Open access Protocol

Influence of maternal body mass index
on human milk composition and
associations to infant metabolism and
gut colonisation: MAINHEALTH - a

study protocol for an observational

BM)J Open

To cite: Overgaard Poulsen K,
Astono J, Jakobsen RR, et al.
Influence of maternal body
mass index on human milk
composition and associations
to infant metabolism

and gut colonisation:
MAINHEALTH — a study
protocol for an observational
birth cohort. BMJ Open
2022;12:2059552. doi:10.1136/
bmjopen-2021-059552

» Prepublication history for
this paper is available online.
To view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2021-
059552).

Received 24 November 2021
Accepted 09 October 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Ulrik Kreemer Sundekilde;
uksundekilde@food.au.dk

birth cohort

Katrine Overgaard Poulsen

.12 Julie Astono,! Rasmus Riemer Jakobsen © |

3

Niels Uldbjerg,* Jens Fuglsang,* Dennis Sandris Nielsen,®

Ulrik Kraemer Sundekilde @ '

ABSTRACT

Introduction Human milk provides all macronutrients
for growth, bioactive compounds, micro-organisms and
immunological components, which potentially interacts
with and primes infant growth and, development, immune
responses and the gut microbiota of the new-born.
Infants with an overweight mother are more likely to
become overweight later in life and overweight has been
related to the gut microbiome. Therefore, it is important
to investigate the mother-milk-infant triad as a biological
system and if the maternal weight status influences the
human milk composition, infant metabolism and gut
microbiome.

Methods and analysis This study aims to include 200
mother—infant dyads stratified into one of three body mass
index (BMI) categories based on mother’s prepregnancy
BMI. Multiomics analyses include metabolomics,
proteomics, glycomics and microbiomics methods, aiming
to characterise human milk from the mothers and further
relate the composition to infant gut microbiota and its
metabolic impact in the infant. Infant gut microbiota

is analysed using 16S sequencing of faeces samples.
Nuclear magnetic resonance and mass spectrometry are
used for the remaining omics analysis. We investigate
whether maternal pre-pregnancy BMI results in a distinct
human milk composition that potentially affects the initial
priming of the infant’s gut environment and metabolism
early in life.

Ethics and dissemination The Central Denmark Region
Committees on Health Research Ethics has approved

the protocol (J-nr. 1-10-72-296-18). All participants
have before inclusion signed informed consent and
deputy informed consent in accordance with the
Declaration of Helsinki Il. Results will be disseminated to
health professionals including paediatricians, research
community, nutritional policymakers, industry and finally
the public. The scientific community will be informed

via peer-reviewed publications and presentations at
scientific conferences, the industry will be invited for
meetings, and the public will be informed via reports in

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Large longitudinal cohort including 200 mother—in-
fant dyads, totalling 4000 biological samples.

= Integration of different omics techniques with re-
sults leading to a comprehensive understanding of
human milk composition and its effect on establish-
ment of the infant gut microbiota.

= High drop-out rate due to duration of the study and
requirement of breast feeding.

= High burdens on the participants including collection
of multiple samples and answering questionnaires.

science magazines and the general press. Data cleared
for personal data, will be deposited at public data
repositories.

Trial registration number Danish regional committee

of the Central Jutland Region, journal number: 1-10-72-
296-18, version 6.

Danish Data Protection Agency, journal number: 2016-051-
000001, 1304.

ClinicalTrials.gov, identifier: NCT05111990.

INTRODUCTION

Human milk (HM) is the gold standard
of nutrition for infants and the result of
evolution through thousands of years. The
WHO recommends that infants should be
exclusively breastfed for the first 6 months,
with partial breast feeding up to 2years and
beyond." A well-nourished mother offers
the infant all essential macronutrients and
micronutrients through HM, which is indi-
vidualised and changes dynamically over
the lactation period in synchronisation with
infant development.*™
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Table 1 Major constituents in mature human milk and alterations associated with overweight mothers

Content in overweight versus normal weight
Component Reference content (g/100 mL)**® mothers References
Protein 0.7-3 Increased il
Fat 2.2-3.8 Increased 25
Lactose 5.6-6.9 No association %

*Range refers to differences related to increases with lactational age.>®

Milk components

HM contains carbohydrates, lipids, proteins and bioac-
tive components, which are modulated in concentration
during a feed,” the course of lactation®™* and diurnally.’
The composition and amount of the major classes within
carbohydrates, proteins and lipids in HM is well known.
Associations between maternal overweight and macronu-
trient content in HM have been investigated, and a refer-
ence standard of major constituents in mature milk and
variations according to maternal weight are summarised
in table 1. Yet, considerable weaknesses in level of analyt-
ical detail exists in the compound classes due to the
complex nature of HM. Furthermore, there is little knowl-
edge about intrinsic and extrinsic factors influencing HM
composition, biological influence on the presence and
concentrations of nutrients, and of the microcomponents
with biological significance. A major factor known to
influence milk composition is the maternal diet. In partic-
ular milk levels of fatty acids and fat-soluble vitamins.”®

Proteins and peptides

Major proteins in HM are well described.”™! Less is
known about peptides present in HM'" and specifically
peptides produced from proteolysis during infant diges-
tion."* Mass spectrometry (MS) analysis of the HM pepti-
dome has revealed almost 700 endogenous peptides from
30 different proteins.12 However, the bioactivity of these
proteins and peptides remains elusive, and investigating
this is a natural next step.

Most fat in HM is concentrated in the milk fat globule.
It consists of a core with triacylglycerols and a tri-layered
membrane, the milk fat globule membrane (MFGM).4
One interesting area is the proteins and peptides asso-
ciated with the MFGM as little is known of their detailed
functionality.14 It is known that changes in the MFGM
proteins reflect changes in the functions within and
metabolism of the mammary secretory cells and can be
hypothesised to be affected by the energy and metabolic
status of the mother. A preliminary study of six mothers
with gestational diabetes mellitus showed that the human
colostrum proteome was significantly different.'® We spec-
ulate if the peptidome and MFGM proteins and peptides
are different in obese mothers compared with normal
weight mothers.

Metabolites
The HM further
compounds/metabolites

contains
that

low-molecular weight
possibly  contain

bioactivity. The milk metabolome is among others
influenced by maternal genotype, infant gestational
age (GA), lactational age, foremilk and hindmilk and
diurnal factors.” '® Up to 710 different metabolites
have been reported in HM.? Some studies have asso-
ciated different metabolites with increased maternal
weight.!” "® It is therefore important to investigate if the
altered milk metabolome affects the infant metabolism
and gut microbiota.

Human milk oligosaccharides

The carbohydrates in HM consist of lactose and up to
200 different structures of human milk oligosaccharides
(HMO) and many structures remain to be elucidated."
From a maternal perspective, HMOs are metabolically
expensive biological molecules to produce as the infants
lack the enzymes to hydrolyse HMOs and can there-
fore not digest and take up HMOs. Hence, the func-
tion of HMOs is heavily investigated. The HMO content
and composition changes dynamically over time and is
dependent on the secretorstatus of the mother. The
secretor-status of the mother refers to the activity of the
fucosyltransferases FUT2 and FUT3 and determines if
she can produce HMOs containing o, linked and/or
0, slinked fucose, respectively.”’ The bioactivity of HMOs
are not fully elucidated, but it is reported that they serve
as substrates for certain beneficial gut microbiota species
(section: infant gut microbiota),?! ** and some structures
may serve as decoys for pathogens.” A few studies suggest
that maternal obesity affect the HMO content in HM
and the infant gut microbiota, however, the exact rela-
tionship between these factors is not established.”* * Tt
is important to account for secretor status when investi-
gating correlations related to HMO content, as this can
serve as confounding factor.*’

Human milk microbiome

HM also contains living microorganisms, also known as
probiotics. The average infant consumes ~800 mL of HM
daily containing between 10° and 10° bacteria.”” * These
bacteria and the HMOs may facilitate an optimal bacte-
rial maturation of the gastrointestinal tract. The early
infant microbiome is indicated to correspond closely to
the milk and areolar skin microbiome of the mother.
The degree of similarity increases with milk intake,
however this finding needs to be validated in a larger
study.”
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Infant gut microbiota

The initial seeding of the infant gut microbiota is
affected by various factors including delivery mode, use
of infant formula and maternal gut microbiota, among
others.”” The gut microbiota of a vaginally delivered
infant consists of different bacteria, the most abundant
ones being Bifidobacterium, Lactobacillus, Bacteroides and
Enterobacteriaceae. The microbiota in the gut feeds of the
polysaccharides not digestible to humans and in early life.
This is especially the HMOs. HMOs like 2-fucosyllactose
and lacto-n-neotatraose have shown to be important for
growth of Bifidobacterium.”" Some microbiota can produce
short-chain fatty acids, which are digestible to humans,
hence these metabolites are also of importance. The
gut microbiome has gained increasing interest over the
past years as several diseases and obesity have been asso-
ciated with altered gut microbiota. Further, it is known
that maternal obesity is associated with higher risks of
childhood obesity.” Whether this association could have
its offspring in infant gut microbiome colonisation is yet
under investigation and the elucidation is one of our
main aims.

Multiomics approach

The multiomics approach encapsulates different omics
techniques on cross-sectional biospecimens. In this
case, it includes metabolomics, proteomics, glycomics
and microbiomics. Collectively, they thrive to elucidate

metabolite, protein, glycan and microbiota content in a
biological sample. There are different analysis methods
related to each omics approach. The most widely used are
MS and nuclear magnetic resonance (NMR) for metab-
olomics, proteomics and glycomics and 16S sequencing
for microbiomics.” ** The advantage of the multi-omics
approach lies in the data analysis and integration which
requires skilled data scientists and powerful computer
software. By using multiomics it is possible to investigate
the mother-breastmilk-infant triad as a complete system™

Beneficial effects of breast milk feeding

The link between early-stage infant nutrition and long-
term health has been established, but mechanisms still
lack. Long-term outcomes indicate risk reducing effects of
breast-feeding in developing cardiovascular diseases,*® 37
while positive effects on cardiovascular health and cogni-
tive development has also been shown.” * Associations
with breast feeding and lower rates of overweight and
obesity in children and later in life, lower systolic blood
pressure as well as a protection effect against type 2
diabetes mellitus in adolescents and adults have been
found.” Therefore, breast feeding is the superior choice
of infant nutrition compared with infant formula. The
compositions of infant formula and follow-on formula are
under the regulatory control of the European Food Safety
Authority, which specifies the content of various compo-
nents for the first year of life. Despite different formula

Table 2 Time schedule for participants starting from GA 18-20 weeks to the respective infant is 5years old

GA18 » Approached by project worker receives information of the project at the AUH midwife centre
GA18-GA20 » Gives informed consent
GA20 » Have blood sample taken at AUH
Enroliment before GA 37 » Answers online survey for recruitment screening provided by email
GA37 » Answers 2x24 hours dietary recall questionnaire
Birth » Vaginal sample and rectum sample collected by midwifes
Within a week pp » HM sample from mother
+30 days » Faeces sample, urine sample, saliva sample from infant
» HM sample, sample of breast skin from mother
» Mother answers 2x24 hours dietary recall questionnaire and online survey addressing breast-
feeding frequency, infant development and life-style
+60 days » Faeces sample and urine sample from infant
» HM sample from mother
» Mother answers 2x24 hours dietary recall questionnaire and online survey addressing breast-
feeding frequency, infant development and life-style
+90 days » Faeces sample and urine sample from infant
» HM sample from mother
» Mother answers 2x24 hours dietary recall questionnaire and online survey addressing
breastfeeding frequency, infant development and lifestyle
+6 months » Mother answers online survey addressing breast-feeding frequency and introduction of solid
foods
+1-5 years » Faeces sample from infant, follow-up on infant anthropometric development once a year

» Mother answers online survey once a year

+ denotestime lapse from birth.

AUH, Aarhus University Hospital; GA, gestational age; HM, human milk; pp, post partum.
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milk compositions being available for preterm infants, it
is still far from perfect as only one formula milk is offered
to other infants at relevant ages, despite the knowledge
of HM variability over time. Further, using formula milk
is related with higher risk of developing allergies and
asthma later in life as breast feeding is known to lower the
risk of developing atopy.*'

The important challenge in infant nutrition remains
to elucidate why HM is so superior to other sources and
use this knowledge for production of the perfect formula
milk.

AIM

With this longitudinal observational cohort, we aim to
investigate how the mother’s body mass index (BMI)
affect the composition of the milk and possibly the infant
metabolism and gut microbiota. This is done by integra-
tive multiomics studies of the human milk metabolome
and proteome, infant urine and faecal metabolome and
infant gut microbiome. We investigate the long-term
consequences of mother’s health, natural human milk
variation and initial gut colonisation on the child’s infant
gut microbiota and growth. This knowledge lies the
basis for understanding the mother-milk-infant triad as a
system and maybe aid in the production of improved and
individualised formula milk.

Working hypotheses

The MAINHEALTH study investigates three main
hypotheses:

1. Maternal obesity influence which HM nutrients are

available to the infant.
. Maternal obesity influences the infant microbiome.
3. Long-term infant gut microbiota is influenced by the
early gut colonisation.

No

METHODS AND ANALYSIS
Study design
The MAINHEALTH cohort is a longitudinal observa-
tional study which includes 200 mother—infant dyads
and allocates them into three maternal prepregnancy
BMI groups; normal weight (BMI 18.5-24.99), over-
weight (BMI 25-30) and obese (BMI>30). Project
partners are affiliated with Aarhus University—Depart-
ment of Food Science (AU-FOOD), Aarhus University
Hospital (AUH)—Department of Clinical Medicine,
and Copenhagen University—Department of Food
Science. The cohort has been approved by the Central
Denmark Regional Committees on Health Research
Ethics (ethical approval reference: 1-10-72-296-18) and
registered on ClinicalTrials.gov (identification number:
NCT05111990). The SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) reporting
guidelines was used in preparation of the study protocol.*
The participants are recruited from week 18 to 20 in
the mother’s pregnancy and followed until the respective

Box 1

Criteria of inclusion for the mother and infant.

Criteria related to mother

= Residing in Aarhus area.

= Above 18 years of age.

= BMI above 18.5 kg/m?.

= Intention to breastfeed the first 4—6 months following birth.

= Be able to communicate in Danish.

= Non-smoker.

= Non-multiple gestation.

= Not suffering from the following chronic diseases that demands
medical treatment: diabetes mellitus, celiaccoeliac disease, inflam-
matory bowel disease (Chrohn’s disease or ulcerosa colitis).

= Do not take medicaments for irritable bowel syndrome.

= Do not take medicine for metabolic disorders.

= Do not take medicine for psychological disorders.

= Not had a gastric bypass surgery.

= Not planned caesarean section.

= Not received antibiotics after week 12 in their pregnancy.

= Not utilising infant formula more than 4four times a week following
birth.

Criteria related to the infant post partum

= No inborn errors of metabolism that interfere with infant eating or
growth following birth.

= Infants born after gestational age 37 weeks.

= Infants with a birth weight between 2500 g and 5000 g.
BMI, body mass index.

infant is byears old. Throughout this period, several
types of biological material and metadata are collected
(table 2).

Maternal health outcomes including BMI and blood
sample parameters will be used as baseline characteris-
tics. Correlations between measured characteristics and
between metabolite concentrations in HM, infant urine
and faeces, protein concentration and composition in
HM, microbiome in infant faeces, infant saliva, maternal
rectal and vaginal swabs from birth will be analysed.

Recruitment of participants

By May 2019, recruitment was initiated and finished
December 2021 reaching 168 mother—infant dyads.
Recruitmentwas temporarily suspended due to COVID-19
lockdown in Denmark from 12 March 2020 to 8 June 2020.
Pregnant women were approached at the Aarhus Midwife
Centre (Olof Palmes Alle 38, 8200 Aarhus N, Denmark).
Healthy pregnant women with a BMI above 18.5 kg/m”
who fulfil the criteria in box 1 are considered eligible for
participation. Interested women and their partners are
invited for an oral information session covering study
design, associated risk and criteria for participation, that
consent can be withdrawn and consideration period.
Written information is handed out to address implica-
tions of participation for the mother and the infant. The
mother signs informed consent for her own participa-
tion and the custody/custodies sign informed consent
for the respective infant’s participation. Participants are
included after having signed informed consent, a blood
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sample is collected around gestational week 20 and an
online survey is completed.

Study management

Access to data, databases and samples are restricted to
investigators. Data is secured by encryption and daily
backups. Twice a year, a report of who have accessed data
is compiled.

Once a year throughout the cohort period, the inves-
tigator submits a list of all serious expected and unex-
pected adverse reactions and all serious adverse events
that occurred during the period. The report includes
an assessment of the safety of the research participants.
There are no expected adverse reactions or events antic-
ipated in the current cohort as only the blood sample
collected at GA20 is invasive. The cohort is monitored by
the investigator, UKS.

Cohort results are communicated via publication in
international journals and subsequent to participants,
healthcare professionals and the public. Authorship eligi-
bility are based on International Committee of Medical
Journal Editors (ICMJE) recommendations.

Patient and public involvement
No patients involved.

Information collected from study participants

Information not related to the biological material of study
participants is collected continuously throughout the
study period (table 3). All information is stored online
using REDCap electronic data capture tools hosted at
Faculty of Health, Aarhus University,* ** in which each
participantis given a unique survey identification number.

Sampling of biological material

Several samples are collected from week 20 in the moth-
er’s pregnancy to the respective infant is bSyears old
(summarised in table 4). All samples collected by the
participants at their home are placed in their own freezer
at minimum -18°C.

Blood sample collection

A blood sample is collected from the mothers at GA
20-22 and specific parameters (box 2) are measured by
medical laboratory technicians employed by AUH. One

Table 3

Information gathered from participants from recruitment until 5years post partum

Time Description

Collection instrument

Before birth

Personal information: name, age, weight, height, address, email, marital
status, level of education, ethnicity, primary income level

REDCap
Myfood24

Pregnancy related: intention to breast feed, elective caesarean section,

multiparous, former pregnancies

Lifestyle related: diabetes diagnosis, medication (inflammatory bowel
diseases, psychological disorders, coeliac disease, irritable bowel
syndrome and/or metabolic disease), previous gastric bypass operation,
received antibiotics the past 12 weeks, smoking, participation in
scientific projects comprising intake of prebiotics or probiotics

2x24 hours dietary recall questionnaire
Date of birth, gestational age at labour, parity, infant weight and length at EPJ

At birth

birth, whether mother had received antibiotics, use of labour induction,
suckling at hospital, caesarean section, gestational diabetes mellitus

After birth
(1-3 months)
symptoms of mastitis

Related to breast feeding: breastfeeding frequency, use of infant
formula, any complications of breast feeding, initiation of breast feeding,

REDCap
Myfood24

Related to infant: infant weight and length, date of the respective
anthropometric measures, antibiotics use

Lifestyle related: smoking habits, overall smoking in household, alcohol
use, maternal medication and antibiotic use, mother’s last measured
weight, symptoms of COVID-19 experienced for mother or other
individual in household, confirmed cases of COVID-19 for mother or
other individual in household (PCR or antigen test)

2x24 hours dietary recallquestionnaire

Related to infant: infant weight and height, date of the respective
anthropometric measures, whether infant receives solid foods, age of

After birth
(6months to 5 years)

REDCap

infant when initiation introduction of solid foods, whether infant receives
breastmilk or infant formula in addition to solid foods, frequencies of
breast feeding, whether infant has received antibiotics during the past

3months

EPJ, electronic e-journal; REDCap, Research Electronic Data Capture.
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Table 4 Biological material collected throughout the MAINHEALTH cohort including time of collection and the participant from

which the material derives

Participant/Person responsible

Biological material Time of collection Samples for collection

Blood sample GA 20-22 1 Mother/midwife at AUH
Vaginal and rectum swab Labour one each Mother/midwife

Breast milk Within 1 week pp, +1, +2, +3months pp 4 Mother/mother

Urine +1, +2, +3month pp 3 Infant/parent

Faeces +1, +2, +3month pp, +1-+5 years pp 8 Infant/parent

Saliva +1month pp 1 Infant/parent

Swab of breast skin area +1 month pp 1 Mother

+, a given time point PP.

AUH, Aarhus University Hospital; GA, gestational age; pp, post partum.

additional EDTA-plasma vial is frozen at —-80°C for future
follow-up analysis.

Vaginal and rectal swab around time of labour

At time of admission for childbirth at AUH, a midwife
collects swabs from mother’s vagina and rectum using
Copan ESwab collection and transport system (Copan
diagnostics). Amniorrhexis status is recorded. In case
amniorrhexis occurs after first swab is collected, another
vaginal swab is collected. ESwabs are stored at -80°C

Box 2 Blood parameters measured in samples collected
at gestational age 20

Parameter measured (unit).
Hemoglobin A1c (mmol/mol).

Alanine transaminase (IU/L).

Albumin (g/L).

Basic phosphatase (IU/L).

Bilirubin (umol/L).

Calcium (mmol/L).

Carbamide (mmol/L).

high-density lipoprotein Cholesterol (mmol/L).
low-density lipoprotein Cholesterol (mmol/L).
C reactive protein (mg/L).

Estimated glomerular filtration rate .
Creatine phosphokinase (IU/L).

Folate (nmol/L).
Gamma-glutamyltransferase (GGT) (IU/L).
Glucose (mmol/L).

Iron (umol/L).

Lactate dehydrogenase (IU/L).

Parathyrin (pmol/L).

Phosphate (mmol/L).

Potassium (mmol/L).

Thyroid-stimulating hormone (10-3).
Transferrin (umol/L).

Triglycerides (mmol/L).

Urate (mmol/L).

Vitamin B,, (pmol/L).

One EDTA vial.

freezers at the obstetric ward. Rectal and vaginal swabs
were collected to assess mother’s microbiota during birth
and to correlate with the infant’s microbiota.

Human milk collection

HM is collected by the participants within the first
week following birth, at 1, 2 and 3months post partum
(table 4). Prior, the participants have received written
instructions in collection at home. Participants are asked
to avoid sampling the first drops, to manually express the
foremilk (about 5mL at first sample and about 20mL the
next samplings) into a 40 mL sterile container (Corning,
Fischer Scientific) around midday and minimum 2 hours
after last breast feeding.

Infant urine collection

Infant urine collection is conducted by the participants
at 1, 2 and 3months post partum (table 4). Written
instructions, cotton pads (Anglamark, Coop Trading
A/S, Denmark), and a 40 mL sterile container (Corning,
Fischer Scientific) are handed to the participants. They
place a cotton pad in the infant’s diaper, collect it after
urination and place it in the sterile container.

Infant faeces collection

Infant faeces is collected in the first 3months post partum
and once a year after birth until the infant is Syears of
age (table 4). Participants receive written instructions
and a faeces collection tube containing a small spatula for
sampling (Sarstedt, Niimbrecht, Germany). They should
collect about 2g faeces and should be taken as the first
faeces after collection of the respective HM sample.

Saliva and skin swab collection

At 1-month post partum, the mothers are asked to collect
a skin swab from the breast used for collecting the milk
sample and a saliva sample from the infant’s oral cavity.
This was done to estimate microbiota transferred from
the mother to the infant, and whether this originates
from the milk or the breast. Participants are equipped
with a Copan ESwab collection and transport system
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(Copan diagnostics) for sample and written instructions
for sampling.

All samples collected at the participants’ homes (HM
and skin swabs, infant urine, faeces, and saliva) are frozen
in participants’ domestic freezer and are gathered within
14 days and transported on dry ice to a —=80°C freezer at
AU-FOOD.

Questionnaires

Recruitment screening

Participants receive a link to an online survey after GA
20, managed by REDCap that addresses the information
described in table 3 (before birth).

Mother’s dietary recalls

Maternal dietary intake is recorded over four periods;
during pregnancy around gestational week 37, and timed
to the biological sample collections at 1, 2 and 3 months.
The dietary records are used to assess dietary variability in
the cohort hence the timing of recalls timed with biolog-
ical sampling time points. Detailed information about diet
and specific nutrients is preferred over dietary records
collected over a larger period. Within each period,
each participant is asked to fill out the recall twice; on a
weekday and on a day in the weekend. Dietary intake is
recorded online using MyFood24 as a self-administered
24 hours dietary recall tool.*

Sample collection

Questions related to the sampling of the given material
are provided which address date and time of collection,
whether the sample is placed in a freezer within 30 min
following collection, and if the participants have other
comments related to the sampling. Furthermore, in rela-
tion to the collection of infant faeces, participants should
indicate whether the sample has been collected from the
infant’s skin and/or diaper. For both infant urine and
faeces, participants should estimate the interval since
urination or defecation to sample collection. For collec-
tion of HM and skin swab, mothers are asked to denote
whether the sample derives from the left or right breast.

Breastfeeding pattern, infant development and maternal lifestyle
During time of sampling the first 3months, participants
are asked to fill out an online survey using REDCap
addressing estimations of breast feeding frequency and
use of infant formula reported as ‘always breastfed/
used infant formula’, ‘to greater extend breastfed/used
infant formula’, ‘to lesser extend breastfed/used infant
formula’ and ‘not breastfed /used infant formula’, after
which the weekly or daily frequencies of breast feeding
and/or infant formula use are estimated. Included in
the survey are questions related to infant and moth-
er’s lifestyle elaborated in table 3. Online surveys are
additionally sent to the participants when their infant
is 6months and once every year from year 1 to 5 after
birth (table 3).

Chemical analyses

Metabolomics

Human milk

The HM metabolome including HMOs will be anal-
ysed by NMR as described elsewhere.*® Briefly, samples
are skimmed by centrifugation at 4000g for 15min. To
extract metabolites, the samples will be filtered using
Amicon Ultra 0.5mL 10kDa (Millipore, Billerica, Massa-
chusetts, USA) spin filters at 10000g for 60 min at 4°C.
"H NMR spectroscopy is performed on a Bruker Avance
Neo 600 spectrometer, at a 'H frequency of 600.03 MHz,
equipped with a 5mm 'H BBI probe and SampleJet
(Bruker BioSpin, Rheinstetten, Germany).

In addition, the Biocrates MxP Quant 500 Targeted
Metabolomics Kit (Biocrates, Innsbruck, Austria) will be
used for HM metabolomics as described.*” The kit can
identity and quantify up to 13 different small molecule
classes, hexoses and 12 lipid classes using MS.

Infant urine

The cotton pad containing urine is thawed and placed
on a closed, sterile Eppendorf-tube in a 50 mL tube. The
tubes are centrifuged at 2000g, 4°C for 5min to extract
the urine. The extracted urine is mixed with a phosphate
buffer (50mM Na,HPO,, pH 7.00) and D,O containing
0.05% 3-(trimethylsilyl) proponic-2,2,3,3 acid, sodium salt
(TSP; Sigma-Aldrich, St. Louis, Missouri, USA) mixture
(1/1, v/v). '"H NMR spectroscopy is performed on a
Bruker Avance Neo 600 spectrometer (Bruker BioSpin).
Bruker IVDr methods enable automated analysis of more
than 40 metabolites in urine.

Infant faeces

Tubes containing infant faeces are thawed on ice and then
centrifuged for 2min at 5000x g, 4°C. Approximately,
250 mg faecal material of each sample is transferred to a
Eppendorf-tube and 1400 mL phosphate-buffered saline
buffer is added. Tubes are vortexed until the faccal mate-
rial is dispersed. Supernatant and pellet are separated
by centrifugation at 10.000x g, 10min, 4°C. 1 mL super-
natant is transferred to a new Eppendorf-tube. Samples
are stored at —80°C. The pellet fraction is intended for
microbial sequencing, and supernatant fraction for 'H
NMR analyses. '"H NMR spectroscopy is performed on a
Bruker Avance Neo 600 spectrometer (Bruker BioSpin).

Microbial sequencing

All samples are analysed in three batches consisting of
~60 complete sets of mother—infant samples. Samples of
the same type will be randomised before DNA extraction
and sequencing to minimise the impact of batch effect.

Preprocessing

The HM stored at -80 C°, is thawed on ice and then spun
down at 14.000rpm, at 4 C° for 20min to separate the
sample into three phases, a cream layer (top), a watery
phase (middle) and the spun down pellet. The cream
layer is discarded and the supernatant is stored for future
research, and the pellet is isolated.
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For all other samples (infant faeces and salvia, mother’s
rectal swab and skin), bacterial DNA is extracted from the
pellet fraction of samples after centrifugation for 2min
at 5000x g, 4°C. Supernatant fractions are stored for
possible later analysis.

DNA extraction

DNA is extracted from bacterial pellets using the Beat-
Bead Micro AX gravity extraction kit from A&A biotech-
nology (Cat. # 106-20, 106-100 Versatile, increased
efficiency kit for genomic DNA purification from various
sources, Mechanical lysis, V.0820). The procedure follows
the kit protocol and includes heat activated enzymatic
lysis, mechanical lysis in bead beating tubes and filtering
through silicafilters. Each extraction includes a positive
control using a mock community live bacteria and a
negative water control. The DNA concentration is deter-
mined using Qubit dsDNA high-sensitivity assay measured
on a Varioskan Flash (Thermo Fisher Scientific, USA)
spectrophotometer.

Sequencing
A 16S rRNA gene amplicon library is constructed by
amplifying the 16S rRNA gene with unique molec-
ular identifier containing multiple forward and reverse
primers targeting the 16S V1-V9 regions. PCR condi-
tions for the amplification as follows: 95°C for 5min, 2
cycles of 95°C for 20s, 48°C for 30s, 65°C for 10s, 72°C
for 455 and a final extension at 72°C for 4min. A second
PCR step is then performed to barcode PCR amplicons
with the following conditions: 95°C for 2min, followed
by 33 cycles of 95°C for 205, 55°C for 20s, 72°C for 40s
and a final extension at 72°C for 4min. After each PCR
reaction, PCR amplicons are cleaned up using Speed-
Beads magnetic carboxylate (Sigma Aldrich). The size
of barcoded PCR products (approximately 1500bp) is
checked by 1.5% agarose gel electrophoresis.
Sequencing libraries consisting pooled barcoded
PCR products from of up to 196 samples is prepared by
following the ligation sequencing protocol SQK-LSK110
(Oxford Nanopore Technologies, Oxford, UK) and
loaded on R V.9.1.4 flow cell for 72 hours using Grid-
IONX5 (Oxford Nanopore Technologies).

Proteomics and peptidomics

Human milk

To achieve deep proteome coverage of the HM samples,
they will be analysed using the Bruker timsTOF pro 2
(Bruker Daltonics, Bremen, Germany). Proteins are
solubilized, reduced, alkylated and digested following
a modified protocol before they are subjected to liquid
chromatography followed by MS.

Another focus is on post-translation modifications
(PTMs) of HM proteins. For phosphoproteomics analysis,
thawed HM is digested and enriched following a modi-
fied TiO, protocol.* To investigate the effect of PTMs
on the generation of bioactive peptides from digestion,
samples will be digested using a simulated gastrointestinal

digestion.* Digested milk proteins and simulated digests
will be characterised by in-house qualitative and quan-
titative proteomics using 1D and 2D SDS-PAGE and
LC-ESI MS/MS using the Bruker timsTOF pro 2 (Bruker
Daltonics).

Statistical analyses

There are currently no standard methods for sample size
estimation in combined omics studies. Moreover, strong
multicollinearity between metabolites and multiple
testing makes sample size estimates more complicated.”””!
Arepeated measures design can be used to increase statis-
tical power because it allows the detection of within-
person change over time compared with cross-sectional
designs. A recent study identified a relationship between
cognitive function at 24 months and HMOs in a cohort
of 50 participants in a cross-sectional design, indicating
sufficient sample sizes in a similar study.”

Data analysis will be performed on different levels as
results from 16S sequencing, human milk metabolomics
and proteomics, infant urine and faeces metabolomics
will be analysed individually to find associations to moth-
er’s prepregnancy BMI and time of sampling. Multivariate
and univariate analysis will be used for this. To integrate
different omics data, correlation coefficients as Spearman
and Pearson will be calculated for different concentra-
tion matrices.

ETHICS AND DISSEMINATION

The Central Denmark Region Committees on Health
Research Ethics has approved the protocol (J-nr
1-10-72-296-18). All participants have before inclusion
signed informed consent and deputy informed consent
in accordance with the Declaration of Helsinki II. The
study is registered at ClinicalTrials.gov, identification
number: NCT05111990.

The proposed research is anticipated to generate a very
significant body of knowledge of interest to a wide range
of stakeholders, from the clinical (paediatricians and
other health professionals) to the research community
in the area and industrial producers of both infant milk
formula and ingredients for such products but also to the
public. Hence, a multilayered dissemination strategy will
be followed. The international scientific community will
be informed via peer-reviewed publications and presenta-
tions at scientific conferences, whereas the industry will
be invited to meetings to discuss our findings.
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