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Nutritional benefits of human milk Nutritional benefits of human milk 
feedings feedings 



 

High quality proteinHigh quality protein


 

Enhanced fat absorptionEnhanced fat absorption


 

Improved absorption of lactose & minerals Improved absorption of lactose & minerals 


 

Enhanced gastric emptyingEnhanced gastric emptying


 

Unique speciesUnique species--specific ingredients promote specific ingredients promote 
brain growth & cognitionbrain growth & cognition



 

Unique growth factors enhance intellectual & Unique growth factors enhance intellectual & 
visual developmentvisual development



Human milk 
> 50 ml/kg/d

Human milk 
and formula

Preterm 
formula 

No. infants 62 63 42

Human milk intake (ml/kg/d) 96 + 23 20 + 15 0

NEC  n (%) * 1 (2%) 16 (25%) 6 (13%) 

Late-onset sepsis (LOS)
n (%) **

19 (31%) 29 (46%) 22 (48%)

LOS &/or NEC  n (%) * 19 (31%) 35 (56%) 25 (54%)

Hosp stay days *** 73 + 19 87 + 43 88 +47

Effect of human milk feeding on 
morbidity  & hospital stay

Schanler, et al. Pediatrics 1999;103:1150-57. 
B. Wt. 1000 g, GA <30 wks, *p < 0.01, ** p<0.07, *** p<0.05



Study & author Donor  human 
milk  fed 

Formula  fed Relative risk  
of NEC

Gross 1983, NEJM 1/42 (2%) 3/29 (10%) 0.21 (0.02-1.93)

Tyson 1983, J Pediatr 0.39 (0.01-9.4)

Cooper 1984, J Pediatr       
Gastroenterol

1/24 (4%) 3/15 (20%) 0.21 (0.02-1.82)

Lucas 1990, Lancet 1/87 (1%) 4/80 (5%) 0.23 (0.03-2.00)

Schanler 2005, Pediatr 5/78 (6%) 10/88 (11%) 

Overall 8/231 (3%) 20/212 (9%) 0.25 (0.06-0.98)

Studies of donor human milk and NEC 

(2 systematic reviews)  Boyd, et al. Arch Dis Child Fetal Neonatal Ed 2007;92: F169-F175.  
McGuire & Anthony, Arch Dis Child Fetal Neonatal Ed 2003;88: F11-F14.  



Late onset sepsis in Norwegian cohort 
of ELBW infants.  Ronnestad, Pediatrics 
2005;115(3):269. 1999-2000 births, n=405 



BOV fort HUM 40 HUM 100 p value

69 71 67

Gestation (wks) 27.3+2.0 27.2+2.3 27.2+2.2 NS

Birth weight (grams) 922+197 921+188 945+202 NS

OMM consumed ml(%) 5676 (82%) 4544 (70%) 4048 (73%) NS

Days TPN 22 20 20 NS

NEC (%) 11 (15.9%) 5 (7.0%) 3 (4.5%) 0.05

Surgical NEC (%) 7 (10.1%) 1 (1.4%) 1 (1.5%) 0.02

Late-onset sepsis(%) 13 (19%) 15 (21%) 19 (28%) NS

BPD (%) 27 (39%) 26 (37%) 22 (33%) NS

RCT of human versus bovine-based human milk fortifier in extremely preterm infants.  
Sullivan, Schanler, Kim, et al. J Pediatr  2010 Apr;156(4):562-7. 



NEC in ELBWNEC in ELBW’’s fed an exclusively s fed an exclusively 
human milkhuman milk--based diet based diet 

%

Sullivan, Schanler, Kim et al. J Pediatr 2010; Apr;156(4):562-7



Long term health benefits of feeding Long term health benefits of feeding 
human milk to preterm infantshuman milk to preterm infants



 

Human milkHuman milk--fed LBW infants compared to fed LBW infants compared to 
formulaformula--fed babies have fed babies have 


 

improved cognitive function (5 points) improved cognitive function (5 points) 


 

higher IQ scores (8 points) measured at 3 higher IQ scores (8 points) measured at 3 
and 8 yrs. age (adjusted for maternal and 8 yrs. age (adjusted for maternal 
education and SES) education and SES) 



 

Cognitive benefits increase with Cognitive benefits increase with durationduration of of 
breastfeeding. breastfeeding. 

Lucas, et al. Lancet 1992;339:261



None < 20%ile 20-40%ile 40-60%ile 60-80%ile > 80%ile

Human milk 
intake (ml/kg/d)

0 1 7 24 64 111

MDI score
@30 mos.

76.5 78.8 76.5 82.7 86.4 89.7

PDI score 
@30 mos.

78.4 83.2 79.9 85.2 87.3 90.2

BRS %ile 
@ 30 mos.

52.6 54.3 54.7 61.2 61 66.1

Outcomes at 30 months by quintiles 
of breastmilk intake in ELBW infants

Vohr, et al. Pediatrics 2007;120:e1953. NICHD n=541 EBM, n=163 no EBM. 
Bayley II: MDI=mental dev index, PDI= psychomotor dev index, 
BRS=behavioral rating scale 



Mean MDI and PDI scores for ELBW infants Mean MDI and PDI scores for ELBW infants 
at 18 & 30 months ageat 18 & 30 months age

*

* p = .03, ** p = .008 



None < 20%ile 20-40%ile 40-60%ile 60-80%ile > 80%ile

Human milk 
intake (ml/kg/d)

0 1 7 24 64 111

Readmit hosp    
< 1 yr.   (%)

30 25 32 26 23 13

Readmit hosp  
< 2 yr.   (%)

60 68 60 53 53 53

Readmit resp. 
< 2 yr.   (%) 

32 37 36 35 27 16

Outcomes at 30 months by quintiles 
of breastmilk intake in ELBW infants

Vohr, et al. Pediatrics 2006;118:e115.  NICHD follow up at 18 months.  
n=775 EBM, n= 260 no EBM 

Vohr, et al. Pediatrics 2007;120:e1953.  NICHD follow-up at 30 months. 
n=541 EBM, n= 163 no EBM





2005 AAP policy statement 
Pediatrics 2005;115:496–506



 
““Hospitals and physicians should recommend human milk for Hospitals and physicians should recommend human milk for 
premature and other highpremature and other high--risk infants either by direct risk infants either by direct 
breastfeeding and/or using motherbreastfeeding and/or using mother’’s own expressed milks own expressed milk……..””



 
““Banked human milk may be a suitable feeding alternative for Banked human milk may be a suitable feeding alternative for 
infants whose mothers are unable or unwilling to provide their infants whose mothers are unable or unwilling to provide their 
own milk. Human milk banks in North America adhere to own milk. Human milk banks in North America adhere to 
national guidelines for quality control of screening and testingnational guidelines for quality control of screening and testing 
of donors and pasteurize all milk before distribution. Fresh of donors and pasteurize all milk before distribution. Fresh 
human milk from unscreened donors is not recommended human milk from unscreened donors is not recommended 
because of the risk of transmission of infectious agents.because of the risk of transmission of infectious agents.””



2010 AAP policy statement 2010 AAP policy statement –– 
currently in revision currently in revision 



 
““Potent benefits of human milk are such that all preterm Potent benefits of human milk are such that all preterm 
infants should receive this dietinfants should receive this diet……..



 
If motherIf mother’’s own milk is unavailable s own milk is unavailable ……. then pasteurized . then pasteurized 
donor milk should be used.donor milk should be used.””



 
Other recommendations for Other recommendations for 


 

Quality control of pasteurized donor milkQuality control of pasteurized donor milk


 

Monitoring of data on collection and storage of milk Monitoring of data on collection and storage of milk 



Factors influencing safety & efficacyFactors influencing safety & efficacy 
of donor human milkof donor human milk



 

Donor screening & honestyDonor screening & honesty


 

Unknown medications or herbal exposureUnknown medications or herbal exposure


 

Potential infectious agentsPotential infectious agents


 

Milk changes from storage & preservationMilk changes from storage & preservation


 

Milk changes from heat treatment methodsMilk changes from heat treatment methods


 

Quality control of milk banking techniquesQuality control of milk banking techniques


 

Macronutrient content of milk Macronutrient content of milk 



Human milk banking Human milk banking -- donor selectiondonor selection

Identification & education of donors
 good health; no medications or herbals 
 nursing infant < 1 year old 

Donor screening methods 
Verbal & written questionnaires 
Laboratory serological testing: 

HIV, HTLV III, HBV, HCV, syphilis, +/- TB 

Review of donor’s medical & health history
 Medical release from donor’s ObGyn, infant’s Pedi

Donor education ~  proper collection, storage 
&  transportation methods 



*Donor *Donor exclusionexclusion criteria* criteria* 

 Positive test for HIV, HTLV, HBV, HCV, syphilis
 She or partner at risk behaviors for HIV
 Use of illegal drugs
 Smokes or uses tobacco products
 Drinks > two alcoholic drinks per day
 Organ or tissue transplant 
 Blood transfusion prior 12 months
 Tattoo or body piercing in last 12 months


 
Traveled to UK for > 3 months or Europe > 5 

months from 1980-1996

Same criteria as used by American Association of  
Blood Banks (AABB; www.aabb.org)





MMBA: Donor mothers screened & 
approved 1999-2010 



Growth of MMBA 2000Growth of MMBA 2000--2010 2010 
Ounces of donor human milk processed Ounces of donor human milk processed 



Reach of MMBA donor milk 2001-2010 
States, hospitals & NICU's served States, hospitals & NICU's served 

State or region Hospitals & 
NICU’s served 

Texas 56

Other West South Central (LA, OK, AR) 6

Florida 11

Other South Atlantic (SC, TN, MS, GA, DE, MD) 8

Mid West (KS, MO, IL, IN, OH, MN, NE) 10

West  (AZ, WA) 3

Northeast  (PA) 1



Growth of MMBA 2001Growth of MMBA 2001--20102010 
Hospitals served Hospitals served 



Estimated volume of Estimated volume of 
MMBA donor human milk MMBA donor human milk 



 

Total 271,476 oz/yearTotal 271,476 oz/year


 

42 outpatients/ year @3,000 oz each or 1642 outpatients/ year @3,000 oz each or 16--20 oz/day over 20 oz/day over 
4.5 months4.5 months



 
145,476 oz to 51 hospital NICU145,476 oz to 51 hospital NICU’’ss



 
15 VLBW infants/hospital = 765 infants/year15 VLBW infants/hospital = 765 infants/year



 

800 gm: 16.5 ml q 3hr = 4.5 oz/d x 6 wks = 189 oz800 gm: 16.5 ml q 3hr = 4.5 oz/d x 6 wks = 189 oz


 

1,250 gm:  26 ml q 3 hrs = 7 oz/d x 4 wks= 196 oz1,250 gm:  26 ml q 3 hrs = 7 oz/d x 4 wks= 196 oz



Donor human milk 
handling & processing 

Long term freezing at 
-20 °C   

Frozen milk defrosted, 
pooled, mixed

Pre-pasteurization 
bacteriological screening

screens donor technique




 

Post-pasteurization 
bacteriological 
testing

screens heat treatment 
procedure



Heat processing: Holder method, 
Commercial pasteurizer = 62.5 °C x 30 minutes



Frozen Pasteurized Human Milk
Stored at  - 20 °C



Clinical uses of donor Clinical uses of donor 
human milkhuman milk

 
Nutritional supportNutritional support


 

PrematurityPrematurity


 

Failure to thriveFailure to thrive


 

Short gut syndromeShort gut syndrome


 

Malabsorption syndromes Malabsorption syndromes 


 

Feeding intoleranceFeeding intolerance



 
PreventativePreventative


 

NECNEC


 

CrohnCrohn’’s diseases disease


 

ColitisColitis


 

Allergic diseasesAllergic diseases


 

Immune suppression therapy Immune suppression therapy 


 

PrePre-- or postor post--surgical immunological support surgical immunological support 


 

CHDCHD
J Human Lact 2004;20(1):75-7. 
J. Perinatol 2001;21:1.



Medical and therapeutic uses of 
donor human milk 



 

Short gut syndrome (NEC)Short gut syndrome (NEC)


 

Malabsorption syndromes  Malabsorption syndromes  


 

Infectious diseases (diarrhea, gastroenteritis, sepsis, Infectious diseases (diarrhea, gastroenteritis, sepsis, 
pneumonia, infant botulism)pneumonia, infant botulism)



 

PostPost--surgical gut healing (omphalocele, gastroschisis, surgical gut healing (omphalocele, gastroschisis, 
bowel obstruction, GI fistula, colostomy repairs) bowel obstruction, GI fistula, colostomy repairs) 



 

Immunological diseases (allergies, IgA deficiency)Immunological diseases (allergies, IgA deficiency)


 

Chronic renal failure  Chronic renal failure  


 

Inborn errors of metabolism Inborn errors of metabolism 


 

NonNon--infectious GI disorders (inflammatory bowel disease, infectious GI disorders (inflammatory bowel disease, 
ulcerative colitis) ulcerative colitis) 



MMBA - Outpatients 1999-2010 
Indications for donor human milk 

Indication Number 
patients

Feeding - formula intolerance 66

FTT 25

GERD 24

Post-surgical other bowel abnormality (malrotation, 
malabsorption, gastroschisis, biliary atresia)

13

Post-surgical NEC 12

Congenital malformations (CHD, CHARGE, cleft palate) 11

Milk protein allergies/allergic colitis 9

Chronic renal dysfunction/renal failure 6

Chromosomal abnormalities (Down syndrome) 6

Healthy adopted babies 73



MMBA - Outpatient uses of donor 
human milk 1999-2010

Diagnosis Number 
patients

Ounces 
DBM (avg)

Ounces  
DBM (range)

Months 
duration 
(avg) 

Months 
duration 
(range) 

Formula 
intolerance

66 3,121 60 - 10,195 4.8 1 - 13

FTT 25 3,935 138 - 24,288 6.2 1 - 24

GERD 24 3,539 48 - 8,856 6.0 1 - 13

Post- surgical 
NEC 

12 1,641 136 - 4,404 3.2 1 - 10



Clinical issues concerning Clinical issues concerning 
Neonatologists and NICU nurses Neonatologists and NICU nurses 



 
Exposure of preterm infants to pathogensExposure of preterm infants to pathogens


 

Gram negative organismsGram negative organisms


 

MRSAMRSA


 

Group B Strep Group B Strep 


 
Bacteriological sterilityBacteriological sterility



 
Possible viral transmissionPossible viral transmission


 

CMVCMV


 

HIVHIV



Coagulase negative staphylococci 87%

Lactose fermenting gram negative rods
E. coli, Kelbsiella, Enterobacter

61%

Lactose non-fermenting gram negative rods 
Pseudomonas, Acinetobacter

44%

Oxidase positive gram negative rods 
Aeromonas

20%

Enterococcus 16%

Alpha streptococcus 8%

Bacillus species 5%

Staphylococcus aureus   (ø MRSA) 4%

Diptheroids 2%

Bacteriological screening of donor human milk before Holder 
pasteurization. Breastfeed Med. 2010 Jun;5(3):117-21



Clinical efficacy of  feeding donor Clinical efficacy of  feeding donor 
human milk human milk 

1)1) Pasteurization effects on antimicrobial Pasteurization effects on antimicrobial 
and antiviral milk componentsand antiviral milk components
AntioxidantsAntioxidants
OligosaccharidesOligosaccharides
LactoferrinLactoferrin
LysozymeLysozyme
Secretory IgASecretory IgA
Milk lipasesMilk lipases
Free fatty acidsFree fatty acids



Milk treatment methods Milk treatment methods -- 
effect on CMV & milk componentseffect on CMV & milk components

Freeze  Freeze  -- 20 20 ººC C 
& thaw & thaw 

30 min 62.5 30 min 62.5 ººCC
Holder methodHolder method

5 sec 72 5 sec 72 ººCC

CMV DNA by PCRCMV DNA by PCR 110%110% 95%95% 115%115%

CMV viral infectivityCMV viral infectivity +/+/-- 00 00

CMV virus inactivationCMV virus inactivation 10%10% 9090--95%95% 9090--95%95%

Milk lipaseMilk lipase 100%100% 00 1%1%

Milk alkaline Milk alkaline 
phosphatasephosphatase

100%100% 00 5%5%

Milk lysozymeMilk lysozyme 85%85% 70%70% 80%80%

Milk secretory IgAMilk secretory IgA 98%98% 79%79% 80%80%

Hamprecht et al. Pediatr Res 2004;56(4) 529-535.



NeonatologistsNeonatologists’’ questions about questions about 
efficacy of donor human milk efficacy of donor human milk 



 
Quality control of product Quality control of product 



 
Macronutrient content Macronutrient content 
(labeling) (labeling) 



 
Mineral content Mineral content 



 
Growth Growth 





Growth parameters & infection related events Growth parameters & infection related events 
among ELBW infants fed donor milkamong ELBW infants fed donor milk

Group DM Group PF Group MM signif

Birth wt. (g) 947 + 233 957 + 267 999 + 259 NS

Gest. age (wks) 27 + 2 27 + 2 27 + 2 NS

LOS +/- NEC 
n (%) 

31/78 (39%) 34/88 (39%) 20/70 (29%) * MM v. DM+PF
p=.034

Wt. gain
(gm/kg/d)

17.1 + 5.0 * 20.1 + 6.7 18.8 + 5.8 DM v. PF
p=.001

Length gain 
(cm/kg/d)

1.2 + 0.8 1.0 + 1.0 0.6 + 0.4 * MM v. DM+PF
p= .03

FOC increase 
(cm/wk) 

0.9 + 0.9 0.9 + 0.8 0.8 + 0.5

RCT donor human milk v. preterm formula. Schanler. Peds 2005; 116(2): 400-406.



Better growth in premature infants managed with Better growth in premature infants managed with 
adjustable fortification of human milkadjustable fortification of human milk

Nutrient intake &     
Outcomes

Standard group Adjustable group

Protein intake (gm/kg/d) 
Wk 1
Wk 2
Wk 3 

2.9 + 0.4
2.9 + 0.3
2.8 + 0.2

2.9 + 0.3
3.2 + 0.4   *
3.4 + 0.5   *

Wt gain (g/kg/d) 14.4 + 2.7 17.5 + 3.2 *

Length gain  (mm/d) 1.1 + 0.4 1.3 + 0.5

FOC increase (mm/d) 1.0 + 0.3 1.4 + 0.3   *

Arslanoglu S, Moro GE, Ziegler EE. Adjustable fortification of human milk fed to 
preterm infants.  J Perinatol 2006;26:614.  Italy, n=32, 60% MM, 40% donor BM.



Table 2.  Nutrient Composition of Individual 
Donor Pools of Human Milk by Type

55

1064

N

20.07(2.5)

R 16.7-32.4

7.19(0.17)

R 6.61-7.54

1.25(0.24)

R 0.71-1.90

3.40(0.92) 

R 2.21-8.09

Preterm

18.98(2.07)*

R 10.5-28.7

7.19(0.18)

R 6.30-9.09

0.88(0.18)*

R 0.44-1.75

3.24(0.72)

R 0.48-6.79

Term

Cal/oz
§

CHO g/dLProtein g/dL
§

Fat g/dLType

Mean (SD)  R=range  § Anova p<0.001   *p<0.05  T vs P, 

Rivera & Updegrove. MMBA. Variable content of donor human milk. 
Presented AAP NCE, 2004. Infrared spectroscopy (Foss MilkoScan FT120)



Nutritional content of donor human milk Nutritional content of donor human milk 

MacroMacro-- 
nutrientsnutrients

Fat Fat 
g/dlg/dl

Protein Protein 
g/dlg/dl

Lactose Lactose 
g/dlg/dl

Calories Calories 
kcal/dlkcal/dl

Mature Mature 
milkmilk

2.562.56 1.071.07 8.68.6 61.761.7

ForemilkForemilk 2.482.48 1.711.71 7.057.05 57.457.4

Preterm Preterm 
milkmilk

2.482.48 1.721.72 6.566.56 55.455.4

Rev Panam Salud Publica 2004;16(3):199.



MacroMacro-- 
nutrientsnutrients

Fat Fat 
g/dlg/dl

Protein Protein 
g/dlg/dl

Lactose Lactose 
g/dlg/dl

Calories Calories 
kcal/dlkcal/dl

Preterm Preterm 
milkmilk

4.16 + 0.94.16 + 0.9 1.35 + 0.31.35 + 0.3 6.7 + 0.66.7 + 0.6 69.7 +8.769.7 +8.7

Coefficient Coefficient 
of variationof variation

21.5%21.5% 24.5%24.5% 8.9%8.9%

PREM Donor Milk Bank, Australia 

Hartmann et al. Best practices for operation of a donor human milk 
bank in an Australian NICU.  Early Hum Dev. 2007:83:667-673. 
(n= 47 samples, all but 2 from preterm mothers)



Macronutrient analysis of donor breast milk

Wojcik, Rechtman, Lee et al.  J Am Diet Assoc 2009;109:137- 
140. n=273 donors, 415 samples. Prolacta data.
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