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Abstract

Background—There has been a recent increase in availability of banked donor milk for feeding 

of preterm infants. This milk is pooled from donations to milk banks from carefully screened 

lactating women. The milk is then pasteurized by the Holder method to remove all microbes. The 

processed milk is frozen, banked, and sold to neonatal intensive care units (NICUs). The nutrient 

bioavailability of banked donor milk has been described, but little is known about preservation of 

immune components such as cytokines, chemokines, and growth factors (CCGF).

Objective—The objective was to compare CCGF in banked donor milk with mother's own milk 

(MOM).

Methods—Aliquots (0.5 mL) were collected daily from MOM pumped by 45 mothers of NICU-

admitted infants weighing < 1500 grams at birth. All daily aliquots of each mother's milk were 

pooled each week during 6 weeks of an infant's NICU stay or for as long as the mother provided 

MOM. The weekly pooled milk was measured for a panel of CCGF through multiplexing using 

magnetic beads and a MAGPIX instrument. Banked donor milk samples (n = 25) were handled 

and measured in the same way as MOM.

Results—Multiplex analysis revealed that there were levels of CCGF in banked donor milk 

samples comparable to values obtained from MOM after 6 weeks of lactation.

Conclusion—These data suggest that many important CCGF are not destroyed by Holder 

pasteurization.
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Well Established

The availability of banked donor milk is increasing in neonatal intensive care, to replace 

formula use or supplement mother's own milk (MOM). Banked donor milk is Holder 

pasteurized, which destroys cells and some proteins.

Newly Expressed

Cytokines, chemokines, and growth factors were present in banked donor milk. The levels of 

most cytokines and chemokines in preterm MOM during the early weeks of lactation were 

higher than in banked donor milk.

Background

The American Academy of Pediatrics Recommendations of Breastfeeding Management for 

Preterm Infants state that all preterm infants should receive human milk and if mother's own 

milk (MOM) is unavailable, pasteurized donor human milk, appropriately fortified, should 

be used.1 Recently, there has been an escalation in the use of banked donor milk in neonatal 

intensive care units (NICUs), rising from 25.1% nationally in 2007 to 45.2% in 2011 (P < .

001).2 This steady increase reached an all-time high of 2.15 million ounces of human 

banked donor milk dispensed by the Human Milk Banking Association of North America 

(https://www.hmbana.org/donate-milk) in 2011.3

The literature describes benefits of banked donor milk versus formula, but there are far fewer 

studies comparing banked donor milk to MOM. Milk produced by donor milk banks is 

pasteurized by the Holder method (62.5°C for 30 minutes) to destroy harmful bacteria and 

viruses.3 It is then pooled, packaged, and sold to hospitals for use in their NICUs. The 

banked donor milk available for purchase from milk banks is pooled from several donors 

and is more likely to be from mothers who delivered term versus preterm infants.4 This is an 

important distinction as preterm MOM (milk produced by mothers delivering infants at less 

than 37 weeks gestation) is qualitatively different from term MOM (milk produced by 

mothers delivering at or after 37 weeks).

Holder pasteurization not only destroys bacteria, viruses, and cells but also destroys or 

significantly reduces levels of immune proteins such as secretory Immunoglobulin A 

(sIgA).5 Immunoglobulin A, the major antibody in human milk, showed a 45% reduction 

after pasteurization.6,7 Lactoferrin, lysozyme, and bile salt-stimulated lipase in milk are also 

significantly reduced by Holder pasteurization.8 Heat denaturation of proteins could reduce 

the concentrations of other immune molecules such as cytokines, chemokines, and growth 

factors (CCGF), but the effects of only a few of these have been measured.

There are few studies comparing immune components of banked donor milk with those of 

MOM.9 The available research was reviewed in 2011.5 Microbiota, cells, immunoglobulins, 

lysozyme, lactoferrin, and oligosaccharides in human milk were reported to be reduced after 

Holder pasteurization, but only 3 studies analyzing a limited number of CCGF had been 

done.6,10,11 Since 2011, only 3 additional studies have addressed differences in CCGF 

between banked donor milk and MOM.9,12,13 Cytokines, chemokines, and growth factors in 
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milk are believed to play important roles in gastrointestinal and immune development of the 

recipient infant.14 They affect immune modulation, maturation, and integrity of the 

gastrointestinal tract as well as control of inflammation in the developing recipient infant.15 

The chemokines play a role in cellular chemoattraction and activation of neutrophils, 

monocytes, and lymphocytes.15 Cytokines, chemokines, and growth factors probably prime 

intestinal immune cells, contribute to angiogenesis, help develop the intestinal epithelial 

barrier function, and generally suppress inflammation.16 These effects may be even more 

important when infants are born preterm and therefore have limited in utero development of 

their physiological systems.16

As banked donor milk becomes more available and is used more widely for the preterm 

infant, the possible effects of Holder pasteurization on a variety of immune molecules could 

translate into less protection for infants receiving only banked donor milk or large quantities 

of banked donor milk compared with MOM. Preterm infants' risks for necrotizing 

enterocolitis,17 sepsis,18 and adverse neurodevelopment19 are significantly reduced when 

infants receive human milk, but these protective effects could be affected by extensive or 

exclusive use of banked donor milk if there are lower levels of critical immune molecules.

The goal of this study was to compare levels of CCGF in banked donor milk versus those in 

MOM from mothers of preterm infants.

Methods

Data Collection

The data were collected during the course of a larger study of biological and health 

outcomes in the most fragile preterm infants (< 1500 grams) in relationship to volume of 

MOM received and exposure to selected MOM CCGF. The study was approved by the 

Tampa General Hospital and the University of South Florida Institutional Review Board, and 

all mothers who donated MOM gave informed consent. Mothers of preterm infants with 

birth weights less than 1500 grams were consented as soon as possible after their newborns 

were admitted to the hospital NICU, and the first milk samples were collected by the end of 

the first week of the admission. Exclusion criteria were moribund status, major congenital 

anomalies in the infant, and HIV positive status of mothers.

Mothers completed a demographic questionnaire and additional infant data (medical 

complications, weight, feeding, date of discharge) were extracted from patients' medical and 

nursing records during the 6 weeks of data collection. All mothers were encouraged to 

lactate and provide milk throughout their infants' stay in the NICU, according to the usual 

practice in the study NICU. The infant's nurse collected a 0.5-mL aliquot from every batch 

of MOM used for feeding each day before fortifier, formula, or banked donor milk was 

added. Milk samples were drawn into a tuberculin syringe by the nurse, labeled, and frozen 

at −20°C until pickup and delivery to the lab within 2 to 3 days. The syringes of milk were 

then frozen at −80°C until thawed in batches for analysis. This practice continued for 6 

weeks, or less if infants were discharged. Some infants received only banked donor milk 

throughout their NICU stay. Others had banked donor milk added to MOM for some 

feedings. Any banked donor milk was drawn into separate syringes as described above 
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before being mixed with MOM for that feeding so that it could be measured separately for 

CCGF. Daily volumes of MOM, MOM with fortifier, formula, or banked donor milk were 

computed.

The banked donor milk was purchased by the study hospital from 2 nonprofit milk banks in 

Northern Texas. This milk was shipped frozen in containers and thawed and measured as 

needed for infant feeds. Mothers who donate milk to these banks must be healthy, 

breastfeeding a baby younger than 1 year of age, nonsmoking, not using illegal drugs, and 

not drinking more than 2 alcoholic drinks per day, and they must have blood tests that are 

negative for HIV, human T-cell lymphotropic virus, hepatitis B and C, and syphilis. 

Although most mothers have given birth to term infants, 1 of the banks accepts milk 

donations from mothers of preterm infants. The milk is pooled so that the banked donor milk 

that is provided is a mixture of donated milks, and even more mixing could occur in the 

hospital when the feedings are prepared.

MOM and Banked Donor Milk

The frozen syringes containing daily samples of each mother's MOM and frozen syringes 

containing samples of any banked donor milk that were used in daily feedings were thawed 

and separately pooled at the end of each week. The pooled samples of MOM or banked 

donor milk were centrifuged at 1000 g at 4°C for 10 minutes and defatted by carefully 

removing the fat layer at the top with a Corning small spoon (Fisher Catalog No. 3004; 

ThermoFisher Scientific, Waltham, Massachusetts, USA.) The whey fraction was then 

filtered through a 0.45-μm Millipore low protein (ThermoFisher Scientific) binding PVDF 

filter (Fisher Catalog No. SLHVM23N S,) and stored at −80°C in 2-mL Eppendorf tubes 

until analysis.

This weekly pooling of milks along with weekly volume calculations provided a way to 

exactly calculate the weekly exposure of each infant to CCGF. Although MOM samples 

were frozen, thawed, and frozen again, our previous research has shown that up to 3 freeze–

thaw cycles do not produce significant decreases in milk CCGF levels (Groer, unpublished 

data). Similar results regarding freezing were reported recently.20

Multiplexing

Cytokines, chemokines, and growth factors in the whey from each weekly, pooled sample 

were measured through multiplexing with the use of magnetic bead kits (EMD Millipore, 

Billerica, Massachusetts, USA) according to kit directions and analyzed on a MAGPIX 

(Luminex, Austin, Texas, USA). Multiplexing allows for quantitative measurements of 

multiple analytes in a small volume of fluid (25 μL) and is based on attachment of the CCGF 

to magnetic beads and processing using LED excitation. The MAGPIX machine is calibrated 

and the kits' standards and controls are used to determine the values in pg/mL of the CCGF. 

Before analysis, a series of experiments was done by spiking known concentrations of 

CCGF in different matrix solutions to optimize the multiplex assay. The matrix solution that 

produced the best recovery (up to 100% for some CCGF) was used for all subsequent 

analysis. This was a commercial serum matrix used for serum and plasma analyses and was 

purchased from Millipore and added to standards, controls, and samples. The CCGF 
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analyzed were epidermal growth factor (EGF), interleukin-4 (IL-4), interleukin-6 (IL-6), 

interleukin-8 (IL-8), tumor necrosis factor-α (TNF-α), interleukin-10 (IL-10), macrophage 

inflammatory protein-α (MIP-1α), monocyte chemotactic protein (MCP), and interferon 

gamma inducible protein-10 (IP-10). This panel of cytokines, chemokines, and growth 

factors was chosen based on our preliminary data showing that the levels of these proteins 

are significantly different in preterm versus term milk and they are all reported to be 

biologically active in human milk.21

Statistics

The levels of CCGF were compared between MOM at each lactational week and the pooled 

banked donor milk. The data for both sample groups were not normally distributed, thus 

differences were analyzed by Mann–Whitney U tests. To compare changes in MOM CCGF 

levels from week 1 to week 6, the CCGF were log 10 transformed and t tests between weeks 

1 and 6 were performed for each protein. A P value of .05 was accepted for statistical 

significance and SPSS, version 21, was used for analysis. Graphs of cytokines and growth 

factors depict the log10 on the vertical axis due to the large differences in concentrations 

between EGF and the chemokines.

Results

Demographic Characteristics

Demographic data are not available for the multiple mothers who donated milk to the milk 

banks. Forty-five MOM samples were included in the analysis, measured prospectively over 

the first 6 weeks of a NICU stay. The majority of mothers were enrolled at the end of their 

first postpartum week (n = 35), 7 were enrolled into the study after their second week, and 3 

after 3 weeks. The majority of mothers were high school graduates (58%), single (49%), 

poor (income less than $25 000/year) (53%), and primiparous (34%). Twenty-five percent 

were smokers, and 4% self-reported illegal drug use. The mean maternal body mass index 

was 27.6 ± 6.4. The racial composition was 54% Caucasian, 41% African American, 2% 

Asian American, and 2% other. Twenty-four percent self-reported as Hispanic. The 2-minute 

APGAR (Appearance, Pulse, Grimace, Activity, Respiration) score was 5.93 and the 5-

minute APGAR score was 7.9. The mean birth weight was 1107 ± 223 grams and mean 

gestational age was 28.3 ± 2.33 weeks gestation, and 50% of infants were male.

Samples were collected from the end of week 1 through the end of week 6 of the infant's 

stay in the NICU or for as long as mothers continued to provide MOM up through 6 weeks. 

Twenty-five weekly pooled aliquots of daily banked donor milk were analyzed and results 

were compared with those from 196 pooled weekly aliquots of MOM (which represented 

nearly 2000 samples of daily milk collections). The numbers of mothers providing MOM 

declined over time due to discharge before 6 weeks (N = 10), neonatal death (n = 2), and 

change from MOM to formula (n = 9) or to banked donor milk (n = 8) between weeks 2 and 

6.
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Volumes of Milk Produced over Time

The volumes of MOM produced by the mothers over the 6 weeks of data collection 

increased over time (< 500 mL/week at week 1 to > 1500 mL/week at week 6) (Figure 1).

CCGF in Banked Donor Milk versus MOM

In the first week, there were statistically significant differences between MOM and banked 

donor milk for all but 3 CCGF (IL-4, EGF, MIP-1α). By week 6, the only CCGF levels that 

were significantly different were MIP-1α and TNF-α. All other CCGF levels were not 

significantly different in MOM at 6 weeks versus banked donor milk (Table 1).

Figure 2 depicts the mean levels of the 4 cytokines from weeks 1 to 6 for MOM and the 

levels in banked donor milk. The level of each cytokine generally decreased over time, but 

the difference between week 1 and week 6 was statistically significant only for TNF-α (t = 

4.38, df = 62, P < .001) and IL-6 (t = 5.28, df = 62, P < .001). Figure 3 depicts the log10 of 

chemokine and growth factor means from weeks 1 to 6 for MOM and the levels in banked 

donor milk. There was a significant decrease from week 1 to week 6 in the levels of each 

chemokine except EGF (MIP-1α [t = 3.17, df = 62, P < .002], IP-10 [t = 3.309, df = 62, P 
< .004], IL-8 [t = 3.92, df = 62, P < .001], and MCP-1 [t = 4.07, df = 62, P < .001]).

Discussion

The data indicate that banked donor milk subjected to Holder pasteurization contains 

measurable levels of CCGF. Although this finding is positive, banked donor milk CCGF 

concentrations are more equivalent to those in MOM produced after 6 weeks of lactation 

than in earlier milk. Thus, preterm infants who receive banked donor milk versus MOM 

during their first weeks of life are receiving less of these potentially critical factors.

Holder pasteurization is the method of choice for sterilizing human milk, and the CCGF we 

measured appeared to have some heat resistant properties. Although they were not 

denatured, it is not clear if they remained functional. These data are in agreement with a 

recent publication of a study that used multiplexing of many of the same CCGF.22 The 

investigators reported measurable CCGF in both Holder pasteurized colostrum and mature 

milk in a smaller sample, although their reported median values of CCGF levels were 

different from ours, which may be related to matrix effects. We have measured analytes in 

many human milk samples by multiplexing and observed significant matrix effects on 

measurement values when using the manufacturer's (Millipore) kits and matrix solutions. 

Because the results can be significantly affected by the matrix solution, we carried out a 

series of experiments with a variety of matrix solutions and have reported on the 

achievement of a successful milk matrix for multiplexing.23 The successful matrix was 

serum matrix from Millipore added to controls, standards, and samples. The data presented 

here were the results of multiplexing with the matrix protocol referenced above. Matrix 

notwithstanding, our findings confirm those of the Espinosa-Martos et al22 study of a similar 

panel of CCGF in human milk after Holder pasteurization.

Banked donor milk is increasingly being used to feed pre-term infants in lieu of formula 

because there is good evidence that it has protective properties similar to those of MOM.24 
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There are, however, unknown characteristics of banked donor milk (maternal factors, heat 

resistant viruses, developmental stages of lactation, processing, pooling, freezing) that might 

influence its bioefficacy and safety.25 Neonatal intensive care units make decisions about 

when to institute and discontinue banked donor milk, based at least in part on the cost/

benefit ratio of banked donor milk.26,27 For example, in the study NICU, banked donor milk 

is stopped and formula instituted around 34 weeks gestational age, a point at which the risk 

for necrotizing enterocolitis and infection are greatly reduced.28

Our data suggest that banked donor milk may not be developmentally appropriate in terms 

of CCGF during the early weeks of life in low birth weight infants, but it is superior to 

formula, which contains no CCGF. Although not confirmed, it is plausible that critical 

periods in preterm infant development are aligned with milk biology.25 We and others show 

a decline in cytokines over time of lactation, which may be timed to coincide with 

maturation of the neonatal gut and immune system.29-32

We did not measure MOM CCGF from mothers of full-term infants in the current study and 

do not know if the mature milk produced by mothers of preterm infants at 6 weeks 

postpartum differs from milk produced by mothers of term infants. It is not known if preterm 

milk CCGF levels differ from those in term milk over longer periods of time as most 

comparative studies have been done on colostrum or early milk. In addition, there are few 

studies that follow pre-term milk composition after discharge from the NICU and compare it 

to term milk. A prospective study of milk from mothers reported that protein levels were 

higher in preterm milk over 8 weeks of lactation.33 In a recent Korean study, the 

composition of milk to 3 months postpartum was compared between mothers who delivered 

preterm and a cohort of term mothers, and some differences in milk fatty acid composition 

were described.34 In another study, beta-endorphin levels at 30 days postpartum did not 

differ between pre-term and term milk.35

Limitations

This study was developed because of an opportunity to compare CCGF levels in banked 

donor milk and MOM. Other immune components and CCGF would be of interest to study 

in the future, as this work is really an initial exploratory effort to compare these milks. 

Clarifying the roles of these CCGF in normal infant development will require much more 

research before specific clinical recommendations could be made.

The banked donor milk was prepared at milk banks for human consumption. Although we 

assume that it was pasteurized using the standard Holder pasteurization, we were not 

involved in this process, and we also have no information about the demographic 

characteristics of the donors. Banked donor milk also went through more freeze–thaw cycles 

than MOM, which may have further reduced CCGF concentrations. Another limitation is 

that both banked donor milk and MOM had variability in their measures as indicated by the 

standard error bars in Figures 2 and 3. The source of this variability for MOM will be 

examined in future work.
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Conclusion

Neonatal intensive care units are using banked donor milk with greater frequency,36 so it is 

encouraging that some essential immune components of milk, namely, cytokines, 

chemokines, and growth factors, remain at levels comparable to nonpasteurized mature milk 

from preterm mothers. Most cytokine and chemokine levels declined in MOM, whereas 

epidermal growth factor levels remained stable. By the end of the sixth week of lactation, 

most cytokine and chemokine levels were similar between MOM and banked donor milk, 

which is donated primarily by mothers who deliver term infants. Preterm infants fed 

exclusively or predominantly with banked donor milk during the first weeks of life will 

receive lower levels of these immune components than if fed MOM.
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Figure 1. 
Mothers' Own Milk (MOM) Volumes (mL/wk) over 6 Weeks of Neonatal Intensive Care 

Unit (NICU) Stay.

Values shown are mL of MOM produced over 1-week time spans beginning from the end of 

week 1 to the end of week 6 of a NICU stay. Bars are standard errors of the mean.
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Figure 2. 
Means of Cytokines from Preterm Mothers' Milk over Time Compared to Banked Donor 

Milk.

Error bars represent standard errors of the means.
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Figure 3. 
Log10 of Chemokine and Growth Factor Means in Preterm Mothers' Milk over Time 

Compared to Banked Donor Milk.

Error bars represent standard errors of the means.
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