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Bovine-based breast milk fortifier and
neonatal outcomes in premature infants

of <32 weeks gestational age

Breast milk (maternal or donor) is the gold standard nutrition for preterm infants. Breast milk
fortifier (BMF) provides supplementary nutrition to avoid the high growth failure rates in
preterm infants. Conflicting reports have implicated BMF, especially bovine-based products, in
the development of necrotising enterocolitis (NEC) and persistent safety concerns regarding BMF
have led to variability in use across the UK and internationally. This study examines whether the
use of bovine-based BMF in preterm infants plays a role in the development of NEC, or an

increase in all-cause mortality.
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1. The use of bovine BMF was not
associated with adverse outcomes in
this study.

2. BMF use was associated with a
decreased rate of adverse outcomes in
the most clinically vulnerable infants.

3. The results from this study encourage
the use of BMF in preterm infants in
neonatal intensive care settings.

dequate nutrition and growth in
ospitalised preterm infants are

fundamental to their long-term physical
and neurodevelopmental outcomes.' Breast
milk is the gold standard nutrition for
preterm infants due to its multiplicative
protective features, including a reduced
risk of developing NEC.”” However,
preterm infants receiving breast milk have
high postnatal growth failure rates’ and
supplementation with BMF has been
shown to support growth and
development in preterm and very low
birthweight infants.’

In practice, BMF use is variable due to
persistent safety concerns and conflicting
reports implicating bovine-based BMF
with the development of NEC.**

Within our tertiary surgical neonatal
intensive care unit (NICU), bovine BMF
(Cow & Gate Nutriprem Human Milk
Fortifier) is routinely used as a supplement
to human breast milk (maternal or donor).
We undertook a 10-year retrospective audit
of premature infants of <32 weeks
gestational age (GA) to explore the possible
relationship between BMF use and
neonatal outcomes.

Materials and methods

This study was a retrospective single-centre
audit of 952 preterm infants, born at <32
weeks GA at the tertiary surgical level 3
NICU of St George’s Hospital (SGH),
London.

Subjects: Preterm infants, <32 weeks GA,

born at SGH between January 2010 and
September 2020, whose treatment was
complete when data collection and analysis
were performed. The total cohort
comprised 952 infants. Analyses included
the total cohort and subgroups by GA:

m GA 23" to 25" (n=221)

m GA 26" to 28" (n=325)

m GA 29" to 31* (n=406).

Data collection: Demographic and clinical
variables were obtained from the patients’
notes on BadgerNet, UK, the national
electronic neonatal database containing all
clinical notes.

NEC: Bell stage II NEC diagnosis was
confirmed from the clinical notes and
defined as any infant who had clinical
features consistent with NEC (abdominal
distension, abdominal pain, bloody stools,
radiographic evidence consistent with
NEC) and received either medical
treatment for =5 days or had surgical
treatment or surgical review confirming
NEC. Infants who received medical
treatment for <5 days or had surgery for
spontaneous intestinal rupture not
associated with NEC, were excluded.

NEC cases were further sub-grouped as
having surgical/severe NEC if they met the
criteria for Bell stage IIIB NEC (requiring
surgery) or died with a cause of death
directly due to/contributed to by NEC.
Mortality data: All-cause mortality was
defined as neonatal death during any
episode onsite at the NICU. NEC causing
or contributing to death was defined as
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FIGURE 1 Bovine-based BMF use and the development of NEC in infants <32 weeks GA on the NICU of SGH from 2010-2020. (A) BMF use in full
cohort. (B) Subgroup analysis of BMF use by GA. (C) NEC rates, Bell stage Il and surgical/severe NEC. (D) BMF use overlayed with rates of Bell

stage Il NEC and surgical/severe NEC.

Total cohort

Subgroups

Gestational age <32 weeks

23-25 weeks

26-28 weeks 29-31 weeks

Cohort 952 (100%*)

221 (23.2%%)

325 (34.1%%) | 406 (42.7%")

Received BMF 224 (23.5%*)

104 (47.1%*)

91 (28.0%*) |29 (7.1%™)

NEC

Developed NEC 56 (5.8%%)

29 (13.1%")

17 (5.2%*) 10 (2.5%**)

Developed surgical/ 30 (3.1%%)

severe NEC

15 (6.8%"*)

11 (3.4%*) 4(1.0%)

Neonatal death

All-cause mortality 93 (9.8%")

56 (25.3%"*)

23 (7.1%**) 14 (3.5%*)

NEC-related mortality | 17 (1.8%")

13 (5.9%*)

4(1.23%*) 0 (0%**)

TABLE 1 Characteristics of the study cohort. The total cohort comprised preterm infants born
at SGH at <32 weeks GA from Jan 2010 to September 2020, whose treatment was complete at
the time of analysis (n=952). All statistical analyses were run for the total cohort and
subgroups by GA.* % of total cohort of 952 infants across entire audit time frame. ** % of
gestational age subgroup across entire audit time frame.

infants who had NEC listed on their death
certificate and/or those who died during
treatment for NEC.

Analysis: Association between BMF use
and the outcomes of interest was examined
by calculating odds ratios (OR), risk ratios
(RR), and number needed to treat (NNT).
Significance was defined by p values and

corresponding confidence intervals. Only
NEC cases that developed after the
introduction of BMF were included in
relationship analyses.

Results

m Use of BMF increased significantly
across the 10-year study timeframe.

Conversely, NEC rates were stable across
this timeframe

B BMF was not associated with an
increased risk of developing NEC in
preterm infants, including within
subgroup analyses

m BMF was not associated with an
increased risk of all-cause mortality

® In the most clinically vulnerable
subgroup (<26 weeks GA), BMF use was
associated with a decreased risk of
developing NEC and decreased all-cause
mortality.

BMF use over time

Use of BMF increased in our NICU from
2010 to 2020 in all subgroups analysed
(FIGURE 1A, 1B). In 2010, 10.5% of the
cohort received BMF, compared to 45.8%
of the 2020 cohort.

NEC rates over time

During the audit timeframe, 5.9% of the
total cohort developed NEC (n=>56 infants,
TABLE 1). Among NEC cases, 53.6% (n=30)
developed surgical/severe NEC (3.2% of
the total cohort).

The majority of the infants that
developed NEC (51.8%) were <26 weeks
GA (n=29, 13.1% of admissions in that
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OR al p value | RR | al p value NNT
Development of NEC if on BMF
Total cohort <32 weeks 0.62 0.30t0o1.29 | 0.2 0.64 0.32t01.28 | 0.21
23-25 weeks 0.31 0.13t00.76 | 0.01 0.36 0.16t00.90 | 0.01 4.70-30.33
26-28 weeks 0.16 0.02to 1.24 | 0.07 0.17 0.02to 1.27 | 0.08
29-31 weeks 1.46 0.18t011.94| 0.72 144 0.19t011.01| 0.72
Development of surgical/severe NEC if on BMF
Total cohort <32 weeks 0.23 0.06t0 0.98 | 0.05 0.24 0.06t0 0.99 | 0.05 18.04-344.95
23-25 weeks 0.16 0.03t00.71 | 0.02 0.17 0.04t00.75 | 0.02 6.36-37.66
26-28 weeks 0.11 0.01to1.94 | 0.13 0.12 0.01to1.98 | 0.14
29-31 weeks 14 0.07 t0 26.76 | 0.82 14 0.08to 25.39| 0.82
All-cause mortality if on BMF
Total cohort <32 weeks 0.28 0.13t00.59 | 0.001 0.31 0.15t00.63 | 0.001 7.95-27.42
23-25 weeks, mortality 0.25 0.10to 0.61 | 0.003 0.3 0.13to 0.67 | 0.003 3.91-15.65
>10 days postnatal
26-28 weeks 0.11 0.02t0 0.86 | 0.04 0.12 0.02t00.91 | 0.04 6.98-53.79
29-31 weeks 0.40 0.02t06.79 | 0.52 0.41 0.02to06.63 | 0.53
Development of NEC if BMF 1.74 0.36t08.39 | 0.69 1.67 0.40to0 7.05 | 0.49
introduced on postnatal days 8-13
(Total cohort <32 weeks)
All-cause mortality if BMF 1.16 0.14t09.69 | 0.89 1.15 0.15t08.75 | 0.89
introduced on postnatal days 8-13
(Total cohort <32 weeks)
Breastfeeding rates on live- 0.56 0.41t00.77 | 0.003 0.8 0.70t0 0.92 | 0.001 4.81-15.97
discharges if on BMF
(Total cohort <32 weeks)

TABLE 2 Association of BMF with the development of negative outcomes, including subgroup analyses. BMF use did not increase the odds or risk
of developing the negative outcomes (NEC, surgical/severe NEC, or all-cause mortality). Neither the risk of developing NEC nor all-cause
mortality were increased if bovine-based BMF was introduced on postnatal days 8-13. Breastfeeding rates on live discharges were not
statistically reduced if on BMF. Key: OR=0dds ratio; Cl=confidence interval; RR=risk ratio; NNT=number needed to treat.

subgroup); 30.4% were 26-28 weeks GA
(5.2% of admissions within that
subgroup); and 17.9% were 29-31 weeks
GA (2.5% of admissions within that
subgroup) (FIGURE 1C and TABLE 1).
Rates of developing NEC did not change
significantly over time:
m from 2010 to 2014, 6.3% of the cohort
developed NEC
m from 2015 onwards, 5.8% of the cohort
developed NEC (FIGURE 1C).

BMF use and the development of NEC

BMEF use did not increase the odds or risk
of developing NEC within the total cohort
(OR=0.62, CI=0.30-1.29, p=0.20; RR=0.64,
CI=0.32-1.28, p=0.21), nor within any
subgroups analysed by GA (TABLE 2).
Extremely premature infants of <26 weeks
GA, were at less risk of developing NEC if
they received BMF (OR=0.31, CI=0.12-
0.76, p=0.01; RR=0.36, CI=0.16-0.90,
p=0.01; NNT for benefit=4.80-30.32).

Al NEC cases in
preterm infants <32
weeks’ GA
n=56

A

S

n=24 (92.3%)

Bell stage II - 1TIA: Surgical/severe (Bell
n=26 stage Illc): n=30
7 \ P by
¢ \ / N
Discharged alive MNeonatal death Discharged alive Neonatal death

n=13 n=17 (56.7%)

AN

l

NEC cause of Cause of death: Cause of death:
death BPD, sepsis/cardiac NEC
n=0 failure n=17
n=2

FIGURE 2 NEC rates and mortality rates of infants who developed NEC. Developing surgical/

severe NEC had a mortality rate of 56.7%.

BMF use was associated with a decreased
risk of developing surgical/severe NEC in
our total cohort (OR=0.23, CI=0.06-0.98,
p=0.05; RR=0.24, CI=0.06-0.99, p=0.05;

NNT=18.04-344.95), and for infants in the
<26 weeks GA subgroup (OR=0.16,
CI=0.03-0.71, p=0.02; RR=0.17, CI=0.04-
0.75, p=0.02; NNT=6.36-37.66) (TABLE 2).
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FIGURE 3 Breastfeeding rates of infants <32 weeks GA at birth on discharge across the audit timeframe. (A) Infants (% admissions) who received
any breast milk on discharge across the 10-year audit timeframe. (B) Infants (% admissions) who were exclusively breastfed on discharge.
Contrasting with the significant use of BMF over the audit timeframe, the rates of breastfeeding on discharge remained stable.

BMF can be introduced at any postnatal
age and introducing BMF early in
postnatal development (between days 8
and 13) was not associated with an
increase in developing NEC (OR=1.74,
CI=0.36-8.39, p=0.69; RR=1.67, CI=0.40-
7.05, p=0.49) (TABLE 2).

Of the 56 babies who developed NEC
during the study period, nine were exposed
to BMF prior to developing NEC (16.1%).
Across the audit, 215 babies were exposed
to BMF for at least one day and did not
subsequently develop NEC (95.9% of
babies initiated on BMF did not develop
NEC). Four babies developed NEC prior to
BMEF being initiated and, following recov-
ery from NEC, were subsequently intro-
duced to BMF without recurrence of NEC.

Among the infants who developed NEC
following exposure to BMF (n=9), the time
from BMF exposure to the onset of NEC
ranged from 1 day to >2 months. Three
babies developed NEC within three days of
exposure to BMF (33.3%); three babies
developed NEC after 4-7 days of BMF
(33.3%); two babies developed NEC after
8-14 days of BMF (22.2%). One baby
developed NEC after >14 days of BMF
supplementation (11.1%).

Probiotics were not routinely used on
the neonatal unit during the study period.

Mortality

NEC was a cause of death for 17 infants
across the study timeframe, representing
56.7% of the infants who developed
surgical/severe NEC (FIGURE 2).

BMEF use was associated with a decreased
risk of all-cause mortality in preterm
infants of <32 weeks GA (OR=0.28,
CI=0.13-0.59, p=0.001; RR=0.31, CI=0.15-

0.63, p=0.001; NNT for benefit=7.95-
27.42) (TABLE 2). Within the subgroup
analysis, there was no increased risk of all-
cause mortality associated with BMF use.
Extremely premature infants of <26 weeks
GA were at less risk of all-cause mortality if
on BMF; this was true for all infants in this
subgroup, and those who survived >10
days postnatally (OR=0.25, CI=0.10-0.61,
p=0.003; RR=0.30, CI=0.13-0.67, p=0.003;
NNT=3.91-15.65).

Discussion

Rates of BMF use increased over time,
while NEC rates remained stable

BMF use increased significantly over time
on our NICU (FIGURE 1A, 1D), consistent
with results of a recent UK-wide survey of
neonatal dietitians reporting BMF use in
all responding units.’

Notably, increase in BMF use on our
unit corresponds to the implementation of
a standardised local protocol for
introducing BMF in 2016, rather than an
increase in overall use of breast milk in the
NICU (as demonstrated by a stable rate of
breastfeeding on discharge across the audit
timeframe (FIGURE 3). Nationally, 77% of
UK neonatal units employ standardised
BMEF guidelines, with variation between
them in criteria for starting BME’

Contrasting with increasing BMF use,
incidence of NEC on our NICU did not
increase over time (FIGURE 1D). In our
cohort there was a 3.2% rate for severe
NEC, which corresponds with a whole
population surveillance study carried out
in England between 2012 and 2013"
showing a national rate of severe NEC of
3.15%. For the current study, the criteria

for defining NEC were intentionally broad,
s0 as not to underestimate NEC incidence.

Use of BMF did not increase risk of
negative outcomes

Reassuringly, the use of BMF was not
associated with either an increased risk of
NEC or all-cause mortality.

Internationally, variability in BMF use is
unsurprising given the persistent belief that
an exclusively human milk derived diet is
best for NEC prevention. However, a
Cochrane review found insufficient
evidence to support this conclusion: there
was low certainty evidence from one study,
which showed no change in risk of NEC
between infants given human milk-derived
versus bovine-derived fortifier." A recent
meta-analysis suggesting NEC rates were
increased with bovine vs human BMF had
only weak quality evidence and included
significantly fewer infants than our study.®
Our work, which is a large single study
analysis over a long time period, provides
reassurance as to the safety of bovine-
derived fortifier for preterm infants. This is
especially important considering the great
cost burden of providing human milk
fortifier, and the remaining ethical contro-
versies in the processes required to produce
human milk fortifier.

As our unit’s BMF protocol has no
minimum postnatal age, we were reassured
by results that early BMF introduction
(postnatal days 8-13) was not associated
with an increased risk of NEC or all-cause
mortality.

Protective role of BMF

BMF use was associated with a decreased
risk of developing NEC, surgical/severe
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NEC, and all-cause mortality in extremely
clinically vulnerable infants of <26 weeks
GA. A Cochrane review of trials of multi-
nutrient fortification found a slightly
improved in-hospital rate of growth
associated with BMF use.” Our work may
suggest that extremely clinically vulnerable
infants are those in whom adequate
nutrition, as provided by BMF, has the
strongest protective benefit. Further
investigation is needed to corroborate

this finding.

Use of BMF and its effect on breast milk
feeding/breastfeeding

In a study by Ericson et al,”” BMF use in
premature babies was felt to be potentially
associated with lower rates of breast-
feeding. Breastfeeding rates of preterm
infants of <32 weeks GA on discharge
across the audit timeframe are shown in
FIGURE 3. The use of BMF in our audit
from 2010-2020, showed that rates of
breastfeeding on discharge remained
stable. This observation was in line with
findings of a UK-wide audit published
in 2017.7

Limitations

One of the limitations of the study is its
retrospective design. The data are over a
10-year period and multiple factors
including improved perinatal care and
change in feeding protocols during that
period can affect the outcomes. However,
we demonstrate that NEC rates, including
rates of severe/surgical NEC for inborn
babies in our unit, remained grossly
unchanged while our fortifier use increased
almost four-fold.

Conclusion

The use of bovine BMF was not associated
with adverse outcomes in this study. BMF
use was associated with a decreased rate of
adverse outcomes in the most clinically
vulnerable infants. This study demon-
strates that breast milk fortification with
bovine-based products was not linked to an
increase risk of developing NEC in preterm
neonates of <32 weeks GA across our 10-
year study. Preterm infants on bovine-based
breast milk fortification did not have an
increased risk of all-cause mortality.

Statements and declarations

Competing interests: The authors have no
competing interests to disclose.
Contributions: AK and LDR conceived the
study and developed the methodology. K]
performed data collection, analysis and
prepared the first draft of the study
manuscript. All authors developed the
final manuscript.

Funding: The authors have not declared a
specific grant for this research from any
funding agency in the public, commercial
or not-for-profit sectors.

Ethics: This study was conducted as a
registered audit. Data collection was
authorised as part of a registered audit.

References

1. Ehrenkranz RA, Dusick AM, Vohr BR, et al. Growth
in the neonatal intensive care unit influences
neurodevelopmental and growth outcomes of
extremely low birth weight infants. Pediatrics
2006;117:1253-61.

2. Gregory KE, Walker WA. Immunologic factors in
human milk and disease prevention in the preterm
infant. Curr Pediatr Rep 2013;1:10.1007/540124-
013-0028-2.

3. Lucas A, Cole TJ. Breast milk and neonatal
necrotising enterocolitis. Lancet 1990;336:1519-23.

4. Embleton NE, Pang N, Cooke RJ. Postnatal
malnutrition and growth retardation: an inevitable
consequence of current recommendations in
preterm infants? Pediatrics 2001;107:270-73.

5. Adamkin DH, Radmacher PG. Fortification of human
milk in very low birth weight infants (VLBW <1500 g
birth weight). Clin Perinatol 2014;41:405-21.

6. Sullivan S, Schanler RJ, Kim JH, et al. An exclusively
human milk-based diet is associated with a lower
rate of necrotizing enterocolitis than a diet of
human milk and bovine milk-based products.

J Pediat.2010;156:562-67.

7. Brown JV, Embleton ND, Harding JE, McGuire W.
Multi-nutrient fortification of human milk for
preterm infants. Cochrane Database Syst Rev
2016:CD000343.

8. Grace E, Hilditch C, Gomersall J, Collins CT, Rumbold
A, Keir AK. Safety and efficacy of human milk-based
fortifier in enterally fed preterm and/or low
birthweight infants: a systematic review and meta-
analysis. Arch Dis Child Fetal Neonatal Ed
2021;106:137-42.

9. Jupe S, Maslin K. The use of breast milk fortifier in
preterm infants by paediatric dietitians in the UK.
JHum Nutr Diet 2021;34:24-32.

10. Battersby C, Longford N, Mandalia S, et al.
Incidence and enteral feed antecedents of severe
neonatal necrotising enterocolitis across neonatal
networks in England, 2012-13: a whole-population
surveillance study. Lancet Gastroenterol Hepatol
2017;2:43-51.

11. Premkumar MH, Pammi M, Suresh G. Human milk-
derived fortifier versus bovine milk-derived fortifier
for prevention of mortality and morbidity in
preterm neonates. Cochrane Database Syst Rev
2019:CD013145.

12.Ericson J, Flacking R, Hellstrom-Westas L, Eriksson M.
Changes in the prevalence of breast feeding in
preterm infants discharged from neonatal units:
a register study over 10 years. BMJ Open
2016;6:€012900.

13.Stiles S, de Rooy L. Breastfeeding rates at discharge:
don’'t blame the fortifier! A national survey of
practice and comparison with NNAP data. Arch Dis
Child Fetal Neonatal Ed 2018;103:F597-98.

Join us to help improve patient safety

In collaboration with BAPM, Infant journal is keen to
help improve patient safety and raise awareness of
issues affecting neonatal patients, their families and
staff by devoting a specific section to patient safety in
each edition of the journal. Anyone can submit an
article so if you have ideas for highlighting safety

aspects to improve care, please do let us know.

If you would like to submit a patient safety article
to Infant, please email lisa@infantjournal.co.uk

B Have you implemented an initiative locally which
has demonstrable benefits for improving safety?

Bl Are you developing a new initiative which might
benefit from a wider application?

Bl Do you have experience in any human factors-
related improvement that you'd be able to share?

infant
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