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Effect of novel human milk oligosaccharides-based human milk fortifier
containing lactoferrin, docosahexaenoic acid, and arachidonic acid on the
growth of preterm infants with birth weight of 700-1800 g
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ABSTRACT

Background: Premature infants with low birth weight are at risk of growth failure and neurodevelopmental impairment. Human milk
oligosaccharides (HMOs) are bioactive components of human milk that may enhance growth and development. The novel HMO-based
human milk fortifier (HMoF), which also contains lactoferrin, docosahexaenoic acid (DHA), and arachidonic acid (ARA), can help
provide a safer nutritional option for the growth of premature infants. Materials and Methods: We conducted a non-comparative
observational study using data from multiple centers that used novel HMO-based HMF (HMOoF) in premature infants (n=14) with
birth weights of 700-1800 g. The primary outcome of the study was to assess tolerability (in terms of feed tolerance), and secondary
outcomes included growth outcomes defined by weight, length, and head circumference during the stay in the NICU and at discharge.
Results: A cohort consisting of 14 infants with a mean gestational age of 30.21+£2.04 weeks and a birth weight of 1246.36+39.98 g
comprised the study. During the study period, incidences of feed interruptions due to feed intolerability were nil, and no infant presented
with any signs of adverse effects. The novel HMO-based HMF (HMoF)-fed infant cohort had a mean weight gain of 21.8945.23 g/day, a
mean length gain of 1.01+£0.48 cm/week, and mean head circumference gain of 0.89+0.32 cm/week. The mean growth velocity recorded
was 16.03+1.73 g/kg/day. Conclusions: Novel HMO-based HMF (HMoF) containing lactoferrin, DHA, and ARA demonstrated
acceptable feed tolerance and weight gain without any clinically significant adverse effects. Data indicates that the novel HMoF
containing lactoferrin, DHA, and ARA is a safe option for supporting the growth of preterm babies. However, further studies are needed
to compare novel HMO-based HMF (HMOoF) with standard HMF in a randomized controlled trial.
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risk of growth failure and neurodevelopmental impairment
[1]. Adequate nutrition is essential for the optimal growth
and development of these infants [2]. Human milk is considered
the best source of nutrition for premature infants, as it contains
bioactive components that may modulate immune function,
intestinal microbiota, and brain development [3]. However, after
a certain stage, human milk alone may not meet the nutritional
needs of very low birth weight (<1500 g) infants, who would then
require additional supplementation with a human milk fortifier
(HMF) [4].
Human milk oligosaccharides (HMOs) are complex
carbohydrates that are abundant in human milk but not in bovine
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milk or infant formula [5]. HMOs have been shown to have
various beneficial effects on infant health, such as preventing
infections, modulating inflammation, enhancing gut barrier
function, and promoting brain development [6]. However, most
commercially available HMFs are derived from bovine milk or
whey protein and do not contain HMOs [7]. Therefore, there is
a need to develop novel HMFs that contain HMOs and other
bioactive components of human milk.

Recently, a novel HMO-based HMF (HMoF) containing
lactoferrin, docosahexaenoic acid (DHA), and arachidonic acid
(ARA) has been developed. This study has been conducted
to provide evidence on the usage of a novel HMoF containing
lactoferrin, DHA, and ARA and address concerns about feed
tolerability and growth outcomes.
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MATERIALS AND METHODS
Study design and setting

A multicentric, non-comparative observational study was
conducted on a cohort of 14 infants (10 males and 4 females)
during the period between April 2023 and July 2023. Informed
consent was obtained from the parents. The hospital ethics
approval was obtained before the commencement of the study.
Infants who were exclusively fed on human milk were chosen for
the study.

Inclusion criteria

For the study involved, infants born with a birth weight of
700-1800 g and/or <36-week gestational age (GA), the intention
to receive only human milk, and the ability to adhere to a feeding
protocol based on the use of the mother’s own milk or pasteurized
donor milk wherever required.

A novel HMO-based HMF (HMoF), NiQu HMoF, containing
lactoferrin, DHA, and ARA, was used to fortify expressed human
breast milk or donor milk in a standard concentration of 1 g in
25 mL of human milk. Fortification was initiated when the enteral
feed volume reached 100 mL/kg/day.

The novel HMO-based HMF (HMoF), NiQu HMOoF, is devoid
of maltodextrin, thus ensuring lower osmolality as compared
to other bovine-based fortifiers. Human milk amylase breaks
down maltodextrin, leading to the generation of osmotically
active molecules, which results in hyperosmolality, leading to
feed intolerance. Thus, maltodextrin-free human milk fortifiers
prevent an increase in the osmolality of feeds [8].

Exclusion criteria

Exclusion criteria were defined by infants who had major
congenital malformations or intestinal anomalies, sick neonates
who could not tolerate enteral feeding, and infants who had
received any other bovine-based formula or fortifier before
enrolment in the study.

Primary outcome

Measures of the study included feed tolerability which was measured
by recording events of feed intolerability including three or more
episodes of emesis within a 24-h period, abdominal distention
exceeding 2 cm or more, gastric residual volume exceeding 50%
in two consecutive feeds, or blood-stained aspirate. All such events
and other episodes which required feeding interruptions were
recorded.

Secondary outcome

Measures included growth outcomes, including mean weight
gain (g/day), mean length gain (cm/week), and mean gain in
head circumference (cm/week). Weight was recorded daily,

while length and head circumference were recorded once a
week. Growth velocity (GV) (g/kg/day) was calculated using the
exponential method. It was calculated as

GV=1000 x log (final weight/initial weight)/number of days [9]

Participants

The observational study included 14 premature infants who were
assigned to receive HMO-based HMF (HMoF)-fortified human
milk at the multiple centers participating in the study.

Data sources

The data for this observational study were obtained from the
electronic or paper medical records of the centers. The data
included demographic characteristics, clinical variables, growth
measurements, and adverse events.

Ethical considerations

No incentives or compensation were provided to the participants.
The hospital ethics approval was obtained before the commencement
of the study.

RESULTS

A total of 14 infants were included in this observational study.
Their baseline characteristics are shown in Table 1. The study
outcomes in terms of primary and secondary outcome measures
are shown in Table 2.

Table 1: Baseline characteristics of infants

Baseline characteristics of infants (n=14)

Parameters n=14
HMO-HMF (HMoF) group (n) 14
Gestational age (weeks) j[mean+SD 30.21+2.04
Birth weight (g) j[mean+SD 1,246.36+£339.98
Age at initiation of fortification (days), mean+SD 12.14+7.79
Weight at initiation of fortification (g), mean+SD  1,246.79+287.87
Days of fortification (days) j[mean+SD 16.79+6.97
Sex (male/female) |(%) 10/4 (71/29)
Lower segment cesarean section, n (%) 9 (64)
Sepsis, n (%) 7 (50)
Hyperbilirubinemia, n (%) 9 (64)
Ventilation, n (%) 5(36)

SD: Standard deviation

Table 2: Study measure outcomes (n=14)

Study measure outcomes

Weight gain/day (g) 21.89+5.23
Head circumference gain/week (cm) 0.89+0.32
Length gain/week (cm) 1.01+0.48
Growth velocity (g/kg/d) 16.03+1.73
Episodes of feed interruptions 0
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DISCUSSION

This non-comparative observational study showed that novel
HMO-based HMF (HMoF) containing lactoferrin, DHA, and
ARA is well tolerated by preterm infants, with no reported
clinically significant incidences of adverse effects. In addition,
novel HMO-based HMF (HMoF) containing lactoferrin, DHA,
and ARA improved the growth of premature infants at discharge.

Our findings are also in line with previous studies that
have shown the beneficial effects of HMOs on the growth and
development of term and preterm infants [6,10,11]. HMOs
may enhance growth and development by modulating the gut
microbiota, preventing infections, reducing inflammation,
improving intestinal barrier function, and promoting brain
development [6]. Lactoferrin, DHA, and ARA are also bioactive
components of human milk that may have positive effects on
the growth and development of premature infants by improving
iron absorption, enhancing immune function, reducing oxidative
stress, and supporting neurodevelopment [12-14].

However, our findings differ from some studies that have
reported no effect of HMOs on the growth of term and preterm
infants [15,16]. These discrepancies may be due to differences
in study design, population characteristics, HMO composition,
dosage and duration, confounding factors, and outcome
measurements. For example, some studies used synthetic HMOs
or isolated HMOs rather than natural HMOs or complex mixtures
of HMOs [15,16]. Some studies also used lower doses or shorter
durations of HMO supplementation than our study [16]. Moreover,
some studies did not adjust for potential confounders such as GA,
birth weight, sex, feeding mode, and co-morbidities [15].

The strengths of our study include the use of data from
multiple centers that participated in an observational study, which
reduced the uniformity and bias that may arise from single-center
protocols. We also used standardized and validated methods to
measure growth and development outcomes at discharge.

The limitations of our study include the non-comparative
observational design, which precluded causal inference and increased
the risk of confounding. We also had a small sample size and a short
follow-up period, which limited the statistical power of our findings.
Furthermore, we did not measure other outcomes that may be relevant
for premature infants, such as infection rates, hospital re-admissions,
neurodevelopmental impairment, and quality of life.

CONCLUSION

This non-comparative observational study suggests that novel
HMO-based HMF (HMoF) containing lactoferrin, DHA, and
ARA is well tolerated and improves the growth of premature
infants with low birth weight at discharge. Further studies are
needed to compare novel HMO-based HMF (HMoF) with
standard HMF in a randomized controlled trial with a larger
sample size and a longer follow-up period. The effect of novel
HMO-based HMF (HMoF) on other outcomes such as infection
rates, hospital readmissions, neurodevelopmental impairment,
and quality of life should also be investigated. Novel HMO-based

HMF (HMoF) may be a promising nutritional intervention for
improving the health and development of premature infants.
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