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“Religion is a culture of faith; 
science is a culture of doubt.”

“We must be careful not to 
believe things simply 
because 
we want them to be true. 
No one can fool you as easily 
as you can fool yourself !”
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“In conclusion, our randomized intervention to promote prolonged and exclusive breastfeeding showed little evidence on 
beneficial effect of breastfeeding on overall neurocognitive function at age 16 years. However, we observed slightly higher 
verbal function at age 16 years, suggesting limited but persistent benefit to verbal ability. Nevertheless, these benefits were 
small in magnitude compared to other family and birth factors and appeared to decrease with age from childhood to 
adolescence.”

Association versus Causality

American Academy of Pediatrics 
Guidelines 2012

“The potent benefits of human milk are such that all preterm 
infants should receive human milk). Mother’s own milk, fresh or 
frozen, should be the primary diet, and it should be fortified 
appropriately for the infant born weighing less than 1.5 kg. If 
mother’s own milk is unavailable despite significant lactation 
support, pasteurized donor milk should be used. Quality control of 
pasteurized donor milk is important and should be monitored”. 

Pediatrics
March 2012, VOLUME 129 / ISSUE 3
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History of Donor Milk Use
• In Europe after WW2, many countries started a 

human milk bank: collected at home, brought 
to a central place (blood bank or hospital) and 
vacuum dried.

• In 1990’s, HIV stimulated preterm formula use.

• In 1990, Lucas and Cole reported that in 
exclusively formula-fed babies, NEC was 6–10 
times more common than in those fed breast 
milk alone.

• Numerous papers report also an association 
with a lower incidence of nosocomial infections 
when own mother's milk is fed instead of 
preterm formula. 

• The use of donor milk as substitute for own 
mother's milk became increasingly popular 
again

From Van Goudoevoer, J.B., 

Ann Nutr Metab. 2018 Apr; 72(Suppl 3): 25–31

Questions to be Addressed

• Can these guidelines lead to harm?
• Is there a rationale to use mother’s own milk versus donor milk?
• What components are lost with routine pasteurization for banked 

donor milk and what is their importance?
• How can we make donor milk more like own mother’s milk?
• Transfaunation
• Improving “pasteurization” techniques.

QUIZ: For this 25 week gestation, 2 
day old preterm infant, which of the 

following is FALSE? 
1. Enteral feeds should be initiated.
2. Donor milk should always be the first 

feeding because the mother is often 
only able to produce small amounts.

3. Banked donor milk composition is 
similar to that of baby’s own mother’s 
milk.

4. It has clearly been shown in head to 
head randomized trials that banked 
donor milk provides similar benefits to 
babies own mothers’ milk. 
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Mother’s Own Milk vs. Donor Milk: 
Head to Head Trials??=0

QUIZ 

• The average protein content of unfortified term donor human milk is:
a. The same as preterm baby’s own mothers milk.
b. Adequate for optimal growth of the ELBW infant.
c. Approximately 2.2 grams/dL
d. Approximately 0.9 grams/dL

Protein Requirement
• Estimated at  3.5-4.0 

g/kg/d for the human 
fetus.

• ELBW  infant would 
require 330 ml/kg/d 
of term donor human 
milk to meet this 
requirement.
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Composition

Ballard O., Morrow, A.L. Pediatric Clinics of North America 60(2013)49-74

Preterms Grow Better with Protein 
Supplementation

Isocaloric Formulas
A:3.3 gm/100kCal
B: 3.0 gm/100kCal
C: 2.7 gm/100kCal

Embleton and Cooke Pediatric Research 2005

A B

C

Calcium and Phosphorus in Human Milk, Term 
and Preterm Formulas

Required 
per 
Kg/day

Required 
per 100 
kcal

Human 
Milk per 
100kcal

Fortified
human 
milk per 
100kcal

Term 
Formula/
100kcal

Preterm 
formula
/100kcal

Ca, 
mg

184 170 45 156 75 170

P,
mg

126 116 21 94 50 85

Ziegler, E. Nutritional Care of Preterm Infants, 2014
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Domino Study

O’Connor, D. et al. JAMA Nov. 8, 2016 Vol 316, Number 18 

Results of Domino Study: A 
Summary

• Donor milk-fed babies compared to formula fed babies showed trends 
toward lower language and motor development.
• Donor milk-fed babies had higher cognitive neurimpairment scores 

(p=0.02) and a trend toward higher language neuroimpairment
scores. 
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Weight Gain

Linear Growth

Head Growth
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Necrotizing Enterocolitis

A

C

B

NEC: Why such a dilemma? 
Can NEC be a discrete 

outcome?

Neu, J. and Walker , W. A. New England Journal of Medicine, Jan. 2011

“Stage 1,2 and 3” NEC

Cardiogenic Ischemia 

Variants of Food Protein Induced Enterocolitis
Syndrome
Spontaneous Isolated Intestinal Perforations

Misrepresentation of pneumatosis—
“poopatosis”
Placement of Drain for pneumoperitoneum
without direct visualization of bowel
Congenital bowel anomalies (e.g., 
Hirschprung’s aganglionosis)

NEC “Imposters”
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“Poopatosis”
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NEC: Be careful of how it is used in studies

• Studies where “NEC” is adjudicated by non-biased observers can lead 
to different results than when diagnosed by the clinical team or a 
radiologist asked to rule out NEC on an abdominal radiograph. 
• Can medical “NEC” as currently most commonly diagnosed be feeding 

intolerance or food protein intolerance syndrome?

Microbes in Mother’s 
Milk

Hunt, et al. PlosOne
2011
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Bacterial Load over Lactational
Stages: FusA Gene PCR

Boix-Amaros, A. Frontiers in Microbiology. 20 April, 2016 

Microbial Dose from Human Milk

•Assume intake of 800 ml/day
•Assume 105-6 bacterial cells/ml
•This will provide 10 7-8 bacterial cells 
(personalized?) daily, close to the dose 
in most probiotic studies.

Human Milk Personalization and Dynamic 
Interactions: Enteromammary Immune System

Kleinman, RE and Walker, WA. Dig Dis Sci. , 1979
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Changes in immunomodulatory constituents of human milk in 
response to active infection in the nursing infant

• Twelve infants with viral disease vs. 
controls. Milk samples taken 7 days 
apart while infants were recovering:

• CD45 leukocyte , macrophage 
counts, TNF-alpha decreased. 

• Lactoferrin drop was borderline. 

Conclusion: Results support 
dynamic nature of immune 
defense in breastfeeding 
infants. 

Riskin A., et al. Pediatr Res. 2012, Feb;71(2):220-5

Maternal Separation: Rat Pups and Subsequent 
Intestinal Permeability

Barreau, F. Gut, 2004

Some Caveats!!

• Simply providing pumped mother’s milk is not the same as 
breastfeeding! 
• Does babies’ own mothers’ milk pumping and freezing and lack of 

direct maternal infant contact ameliorate some of the beneficial 
effects of breastfeeding? 
• Can we personalize donor milk?
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Personalization of the Microbiota of 
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T he A m erican A cadem y of P ed ia trics recom m ends tha t ex trem e ly pre te rm in fan ts

rece ive m other’s ow n m ilk (M O M ) w hen ava ilab le or pas teurized donor b reas t m ilk

(D B M ) w hen M O M is unava ilab le . T he goa l o f th is s tudy w as to de te rm ine w hether D B M

cou ld be inocu la ted w ith M O M from m others o f p re te rm in fan ts to res to re the live

m icrob io ta (R M ). C u ltu re dependen t and cu ltu re independen t m ethods w ere used to

ana lyze the fluc tua tions in the overa ll popu la tion and m icrob iom e, respective ly , o f D B M ,

M O M , and R M sam ples over tim e . U s ing M O M at tim e 0 (T 0) as the ta rge t fo r the

res to ra tion

Frontiers in Microbiology, August 2017

MOM vs. Donor Milk Microbiota

Cacho, et. al., Frontiers in 
Microbiology, 2017

Metabolomic Features of 
Transfaunated Donor Milk

Torrez Lamberti, MF, et al. Molecules, 2020
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The Future: Questions

•Should we be focusing on use of Fresh 
mother’s milk rather than banked donor 
milk?

•How can we promote mother’s own fresh 
milk use? 

Is Donor Milk a Panacea?

• No!
• There are many aspects of donor milk that are suboptimal for the 

preterm infant.
• Many of the active components including live microbial components 

that may provide benefits are lost in the processing of donor milk. 
• Transfaunation techniques, stimulation of early lactation, and 

improvement of pasteurization techniques may be useful in 
increasing babies’ own mothers’ milk use or at least making donor 
milk more like the original.

Is Donor Milk a Panacea

•Not much evidence exists on direct comparison 
of donor versus babies own mother milk is 
available. 
•Studies comparing benefits of babies’ own 
mothers’ milk use over donor milk (with and 
without additives) are needed. 
•Let’s keep working on the science. 
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