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Since its inception in 2011 the “Innovating Practice through Research Evidence” series has highlighted 
important topics in the fi eld of human milk and lactation relevant to both clinicians and mothers and their 
babies, e.g. milk collection and storage; CMV transmission via breastmilk; preterm infant morbidities 
including NEC; the impact of human milk on cognitive and neurological development; and, cost benefi ts of 
breastfeeding. However, like all fi elds of scientifi c inquiry, research in human milk and lactation is ongoing, 
with new discoveries continuously informing established ideas. Therefore, the purpose of this discussion is to 
update research fi ndings vis-à-vis previous topics and to introduce some areas of promising, new research 
that have emerged in 2012.

Updates
Human Milk Collection and Storage

In the fi rst Innovating Practice document, “Collection & Storage of Human Milk”, we touched upon three 
aspects of human milk collection and storage: anti-bacterial properties of human milk, the Academy of 
Breastfeeding Medicine’s revised recommendations for storage of milk for term infants, and refrigerator 
storage in the NICU. Since that time, Takci and associates1 published their fi ndings on the effects of freezing 
on the bactericidal activity of human milk. Their results indicated that bactericidal activity against E.coli 
declines signifi cantly when milk is stored for three months at -20°C but not when stored at -80°C. Similarly, 
Xavier et al2 found human milk total antioxidant capacity was reduced within 48 hours of refrigeration and 
freezing, with continuing decline over one week in the freezer at -8°C. 

Highlighting the lack of consensus regarding milk storage in NICU settings, Cossey and colleagues3 surveyed 
storage practices in Belgium and Luxembourg. Respondents reported on a variety of practices across 19 
hospitals, including whether they performed bacterial testing of mothers’ milk (47%) or if they had a milk 
pasteurizer on the unit (32%). Most noteworthy, two of 19 NICUs reported storing fresh and thawed human 
milk in the refrigerator for up to seven days. The authors concluded there is still a lack of best practice 
guidelines and standards however, they went on to note that staff from nine units in Belgium have since 
begun to discuss best practice standards.

Lastly, on the topic of human milk collection and storage, Labiner-Wolfe and Fein4 published data from 436 
to 1060 mothers about their breastmilk handling and storage practices. Numbers of participants varied 
depending on infant age at the time of survey – 1.5 to 9.5 months. Encouragingly, mothers generally don’t 
store milk beyond recommended time frames; approximately 97% of mothers reported keeping expressed 
milk at room temperature for no more than 4 hours, with 99% reporting room temperature storage for no 
more than 8 hours. Eight hours is the maximum time for room temperature storage of fresh milk for term 
infants recommended by the Academy of Breastfeeding Medicine5 and six hours is recommended by The 
Human Milk Banking Association of North America (HMBANA).6 Milk refrigerator storage followed the same 
pattern: approximately 88% of women used expressed milk within 2-3 days of refrigeration, 99% within 6-8 
days.

As discussed in the fi rst Innovating Practice paper, human milk collection and storage practices are informed 
by numerous scientifi c disciplines. Inevitably, recommendations will continue to change as we discover more 
about milk properties and factors affecting milk quality.
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CMV

The second Innovating Practice edition, “CMV Transmission and Breastmilk”, started with a systematic 
literature review by Kurath and associates7 that revealed short and long term consequences of postnatal 
CMV infection. Their fi ndings showed that perhaps the exposure to CMV via breastmilk was not as prevalent 
as once thought.  This subsequently led to a discussion of the risks and benefi ts of milk treatment measures 
to reduce postnatal CMV risk in preterm infants. However, despite continued publications on the topic, the 
issue of how to manage use of fresh mothers’ milk in the NICU is still unresolved.  

In 2012, Okulu and associates8 published a neonatal case study of a very low birth weight infant with 
CMV, presumably, breastmilk acquired CMV. In this particular case, the infant responded well to supportive 
treatment and ganciclovir-based antiviral therapy. Follow-up cranial ultrasound and auditory testing were 
normal. Okulu et al propose considering anti-viral therapy for treatment of CMV infections but do not address 
human milk management in the NICU. 

Bevot et al9 published long-term outcomes at eight and nine years of age in 20 preterm children with 
breastmilk-acquired CMV compared to 21 non-CMV infected children. Three children in the non-CMV group 
were hearing impaired. All CMV-positive children had normal hearing with cognitive and motor functioning 
within normal limits, but lower than those of their control group. Beyond the need for further study, the 
authors made no specifi c clinical recommendations. 

Resch – a coauthor with Kurath of the systematic review of CMV transmission7 and letter to the editor10 
highlighted in “CMV Transmission and Breastmilk” --  published a letter responding to Bevot et al suggesting 
that results are still confusing and that larger studies of long-term sequelae are “urgently needed.” Thus, 
questions raised in our previous paper on breastmilk-acquired CMV remain unresolved. What are the risks 
of postnatal CMV infection? Do the benefi ts of fresh human milk outweigh the risks for preterm infants? Are 
there other options to reduce or eliminate the risks? 

Emerging Hot Topics
Human Milk Oligosaccharides (HMOs) and NEC

Lars Bode11 from the University of California in San Diego has investigated the structure, function and 
benefi ts of HMOs, including their ability to nourish commensal bacteria, prevent pathogen attachment to 
mucosal surfaces, and modulate immune responses.12 In recent presentations and publications, Bode 
explained that while 150-200 HMOs have been identifi ed in human milk, they don’t all have the same 
function. Furthermore, the composition of HMOs varies from woman to woman with the function of each 
individual HMO being very structure-specifi c. Bode described laboratory processes involved in isolating a 
single HMO, Disiayllacto-N-tetraose (DSLNT) that has been found to be the most effective HMO in reducing 
the risk of NEC in laboratory rats.11

Bode suggested human diversity and the function of DSLNT could explain why some infants receiving 
human milk might still develop NEC: their mothers may not produce suffi cient quantities of DSLNT. Clinical 
application of these fi ndings could lead to the absence of DSLNT in mother’s milk becoming a biomarker for 
infants at risk for NEC. Bode also suggested a process for DSLNT supplementation might be possible for 
at-risk infants in the future. 
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Gut Microbiota and NEC

Joseph Neu13  is also focused on current evidence related to the prevention of NEC and has stressed 
the importance of intestinal microbiota, particularly commensal bacteria, in risk reduction. Of note, Neu 
emphasized the role of intestinal bacterial composition on the development of a healthy immune system. 

Although a sterile environment would intuitively seem to protect the infant from infection, Neu maintained 
current evidence supports the view that a healthy immune system develops better in an environment with 
pathogenic and non-pathogenic bacteria. When discussing the risk of NEC, Neu identifi ed multiple events 
that can disrupt infant intestinal fl ora including pre- and post-natal antibiotics, the NICU environment, 
preterm birth, mode of delivery, immediate bathing of newborns, infant diet, probiotics and separation from 
mother. Although several clinical interventions to reduce the risk of NEC have been proposed – probiotics, 
supplemental prebiotics or combinations of both – research thus far is inconclusive as to their benefi t. What 
is effective, according to Neu, is providing human milk to premature infants.13,14  

Stem Cells in Human Milk

Mammary stem cells are thought to contribute to the ability of the breast tissue to grow and differentiate 
during pregnancy and lactation, then regress until the next gestational cycle.15 In 2007, Cregan and 
associates published seminal work16 on their discovery of stem cells in human milk. 

Foteini Hassiotou and associates16 of The University of Western Australia have described remarkable 
advancements in this fi eld: research now demonstrates human breastmilk-derived stem cells, like embryonic 
stem cells, are pluripotent with the ability to differentiate in vitro into multi-lineage stem cells producing not 
only breast cells -- myoepithelial, ductal, and alveolar cells  -- but also cells of other lineages. Hassiotou and 
associates are growing in culture a variety of cells from human milk stem cells including bone cells, adipose 
cells, cardiomyocytes, neural-like cells, hepatocytes and pancreatic cells. Furthermore, cultured cells are 
secreting cell-specifi c substances: breast alveolar cells are secreting beta-casein, lactoferrin and alpha 
lactoalbumin (all components of human milk); hepatocytes are secreting albumin; and pancreatic cells are 
secreting insulin. 

At this time, the benefi ts of breastmilk stem cells for infants are unclear. However, the potential for stem cells 
to produce functioning tissues commands great interest in health care research. Hassiotou proposes human 
milk stem cells might be useful in regenerative medicine or in cancer research, helping identify why and how 
cells mutate into cancer cells. According to Hassiotou, advantages of human milk-derived stem cells are that 
they are plentiful and are accessible non-invasively and ethically.15,17

Summary

Human milk and lactation research spans the globe. The wealth, variety and depth of research underscores 
a common interest in the science of breastfeeding and the use of human milk for vulnerable infants. In this 
document, we have examined recent research related to previously explored topics and have touched on 
emergent discoveries in human milk research pertaining to oligosaccharides, gut microbiota and stem cells. 
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