-
justment was made for multiple
comparisons.

Sample size analysis predicted that
114 patients would be needed for each
group, based on 2-sided type I error
rates of .05 or less and 80% power to
detect a relative difference between
treated and nontreated infants of at least
66% (decrease from 18% to 6%, given
a pretrial incidence of 18%) for late-
onset sepsis. A total of 153 infants in
each group would be needed to reach
a power of 90%. Incidence of late-
onset sepsis was also compared in in-
fants treated with BLF and with BLF
plus LGG. Since there were no signifi-
cant differences between the 2 treat-
ment groups, a post hoc analysis was
performed comparing the combined
treatments with the control group, both
overall and by birth weight groups.
However, given the low incidence of
late-onset sepsis in either treatment
group, the study was underpowered to
detect possible significant differences.
Assuming an incidence of 6% in either
treatment group, 749 infants in each
group would have been needed to reach
80% power to detect a relative differ-
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ence of 50%, and 279 infants in each
group would have been needed for a
75% difference.

Subgroup analyses of late-onset sep-
sis were carried out by type of nutrition
(infants fed maternal and formula milk).
The study was underpowered to detect
statistically significant differences in this
subgroup analysis.

Power calculations were performed
using S-plus version 2000 (MathSoft,
Cambridge, Massachussetts). Primary
analyses were performed using Stata 9.2.

RESULTS
Patients

Four hundred ninety-four VLBW neo-
nates survived 3 days or longer and
were assessed for eligibility. Twenty-
two were ineligible (FIGURE). Four hun-
dred seventy-two neonates were ran-
domized to the BLF (n=153), BLF plus
LGG (n = 151), or control (n = 168)
groups.

One infant in the BLF group discon-
tinued treatment (receiving only 8 drug
doses) but was included in the BLF
group for the intention-to-treat analy-
sis. Nine infants had incomplete data
on some variables included in the pro-
tocol but not for the analysis of study
outcomes.

There were no significant baseline
differences between groups in risk fac-
tors for sepsis, treatment, or nutri-
tional characteristics (Table 1).

Late-Onset Sepsis

Forty-five infants had a first episode of
late-onset sepsis (TABLE 2), with 56
causative isolates (2 concomitantly in
11 episodes) (eTable 1, available at http:
//www.jama.com). Overall, late-onset
sepsis occurred less frequently in the
BLF and BLF plus LGG groups (9/153
[5.9%] and 7/151 [4.6%], respec-
tively) than in the control group (29/
168 [17.3%]) (RR, 0.34; 95% CI, 0.17-
0.70; P=.002 for BLF vs control and RR,
0.27; 95% CI, 0.12-0.60; P� .001 for
BLF plus LGG vs control) (Table 2).
The decrease occurred for bacterial as
well as fungal episodes but was not sta-
tistically significant for gram-negative
bacteria in the BLF group and for fun-

Table 1. Demographic and Nutritional Characteristics of Patients and Major Risk Factors for
First Episode of Late-Onset Sepsis

Characteristic
BLF

(n = 153)
BLF � LGG

(n = 151)
Control
(n = 168)

P Valuea

BLF vs
Control

BLF �
LGG vs
Control

Demographic
Birth weight, mean (SD) [range], g 1142 (244)

[634-1495]
1138 (253)
[550-1500]

1109 (269)
[437-1500]

.25 .31

Gestational age,
mean (SD) [range], wk

29.6 (2.5)
[23-36]

29.8 (2.8)
[23-35]

29.5 (3.2)
[23-39]

.82 .39

Apgar score at 5 min, mean (SD)b 7.6 (1.4) 7.5 (1.6) 7.6 (1.5) .57 .42
Male sex, No./total (%) 74/153 (48.4) 72/151 (47.7) 86/168 (51.2) .66 .58
White race, No./total (%)c 138/153 (90.2) 133/151 (88.1) 153/168 (91.1) .84 .46
Born at another facility,

No./total (%)
19/153 (12.4) 30/121 (19.9) 27/168 (16.1) .43 .38

Vaginal delivery, No./total (%) 29/153 (19.0) 32/151 (21.2) 34/168 (20.2) .78 .89
Maternal preeclampsia,

No./total (%)
37/153 (24.2) 33/151 (21.8) 41/168 (24.4) .68 .68

Medication use, No./total (%)
Antenatal corticosteroids 109/153 (71.2) 104/151 (68.9) 123/168 (73.2) .80 .45
Antenatal antibiotics 119/153 (77.8) 113/151 (74.8) 129/168 (76.8) .89 .69
Surfactant (at least once) 109/153 (71.2) 112/151 (74.1) 129/168 (76.8) .30 .59

Risk factors for late-onset sepsis,
mean (SD), days until discharge

Use of TPN 20.2 (20.9) 17.8 (18.1) 18.5 (15.0) .35 .57
Umbilical catheter positioned 5 (0.9) 5 (0.9) 5 (0.9) .99 .99
Intubation 6.5 (6.3) 6.8 (6.4) 6.9 (10.2) .31 .40
Medication use

H2 Blockers 3.1 (6.8) 3.0 (8.3) 2.7 (6.5) .60 .73
Third-generation

cephalosporins
0.7 (0.5) 0.7 (0.6) 0.9 (0.8) .65 .88

Antibiotics 11.6 (8.5) 11.8 (9.5) 13.3 (10.5) .12 .19
Postnatal steroids 1.0 (0.9) 1.1 (1.1) 0.9 (1.3) .80 .62

Supplemental oxygen 14.0 (9.8) 14.3 (11.0) 14.4 (12.5) .76 .77
Mean duration of stay in NICU

Alive infants 54.2 (24.4) 54.7 (22.3) 55.1 (21.7) .73 .87
Deceased infants 14 (5.6) 14 (7.0) 27.4 (21.6) .25 .16

Central venous catheter(s)
positioned

13.2 (10.3) 13.7 (10.2) 15.0 (11.5) .13 .28

Early onset neutropenia,
No./total (%)

15/153 (10.2) 13/151 (8.6) 12/168 (7.2) .45 .76

Nutritional characteristics
Time of initiation of oral feeding,

mean (SD), DOL
2.2 (3.1) 2.1 (3.8) 2.4 (3.5) .49 .34

Time of achievement of full
feeding, mean (SD), DOL

12.5 (4.1) 13.4 (5.1) 14.8 (4.7) .05 .21

Volume of feedings advanced
daily, mean (SD), mL/d

10.0 (4.5) 11.0 (3.9) 10.6 (3.0) .59 .68

Fed with only formula,
No./total (%)

24/153 (15.7) 26/151 (17.2) 22/168 (13.1) .53 .35

Fed with only maternal milk,
No./total (%)

42/153 (27.4) 32/151 (21.2) 37/168 (22.1) .30 .89

Fed with both formula and
maternal milk, No./total (%)

87/153 (56.9) 93/151 (61.6) 109/168 (64.8) .72 .84

Daily human fresh milk intake,
mean (SD), mL/kg

69.3 (41.7) 65.7 (41.5) 66.8 (35.5) .56 .79

Total days of human fresh milk
feeding, mean (SD)

22.3 (13.6) 21.4 (13.7) 22.8 (12.6) .71 .33

Abbreviations: BLF, bovine lactoferrin; DOL, days of life; LGG, Lactobacillus rhamnosus GG; NICU, neonatal intensive care
unit; TPN, total parenteral nutrition.

aCalculated using the Fisher exact 2-tailed test for comparing proportions and the t test for comparing continuous vari-
ables (eg, birth weight).

bScore ranges from 0 to 10, with higher scores indicating better functioning.
cRace was determined by the investigators. Percentage refers to both parents.
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gal infections in the BLF plus LGG
group. The distribution of infecting
pathogens by type was not signifi-
cantly different in treated and un-
treated groups (eTable 1).

In a post hoc analysis, no signifi-
cant difference in the proportion of in-
fants with late-onset sepsis was ob-
served between the BLF and BLF plus
LGG groups (P� .99), although the
study was not powered to detect a dif-
ference between these groups.

When stratifying for birth weight,
the decrease in late-onset sepsis was
significant in extremely low-birth-
weight (ELBW) (�1000 g) neonates
(RR, 0.31; 95% CI, 0.14-0.70; P=.002
for BLF vs control and RR, 0.30; 95%
CI, 0.13-0.69; P= .002 for BLF plus
LGG vs control), whereas it was
not significant in neonates weighing
1001 to 1500 g (RR, 0.46; 95% CI,
0.12-1.74; P=.34 for BLF vs control
and RR, 0.16; 95% CI, 0.02-1.27;
P=.07 for BLF plus LGG vs control)
(Table 2).

Analysis of the combined treatment
groups (BLF and BLF�LGG) vs the
control group showed a reduction of

late-onset sepsis in treated infants
(16/304 [5.3%] vs 29/168 [17.3%])
(RR, 0 .26; 95% CI, 0 .14-0 .50;

Table 2. Bacterial and Fungal Late-Onset Sepsis, Fungal Colonization, Progression From Colonization to Infection, Mortality in the Study Groups

Result

No./Total (%) BLF vs Control BLF � LGG vs Control

BLF
(n = 153)

BLF � LGG
(n = 151)

Control
(n = 168) RR (95% CI)

P
Valuea RR (95% CI)

P
Valuea

Bacterial and fungal late-onset sepsis
Total late-onset sepsis (total = 45) 9/153 (5.9) 7/151 (4.6) 29/168 (17.3) 0.34 (0.17-0.70) .002 0.27 (0.12-0.60) �.001

Day of onset, mean (SD), DOL 18.2 (4.2) 16.1 (8.0) 19.6 (12.7) .76 .50

Gram-negative bacteria 7/153 (4.6) 5/151 (3.3) 17/168 (10.1) 0.45 (0.19-1.06) .09 0.33 (0.12-0.87) .03

Gram-positive bacteria 2/153 (1.3) 1/151 (0.7) 13/168 (7.7) 0.17 (0.04-0.74) .007 0.09 (0.01-0.65) .002

Gram-positive bacteria, including episodes
diagnosed with �1 positive blood culture
for CoNS

4/153 (2.6) 2/151 (1.3) 19/168 (11.3) 0.23 (0.08-0.66) .002 0.12 (0.03-0.49) �.001

ELBW neonates 6/53 (11.3) 6/54 (11.1) 22/60 (36.7) 0.31 (0.14-0.70) .002 0.30 (0.13-0.69) .002

Neonates weighing 1001-1500 g 3/100 (3.0) 1/97 (1.0) 7/108 (6.5) 0.46 (0.12-1.74) .34 0.16 (0.02-1.27) .07

Neonates weighing �750 g 0/9 (0) 2/12 (16.7) 11/18 (61.1) .003 0.27 (0.07-1.02) .03

Neonates �27 weeks’ gestational age at birth 5/35 (14.3) 6/37 (16.2) 19/46 (41.3) 0.35 (0.14-0.84) .01 0.39 (0.17-0.88) .02

Invasive fungal infection
Total 0/153 (0) 2/151 (1.3) 9/168 (5.4) .004 0.25 (0.05-1.13) .07

ELBW neonates 0/53 (0) 2/54 (3.7) 6/60 (10.0) .03 0.37 (0.08-1.76) .28

Neonates weighing 1001-1500 g 0/100 (0) 0/97 (0) 3/108 (2.8) .25 .25

Progression from fungal colonization to fungal sepsis
Overall fungal colonization (at least 1 site) 27/153 (17.6) 25/151 (16.6) 31/168 (18.5) 0.96 (0.60-1.53) .89 0.90 (0.56-1.45) .77

Progression rate colonization/invasive fungal
infection (all neonates)

0/27 (0) 2/25 (8.0) 9/31 (29.0) .002 0.28 (0.07-1.16) .09

Mortality (prior to discharge)
Overall (all causes) 4/153 (2.6) 6/151 (4.0) 12/168 (7.1) 0.37 (0.12-1.11) .07 0.56 (0.21-1.45) .24

Attributable to sepsis 0/153 (0) 1/151 (0.7) 8/168 (4.8) .008 0.14 (0.02-1.09) .04
Abbreviations: BLF, bovine lactoferrin; CI, confidence interval; CoNS, coagulase-negative Staphylococcus species; DOL, days of life; ELBW, extremely low birth weight; LGG, Lactoba-

cillus rhamnosus GG; RR, risk ratio.
aCalculated using the Fisher exact 2-tailed test for comparing proportions.

Figure. Study Flow

494 Infants assessed for eligibility

472 Randomized

151 Included in primary analysis
4 Had incomplete data

153 Included in primary analysis
2 Had incomplete data

168 Included in primary analysis
3 Had incomplete data

153 Randomized to receive BLF
153 Received BLF as

randomized

151 Randomized to receive BLF + LGG
151 Received BLF+ LGG as

randomized

168 Randomized to receive placebo
168 Received placebo as

randomized

22 Excluded
11 Did not meet inclusion criteria

7 Parents or guardians refused
participation

4 Other

9 Early onset sepsis
1 Liver failure at baseline
1 Ongoing antifungal prophylaxis

0 Lost to follow-up 0 Lost to follow-up0 Lost to follow-up
1 Discontinued intervention (did not

receive 7 consecutive doses of
study drug)

BLF indicates bovine lactoferrin; LGG, Lactobacillus rhamnosus GG.
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P� .001). The decrease was signifi-
cant both in ELBW neonates (12/107
[11.2%] vs 22/60 [36.7%]; P� .001)
and in neonates weighing 1001 to
1500 g (4/197 [2.0%] vs 7/108
[6.5%]; P=.05).

When risk factors were controlled
for, both treatments conferred protec-
tion against late-onset sepsis (odds
ratio, 0.32; 95% CI, 0.14-0.77 for BLF
vs control and odds ratio, 0.21; 95%
CI, 0.08-0.55 for BLF plus LGG vs
control) (TABLE 3). The amount of
residual variability explained by the
center effect was low (intraclass corre-
lation coefficient=3.4%, P=.28). The
other statistically significant predictor
of late-onset sepsis was gestational
age (odds ratio, 0.71; 95% CI, 0.57-
0.89 for each additional gestational
week).

Sepsis-attributable mortality was sig-
nificantly lower in the 2 treatment
groups (0/153 [0%] with BLF and 1/151
[0.7%] with BLF plus LGG, vs 8/168
[4.8%] with control; P=.008 and P=.04,
respectively). Statistically significant dif-
ferences in overall mortality were not
found (Table 2).

Fungal colonization rates were
similar in the 3 groups (Table 2).
However, IFI occurred less frequently
in the treatment groups (0/153 [0%]
with BLF and 2/151 [1.3%] with BLF
plus LGG, vs 9/168 [5.4%] with con-
trol; P=.004 and P=.07, respectively).
The rate of progression from coloniza-
tion to IFI was 0/27 (0%) with BLF
and 2/25 (8.0%) with BLF plus LGG,
vs 8/31 (25.8%) with control (P=.005
and P=.16, respectively).

Necrotizing enterocolitis of stage 2
or greater occurred less frequently with
BLF plus LGG (0/151 [0%]) vs con-
trol (10/168 [6.0%]) (P=.002) but not
with BLF (TABLE 4). Threshold reti-
nopathy of prematurity occurred less
frequently with BLF (6/153 [3.9%] vs
19/168 [11.3%]) (P=.02). All other sec-
ondary outcomes were not statisti-
cally significant.

In infants fed only maternal milk,
late-onset sepsis occurred less fre-
quently in treated than in control in-
fants (1/42 [4.2%] and 2/32 [6.3%] with
BLF and BLF plus LGG, respectively,
vs 7/37 [18.9%] with control; P=.02 and
P = .16, respectively). The same oc-
curred in infants fed only formula milk
(1/24 [4.2%] and 0/26 [0%] with BLF
and BLF plus LGG, respectively, vs 4/22
[18.2%] with control; P=.18 and P=.04,
respectively).

Safety Surveillance

No intolerances or adverse effects to
BLF were recorded. Lactobacillus rham-
nosus GG was never isolated from cul-
tures. Drug administration was not dis-
continued because of presumed adverse
effects, intolerance, or potentially dan-
gerous interactions with other drugs.
At age 4 weeks, liver enzyme values
were in the reference ranges but were
significantly lower in both treatment
groups compared with the control
group (eTable 2). The incidence of hy-
perbilirubinemia requiring photo-
therapy was similar in the 3 groups. No
infants displayed signs of hepatotoxic-
ity or cholestasis.

COMMENT
In this study, oral BLF administered
alone or in combination with LGG de-
creased the incidence of a first episode
of late-onset sepsis in VLBW neo-
nates. Bovine lactoferrin inhibits the
growth of a wide variety of bacteria,
fungi, viruses, and parasites.10-14 The in-
volved mechanisms include direct
actions toward membrane compo-
nents,9,12,29 immunomodulatory ef-
fects,30,31 and a synergistic action with
anti-infective drugs.32 Susceptibility of
microorganisms to the inhibitory effect

Table 3. Multivariable Logistic Regression
Analysis Controlling for the Most Important
Risk Factors Possibly Associated With
Late-Onset Sepsisa

Factor OR (95% CI)b
P

Value

Treatmentc

BLF 0.32 (0.14-0.77) .01

BLF � LGG 0.21 (0.08-0.55) .002

Sexc 1.91 (0.89-4.09) .10

Gestational age,
per week

0.71 (0.57-0.89)d .002

Birth weight, per gram 1.00 (1.00-1.00)d .35

Milk typec

Mix 2.43 (0.50-11.75)

Maternal 2.69 (0.50-14.63) .48

Human
(nonmaternal)

4.78 (0.64-35.94)

Use of H2 blockers,
total days

1.04 (0.99-1.08)d .09

Use of postnatal
steroids, total days

1.10 (0.54-2.25)d .79

Daily mean human
fresh milk intake,
mL/kg

0.99 (0.98-1.01)d .29

Abbreviations: BLF, bovine lactoferrin; CI, confidence inter-
val; LGG, Lactobacillus rhamnosus GG; OR, odds ratio.

aWithin-center correlation=3.4% (P=.28). Log likelihood of
full model=−109.41775; Wald test (11 df ) =52.73
(P� .001).

bAdjusted for all other terms listed in the table.
cReferents were placebo for treatment, male for sex, and

formula milk for milk type.
dOR for a 1-unit increase.

Table 4. Secondary End Points

No./Total (%) P Valuea

BLF BLF � LGG Control
BLF vs
Control

BLF �
LGG vs
Control

Threshold ROP requiring surgeryb 6/153 (3.9) 13/151 (8.6) 19/168 (11.3) .02 .46

Severe (grade 3-4) IVHc 6/153 (3.9) 4/151 (2.7) 2/168 (1.2) .16 .43

Bronchopulmonary dysplasiad 4/153 (2.6) 4/151 (2.7) 6/168 (3.6) .75 .75

Infants undergoing major surgery,
including ligation of PDA

5/153 (3.3) 2/151 (1.3) 3/168 (1.8) .49 .99

Death prior to hospital discharge,
all causes

4/153 (2.6) 6/151 (4.0) 12/168 (7.1) .08 .24

NEC �stage 2 3/153 (1.9) 0/151 (0) 10/168 (6.0) .09 .002

Death or NEC �stage 2 7/153 (4.6) 7/151 (4.6) 18/168 (10.7) .06 .06

Urinary tract infections 4/153 (2.6) 6/151 (4.0) 10/168 (6.0) .18 .45
Abbreviations: BLF, bovine lactoferrin; BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; LGG, Lacto-

bacillus rhamnosus GG; NEC, necrotizing enterocolitis; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.
aCalculated using the Fisher exact 2-tailed test for comparing proportions.
bDefined according to Stoll et al.3
cDefined according to Jobe and Bancalari.25

dDefined according to Papile et al.22
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of BLF is greater in certain growth
stages33; this mechanism could ex-
plain why in our study BLF did not
affect fungal colonization but rather
progression from colonization to in-
fection. In this study, gram-positive
pathogens were mainly Staphylococ-
cus species, including coagulase-
negative Staphylococcus species. These
pathogens contaminate CVCs at the
skin entry site, while gram-negative
pathogens and Candida species enter
through the gut. The beneficial effects
of BLF applied to all pathogens, since
the distribution of infecting patho-
gens by type was not significantly dif-
ferent in treated and untreated groups.
Further study is needed of the nonsig-
nificantly greater reduction in gram-
positive and fungal compared with
gram-negative pathogens in the treated
groups.

Given the high homology between
HLF and BLF, it might be argued that
supplemented BLF overlaps with ma-
ternal milk in protecting against sep-
sis. However, in untreated infants the
incidence rates of late-onset sepsis were
similar in those fed exclusively mater-
nal milk vs exclusively formula; fur-
thermore, the decrease in late-onset sep-
sis episodes in treated infants was
comparable regardless of the type of
milk feeding. Thus, maternal milk alone
does not confer the benefits of BLF
supplementation. This implies the need
for additional lactoferrin, specifically to
prevent late-onset sepsis.

The protective effect of BLF was clear
in the infants weighing less than 1000 g,
whereas itdidnotreachstatistical signifi-
cance in those weighing 1001 to 1500 g.
This may be because ELBW infants re-
ceivedhigherper-kilogramBLFdosesand
longer treatment courses. Of note, HLF
concentration in milk from mothers of
ELBW infants is significantly higher
than in that of mothers of infants with
higherbirthweight.34 SupplementalBLF
administeredatconcentrationsadjusted
for thedegreeofprematuritymayfurther
improveoutcomes.Alternatively,ahigher
dose of BLF may need to be been given
for a longer time to the subgroup weigh-
ing 1001 to 1500 g.

Lactobacillus rhamnosus GG inter-
acts with BLF to boost the defenses of
an immature intestine.15 Although in-
cidence of late-onset sepsis in the treat-
ment groups was too low to allow com-
parisons between BLF alone and BLF
plus LGG, we did not observe any syn-
ergistic effect of LGG with BLF in pre-
venting sepsis, in contrast with stud-
ies in mice.15 It is possible that LGG and
BLF target the same mechanism(s) in
humans, thereby excluding a cumula-
tive effect. Alternatively, since BLF ac-
celerates intestinal maturation in pre-
term infants,5 this might override the
reported LGG effects and be respon-
sible for a reduction of sepsis related to
germ translocation.

Beneficial effects of LGG on fungal
enteric colonization in preterm hu-
mans have been described17 but were
not seen in our study. Wide inter-
center variations in Candida gastroin-
testinal tract colonization have been re-
ported.1 It is possible that LGG plays a
role additional to that of BLF when
these rates are high. In the study cited,
LGG decreased fungal colonization
from 46% to 23%,16 whereas in our
study colonization rate was 18.5% in
controls.

Our study has some limitations. Gen-
eralizability is a potential limitation; in
addition, the trial was underpowered to
detect adverse events or to compare the
2 treatment groups. We administered a
BLF dose based on the mean HLF in-
take that 1000-g infants usually ingest
with mother’s milk in their first weeks
of life. Dose-finding studies should show
whether different dosages or schedules
fit better. No adverse effects were ob-
served in the treated groups, in line with
the considerable homology between BLF
and HLF. However, although BLF is not
reported as a milk protein responsible
for nutritional intolerances or aller-
gies, such events may become clini-
cally evident after months or even years.
Our study was limited to assessing in-
fants at discharge. Since BLF has a miti-
gating effect on inflammation,35 a pri-
mary cause of long-term complications
of late-onset sepsis, BLF administra-
tion may, in turn, have long-term ben-

eficial effects. Longer-term studies may
be warranted.

Sepsis is the primary cause of
death and long-term neurologic
impairment in preterm VLBW neo-
nates.2,3,17 Prevention of neonatal sep-
sis relies on hygiene measures, cau-
tious use of invasive procedures,
medication stewardship, administra-
tion of fresh maternal milk, and early
diagnosis. Nevertheless, none of
these interventions is fully effective
in decreasing the burden of the dis-
ease and overall have not been sub-
jected to randomized controlled
trials. This study has demonstrated
that supplemental BLF, either alone
or in combination with LGG, reduces
first episodes of late-onset sepsis in
VLBW infants.
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