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Metabolic factors related to the development of allergy

A metabolomic analysis on metabolic pro les of children and their parents, venous
and arterial umbilical cord blood and allergy development

OLLE HARTVIGSSON

Department of Biology and Biotechnology

Chalmers University of Technology

Abstract

Allergy is an increasing problem in the western world a ecting up to 25% of the
population, leading to a decreased quality of life for the individuals and increased
medical costs for society. Allergy is a complex disease and all the factors involved in
the development of the disease are not yet established. The aim of this project was
to identify di erences in metabolic patterns in maternal and umbilical cord blood

in relation to allergy development at one year of age. A second aim was to analyse
di erences in the metabolome between mothers, fathers and their newborn children
and to investigate di erences in metabolites in the childrens' arterial and venous
umbilical cord blood. The project was performed on data from 52 families partici-
pating in the NICE-cohort using multi- and univariate statistical tools.

Using multivariate modelling it was not possible to detect global di erences between
allergic and non-allergic children, possibly due to only seven out of the 52 children
included developing allergy by the age of one year. Univariate models which exam-
ined each metabolite separately found several metabolites, mainly amino acids and
monosaccharides, di ered signi cantly between allergic and non-allergic children.

When comparing samples from mothers, fathers and children it was found that moth-
ers generally had higher amounts of -tocopherol and fatty acids (mainly oleic-,
linoleic- and linolenic acid) compared to paternal and infant samples, while in-
fant samples contained high amounts of amino acids (mainly, glycylvaline, lysine,
phenyalanine and tryptophan). The comparison between metabolic pattern in ar-
terial and venous cord blood found that arterial blood contained more mono- and
disaccharides (mainly deoxy galactose, glucose, sorbose and galactose) while venous
blood contained more organic acids (including -ketoglutaric acid and glutamic
acid).

Due to the low number of allergic children in this ongoing, no conclusions could
be drawn about a speci c metabolic pattern in relation to allergy. Hence, larger
studies are needed to investigate the metabolic relationship to allergy development.
Di erences between mothers and newborns re ects di erences in their catabolic/an-
abolic states. Arterial and venous di erences may indicate what substrates are being
preferentially used by the newborn baby.

Keywords: Metabolomics, allergy, infants, family, umbilical cord, plasma, GC-
MS/MS.
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bias A systematic distortion of data dependent on
treatments and sampling procedure.
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outliers by random sampling multiple points
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GC-MS/MS Gas Chromatography - tandem masspec-
troscopy, a sensitive analytical chemistry
method that can identify compounds based on
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imputation Replacing missing values with numbers by var-

ious mathematical methods.

mast cells A cell involved in the immune system, respon-
sible for histamine release.

metabolite A small molecule involved in a metabolic path-
way with a molecular weight below 2000 Da.

metabolomics The study of all metabolites in a certain sam-
ple.

over tting Making the models predict the outcome better

than it does in reality.

Partial Least Squares A supervised multivariate statistical method
that uses training data to predict outcomes.
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overview of it.
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XVi

A supervised multivariate method that utilizes
classi cation trees with imposed constraints,
used for classi cation and regression problems.

A process where IgE-antibodies binds to mast
cells, a prerequisite for allergy development.



1

Introduction

Allergic disorders such as atopic dermatitis (eczema), atopic rhinitis (hay fever),
allergic asthma and food allergies are amongst the most common diseases in the
western world a ecting up to 25% of the population [1]. An increasing number of
people are hospitalized due to allergic reactions, a ecting both the person getting
hospitalized and the society due to increased medical costs [2]. It is known that
heredity has an in uence on the development, but environmental factors such as
older siblings and pets has an impact on the risk to develop the disease as well [3].
It remains unknown why these factors would lead to an increase in allergy, and deep
understanding for triggers for allergy, or why some people become allergic but not
others. A recent study in mice has shown that the immune system might be stimu-
lated alreadyin utero through microbial antigens from the mother, possibly carried
by antibodies, to the foetus [4]. This disputes the previous belief of the sterile womb
hypothesis, which states that the intrauterine environment is sterile and that the
immune system and thereby allergy development begins in the neonatal stages of
life. The potential involvement of the maternal microbiome also opens up many
guestions and possible solutions for reduction of allergy risk in the future. Studying
the ow of metabolites from the mothers to their children in relation to allergy could
give an inkling to both if bacterial metabolites are transported to the foetus, but
also how other molecules could potentially a ect allergy development.

A metabolite is usually de ned as an organic molecule involved in a metabolic path-
way with a molecular weight of less than 2000 Da [5]. Metabolite concentrations in
humans are a result of an interaction between genetic and environmental factors as
well as food intake and medication [6] [7]. Metabolomics is a relatively new area of
science which aims to identify and quantify the metabolites in a given sample. This
is usually done using analytical techniques such as gas chromatography (GC), liquid
chromatography (LC), nuclear magnetic resonance (NMR) and mass spectrometry
(MS) in combination with extensive data analysis. The kind of sample used for a
metabolomic analysis can vary, it can be everything from single cell organisms to
blood, urine, faeces or tissue samples.

This project aims to identify key metabolites and metabolite patterns in newborn
infants involved in allergy development at one year of age. As a secondary aim,
metabolic di erences between mothers, fathers and newborn infants along with dif-
ferences between venous and arterial umbilical cord blood plasma will also be de-
termined. The samples used in this thesis work are from families in the Nutritional
impact on Immunological maturation during Childhood in relation to the Environ-
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ment (NICE) study.



2

Theory

2.1 Umhbilical cord blood

To transport nutrients to the foetus, the mothers' body delivers blood to the pla-
centa. The parts of the umbilical cord that are in contact with the placenta are
dispersed as chorionic villi [8]. The maternal blood lies in a pool around these villi
(Figure 2.1). Molecules are then transported to the bloodstream of the foetus, both
through passive and active transport [9]. The blood moving from the mother to the
baby is transported via the umbilical cord vein while the blood that goes from the
baby back to the mother is transported through the umbilical artery. Both polyun-
saturated fatty acids (PUFAs) and most amino acids appears to be transported
over the placenta through active transport [9] [10]. There seems to be a priority
in the transportation of PUFAs, where docosahexaenoic acid (DHA) takes prece-
dence followed by arachidonic acid, -linolenic acid and linoleic acid [11]. Oleic acid
however, appears to be transported through passive di usion. The anionic amino
acids glutamate and aspartate are not actively transported across the placenta, it is
suggested that glutamate is instead converted from glutamine in the foetal liver [10].
As of now, there is little known about the metabolic relationship between arterial
and venous umbilical cord blood. A study conducted in 2016 by Koh et al. studied
di erences in catecholamines, glucose, lactate and blood gases [12] in 57 children
delivered via elective cesarean section. They found that glucose levels were higher
in the venous cord blood while lactate concentrations were higher in the arterial
cord blood.

2.2 Metabolic di erences between parents and in-
fant

There has been several studies that has looked into metabolite relationships be-
tween mothers and the newborn infant [14] [15] [16]. Most of these studies looked
into speci ¢ metabolites that were relevant to their research question, but few anal-

ysed the whole metabolome. Few if any of these studies included the father in the
investigation. Studies has shown that mothers has higher concentrations of linoleic
acid, -linolenic acid [17] and bisphenol A [18]-, while docosapentaenoic acid (DPA),
DHA [17] and Vitamin D [19] concentrations were higher in cord blood. A study

conducted in 1967 showed that all amino acids were higher in concentrations in ve-
nous cord blood compared to their respective mothers (almost every one statistically

3
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