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ABSTRACT

This systematic review assessed outcomes after using human milk–derived fortifier (HMF) compared with bovine milk–derived fortifier (BMF) in
preterm infants. Six randomized controlled trials (RCTs) were included. Meta-analysis using a random-effects model showed the following results: 1)
lower risk of necrotizing enterocolitis (NEC; ≥ Stage II) (RR: 0.38; 95% CI: 0.15, 0.95; P = 0.04, I2 = 9%; n = 334, 4 RCTs) and surgical NEC (RR: 0.13; 95%
CI: 0.02, 0.67; P = 0.02, I2 = 0%; n = 209, 3 RCTs) in the HMF group; 2) no significant difference in mortality (RR: 0.40; 95% CI: 0.14, 1.15; P = 0.09, I2 = 0%;
n = 334, 4 RCTs); 3) lower weight gain in the HMF group [mean difference (MD) = −1.08 g · kg−1 · d−1; 95% CI: −1.96, −0.21 g · kg−1 · d−1; P = 0.02,
I2 = 0%; n = 241, 4 RCTs], 4) no differences for length (MD = −0.11 cm/wk; 95% CI: −0.26, 0.04 cm/wk; P = 0.14, I2 = 68%) and head circumference
(MD = −0.02 cm/wk; 95% CI: −0.08, 0.05 cm/wk; P = 0.59, I2 = 23%), and 5) no significant difference in late-onset sepsis (RR: 0.96; 95% CI: 0.56, 1.67;
P = 0.90, I2 = 63%; n = 334, 4 RCTs). The beneficial effects of HMF for NEC were no longer significant in sensitivity analyses after excluding studies
with high risk of bias. Quality of evidence as per Grading of Recommendations, Assessment, Development and Evaluation analysis was low to very
low, and hence the confidence in these results is low. In summary, fortification of milk in preterm infants with HMF compared with BMF decreased
the risk of NEC but was associated with lower weight gain. Given the low quality of evidence, adequately powered and well-designed RCTs without
the influence of industry are required in this field. Adv Nutr 2020;11:1325–1333.
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Introduction
Advances in neonatal intensive care have resulted in in-
creasing survival of very preterm and extremely preterm
infants. Optimization of nutrition in survivors of extreme
prematurity is a priority considering that undernutrition and
extrauterine growth restriction are significant morbidities in
this population (1–4).
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Breast milk alone, even at an intake of 150 mL · kg−1 · d−1,
is not sufficient to meet the high requirements of essential
nutrients in extremely preterm infants. Considering their
high content of essential nutrients such as protein, calcium,
and phosphate, the use of human milk–derived fortifiers
(HMFs) has become the standard of care in the management
of this cohort (5–8).

A systematic review and meta-analysis (14 randomized
trials, 1071 participants) provided low-quality evidence that
multinutrient fortification of breast milk, when compared
with breast milk alone, improved growth rates during initial
hospitalization without increasing the risk of necrotizing
enterocolitis (NEC). Very limited available data showed no
effects of fortification on growth and development beyond
infancy (6, 9).

Most of the fortification studies have involved bovine
milk–derived fortifiers (BMFs), which are rich in proteins
and have varying amounts of other nutrients for meeting
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the high demand of these nutrients in preterm infants.
Administration of new BMFs with higher protein content has
been shown to improve short-term weight gain in preterm
infants (10, 11). Protein content of the currently available
BMFs and HMFs ranges from 0.3 to 0.8 g and 1.2 to 3
g per gram of the fortifier, respectively (5). In the past,
there was concern that early exposure to cow milk protein
(CMP) may increase the risk of allergy and atopy. However,
recent evidence indicates that early exposure to CMPs is not
associated with an increased risk of allergic outcomes (12). In
fact, it may reduce the risk (13).

On the contrary, emerging evidence suggests that an
exclusive human milk diet is associated with reduced risk
of feed intolerance, NEC, retinopathy of prematurity, and
sepsis in preterm infants compared with bovine-derived
formulas or fortifiers (14). Hence, HMFs are potentially
more suitable for preterm infants. However, only a few
randomized controlled trials (RCTs) have evaluated their
effects in preterm infants. Given the current emphasis on
an exclusive human milk diet for preterm infants (14),
it is important to assess whether HMFs have beneficial
effects compared with BMFs in this high-risk population. We
therefore conducted a systematic review to assess the effects
of HMFs compared with BMFs on mortality, morbidity,
growth, and development in preterm infants.

Methods
We followed the Cochrane methodology (15), and the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (16) for conducting and
reporting this systematic review. Ethics approval was not
required.

Study eligibility criteria
Types of studies.
Only RCTs were eligible for inclusion in the review.

Participants.
Preterm infants born at <37 weeks of gestation.

Type of intervention and control.
Fortification of milk for preterm infants using HMF (inter-
vention) compared with BMF (control).

Primary outcomes.
1) All-cause mortality; 2) late-onset sepsis (LOS; blood cul-
ture positive sepsis ≥48 h after birth); 3) NEC ≥ Stage II (17);
and 4) growth: weight, length, head circumference, skinfold
thickness, BMI, and growth restriction (weight, length, or
head circumference measurements < 10th percentile for the
index population).

Secondary outcomes.
1) Feed intolerance; 2) time to reach full enteral feeds;
3) duration of hospital stay; 4) and measures of bone
mineralization such as serum calcium, phosphorus, and

alkaline phosphatase, bone mineral content on DXA, or X-
ray findings of osteopenia/rickets upon long-term follow-up.

Data sources and searches
We searched the Cochrane central register of controlled
trials (www.thecochranelibrary.com, through December
2019), PubMed (www.ncbi.nlm.nih.gov, 1966–December
2019), EMBASE (ExcerptaMedica database via Ovid—
http://ovidsp.tx.ovid.com, 1980–December 2019), and
CINAHL (Cumulative Index of Nursing and Allied Health
Literature, via Ovid—http://ovidsp.tx.ovid.com, 1980–
December 2019) databases, using the following keywords: 1)
population: “infant, newborn” OR “infant, premature” OR
“infant, low birth weight” OR “infant, extremely low birth
weight” OR “infant, very low birth weight” OR “infant, small
for gestational age” AND 2) intervention: “human milk
fortifier” OR “fortifier” OR “bovine fortifier” OR “HMF”
AND 3) randomized controlled trial (publication type).
Other databases were searched using similar terminologies.
Animal studies were excluded. Gray literature was searched
through the National Technical Information Service (http:
//www.ntis.gov/), Open Grey (http://www.opengrey.eu/),
and Trove (http://trove.nla.gov.au/) for articles that might
not have been cited in the standard medical databases. The
international trial registries and Australian Clinical Trials
Registry were checked for ongoing/registered trials in this
area. All reviewers (AA, HB, SR, and SP) conducted the
literature search independently. Figure 1 summarizes the
search strategy.

Study selection process
Reviewers AA and HB independently assessed the eligibility
for selection of all studies identified using the prespecified
inclusion criteria and search strategy. We obtained the full-
text articles of studies that potentially met the inclusion
criteria (RCTs which compared fortification with HMF or
BMF in preterm infants), and independently assessed them
for inclusion. We excluded studies which were non-RCTs,
which included term infants, and which did not compare
HMF with BMF in preterm infants. Any disagreements
were resolved by group discussion among all reviewers. We
recorded the selection process to complete a PRISMA flow
diagram (16).

Data extraction
Reviewers AA and HB independently extracted the data from
included studies using a prepiloted data collection form. For
dichotomous outcomes such as ≥ stage II NEC, surgical
NEC, mortality, and sepsis, the number of participants with
the event and the number of participants analyzed in each
treatment group of each study were entered into the form.
For continuous outcomes such as gain in weight, length, and
head circumference, we entered their mean and SD. The
information on study design and outcomes was verified by
all reviewers. We used the method suggested by Wan et al.
(18) to calculate mean and SD from median and IQR. The
formula suggested by Hozo et al. (19) was used to calculate
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FIGURE 1 Flow diagram showing the study selection process.

mean and SD from median and range. Any disagreements
were discussed until consensus was achieved. If required, we
planned to contact the investigators for clarification and/or
additional data for analysis.

Risk of bias assessment
We used the Cochrane guidelines to assess the methodolog-
ical quality of the included RCTs. For each trial, information
was sought regarding the method of random assignment,
allocation concealment, and blinding, and reporting of
all outcomes of all enrolled participants was collected.
Reviewers AA and HB separately assessed each study.
Any disagreement was resolved by discussion among all
reviewers.

Assessment of publication bias
This was planned to be assessed by a funnel plot.

Data synthesis
Meta-analysis was conducted using a random-effects model
(DerSimonian and Laird) using Review Manager version 5.3
(Cochrane Collaboration, Nordic Cochrane Centre).

Summary effect sizes were expressed as RRs and 95%
CIs for dichotomous outcomes. Continuous outcomes were
expressed as mean differences (MDs) and 95% CIs. Statistical
heterogeneity was assessed with the χ2 test, I2 statistic, and
by visual inspection of the forest plot (overlap of CIs). A P
value < 0.1 on the χ2 statistic was considered to indicate
heterogeneity. I2 values were interpreted according to the
Cochrane handbook guidelines (15).

Sensitivity analysis
1) Considering the importance of random sequence genera-
tion and allocation concealment in RCTs, sensitivity analyses
were conducted by excluding studies with high risk of bias
(ROB) in these 2 domains separately; 2) we conducted
further sensitivity analyses by excluding studies that had the
potential for “industry bias.”

Preplanned subgroup analyses
These involved analyses of studies exclusively enrolling 1)
extremely-low-birth-weight (ELBW; birth weight < 1000 g)
or 2) very-low-birth-weight (VLBW; birth weight < 1500 g)
infants, considering they are at high risk of NEC.
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TABLE 1 Risk of bias of the included randomized controlled trials1

Study ID

Random
Sequence

generation
Allocation

concealment

Blinding of
participants and

personnel

Blinding of
outcome

assessment
Incomplete

outcome data
Selective
reporting Other bias

Boehm et al. (27) Unclear Unclear Unclear Unclear Low Low Unclear
Cristofalo et al. (29) Unclear Unclear Low Low Low Low High
Haegelberg et al. (26) Unclear Unclear Unclear Unclear Low Low Unclear
O’Connor et al. (28) Low Low Low Low Low Low Low
Polberger et al. (25) Unclear Low High High Low Low Unclear
Sullivan et al. (24) Low Unclear High Low Unclear Low High

1Low risk: clearly defined random sequence generation, allocation concealment, blinding of participants, and outcome assessment, no incomplete data, no selective reporting.
Unclear risk: information about any of the risk assessors not defined. High risk: random sequence generation, allocation concealment, blinding, and data outcome not done,
selective reporting possible.

Quality and strength of evidence
These interpretations were based on the Grading of Rec-
ommendations, Assessment, Development and Evaluation
(GRADE) system (20).

Summary of findings table
The key information about the quality of evidence, the
magnitude of effect of the intervention, and the sum of
the available data on the main outcome is presented in
the summary of findings table according to the GRADE
guidelines (20).

Results
The literature search retrieved 330 potential relevant cita-
tions, of which 6 studies (n = 389) were finally included in
the systematic review. The study selection process is shown
in the PRISMA flow diagram (Figure 1).

During the selection process, 9 studies comparing HMF
with BMF were identified, of which 3 were excluded
due to different primary outcomes—primary outcome as
phenylalanine concentrations, bactericidal action of human
milk, and likelihood of requiring parenteral nutrition: 1 study
each (21–23).

Supplemental Table 1 gives the characteristics of the
included studies (24–29).

Three out of the 6 included studies started fortification
when the infant reached a feed volume of 150 mL · kg−1 ·
d−1 (25–27); the remaining 3 started it at 100 mL · kg−1 · d−1

(24, 28, 29). The duration of fortification was 3 wk in 2 studies
(25, 26), 2 wk in 1 study (27), or until discharge in 3 studies
(24, 28, 29). Four of the 6 included studies focused on preterm
VLBW infants (24, 27–29). The remaining 2 studies included
infants with birth weight ≤ 1800 g (25, 26). Three studies
reported outcomes in infants with birth weight < 1250 g (24,
28, 29), but the outcomes of ELBW infants were not reported
separately in any of the studies.

ROB of included studies
Two studies were judged to have low ROB for the domain
of random sequence generation (24, 28), 2 had low ROB for
allocation concealment (25, 28), 2 had low ROB for blinding

of interventions (28, 29), and 3 had low ROB for blinding of
outcome assessors (24, 28, 29) (Table 1).

Primary outcomes
NEC ≥ Stage II.
Four studies (n = 334) (24, 26, 28, 29) reported on this
outcome. A lower proportion of infants in the HMF group
developed definite NEC than in the BMF group: 7 of 170
(4.11%) compared with 19 of 164 (11.58%). Meta-analysis
showed significantly reduced risk (RR: 0.38; 95% CI: 0.15,
0.95; P = 0.04, I2 = 9%) of NEC ≥ Stage II in the HMF group
(Figure 2). Surgical NEC developed less frequently in HMF
than in BMF group infants: 1 of 106 (0.94%) compared with
11 of 103 (10.68%). Meta-analysis estimated significantly
lower risk (RR: 0.13; 95% CI: 0.02, 0.67; P = 0.02, I2 = 0%)
of surgical NEC in the HMF group (Figure 2).

Mortality.
Four trials reported data on this outcome (n = 334) (24,
26, 28, 29). Meta-analysis showed no significant difference
in mortality in the HMF group compared with the BMF
group (RR: 0.40; 95% CI: 0.14, 1.15; P = 0.09). There was no
significant heterogeneity (I2 = 0%) between the trials (Figure
3).

Sepsis.
Pooling of data from 4 trials (n = 334) (24, 26, 28, 29)
showed no significant difference in LOS between the HMF
and BMF groups (RR: 0.96; 95% CI: 0.56, 1.67; P = 0.90)
(Figure 3). There was significant heterogeneity between the
trials (I2 = 63%).

Weight.
Meta-analysis of data from 4 trials (24–26, 29) (n = 241)
showed significantly lower weight gain in the HMF than in
the BMF group (MD = −1.08 g · kg−1 · d−1; 95% CI: −1.96
to −0.21 g · kg−1 · d−1; P = 0.02, I2 = 0%) (Figure 4).

Length.
Meta-analysis of data from 4 trials (24–26, 29) (n = 241)
showed no significant difference in length gain in the HMF
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FIGURE 2 Forest plots for definite NEC and surgical NEC comparing HMF with BMF. BMF, bovine milk–derived fortifier; HMF, human
milk–derived fortifier; NEC, necrotizing enterocolitis.

compared with the BMF group (MD = −0.11 cm/wk; 95%
CI: −0.26, 0.04 cm/wk; P = 0.14, I2 = 68%) (Figure 4).

Head circumference.
Meta-analysis of data from 4 trials (24–26, 29) (n = 241)
showed no significant difference between the HMF and BMF
groups on head circumference gain per week (MD = −0.02
cm/wk; 95% CI: −0.08, 0.05 cm/wk; P = 0.59, I2 = 23%)
(Figure 4).

Markers of bone mineralization.
Only Hagelberg et al. (26) reported on serum calcium
and phosphorus concentrations before and after 3 wk
supplementation with the study fortifiers. There were no
significant differences between the groups at these 2 time
points [serum calcium after 3 wk supplementation: mean
(range) HMF: 2.7 (2.1–5.1) mmol/L; BMF: 2.3 (2.1–2.6)
mmol/L, P = nonsignificant; serum phosphorus after 3
wk supplementation: HMF: 2.0 (1.5–2.6) mmol/L; BMF:
1.9 (1.0–2.6) mmol/L, P = nonsignificant]. None of the
included studies reported on DXA and X-ray findings of
rickets.

Secondary outcomes
None of the secondary outcomes of interest for this review
were reported in the 6 included RCTs.

Publication bias
Assessment of publication bias by a funnel plot or statistical
tests was not attempted considering the small number of
included studies (30).

Sensitivity analyses
The beneficial effects of HMF on NEC and surgical NEC were
no more significant after excluding studies with high ROB
(Supplemental Table 2, Supplemental Figures 1–3).

Quality of evidence and summary of findings
The overall quality of evidence was deemed “low to very low”
in view of the few RCTs, small sample size, wide CIs around
the effect size estimate, inability to rule out publication
bias, and high ROB in important domains in the included
studies. Table 2 provides the overall evidence as per GRADE
guidelines and a summary of findings.

Discussion
The results of our systematic review found that compared
with BMF, fortification with HMF decreased the risk of
NEC ≥ Stage II and surgical NEC, but resulted in lower
weight gain in preterm infants. However, our confidence in
these findings is limited because the GRADE quality of evi-
dence was “low to very low” for the majority of the outcomes
assessed. The validity of the results is also compromised by
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FIGURE 3 Forest plots for mortality and late-onset sepsis comparing HMF with BMF. BMF, bovine milk–derived fortifier; HMF, human
milk–derived fortifier.

the results of the sensitivity analyses after excluding studies
with high ROB including industry influence.

The heterogeneity in the fortification protocols of the
included trials needs to be discussed. The milk intake volume
at which fortification was started in the included RCTs
ranged from 100 to 150 mL · kg−1 · d−1. Recent reviews
indicate that currently fortification is started at milk volumes
of 50–100 mL · kg−1 · d−1 (5). Evidence from RCTs and
experimental studies suggests that gut development and
maturity are achieved after reaching feeding volumes of 50–
60 mL · kg−1 · d−1 (31, 32). Starting fortification with BMF
too early, before reasonable gut development and maturation
(<50 mL · kg−1 · d−1) (31, 32), may increase the risk of CMP
allergy, feed intolerance, and NEC (33, 34).

The optimal duration of fortification of milk in preterm
infants is another important issue. In our review, fortification
was continued for 2 wk in 1 RCT (27), 3 wk in 3 RCTs
(25, 26, 29), and for 12 wk/until discharge in 2 RCTs (24,
28). Standardization of the timing of commencement and
duration of fortification is important in future trials to
minimize heterogeneity.

Our systematic review found that HMF decreased the
risk of NEC, but resulted in slower weight gain. Suboptimal
weight gain is known to be associated with worse long-term
neurodevelopmental outcomes (35, 36). On the contrary,

newer BMFs have lower osmolality and improved essential
fatty acid and protein content compared with the older BMFs
(5). Hence it is possible that newer BMFs may help in
achieving optimal growth without increasing the risk of NEC
in preterm infants. They are also easily available at a relatively
low cost compared with HMFs. Hence, future trials should
include assessment of clinical outcomes as well as economic
evaluation of newer BMFs compared with HMFs in this
population. This is particularly important considering that
NEC carries significant mortality and morbidity, including
long-term neurodevelopmental disability, and a cost of ≤$1
billion/y in countries such as the United States (37).

At the time of reporting these results, a Cochrane
systematic review assessing HMF compared with BMF for
preventing mortality and morbidity in preterm infants has
been published (38). Only 1 RCT (n = 127) was included.
HMF did not decrease the risk of NEC in exclusively
breast milk–fed preterm infants (RR: 0.95; 95% CI: 0.20,
4.54; low certainty of evidence) (28). HMF had no effect
on growth, feeding intolerance, LOS, or mortality. The
Cochrane reviewers emphasized the need for well-designed
large RCTs in this field (38). There are differences between
this systematic review and the Cochrane review. We included
6 RCTs, whereas the Cochrane review included 1 and they
mentioned Sullivan et al. (24) and Cristofalo et al. (29) as
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FIGURE 4 Forest plots for gains in weight, length, and head circumference comparing HMF with BMF. BMF, bovine milk–derived fortifier;
HMF, human milk–derived fortifier.

among those excluded. The studies by Hagelberg et al.
(26), Boehm et al. (27), and Polberger et al. (25) were not
considered in the Cochrane review. Keeping a pragmatic
view, we included RCTs comparing fortification of any type
of milk (breast milk or donor milk, or formula) for preterm
infants with either HMF or BMF. Hence we included the
Sullivan et al. (24) and Cristofalo et al. (29) RCTs, whereas the
Cochrane review excluded them because they selected only
studies involving exclusively breast milk–fed preterm infants.

The strength of our review includes its comprehensive
nature and robust methodology. Its limitations include the
small number and sample sizes of the included RCTs,
heterogeneity in the fortification protocols, and lack of data
specifically on extremely preterm (<28 weeks of gestation)
or ELBW infants. The very high rates of NEC and surgical
NEC in control groups in 2 studies (24, 29) warrant a note of
caution in interpreting the results. Except for Hagelberg et al.

(26), none of the included studies addressed the issue of bone
mineralization in detail. Furthermore, some trials reported
funding and employment of the researchers by manufactur-
ers of HMFs. This has the potential for introducing “industry
bias” into such trials. A recent Cochrane review found that
industry-sponsored studies more often had efficacy results
that were favorable to the sponsors’ products (RR: 1.27; 95%
CI: 1.17, 1.37) than did non-industry-sponsored drug and
device studies (39). Hence, it may be prudent to avoid or
minimize industry bias in future trials.

In summary, the results of our systematic review found
very-low-quality evidence that, when compared with BMF,
fortification with HMF decreased NEC ≥ Stage II and sur-
gical NEC in preterm infants, but resulted in slower weight
gain. Adequately powered RCTs free from the influence
of industry are required to address this issue definitively.
The sample size required for such a trial would be 1498
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TABLE 2 Summary of findings as per GRADE guidelines1

Outcome
Estimate with BMF
supplementation

Corresponding risk
estimate with HMF
supplementation Relative effect (RR) (95% CI) Participants, n

Quality of evidence
as per GRADE

Definite NEC 19 of 164 (11.58%) 7 of 170 (4.11%) 0.38 (0.15, 0.95), P = 0.04, I2 = 9% 334 Low
Surgical NEC 11 of 103 (10.68%) 1 of 106 (0.94%) 0.13 (0.02, 0.67), P = 0.02, I2 = 0% 209 Low
Mortality 12 of 164 (7.31%) 4 of 170 (2.35%) 0.40 (0.14, 1.15), P = 0.09, I2 = 0% 334 Very low
Sepsis 49 of 164 (29.88%) 49 of 170 (28.82%) 0.96 (0.56, 1.67), P = 0.90, I2 = 63% 334 Very low
Weight gain 15.16 13.72 − 1.08 (−1.96, −0.21), P = 0.02, I2 = 0% 241 Very low
Length gain 0.93 0.83 − 0.11 (−0.26, 0.04), P = 0.14, I2 = 68% 241 Very low
Head circumference gain 0.84 0.83 − 0.02 (−0.08, 0.05), P = 0.59, I2 = 23% 241 Very low
1The overall quality of evidence was deemed “low to very low” in view of the few RCTs, small sample size, wide CIs around the effect size estimate, inability to rule out publication
bias, and high risk of bias in important domains in the included studies. BMF, bovine milk–derived fortifier; GRADE, Grading of Recommendations, Assessment, Development and
Evaluation; HMF, human milk–derived fortifier; NEC, necrotizing enterocolitis.

(749 infants in each arm) to detect a statistically significant
reduction of 50% in the risk of NEC ≥ Stage II from a baseline
incidence of 6% with 80% power, and significance < 0.05.
Standardization of the protocol (optimal postnatal age/milk
intake at start, and duration) for fortification, and consid-
ering the influence of formula feeding—a major risk factor
for NEC—will be critical issues in designing such a trial.
Conducting a large RCT involving only exclusively breast
milk–fed infants randomly assigned to HMF or BMF is ideal
but difficult, because many units are not supported by a
breast milk bank. Pragmatic trials of HMF compared with
BMF in which the use of formula milk is allowed when
breast milk or donor milk is not available may be more
generalizable. Assessment of short-term outcomes (NEC,
sepsis, mortality, physical growth, bone mineralization) as
well as long-term outcomes (growth, bone mineralization,
and neurodevelopment) and economic analysis are essential
in future trials.
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