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Objective To evaluate the health benefits of an exclusively human milk–based diet compared with a diet of both
human milk and bovine milk–based products in extremely premature infants.
Study design Infants fed their own mothers’ milk were randomized to 1 of 3 study groups. Groups HM100 and
HM40 received pasteurized donor human milk–based human milk fortifier when the enteral intake was 100 and
40 mL/kg/d, respectively, and both groups received pasteurized donor human milk if no mother’s milk was avail-
able. Group BOV received bovine milk–based human milk fortifier when the enteral intake was 100 mL/kg/d and
preterm formula if no mother’s milk was available. Outcomes included duration of parenteral nutrition, morbidity,
and growth.
Results The 3 groups (total n = 207 infants) had similar baseline demographic variables, duration of parenteral nu-
trition, rates of late-onset sepsis, and growth. The groups receiving an exclusively human milk diet had significantly
lower rates of necrotizing enterocolitis (NEC; P = .02) and NEC requiring surgical intervention (P = .007).
Conclusions For extremely premature infants, an exclusively human milk–based diet is associated with signifi-
cantly lower rates of NEC and surgical NEC when compared with a mother’s milk–based diet that also includes
bovine milk–based products. (J Pediatr 2010;156:562-7).

he health benefits of human milk for all infants, including those born extremely premature, have been increasingly
recognized.1 When compared with a diet of preterm formula, premature
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T infants have improved feeding tolerance and a lower incidence of late-
onset sepsis and necrotizing enterocolitis (NEC) when fed their mothers’
milk.2 It is a challenge for mothers of extremely premature infants, however,
to provide sufficient milk to meet their infants’ needs. In a recent study, only
30% of such mothers were able to supply 100% of their extremely premature in-
fants’ needs.3 Pasteurized donor human milk would be an attractive proxy for
mother’s own milk, and donor milk banks have made milk available.4 Indeed,
a review of studies conducted in the 1980s, comparing donor human milk and
formula, suggested that donor milk was associated with a significantly lower
incidence of NEC.5 Those studies, however, did not include a large proportion
of extremely premature infants, and their nutritional protocols did not evaluate
human milk fortifiers (HMF) or contemporary preterm formula.

A randomized trial compared fortified pasteurized donor human milk with
preterm formula, both used as supplements when mother’s own milk was not
available.3 That study did not find a protective effect of donor human milk on
the combined incidence of late-onset sepsis and NEC but did note a significant
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BOV Bovine milk-based human milk fortifier

HMF Human milk fortifier

HM40 Human milk-based HMF added once feeding volume reached 40 mL/kg/day, and

pasteurized donor milk used if no mother’s own milk available.

HM100 Human milk-based HMF added once feeding volume reached 100 mL/kg/day and

pasteurized donor milk used if no mother’s own milk available.

NEC Necrotizing enterocolitis

PN Parenteral nutrition

SD Standard deviation
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protective effect of mother’s own milk. The protocol in that
study differed from previous studies in that the pasteurized
donor human milk was fortified with bovine milk–based
products, and some of the infants in the donor milk group
were given preterm formula because of slower rates of
growth. Thus no contemporary trial has investigated the ef-
fects of an exclusively human milk diet in extremely prema-
ture infants.

The technology now exists to collect, pasteurize, and pro-
cess large quantities of screened donor human milk, labeled
with its basic nutrient contents, and prepared as either
a HMF or a donor milk alternative to mother’s own milk.6

This technology has prompted a randomized controlled trial
in extremely premature infants to evaluate an exclusive hu-
man milk–based diet (that includes a human milk–based
HMF and donor human milk if no mother’s milk is available)
compared with the usual feeding protocol comprising
a mother’s milk diet (that includes a bovine milk–based
HMF and preterm formula if no mother’s milk is available).
We hypothesized that the health benefits (reduced duration
of parenteral nutrition [PN], late-onset sepsis, and NEC) of
an exclusively human milk–based diet would exceed those
of the usual diet containing bovine milk–based products
without detrimental effects on growth.

Methods

Infants were recruited from 12 neonatal intensive care units,
11 in the United States and 1 in Austria. Eligibility criteria
were as follow: birth weight 500 to 1250 g, intention to re-
ceive mother’s milk, and ability to adhere to a feeding proto-
col on the basis of the use of mother’s own milk, initiation of
enteral feeding before 21 days after birth, and initiation of PN
within 48 hours of birth. Infants were excluded if there
were major congenital malformations or a high likelihood
of transfer to a non-study institution during the study
period.

Randomization was performed in blocks of 4 on strata de-
fined by birth weight (500 to 750 g, 751 to 1000 g, and 1001 to
1250 g), and whether the infant was appropriate- or small-
for-gestational-age (defined as 2 standard deviations below
the mean weight for gestational age on the basis of intrauter-
ine growth charts7). Separate block randomization schemes
were prepared for each of the strata and performed centrally.
The investigators were not aware of the block size. The need
to ensure proper handling of mother’s own milk precluded
true blinding of the infants’ caregivers.

Sample size calculation was based on the primary outcome
of duration of PN, a surrogate of feeding tolerance and neo-
natal morbidity. The mean duration of PN in extremely pre-
mature infants fed their mother’s fortified milk was 18 � 11
days (Meier and Blanco, personal communication). To
demonstrate a 40% reduction in PN days in either study
group, a sample size of 62 infants per group was needed for
a 2-sided alpha error of 2.5% and power of 90%. To account
for 2 interim analyses by the independent Data Safety Mon-
itoring Board, and an estimated proportion of protocol non-
adherence of 5%, the final sample was 69 infants per group.
The study was approved by the institutional review boards
of each center and written informed consent was obtained
from the parents or legal guardians of all subjects before
enrollment. Registered with Clinicaltrials.gov reg. #
NCT00506584.

Infants were enrolled if their mothers intended to provide
their own milk. When enteral nutrition was initiated, all
study infants received their own mothers’ milk but differed,
as randomized, by the type of HMF they received and the
type of milk they were given if no mother’s own milk was
available. Groups HM100 and HM40 received pasteurized
donor human milk–based HMF (Prolact+ H2MF; Prolacta
Bioscience, Monrovia, California) when the enteral intake
was 100 mL/kg/d and 40 mL/kg/d, respectively, and both
groups received pasteurized and standardized 20 kcal/oz do-
nor human milk (Neo20 Prolacta Bioscience) if no mother’s
milk was available. Group BOV received the usual feeding
protocol of bovine milk–based HMF when the enteral intake
was 100 mL/kg/d and preterm formula if no mother’s own
milk was available.

The duration of study participation was the earliest of the
following milestones: 91 days of age, discharge from hospital,
or attainment of 50% oral feedings (ie, 4 complete oral feed-
ings per day). PN was initiated within 48 hours after birth.
Trophic feedings were initiated 1 to 4 days after birth and
were continued at 10 to 20 mL/kg/d as tolerated for up to 5
days. Subsequently, milk intake was increased by 10 to 20
mL/kg/d. Donor human milk–based HMF was added in
the HM40 group when milk intake reached 40 mL/kg/d
and in the HM100 group at 100 mL/kg/day. Bovine milk-
based HMF (Enfamil HMF; Mead Johnson, Evansville, Indi-
ana; or Similac HMF; Abbott Laboratories, Columbus, Ohio)
was added in the BOV group when milk intake reached 100
mL/kg/d. After the HMF was added, milk intake was in-
creased daily by 10 to 20 mL/kg to a maximum of 160 mL/
kg/d. The nutritional content of the fortified milks used in
the study is described in Table I (available at www.jpeds.
com).

Daily body weight and weekly recumbent length and head
circumference were recorded. Bronchopulmonary dysplasia
was defined as the use of supplemental oxygen at 36 weeks
postmenstrual age. Late-onset sepsis was defined as clinical
signs and symptoms consistent with sepsis occurring more
than 5 days after birth in association with the isolation of
a causative organism from a blood culture.3 In cases of coag-
ulase-negative Staphylococcus, at least 2 separate positive cul-
tures were required. NEC was defined as Bell Stage II disease
or greater, and abdominal radiographs were read by radiolo-
gists unaware of study group assignment.8 At the conclusion
of the study, all cases of NEC were reviewed in a blinded fash-
ion by a panel of 8 of the study investigators. Feeding intol-
erance was defined as gastric residuals greater than 50% of
the prior feeding or more than 2 mL/kg, bile- or blood-
stained gastric residuals, emesis, abdominal distention or
tenderness, changes in stool pattern or consistency, presence
of blood in the stool. Feeding intolerance was quantitated by
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the number of days that feedings were withheld for $12
hours.

Statistical Analyses
The 3 study groups were compared by use of an intent-to-
treat paradigm, any randomized infant remained in their
group for the final analyses. Kaplan-Meier9 estimates for
the distribution of PN days were compared among study
groups with the log-rank test. The Wilcoxon rank-sum test
was used for 2-way comparisons. Three-way comparisons
used either the 1-way analysis of variance for normally dis-
tributed data or the Kruskal-Wallis test for nonnormal
data. Categorical data were compared by use of the c2 test
with the P value determined by an exact procedure (StatXact
7; Cytel Software Corporation, Cambridge, Massachusetts).

Results

During the 14 months of the study, 334 infants were
screened, and 207 were enrolled (Figure 1). The baseline
characteristics of infants among the 3 study groups were sim-
ilar (Table II). The ages of attainment of first enteral feeding
(15, 11, and 16 days) and full (140 mL/kg/d) enteral feeding
(21, 23, and 22 days) were similar among HM100, HM40,
and BOV groups, respectively. There were no significant dif-
ferences among study groups for the duration of PN, length
of hospital stay, late-onset sepsis, or growth (Table III). The
number of infants below the third percentile7 at birth and at
discharge was similar among groups.
Screened
(n = 334) 

Enrolled
(n = 207) 

HM100
(n = 67) 

HM40
(n = 71) 

BOV
(n = 69) 

Transfer (4) 
Parent withdrawal (2) 

Death (1) 
MD withdrawal (4)

Transfer (6) 
Death (2) 

MD withdrawal (2) 

Transfer (5) 
Death (5) 

Analysis
n = 67 

Analysis
n = 71 

Analysis
n = 69 

Declined (n = 127) 
Refused donor milk (22) 
Refused formula (3) 
Not interested (14) 
Language barrier (12) 
Matched sibling (9) 
Religious reasons (1) 
No stated reason (66) 

Figure 1. Distribution of study subjects.
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Because there were no differences between HM100 and
HM40, the exclusive HM group (HM100 + HM40) was com-
pared with the BOV group. This analysis revealed similarities
in baseline data and most outcomes, with the exception that
there were fewer black infants in the BOV group compared
with the combined HM100 + HM40 groups, 14% versus
27%, P = .046, and that the rate of weight gain was greater
in the BOV group compared with the HM100 + HM40
groups, 16.0 � 7.8 vs 14.3 � 3.8 g/kg/d, P = .051.

Significant differences, however, were observed among
study groups for the incidence of NEC (Figure 2). When
compared with the BOV group, there were fewer cases of
NEC in the HM100 and HM40 groups and the combined ex-
clusive human milk–based diet groups (HM100 + HM40). A
significant difference among groups was observed for the
combined outcome of NEC or death in HM100 (6%),
HM40 (8.5%), and BOV (20%), respectively, P = .02. The on-
set of NEC was similar among groups, 35� 18, 41� 18, 28�
12 postnatal days and 31� 1, 32� 3, and 31� 2 weeks post-
menstrual age, in Groups HM100, HM40, and BOV, respec-
tively. The number of cases of NEC requiring surgical
intervention was significantly lower in the HM100 and
HM40 groups compared with BOV group (Figure 2). All
cases of surgical NEC occurred in infants who received bo-
vine milk-based milk products (either HMF or preterm for-
mula) at some time before the onset of NEC (Table IV;
available at www.jpeds.com). Seven of these infants were ran-
domized to the BOV group, but 2 of these infants were in the
HM100/HM40 groups who had received bovine milk-based
HMF or formula in violation of the protocol.

The 19 cases of NEC were distributed as 1 to 4 cases per site
among 9 of the study sites. When rates of NEC were tabulated
for only infants who completed the study without any proto-
col violations, the same distribution of cases was observed:
1.7%, 3.2%, and 15.3%, in HM100, HM40, and BOV groups,
respectively; P = .006. A multivariate logistic regression that
controlled for confounding variables known to affect the
incidence of NEC (5-minute APGAR score, quantity of
mother’s own milk received, gestational age, receipt of prena-
tal and postnatal steroids, black race, bronchopulmonary
dysplasia10,11) found an odds ratio for NEC with an exclusive
human milk diet of 0.23 (95% confidence interval = 0.08,
0.66), P = .007, or a 77% reduction in the odds of developing
NEC while receiving an exclusive human milk diet. None of
the other variables reached statistical significance.

Infants in all 3 groups received a large volume and propor-
tion of their enteral intake as their own mother’s milk (Table
III). The BOV group received significantly more own
mother’s milk because the fortifier was a powdered prepara-
tion whereas a liquid fortification regimen was used in the
exclusive human milk groups.

Discussion

We conducted a randomized controlled multicenter trial to
evaluate the potential health benefits of an exclusively
human milk diet in extremely premature infants, 500 to
Sullivan et al
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Table II. Characteristics of study infants

Parameter HM100 (n = 67) HM40 (n = 71) BOV (n = 69) P value

Birth weight, g 945 � 202* 909 � 193 922 � 197 .56
Gestational age, wk 27.2 � 2.2 27.1 � 2.3 27.3 � 2.0 .93
Male/Female, n (%) 32/35 (48/52) 25/46 (35/65) 36/33 (52/48) .11
Small-for-gestational age, n (%) 6 (9) 6 (8) 8 (12) .80
APGAR Score < 6, n (%) 9 (13) 4 (6) 8 (12) .28
Black race n (%) 20 (30) 17 (24) 10 (14) .10
Antenatal steroids, n (%) 56 (83) 51 (72) 53 (77) .26
Mechanical ventilation at study entry, n (%) 49 (73) 56 (79) 53 (77) .73

*Mean � SD.
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1250 g birth weight. This study was unique for its use of hu-
man milk–based human milk fortification. We were unable
to demonstrate significant differences among the groups
for the primary health outcome, PN days, a surrogate mea-
sure for feeding tolerance and early morbidity. Furthermore,
we did not find significant differences in several other clinical
outcomes. We speculate that the lack of differences is a direct
result of the overall high intake of mother’s own milk, which
comprised more than 70% of enteral nutrition across all
study groups. The high human milk intake reflects contem-
porary trends of improved lactation support and caregiver
awareness and is consistent with the impact of human milk
studies on this measure.2,12,13

Surprisingly, the rates of NEC and NEC requiring surgery
were markedly lower in the groups fed human milk exclu-
sively (HM100 and HM40) compared with the BOV group.
We found a reduction in NEC of 50% and surgical NEC of
almost 90% in infants fed an exclusive human milk diet com-
pared with a diet containing bovine milk–based products.
We estimate that the number of infants needed to treat
with an exclusively human milk–based diet to prevent
1 case of NEC is 10. The number needed to treat to prevent
1 case of surgical NEC or death is 8. No other intervention
has been shown to have such a marked effect on the incidence
of NEC.14 The mean incidence of NEC in the Vermont-Ox-
ford Database (2007), approximately 7% to 10%, is in the
range observed in this study. A 50% reduction in NEC would
Table III. Study outcomes

Outcome HM100 (n = 67)

Parenteral nutrition, days 20* (14, 35)
Length of stay, days 74 (61, 107)
Mother’s own milk, mL per study 4048 (841, 7479)
Mother’s own milk, % enteral intake 73 (16, 82)
Late-onset sepsis (LOS), n (%) 19 (28)
LOS and/or NEC, n (%) 22 (33)
Retinopathy of prematurity, n (%) 31 (46)
Ventilator, days 25 (6, 54)
Oxygen therapy, days 41 (24, 63)
Central line, days 21 (15, 36)
Bronchopulmonary dysplasia, n (%) 22 (33)
Weight gain, (g/kg/day) 14.2 (11.9, 15.8)
Length increment, (cm/wk) 0.86 (0.72, 1.08)
Head circumference increment, cm/wk 0.76 (0.62, 0.85)

*Median (25th, 75th percentile).

An Exclusively Human Milk-Based Diet Is Associated with a Low
than a Diet of Human Milk and Bovine Milk-Based Products
prevent between 1300 to 1850 cases annually, with each case
leading to a high risk of death and long-term morbidity, and
a hospitalization cost estimated at $138 000 to $238 000 per
case.4,15

The lower incidence and severity of NEC in infants fed an
exclusively human milk diet seen in our study are consistent
with earlier reports. In 1990, Lucas and Cole16 reported a re-
duction in the incidence of NEC among infants who received
only human milk when compared with infants who received
all bovine milk–based formula. Those infants who received
a mixture of formula and human milk had an intermediate
level of protection. Lucas17 also reported a lower incidence
of surgical NEC in infants fed unfortified compared with
bovine milk-based fortified human milk. Lastly, 3 published
meta-analyses concluded that donor human milk feeding was
associated with less NEC.5,18,19

Our data contrast those reported in 2005,3 which failed to
find a protective effect of donor human milk on the combined
incidence of sepsis and NEC, but reported that mother’s own
milk with bovine milk–based HMF was protective. That
study, which also was analyzed on the intent-to-treat princi-
ple, included infants randomized to receive donor milk who
were given formula because of poor growth, and all infants re-
ceived a bovine milk–based fortifier. In 1984 Narayanan20 re-
ported a greater number of infections in premature infants
fed pasteurized donor milk when they were also exposed to
bovine milk-based formula. She concluded that pasteurized
HM40 (n = 71) BOV (n = 69) P value

20 (12, 33) 22 (14, 34) .71
79 (64, 110) 78 (67, 99) .90

4544 (627, 8012) 5676 (1064, 8309) .71
70 (18, 80) 82 (38, 100) .002
15 (21) 13 (19) .39
20 (28) 21 (30) .84
25 (35) 27 (39) .41
25 (12, 50) 34 (10, 58) .54
48 (12, 78) 45 (19, 74) .92
22 (14, 30) 22 (16, 30) .82
26 (37) 27 (39) .74

14.2 (12.3, 16.3) 15.1 (12.8, 17.0) .13
0.88 (0.70, 1.03) 0.94 (0.72, 1.16) .35
0.75 (0.61, 0.88) 0.75 (0.62, 0.86) .99
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donor milk was effective only if it was fed as the total source of
enteral nutrition.21 These data suggest that exclusive human
milk diets may exert protective, rather than threshold, effects
with respect to NEC. The feeding of a species-specific diet
may be important for this protection. However, we cannot
exclude the possibility that the protective effect primarily
was due to the avoidance of non human milk–based protein.
Indeed, an animal model for NEC requires intraluminal
bovine casein to produce the enterocolitis.22

This study also introduced an earlier fortification strategy
with human milk–based human milk fortifier (HM40) to as-
sess, secondarily, if such early fortification could be tolerated
without introducing added morbidity. The 71 infants receiv-
ing the early fortification strategy appeared to tolerate the feed-
ing well and did not differ significantly in feeding tolerance or
other outcomes from the HM100 group. These are encourag-
ing data that suggest the possibility of earlier introduction of
human milk–based fortification compared with the usual
practice of adding HMF at an enteral intake of 100 mL/kg/d.

The strengths of this study include a randomization and
stratification scheme that achieved a balance of patient charac-
teristics across the study groups and good adherence to the
protocol as evidenced by a very small number of protocol vio-
lations. The control group correctly mimicked how extremely
premature infants are fed, by use of combinations of mother’s
own milk and bovine-based products (HMF and formula).
Limitations include the lack of complete blinding, which was
not possible because of the obvious physical differences in
human milk and formula and the limited power to look at
subgroups, including those defined by sex and birth weight.

We conclude that for extremely premature infants, an ex-
clusively human milk–based diet is associated with a signifi-
cant reduction in the rates of NEC and surgical NEC
566
compared with dietary exposure to bovine milk–based prod-
ucts. The similarities in other outcomes and the lower rate of
NEC among study groups add support to the use of an exclu-
sively human milk–based diet. The newer technology that en-
ables an exclusively human milk diet with human milk–based
fortification is now available to assist the ongoing efforts of
neonatologists in their advocacy of human milk to reduce
neonatal morbidity rates. n
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Table IV. Characteristics of the NEC cases

Study group Birth weight (g)
Gestational
age (wk)

First day enteral
feeding (day)

First day bovine
milk-based HMF
or formula (day)

First day human
milk-based fortifier (day) NEC onset (day) Comment

HM100 720 25 5 32 35
HM100 560 25 4 47* 20 53 NEC surgery
HM100 1105 28 3 9 18
HM40 530 22 3 26 58
HM40 740 25 9 17 38
HM40 990 27 1 1* 7 22 NEC surgery†

HM40 785 28 1 77 3 60
HM40 970 29 2 2* 5 25
BOV 670 25 18 24 46 NEC surgery
BOV 690 25 1 1 17 NEC surgery
BOV 1170 26 1 11 25 NEC surgery
BOV 870 26 10 45 12z 51 NEC surgery†

BOV 1136 27 1 13 18 NEC surgery
BOV 775 27 3 11 16 NEC surgery†

BOV 1120 28 5 16 38
BOV 840 28 8 10 29
BOV 1230 29 2 2 23
BOV 1100 29 3 30 14
BOV 817 29 2 12 26 NEC surgery

*Erroneously received formula or bovine milk-based HMF in violation of protocol.
†Died.
zErroneously received human milk-based HMF in violation of protocol.

Table I. Computed energy and macronutrient contents of milks (per dL)

Component Mother’s own milk*

Mother’s own
milk fortified with
Prolacta fortifier†

Mother’s own
milk fortified with

Similac HMF*

Mother’s own
milk fortified with

Enfamil HMFz

Energy (kcal) 67 83 79 81
Protein (g) 1.4 2.3 2.3 2.5
Carbohydrate (g) 6.6 7.3 8.2 7
Fat (g) 3.9 4.9 4.1 4.9
Calcium (mg) 25 110 138 115
Phosphorus (mg) 13 59 78 63
Osmolalityx (mOsm/kg H2O) 290 < 360 est 385 325

*Abbott Nutrition, Columbus, Ohio. Product Description. 2009.
†Prolacta Bioscience, Monrovia, California. Product Description. 2009.
zMead Johnson Nutritionals, Evansville, Indiana. Product Description. 2009.
xNEOFAX 2009. Thomson Reuters, Montvale, New Jersey, pages 321-4.
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