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Abstract: Allergic diseases often commence early in childhood and persist into adulthood. An early
predictor of an infant/childhood allergy is the infant gut microbiome, which is consistently shaped by
the intake of human milk. While numerous studies have reported associations between the infant gut
microbiota and allergy outcomes, studies on human milk microbiota are sparse. Here, we explored
associations between the human milk microbiota and infant/child allergic sensitisation and diseases.
Full-length 165 rRNA gene sequencing was performed on milk samples collected at 3 months post-
partum (n = 232) from the Infant Fish Oil Supplementation (IFOS) study. The IFOS cohort consists
of infants of allergic mothers, 32.9% of whom went on to develop allergic disease before 3 years of
age. An unpaired t-test was used to compare the differences in the milk microbiome with the child
allergy outcomes at 1 and 2-3 years of age. The preliminary results showed no difference in the
alpha diversity between the children with and without the allergic disease at 1 and 2-3 years of age.
However, the relative abundance of several respiratory bacterial species was different in the milk
given to infants with and without allergen sensitisation (p = 0.003-0.041): Streptococcus pneumoniae
was less abundant in the milk fed to infants with allergen sensitisation at 1 year (p = 0.041) and at
2-3 years of age (p = 0.019), whereas Pseudomonas sp. was more abundant in the milk fed to infants
with allergen sensitisation at 1 year (p = 0.003), but not at 2-3 years of age (p = 0.066). The preliminary
analysis identified associations between specific bacteria in human milk and infant/child allergen
sensitisation, which require further investigation.

Keywords: human milk microbiome; infant/ child allergic diseases; infant/child allergen sensitisation

Author Contributions: Conceptualization, D.J.P,, L.ES. and D.T.G.; Writing—original draft prepa-
ration, ].M.; writing—review and editing, L.E.S., D.T.G., D.].P; experiment and data analysis, ].M.;
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the manuscript.
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and Ad Hoc Postgraduate Scholarship from Medela AG.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Proceedings 2023, 84, 2. https:/ /doi.org/10.3390/ proceedings2023084002

https:/ /www.mdpi.com/journal/proceedings



Proceedings 2023, 84, 2

Conflicts of Interest: ].M., L.ES., C.T.L., and D.T.G. are supported by an unrestricted research grant
from Medela AG, administered by The University of Western Australia. This funding body had no
input into manuscript design, data interpretation, or decision to publish.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



E proceedings

Abstract

Recolonization of Pasteurized Donor Milk with Mother’s
Own Microbiome T

Lisa F. Stinson *, Jie Ma and Donna T. Geddes

Citation: Stinson, L.F,; Ma, J.; Geddes,
D.T. Recolonization of Pasteurized
Donor Milk with Mother’s Own
Microbiome. Proceedings 2023, 84, 3.
https://doi.org/10.3390/
proceedings2023084003

Academic Editor: Sharon L. Perrella

Published: 14 February 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Molecular Sciences, The University of Western Australia, Crawley, WA 6009, Australia
* Correspondence: lisa.stinson@uwa.edu.au
1 Presented at the More Than Just Milk Lactation Science Symposium, Perth, Australia, 25 November 2022.

Abstract: Preterm infants are often fed heat-pasteurized (HP) donor human milk (DHM), which is
void of live microbes. Previous attempts to restore the microbiome of DHM by inoculation with
small quantities of mother’s own milk (MOM) have been semi-successful. However, the resulting
bacterial profiles are only a partial match to the mother’s original microbiota potential due to the
altered biochemistry of HP DHM. UVC irradiation reduces bacterial load in donor milk to a similar
standard as HP, while preserving non-microbial bioactive components. We therefore hypothesized
that the efficacy of DHM restoration will be improved using UVC-irradiated DHM compared to HP
DHM. DHM batches (1 = 3) were divided into two equal aliquots: one for HP, and one for UVC
irradiation. Pasteurized DHM was inoculated with fresh MOM (1 = 9) at the following v /v ratios:
5% MOM, 10% MOM, 30% MOM. Samples were incubated at 37 °C for 8 hours, with samples taken
every 4 hours. Microbiome restoration was assessed using bacterial culture and viability-coupled 16S
rRNA gene sequencing. Both pasteurization techniques were successful with no bacterial growth
over the course of the experiment. MOM microbiota were able to expand in both UVC and HP DHM,
although growth was more rapid in HP DHM. Overall, HP DHM inoculated with 10-30% MOM and
incubated for 4 h most closely resembled baseline fresh MOM. Notably, after 8 hours of incubation,
bacterial growth far surpassed baseline MOM levels. This kind of florid growth may be undesirable
in a NICU setting where immature and vulnerable infants are fed recolonized DHM. Our results
suggest that DHM can be personalized by inoculating with 10-30% MOM and incubating for 4 h.
UVC irradiation does not improve recolonization, potentially due to the retention of antimicrobial
properties in this type of milk.

Keywords: human milk; mother’s own milk; donor human milk; human milk microbiome; heat
pasteurization; UVC irradiation; bacterial load
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Abstract: Human milk (HM) is an important source of nutrition for infants that provides all elements
necessary for their growth and development. Previous studies have reported associations between
breastfeeding and a reduced risk of developing obesity and late metabolic diseases, such as type
2 diabetes. However, the underlying mechanisms are poorly understood. Recently, intakes of HM
components have been associated with infant body composition (BC), which might be implicated in
the reduced risk of childhood obesity among breastfed infants. In this systematic review, electronic
bibliographic databases were searched for studies that explored associations between the 24 h intakes
of HM macronutrients and bioactive molecules and infant BC and/or growth parameters. Two
independent reviewers screened reference lists, extracted and analysed the data and assessed the risk
of bias using the National Institute for Clinical Excellence methodological checklist. Of 13 eligible
studies, 10 assessed the relationships of infant BC and growth outcomes with HM macronutrients,
and eight studies assessed the relationships with HM bioactive components. Significant differential
associations with infant anthropometrics and BC were found for intakes and not for concentrations
of several HM components, such as lactose, fat and adiponectin. This highlights that measuring con-
centrations of HM components without quantifying the intake by the infant may be misleading when
analysing the relationships of HM components with infant outcomes. Future studies investigating
the effect of HM components on infant growth and BC should consider measuring the actual intakes
of HM components.

Keywords: human milk; breastfeeding; lactation; infant nutrition; infant body composition; infant
growth; human milk intake; macronutrient intake; intake of bioactive molecules
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agreed to the published version of the manuscript.
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Abstract: Qualitative evidence has revealed that women face challenges breastfeeding in public. It
is important to gain a greater understanding of these challenges, and, also, how women manage
breastfeeding in the presence of someone they are uncomfortable with. Insight into what women
perceive as helpful when considering whether to breastfeed in public warrants attention. A cross sec-
tional study was conducted with women living in Australia, Ireland, and Sweden who were currently
breastfeeding or had breastfed in the previous two years. Data were collected from online platforms.
Content analysis of responses confirmed similarities between countries allowing for collaborative
negotiation of final themes. Women ranked responses in relation to their importance and frequencies
quantified how often each theme was cited. Responses were collected from 10,910 Australian women,
1835 Irish women, and 1520 Swedish women. Ten themes emerged around how women managed
having to breastfeed in the presence of someone they were uncomfortable with. The two highest
ranked themes were: ‘make the effort to be discreet’ and ‘move to a private location’. Nine themes
each emerged around what was challenging and helpful. “Unwanted attention’ ranked highest in
Australia and Sweden, whereas ‘environment not suitable’ ranked number one in Ireland as the most
challenging. Having a ‘supportive network’ ranked most helpful in Australia and Ireland, whereas
‘understanding and acceptance of others” was number one in Sweden. Women'’s experience of breast-
feeding in public presented more international similarities than differences. Themes highlight how
public education and infrastructure should be prioritized to better support breastfeeding women.

Keywords: breastfeeding; public
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Abstract: Infants of mothers who experience a delay in onset of copious breastmilk, or secretory acti-
vation (SA), are at risk of suboptimal feeding during infancy and early termination of breastfeeding,
even if their mothers intend to exclusively breastfeed. The aim of this secondary data analysis was to
identify individual risk factors associated with delayed SA in a cohort of 159 first-time mothers from
a subset participating in an ongoing trial being conducted across multiple hospital sites in Western
Australia. Low-risk nulliparous pregnant women were enrolled and followed until 1 week after birth.
Maternal self-reported delayed SA status (onset > 72 h postpartum) was examined in association
with potential risk factors across five dimensions: maternal demographics; maternal anthropometry;
obstetric and birth outcomes; newborn characteristics; and infant feeding. Any variable that was
P < 0.1 in univariate analysis was retained for the multivariable analysis and analyzed with potential
confounders maternal age and caesarean birth. The rate of delayed SA was 44% (n = 70). In the
multivariable adjusted model mothers with gestational diabetes mellitus (GDM) were significantly
more likely to experience delayed SA than mothers without GDM after adjusting for all other factors
in the model, (OR = 4.35; 95% CI [1.05, 18.06]). Among mothers with GDM, 11 (79%) had delayed SA.
Delayed SA was reported by almost half of first-time mothers, and those with GDM more likely to be
affected. Additional support for these mothers may help improve breastfeeding rates.

Keywords: human milk; breastfeeding; lactation; delayed secretory activation; gestational diabetes
mellitus (GDM); formula feeding; nulliparous pregnant women; lactogenesis 11
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Abstract: Human milk is influenced by maternal habitual diet, yet we do not fully understand the
short-term effects of dietary variations on breast milk macronutrient concentrations. This study
aimed to determine if increasing sugar and fat consumption would impact breast milk protein, lactose
and lipids. Nine mothers who were exclusively breast-feeding consumed three diets; a control, a
higher fat diet and a higher sugar diet at least 1 week apart. Breast milk samples were collected
hourly and analysed for concentrations of protein, lactose, triglycerides and cholesterol. Breast
milk triglycerides responded to both intervention diets with significantly higher concentrations in
comparison to the control diet (p < 0.001). Cholesterol concentrations increased more in response to
the higher sugar diet than the higher fat diet (p < 0.005). Lactose concentrations increased in response
to the higher fat diet (p = 0.006), and protein decreased in response to the higher fat diet (p = 0.05).
Variations in breast milk composition were observed over the day with triglyceride and cholesterol
concentrations highest at the end of day (p < 0.001), and lactose and protein concentrations peaking
at hour 10 (p < 0.001). Manipulating maternal consumption of fat and sugar impacted concentrations
of human milk triglycerides, cholesterol, lactose and protein. Fluctuations were also seen in milk
macronutrients in response to time of day.

Keywords: human milk; diet; triglycerides; protein; lactose; maternal nutrition; lactation
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Abstract: For most babies, human milk is considered the best form of early life nutrition with addi-
tional immediate and long-term benefits for health and development. During extreme circumstances
and crises, it is therefore of utmost importance to monitor and protect the safety of breastfeeding
and the use of human milk. At the onset of the recent COVID-19 pandemic, it was critical to rapidly
establish rigorous scientific evidence to ensure that the emerging infectious agent SARS-CoV-2 is
not transmitted through human milk. As soon as the WHO declared COVID-19 a pandemic on
11 March 2020, we quickly assembled and activated a multidisciplinary team of human milk re-
searchers and virologists and leveraged our existing Human Milk Research Biorepository to recruit
lactating women and collect milk samples—literally from day 1 of the pandemic. We and others
used RT-gPCR and found that human milk does indeed occasionally contain SARS-CoV-2 viral
mRNA. However, a virus is more than a piece of mRNA, which alone is not able to cause the disease.
We therefore tested the hypothesis that viral mRNA found in human milk represents an active,
replication competent virus. We validated a cell culture SARS-CoV-2 infectivity assay for use in
human milk and discovered the following: (i) the presence of SARS-CoV-2 mRNA in human milk
of infected women is rare; (ii) The presence of viral RNA is not the same as presence of active,
replication-competent virus. In fact, none of the human milk samples from SARS-CoV-2-infected
women contained replication-competent virus, including samples that tested positive for viral mRNA
by RT-qPCR; and (iii) even if human milk was contaminated with SARS-CoV-2 during pumping and
handling, Holder pasteurization, which is commonly used by human milk banks, inactivates the
virus in contaminated human milk. In summary, our research has provided scientific evidence that
transmission of SARS-CoV-2 from mother to infant through breastfeeding and the use of human milk
is highly unlikely. This study was officially published on 19 August 2020, 161 days after the WHO
declared COVID-19 a pandemic. Under normal circumstances, this timeline from ideation to publica-
tion would be considered remarkably fast, but it wasn’t fast enough during a time of crisis. A total of
161 days of uncertainty has led to fear-based confusion, misinformation, and increased the risk of
breastfeeding cessation despite the well-documented benefits of human milk and breastfeeding. The
current pandemic has uncovered the urgent and immediate need to invest in research that establishes
the safety of breastfeeding and human milk at crisis onset. We therefore call on governments, public
health agencies, and the scientific community at large to establish a “rapid response task force” that
is capable of rapidly and rigorously monitoring and assessing the safety of breastfeeding and human
milk at the onset of the next global health crisis.
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Abstract: Fatty acids are the building blocks of the entire human milk lipidome; yet, despite years
of research, there is little understanding of their importance in early life health and disease. This
may be partly due to the way in measurements have been made of fatty acids in the past. Monthly
longitudinal human milk samples were collected from eighteen Western Australian mother-infant
dyads, during six months of exclusive breastfeeding (1 = 704). Additionally, data including monthly
anthropometric measurements, health information, and basic maternal food frequency questionnaires
were also collected. Infant 24 h milk intake and total lipid intake were measured at three months. Gas
chromatography-mass spectrometry was used to profile human milk fatty acids. Linear regression and
Pearson’s correlation were used to identify associations between human milk fatty acid composition,
intake, maternal characteristics, and infant outcomes. Significant variation in human milk fatty acid
composition was identified between dyads, and throughout lactation. Mean infant intake for total
lipids was 29.7 & 9.4 g/day. Intake of many fatty acids, including long chain fatty acids, such as C15:0,
C18:1, and C18:2, were positively associated with infant growth (p < 0.001). This study identified
important findings for many human milk fatty acids not previously described, including C15:0 and
C18:2 species. Infant total lipid intake and fatty acid intake perform essential roles in infant growth
and development. This study highlights the importance of human milk sampling, analytical methods,
and estimating infant intake in relation to infant outcomes. Indeed, these factors should be carefully
considered in future research.
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Abstract: The benefits of breastfeeding and human milk are unequivocal for both the lactating
woman and breastfeeding infant. Emerging evidence suggests that environmental factors impact milk
composition and subsequently the rapidly developing infants. Indeed, human milk can be considered
a biological system accentuating the need for holistic analyses where multiple milk components
are considered in contrast to the common reductionist approach. This systems’ biology approach is
further supported by the evolution of milk to include components that provide both nutrition and
protection. Contemporary human lactation research is beginning to design studies to understand
the programming effects of human milk in the context of the environment, genetics, and lifestyle.
These studies are also engaging analyses that address the complexity of milk composition in an
attempt to understand milk as a biological system. To date, maternal factors such as birth mode,
infant sex, breastfeeding mode, body mass index, pregnancy complications, and maternal age and
diet have been related to differences in milk composition. Furthermore, components within in the
milk also display relationships such as milk bacteria and human milk oligosaccharides suggesting the
possibility of modulation within the mammary gland. In conclusion, human milk is highly dynamic
and responsive to environmental factors and as such may be amenable to interventions designed to
improve infant health.
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Abstract: Therapeutic ultrasound (TUS) is the most commonly used physiotherapy treatment for
inflammatory conditions of the lactating breast (ICLB) which can affect up to 33% of post-partum
women. There is no literature on whether the thermal effect of TUS alters breastmilk composition.
The aim of this quasi-experimental study was to determine the effect of therapeutic ultrasound
(TUS) on the pre—post-session protein, fat and lactose concentration of breastmilk. During a single
session conducted in an enclosed room within the community in Perth, Western Australia, TUS
was applied for 10 min to the right breast. Pre- and post-TUS 5 mL expressed breastmilk sam-
ples were collected. The main outcome measured was concentration of breastmilk protein (g/L),
fat (%) and lactose (g/L) before and after application of TUS. There was a significant increase in
breastmilk fat concentration between measures taken pre- and post-TUS (mean difference, 1.36%;
95% CI[0.97, 1.75], p < 0.001). There was no significant difference in breastmilk protein (mean
difference, —0.64; 95% CI [—1.93, 0.64], p = 0.328) or lactose concentration (mean difference, —4.77;
95% CI[—11.57,2.03], p = 0.169) between measures taken pre- and post-TUS. In conclusion, TUS
applied to the healthy lactating breast does not adversely affect the protein, fat or lactose concentra-
tions of breastmilk. The results of this study support the use of TUS as a safe treatment option for
mothers suffering from ICLB.

Keywords: breastfeeding; mastitis; physiotherapy; treatment; breastmilk; lactation; therapeutic
ultrasound; breastmilk composition
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Abstract: Mastitis is an inflammatory breast condition that encompasses a range of clinical presenta-
tions, better known as the mastitis spectrum; however, it is poorly understood. Mastitis is believed
to be caused by an infection of the breast by bacterial pathogens, with Staphylococcus aureus being
the most commonly reported causative agent. Gaining a better understanding of the association
between the presence of S. aureus in human milk and the mastitis spectrum is crucial for improv-
ing our understanding of the aetiology of mastitis. This study aims to investigate the association
between the presence of S. aureus in human milk and the development of mastitis across the mastitis
spectrum. Lactating mothers were recruited and asked to complete a questionnaire relating to their
breastfeeding history and breast health. A milk sample was aseptically collected from each breast
and cultured to isolate S. aureus. Preliminary findings show that 27% of lactating mothers with no
breast inflammation (12/44) have S. aureus present in their milk, compared to 38% of mothers (8/21)
reporting some form of mastitis-associated breast inflammation. Of the 21 mothers that reported
breast inflammation, 12 mothers were diagnosed with mastitis and 9 mothers reported blocked ducts,
of whom 58% and 0% had milk samples positive for S. aureus, respectively. These findings indicate
that the development of mastitis may be more complex than the presence of S. aureus in human
milk and further studies are needed to determine the role and pathogenesis of S. aureus across the
mastitis spectrum.
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Abstract: Continued breastfeeding attenuates maternal and infant risks associated with gestational
diabetes mellitus (GDM), which may be more difficult after a GDM pregnancy, with reports of
delayed secretory activation and reduced milk production. The total 24 h milk production cycle is
not routinely measured; therefore, it is unclear whether reported low milk production is actual or
perceived. We aimed to describe early lactation outcomes and 24 h milk production in women with
GDM. Women with GDM-complicated pregnancies recorded early feeding practices. The 24 h cycle
of milk production was measured at 3 weeks by weighing infants pre- and post-breastfeeds, as well
as breast expression volumes. Electronic scales sensitive to 2 g were used. Low 24 h milk production
was classified as <600 mL. For women with GDM (n = 40), the median time to the initiation of
breastfeeding was 55 min, and delayed secretory activation (1 = 24, 60%) was common. Most women
achieved frequent milk removal (>8 x 24 h) in the first 24 h after birth (n = 27, 68%) was at one week
(n =38, 95%) and three weeks postpartum (1 = 36, 90%). However, median 24 h milk production was
639 mL (range 100-1220 mL), with low milk production measured in n = 16 (40%, range 100-592 mL).
Conclusions: Delayed secretory activation and low milk production are more common in women
with GDM despite regular milk removal from the breast, suggesting that altered endocrine pathways
inherent to GDM may be implicated.
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Abstract: Bacteriophages (phages) are viruses that are the natural predators of bacteria and highly
abundant in human milk and the infant gut microbiome. However, the effect of pasteurisation on
human milk phages is unknown. This study, therefore, assessed the effect of holder pasteurisation
(HP) and UV-C irradiation (UV) on exogenous bacteriophages inoculated into human milk. Ten
donor human milk samples inoculated with a thermotolerant Escherichia coli phage (T4) and a
thermosensitive Staphylococcus aureus phage (BYJ20) were subjected to HP and UV treatments. We
found that UV effectively inactivated both phages (8/10 samples; 80%), however, HP was ineffective
against the thermotolerant T4 phages (0/10; 0% inactivated). This is the first study to assess the
impact of UV and HP methods on the viability of human milk phages. This pilot data suggests that
HP methods used by milk banks likely destroy thermosensitive, but not thermotolerant, phages, with
implications for early-life virome and bacterial microbiome assembly in donor milk fed infants.
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Abstract: The daily variation in human milk (HM) hormones and macronutrients is not well charac-
terised and sample protocols are highly variable between studies. Method: During a 24 h period, the
mothers (1 = 10) hand-expressed small milk samples, immediately before and after each breastfeeding
or expression from each breast. Test-weighing was used to determine the volume of HM consumed in
each feed. Concentrations of leptin, adiponectin, insulin, fat, and glucose were measured by variable
biochemical assays. A linear mixed model was fitted to eleven outcomes of leptin, adiponectin, insulin,
fat, glucose (dose and concentration for each), and feed volume. The explanatory variables considered
were a circadian cycle (cosine and sine terms), and for dose and concentration outcomes, an indicator
variable for pre- or post-feed. The random effect was a circadian cycle (cosine and sine terms) for
each mother. Results: The average infant intake of HM was 1060 mL/day (8 to 20 feeds/day). Pre-
and post-feed differences were found in the concentrations of leptin, adiponectin, insulin, and fat
(p < 0.05). Significant circadian variation across the 24 h period was found in adiponectin concen-
tration, insulin (both concentration and dose), fat dose, glucose (both concentration and dose), and
milk volume. Conclusion: These results highlight the importance of establishing standardised and
rigorous sampling protocols considering all levels of variations (within-feed or circadian) to provide
a better determination of the impact of these components on infant health and development.
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Abstract: Saccharonyces cerevisiae yeast-based supplement (SCYS) is frequently used as a galactagogue.
However, its efficacy has only been evaluated in lactating ruminants and sows, not humans. This
study aims to investigate the effect of taking an SCYS on human milk oligosaccharide (HMO) concen-
tration and perceived insufficient milk supply (PIM). A randomized, double-blind, placebo-controlled
trial was conducted at Palmerston North, New Zealand from May 2019-July 2021. Breastfeeding
women with a term infant aged 1-7 months were randomly assigned to consume an SCYS (5 g/day)
or placebo for four weeks. Concentration of 11 HMOs were analyzed by UHPLC with fluorescence
detection. Online questionnaires were used to evaluate PIM, postnatal distress, infant feeding status,
and self-reported side effects of taking SCYS. In addition, the infants” feeding pattern (duration
and frequency of breastfeed) were examined using a 24-hour feeding record. Sixty-eight women
completed this study. The SCYS had no effect on individual or total HMO concentration. There were
no significant differences in PIM, postnatal distress, or infant feeding pattern between the SCYS and
placebo groups. However, more participants in the SCYS group than the placebo group perceived
that the intervention increased their milk supply (65% vs. 35%, p < 0.05). Women in both groups
reported adverse effects, but no participant withdrew from this study. The SCYS has no effect on
HMO concentration or PIM. Research is needed to investigate the effect of SCYS on breast milk
volume and self-reported indicators of milk supply increase.
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controlled trial
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