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Abstract

Several discoveries have unraveled the correlation of the human gut microbiota with both
diseases and health. The first colonizers of the infant’s gut are crucial for gut microbiota
development, immune system, and health later in life. Microbes are shared between mother
and child. Hence, it is unclear whether the colonization starts inside the uterus or after the
rapture of the amniotic membrane. There still lacks detailed information about the time and
mechanisms for bacterial transfer and whether the transmitted bacteria stable colonizes the
gut. Previous studies have shown association of Bacteroides in mother-child pairs. Thereby,

this study aimed to identify the direct mother-child transmission of Bacteroides species.

Meconium samples from 464 newborns were screened for Bacteroides. For the Bacteroides-
positive infants (n=51), the bacterial composition was analyzed in meconium and from skin
samples. In addition, their respective mother’s stool was screened (n=48). The overlap of
Bacteroides was investigated in 48 mother-child pairs. The samples included in this study
were received from the PreventADALL cohort. The bacterial composition in stool and on the
skin was studied by multilocus sequence typing (MLST), 16S rRNA sequencing, and
quantitative PCR. Further amplicon sequence variant (ASV) profiles were used to study the

overlap in the Bacteroides species in mothers and children.

Bacteroides were present in meconium, on newborn’s skin, and in mother’s stool. Bacteroides
vulgatus was the predominant species. Several species of Bacteroides were observed in
mother-children pairs and B. vulgatus has a significant (p<0.05) association between mother
and infant. The ASV profiles indicated the presence of one abundant sequence variant of B.
vulgatus. All Bacteroides-positive infants were delivered vaginally. B. vulgatus discovered in
infants was directly linked to the mother’s stool, which may indicate her gut is an important

plausible reservoir of the initial colonizers of the infant’s gut.

In conclusion, B. vulgatus is transferred from mother to child, and one sequence variant of
this species was predominant in the pairs. The increase in content of B. vulgatus in three days
indicates the ability of B. vulgatus to proliferate in the gut. In addition, the amount of B.
vulgatus was significantly (p<0.05) higher compared to most other Bacteroides species. These
findings point towards that B. vulgatus possibly form stable colonies in infants’ gut. Further
research is essential to investigate if the sequence variant of B. vulgatus is stable in the gut
over a longer time period and if the transferred bacteria perform important functions for the

development of the gut microbiota and the immune system.



Sammendrag

Flere studier har avdekket korrelasjon mellom menneskets tarmmikrobiota med sykdom og
helse. De farste koloniserende mikrobene i nyfadtes tarm er essensielt for utviklingen av
tarmmikrobiotaen, immunsystemet og helse senere i livet. Mikrober overfares fra mor til barn.
Det er likevel uklart om koloniseringen starter nar barnet er inni livmoren, eller om det skjer
nar fostervannsmembranen er brutt. Det mangler fortsatt detaljert informasjon om tidspunkt
og mekanismene for bakteriell overfgring, og om de overfarte bakteriene stabilt koloniserer
tarmen. Tidligere studier har vist en sammenheng av Bacteroides i mor-barn par. Derfor er

malet med denne studien 4 identifisere direkte mor-barn overfaring av Bacteroides-arter.

Mekonium (barnebek) fra 464 nyfgdte ble screenet for Bacteroides. For de Bacteroides-
positive barna (n=51), ble den bakterielle komposisjonen analysert i mekonium og fra
hudprgver. | tillegg ble avfaringspraven fra deres respektive madre screenet (n=48). Overlapp
av Bacteroides ble studert i 48 mor-barn par. Prgvene inkludert i denne studien er en del av
«PreventADALL» kohorten. Den bakterielle komposisjonen i avfaring og pa hud ble studert
ved multilokus sekvensering (MLST), 16S rRNA sekvensering og kvantitativ PCR. Videre
ble amplikon sekvensvariant (ASV) profiler brukt for a studere overlapp av Bacteroides-arter

hos mgdre og hennes barn.

Bacteroides-arter ble pavist i de nyfadtes mekonium, deres hud, og i avfaringsprevene hos
deres mgdre. Bacteroides vulgatus var den dominerende arten. Flere Bacteroides-arter ble
observert i mor-barn parene hvor B. vulgatus viste en signifikant (p<0.05) sammenheng
mellom mgdrene og hennes nyfadte barn. ASV profilene resulterte i en dominant
sekvensvariant av B. vulgatus. Alle de Bacteroides-positive barna var fgdt vaginalt. B.
vulgatus hos de nyfgdte var direkte linket til mgdrenes avfering, noe som indikerer at morens

tarm sannsynligvis er en viktig kilde for de farste koloniserende bakteriene i nyfgdtes tarm.

Konklusjonen er at B. vulgatus overfgres fra mor til barn, og at en sekvensvariant av denne
arten ser ut til & dominere i mor-barn parene. I mekonium ble det observert en gkende mengde
av B. vulgatus i en tidsperiode pa tre dager, noe som indikerer evnen bakterien har til &
formere seg i tarmen. | tillegg var mengden B. vulgatus signifikant hgyere (p<0.05)
sammenlignet med de fleste andre Bacteroides-arter. Dette peker mot at B. vulgatus selekteres
for og kan danne stabile kolonier i nyfgdtes tarm. Videre studier er ngdvendig for & undersgke
om sekvensvarianten av B. vulgatus er konsistent i tarmen over tid og om overfarte bakterier

utfarer viktige funksjoner for videre utviklingen av tarmmikrobiotaen og immunsystemet.
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1.0 Introduction

1.1 Human microbiota

1.1.1 Human gut microbiota

The human microbiota comprises all microorganisms that live in different niches in and on
the human body (Thursby & Juge, 2017). These microorganisms belong to the domains
Bacteria, Archaea, and Eukarya. In humans, the most important microbial colonization site is
in the colon, and this intestinal segment has the highest density of microorganisms (Alonso &
Guarner, 2013). It is estimated that there are around 10'* microorganisms in the human colon,
and bacterial cells are 10 times more compared to human cells (Thursby & Juge, 2017).
Another article has reported that the human to cell ratio could be 1:1 (Sender et al., 2016). As
for the amount of bacterial species in an adult human gut, there are around 400 species (Vael
& Desager, 2009). However, lower numbers such as 160 have also been suggested (Faith et
al., 2013). The number of bacterial cells and species in the human gut is still not clearly
defined.

The human adult microbiota is proposed to be relatively stable unless an imbalance is evoked
by antibiotic usage or drastic changes in diet. The hypothesis of a core gut microbiota has
been presented which indicates that most of the adults have many common bacterial species
(Lozupone et al., 2012). Further, these microorganisms are suggested to be persistent in the
gut for years (Faith et al., 2013). The dominating bacterial phyla in adults’ gut are primarily
Bacteroidetes and Firmicutes, but also taxonomic groups such as Actinobacteria,
Proteobacteria, and Verrucomicrobia are present (Eckburg et al., 2005). The human gut
microbiota has been stratified into enterotypes which are distinct compositional bacterial
types; three enterotypes are observed in gut microbiome data collected from around the world.
The variation in enterotypes is based on the abundance of the genus Bacteroides and
Prevotella, from the phylum Bacteroidetes, and that of Ruminococcus belonging to phylum
Firmicutes (Wu et al., 2011; Costea et al., 2018). Although classification based on enterotypes
can provide information about biological differences, key microbial variation cannot be

uncovered by analyzing only the enterotypes (Costea et al., 2018).

The gut microbiome is the collection of all genomes from microbes inhabiting the gut

(Walker et al., 2017). The gut genome has unique sets of genes encoding important metabolic



capabilities. The “core microbiome” or the “island” theory considers each individual to be
inhabited by a unique collection of gut microbiota, which overall share core functions
(Turnbaugh et al., 2009; Vael & Desager, 2009). Core metabolic functions in the human gut
are consistent and include important metabolic functions, such as the amino-acid and
carbohydrate metabolism or the biosynthesis of secondary metabolites (Turnbaugh et al.,
2009). The metabolic functions of the gut microbiota help them to thrive in the human gut
(Tremaroli & Backhed, 2012).

Many of the microorganisms in the gut have a mutualistic relationship with the human body
and such a symbiotic bond is critical for the host health. Mutualistic gut microbiota offers
several benefits to the human body, for example, produce vitamins and short-chain fatty acids
(SCFAs). Examples of mutualistic bacteria are species of Bacteroides that produce vitamins
such as biotin, riboflavin pantothenate and ascorbate, and Prevotella that generate thiamine
and folate (Arumugam et al., 2011). The gut microbiota that works as a metabolic organ
provides energy to the host; by producing SCFAs through the fermentation of complex dietary
carbohydrates, including cellulose, xylans, inulin, and resistant starch (Tremaroli & Béackhed,
2012). The most abundant SCFAs produced by bacteria are acetate, propionate, and butyrate
(den Besten et al., 2013). According to Alonso & Guarner (2013), the intestinal epithelial
cells derive most of their energy from SCFAs fermented by bacteria. Likewise, SCFAs are
important for human health as the largest and most complex part of the human immune
system is located in the gut. The colonization of commensal microbes in the gut also
stimulates the immune system and bestow them the ability to respond and ward off invading
pathogens (Alonso & Guarner, 2013). The metabolic functions provided by commensal

bacteria are key for a healthy human body.

The first microbial colonizers are involved in the bacterial host interactions which are
established during infancy. These interactions are critical for human health as the first
colonizers are important for gut maturation, development of the immune system, the intestinal
tract, and the associated metabolism (Dominguez-Bello et al., 2010; Milani et al., 2017).
Inadequate development of the infant gut microbiota is linked to allergic diseases such as
asthma, obesity, cardiovascular disorders, chronic disorders like inflammatory bowel disease
(IBD), irritable bowel syndrome (IBS), and diabetes. (Milani et al., 2017). The establishment

of the infant gut microbiota is crucial for health later in life.



1.1.2 Infant gut microbiota establishment

During and after birth, the nearly sterile infant gut develops and changes rapidly (Hansen et
al., 2015). Some phyla that dominate the infant’s gut are Actinobacteria, Bacteroidetes, and
Proteobacteria (Rodriguez et al., 2015; Yassour et al., 2018). During infancy and early
childhood, the bacterial composition changes from facultative anaerobes to obligate
anaerobes. Facultative anaerobes, like enterobacteria, deplete oxygen in the gut and make the
environment more favorable for obligate anaerobes such as Bacteroides, Bifidobacterium, and
Clostridium (Del Chierico et al., 2015). The compositional changes in the infant gut
microbiota are dependent on the anaerobic environment and the bacteria that are part of the

ecosystem.

Changes in the infant gut bacterial proportion and composition are mainly driven by diet and
can be divided into three phases: developmental, transitional, and stable (Stewart et al., 2018;
Derrien et al., 2019). The compositional changes are based on the content of Actinobacteria,
Bacteroidetes, Firmicutes, Proteobacteria, and Verrucomicrobia (Derrien et al., 2019). The
developmental phase of the gut microbiota happens during 3-14 months of age. At this stage,
the infant’s diet will be either breastmilk or formula. The gut of breastfed infants is dominated
by Bifidobacterium (Stewart et al., 2018). The prevalence of Bifidobacterium increases during
breastfeeding since human milk oligosaccharides (HMOs) from the mother’s milk propel the
selective pressure to favor the establishment of Bifidobacterium species (Milani et al., 2017,
Stewart et al., 2018). In addition, several Bacteroides species can utilize milk
oligosaccharides (Thursby & Juge, 2017). The development phase is mainly driven by the

introduction of breast milk to the diet.

Subsequent to the development phase, the transitional and stable phases occur. They represent
the compositional changes in the infant gut microbiota. Alpha diversity is in relation to human
gut microbiota the bacterial diversity within one person’s gut. The transitional phase starts
from around 15 months of age and extends to 20 months, during which period the diet
consists of both breast milk and solid food. The introduction of solid food increases the gut
microbiota diversity where Bacteroidetes and Proteobacteria continue to develop (Stewart et
al., 2018; Derrien et al., 2019). The next phase, namely stable phase, occurs around 31- 46
months of age. At this time, the diet consists of solid food (Milani et al., 2017; Stewart et al.,
2018). The stable phase is associated with an increased alpha-diversity. Likewise, the
abundance of Clostridia increases as the conditions are more favorable to the bacteria

belonging to Firmicutes, at the same time as the prevalence of Bifidobacterium decreases



(Avershina et al., 2016; Stewart et al., 2018; Derrien et al., 2019). Thus, three bacterial

compositions and development in the infant’s gut is strongly modified by diet.

1.1.3 Human skin microbiota

The human skin is another ecological niche for microbial colonization. The skin comprises
different conditional sites such as sebaceous, moist, or dry areas. Dominating genera in moist
areas are Corynebacterium and Staphylococcus, and Propionibacterium is the dominant type
in sebaceous areas. The dry areas have the most diverse bacterial diversity among the skin
sites; the predominant phyla are Actinobacteria, Proteobacteria, Firmicutes, and Bacteroidetes
(Grice et al., 2009). The microbiota of newborn babies is homogeneous across the body
compared to adults (Dominguez-Bello et al., 2010). Infant’s skin microbiota is dominated by
phyla (in the order of their abundance): Firmicutes, Actinobacteria, Proteobacteria, and
Bacteroidetes. The dominating genera on infants’ skin are Streptococcus and Staphylococci
(Capone et al., 2011). The skin microbiota at different body sites is homogenous in infants.

1.2 Mother-child associated bacteria

1.2.1 Initial bacterial transmission from mother to infant

The timing and mechanism of bacterial transfer are key to understanding the establishment of
the gut microbiome (Walker et al., 2017). The timing of bacterial transfer from mother to
child is not fully understood. Sterility of the intrauterine environment is a contentious subject
(Figure 1.1) (Kuperman et al., 2020). To date, there are two hypotheses about the timing of
bacterial colonization in the infant’s gut. First is the non-sterile in utero hypothesis that states
that the bacterial colonization starts inside the womb during pregnancy (Walker et al., 2017).
However, some studies suggest a non-sterile environment with bacteria present in the
placenta, amniotic fluid, and the umbilical cord (Jiménez et al., 2005; Aagaard et al., 2014;
Collado et al., 2016). As for the non-sterile hypothesis, there are suggested mechanisms for

bacterial transfer.

Pregnant women undergo physical changes and the gestation period may favor translocation
of bacteria to the intrauterine environment. According to Walker et. al. (2017) proposed
mechanisms behind the establishment of a non-sterile in utero environment (Figure 1.1) are

the transfer of bacteria either through the placental barrier or via amniotic fluid or by vaginal



ascension or hematogenous translocation through the cord blood. However, intrauterine sites,
such as the placenta and amniotic fluid, contain low bacterial content which necessitates the
DNA analysis to be sensitive (avoid false negative detection) to contamination. In addition,
sequence-based technologies do not distinguish between living and dead bacteria (Walker et
al., 2017; Kuperman et al., 2020). The non-sterile hypothesis is doubtful even though there are
proposed mechanisms for bacterial transfer to the in utero environment (Walker et al., 2017).

\ Placenta Microbiome | Non-sterile

/

VS

Amniotic No

fuid A microbiome sterile

J Gregory ©2016 Mount Sinat Health System

Figure 1.1. Is the environment in utero sterile or not? According to the proposed mechanisms of
Walker et. al. (2017) there occurs vertical transfer of bacteria from mother to offspring; bacteria cross
the epithelial barrier and access the lymphatic and circulatory system and further translocate to
intrauterine sites. Another suggestion is the translocation of bacteria from inflammatory gums to the
placenta via the bloodstream, although, mothers and their infants do not share oral bacterial species
(Ferretti et al., 2018). Likewise, bacterial ascension from the vagina has been proposed (Walker et al.,
2017). In the context of healthy pregnancies, the origin of bacteria present in utero is still unknown. A
report suggests the presence of bacteria in the placenta during a healthy pregnancy (Zhu et al., 2018).
However, there is no evidence of bacterial colonization in amniotic fluid, fetal membrane, etc. during a
healthy pregnancy. Bacteria established at these sites are associated with infections and pre-term
delivery (Walker et al., 2017). Source: retrieved and edited from Walker. et.al. (2017).



By contrast, the sterile in utero hypothesis is that the environment intrauterine is sterile
(Figure 1.1). Intrauterine, the fetus is physically separated from the lumen by the amniotic
membrane (Hornef & Penders, 2017). Previous studies indicate that the placenta and amniotic
membrane are sterile. Microbial colonization starts after the rapture of the amniotic membrane
and the uterine contractions have started (Lim et al., 2018; Rehbinder et al., 2018; de Goffau
et al., 2019; Theis et al., 2019; Kuperman et al., 2020). There is an ongoing debate concerning
the non-sterile and sterile hypothesis. However, the time and mechanism of transmission
could be explained by understanding where the overlapping bacteria are originated from.

1.2.2 Bacterial overlap from mother to infant

The mode of delivery, either vaginal or caesarean section (C-section), determines the type of
bacteria that are transmitted from mother to infant. The vagina and gut microbiota represent
important sources of bacteria that potentially could colonize the infant’s gut. Therefore,
vaginal birth is key to the establishment of infant gut microbiota (Walker et al., 2017).
Species of Bacteroides are thought to be directly transmitted from mother to child as the
prevalence of Bacteroides (B. vulgatus, B. ovatus, B. fragilis, B.xylaisolvens, B.
thetaiotaomicron) was shown to be higher in early gut colonizers of vaginally infants
compared to infants delivered by C-section (Backhed et al., 2015; Stewart et al., 2018; Eck et
al., 2020). Colonization of vertically transmitted bacteria like Bacteroides and
Bifidobacterium are delayed in C-section delivered infants. In addition, vaginally-delivered
infants show a higher prevalence of Lactobacillus acquired from the maternal vaginal
microbiota (Vael & Desager, 2009; Nagpal et al., 2016). Infants delivered by C-section are
more often colonized by skin and hospital linked microbes compared to vaginally-delivered.
When it comes to the gut microbiota, C-section infants show higher colonization of
Clostridium and Enterococcus compared to vaginally-delivered newborns (Dominguez-Bello
et al., 2010; Milani et al., 2017). The mode of delivery governs the establishment of
transmitted bacteria from mother to child, where the mother’s vaginal and gut microbiota are

sources for vertically transmitted bacteria in the case of delivery through the birth canal.

Vertically transmitted bacteria, especially Bacteroides, from mother to infant are more likely
to form stable colonization in the infant’s gut over time compared to transmitted bacteria not
associated with the mother (Korpela et al., 2018). Mother-child associated bacteria have traits

making them able to colonize the infant gut (Ferretti et al., 2018). The oral cavity presents a



likely transmission route, by swallowing, for bacteria that colonize the infant’s gut. Bacterial
sharing between the infant’s oral cavity and gut microbiota has been illustrated as enhanced
close after birth and decreased with time (Ferretti et al., 2018). The environment infants are
first exposed to modifies which bacteria that can form stable colonization in the gut, which is
illustrated by the oral-gut microbiota sharing. The mother’s gut has been suggested as the
main source of vertically transferred bacteria from mother to infant (Ferretti et al., 2018).

1.2.3 Genus Bacteroides

Bacteria from genus Bacteroides, belonging to the phyla Bacteroidetes, are dominant in the
human gut. Bacteroides are non-spore forming, gram-negative bacilli (Wexler, 2007). The
bacteria are considered as obligate anaerobes, however, Bacteroides are also aerotolerant and
able to divide in the presence of oxygen in nanomolar concentrations (Bacic & Smith, 2008).
By representing 25-50% of the gut microbiota, Bacteroides are the most prevalent gram-
negative bacteria in the human gut (Townsend et al., 2020). In infants’ gut, species of
Bacteroides are important in the immune and microbial development. Interestingly, bacteria
from the phylum Bacteroidetes have been suggested as the main producer of the SCFA
propionate (Salonen et al., 2014; Aguirre et al., 2016). Species of Bacteroides such as B.
fragilis, are saccharolytic organisms that harbor carbohydrate utilizing genes. These genes
make Bacteroides able to degrade dietary fibers and thereby acquire energy and to colonize
the human gut; in addition to providing other microbiota and immune epithelial cells with
energy (Wexler, 2007; Townsend et al., 2020). Under commensal conditions, Bacteroides

have capabilities that make them beneficial bacteria both in the infant and adult gut.

Interestingly, some bacteria possess genes which may benefit them during colonization in
infants’ gut. Species of Bacteroides, especially B. fragilis and B. vulgatus, have been
described to have commensal colonization factor genes (ccf). These genes, ccfA-E, helps in
polysaccharide utilization; gene clusters called polysaccharide utilization loci. These
commensal colonizing factors are upregulated during gut colonization at the colonic surface
(Lee et al., 2013). Some bacteria may benefit from certain capabilities that are required to

form a stable microbiota in infants’ gut.

Some mice studies present indications of how Bacteroides species could influence the
immune system. Among the Bacteroides species in the human gut, the commensal B. fragilis

has been shown to influence the development of thymic lymphocytes. The thymic



lymphocytes are derived from the bone marrow and further developed in the thymus. A study
showed that by colonizing germ-free (GF) neonate mice with only B. fragilis increased the
number of thymocytes compared to mice lacking monocolonization (Ennamorati et al., 2020).
Another notable species is B. ovatus which has been found to induce IgA production in the
mice gut (Yang et al., 2020). Mice studies show how Bacteroides could be beneficial for the

immune system.

Bacteroides serve other purposes in the human gut; produce anti-inflammatory components
and antimicrobial peptides (Mazmanian et al., 2008; Roelofs et al., 2016). Polysaccharide A
(PSA) is an anti-inflammatory component produced by Bacteroides which protects the host
from immune diseases (Mazmanian et al., 2008). Bacteroidales species secrete a total of five
antimicrobial peptides which are beneficial for the competitive fitness in the gut (Roelofs et
al., 2016; Shumaker et al., 2019). According to Shumaker et al. (2019), B. fragilis has been
suggested as the major producer of antimicrobial peptides among the Bacteroides species. The
antimicrobial peptides antagonizes closely related bacteria and potential pathogens.
Antagonism between closely-related species could give a better understanding of the
importance of maintaining gut microbial composition and their stability (Shumaker et al.,
2019). In contrast, the production of toxins could be a potential virulence factor that threatens
the host health. The peptides and components produced by Bacteroides are beneficial for the

bacterial competition, but could also potentially harm the host.

Bacteroides are normally commensals in the human gut. According to Wexler (2007), the
bacterial species also have virulence factors such as protecting itself from the immune system,
destroying of or adherence to gut tissue. The virulence factors could cause serious infections
like bacteremia. Especially B. fragilis is known to cause harm, for instance, its capsule could
initiate an immune response in the host that could lead to the formation of abscesses. The
bacterial capsule can also evade the host immune response and help the bacteria to become
resistant to phagocytic killing. In addition, Bacteroides could modulate the surface
polysaccharides which makes it able to avoid the host immune system. Other virulence factors
are enzymes produced by Bacteroides. For example, proteinase could destroy brush border
enzymes in the gut with important functions in the final digestion and absorption of nutrients.
Similarly, Bacteroides produce enterotoxins which could cause loss of tight junctions between
the epithelial cells and thereby generate a leak between the gut lumen and lamina propria

(Wexler, 2007). Treatment of infections caused by Bacteroides could be a challenge as the



species is resistant to a wide range of antibiotics (Bacic & Smith, 2008). Bacteroides have

several virulence factors with the potential to cause serious harm to the host.

1.2.4 Potential bacterial colonization of meconium

The first colonizers of the infant’s gut can be analyzed by studying meconium, which is the
very first stool delivered by a neonate. Meconium contains substances such as amniotic fluid
that the fetus has ingested from the environment in utero and during birth (Gosalbes et al.,
2013). As neonate stool is already colonized by microorganisms, analysis of meconium will
give an indication of the microorganisms that can first reach and possibly colonize the gut.
However, the microbial complexity is low in meconium compared to the community
composition in adults’ gut (Yassour et al., 2018). Some bacterial genera discovered in
meconium are Bacteroides, Bifidobacterium, Enterobacteria, Klebsiella, Enterococcus,
Streptococcus, and Staphylococcus (Jiménez et al., 2008; Hansen et al., 2015; Chu et al.,
2017). Cultivation-based studies have shown that there are living cells of bacteria in
meconium. Bacteria isolated from meconium were dominated by species of Enterococcus,
Escherichia, Staphylococcus, and Streptococcus (Jiménez et al., 2008; Nagpal et al., 2016;
Moles et al., 2020). Similarly, Bifidobacterium, Enterobacter, Klebsiella, Bacteroides,
Parabacteroides, Rothia, and the lactic acid bacteria Leuconostoc have been isolated from
meconium (Jiménez et al., 2008). Bacteria in meconium represents species that can potentially

colonize infants’ gut and can provide information about the origin of the bacteria.

1.3 Analysis of taxonomic composition

Culture-dependent and culture-independent techniques are employed in microbiology. On the
one hand, bacterial traits like morphology could be observed by cultivation. However, one
limitation with cultivation studies is the challenge to fulfill all the elements required for
bacterial growth. The conditions which must be considered are nutrients, temperature,
atmosphere, and the incubation time necessary for growth (Lagier et al., 2015). Cultivating
microorganisms from diverse environments like the human gut could be difficult because
several fundamental demands must be fulfilled. The culturable bacteria will thereby present a
limited overview of the community composition. In contrast, culture-independent techniques

do not have cultivation challenges. Some culture-independent approaches to examine



taxonomic composition in the gut is by 16S ribosomal RNA (16S rRNA) sequencing and the
analysis of genetic markers.

1.3.1 16S ribosomal RNA sequencing

The 16S ribosomal RNA (rRNA) gene is commonly used for taxonomic classification of the
prokaryotic community composition. Bacterial species can easily be distinguished by 16S
rRNA sequencing. The gene is highly conserved, present in all prokaryotes, and protected
from horizontal gene transfer events. The 16S rRNA gene contains 9 hypervariable regions
(V1-V9) which allows bacteria to be distinguished at a higher taxonomic level. While the
entire 16S rRNA gene can be used to identify prokaryotes at lower taxonomic levels (Thursby
& Juge, 2017). However, 16S rRNA gene sequencing-based analyzes will not allow capturing
sequence variation to separate phylogenetically close bacteria because the sequence
divergence is rather low (Ko et al., 2007). 16S rRNA sequencing is a widely used tool for
bacterial compositional analysis, however, the approach fails to separate closely-related
bacterial species.

1.3.2 Genetic markers for phylogenetic studies

Genetic markers are used for assigning taxonomy by detecting variation within genomes of
prokaryotic environments. Among the genetic typing approaches are multilocus sequence
typing (MLST) which is based on single nucleotide polymorphism (SNP) (Maiden et al.,
1998). SNP is a rare variation within single nucleotides in the genome caused by point
mutations. SNPs are the most abundant polymorphisms in the human genome and is often
used as a genetic marker because of a low mutation rate. Genetic markers can, for instance, be
used to identify severe diseases or to analyze complex microbial environments (Sobrino et al.,
2005). Both SNP-based strain typing and MLST is based on comparing nucleotide variation
within the genome (Van Belkum et al., 2007). Sequence-based genetic markers are based on

analyzing sequences at the nucleotide level to detect taxonomic composition.

1.3.3 Multilocus sequencing typing

MLST is a sequence-based typing approach used in bacterial community studies. MLST was

first proposed for the identification of the pathogen Neisseria meningitis. However, MLST is
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also applicable for taxonomic characterization of other known pathogenic and non-pathogenic
bacterial species (Maiden et al., 1998). The concept of MLST is to type and identify DNA
sequence variation between alleles at multiple loci of housekeeping genes (Maiden et al.,
1998; Van Belkum et al., 2007). Housekeeping genes are genes essential for a cell to survive,
such as genes encoding enzymes involved in protein synthesis. The biological variation
between microorganisms can be detected by analyzing alleles at unambiguous housekeeping
genes. Further, strains with the same alleles are defined as the same sequence type (Sakamoto
& Ohkuma, 2011). The sequence variant profiles derived from multilocus sequencing can be
used to study sequence variation and thereby decide the bacterial taxonomic composition,
both at the species and strain level (Maiden et al., 1998). MLST is a favorable approach when
closely related bacterial species are studied as the technique helps to detect the variation at the

nucleotide level.

1.3.4 Genetic markers to examine Bacteroides

Genetic markers are used in diversity studies to separate bacteria up to the highest taxonomic
level. Some protein-encoding genes used for classification of Bacteroides include recA, dnaJ,
gyrB, hsp60, and rpoB (Sakamoto & Ohkuma, 2011). The housekeeping gene RNA
polymerase B-subunit (rpoB) is used in phylogenetic studies to separate similar strains within
the genus Bacteroides (Ko et al., 2007; Sakamoto & Ohkuma, 2011) and is shown as a
promising marker in other diversity studies (Ogier et al., 2019). Closely-related species are
easier to separate by analyzing the rpoB gene since the gene provides a greater resolution and
higher genetic variation compared to the V3-V4 region of 16S rRNA. In addition, the rate of
false positives is lower in rpoB gene-based typing (Ogier et al., 2019). Sequences of protein-
encoding genes are ideal to distinguish bacteria such as gut-dwelling Bacteroides species that
are closely-related (Sakamoto & Ohkuma, 2011).

1.4 Assigning taxonomy

1.4.1 Operational taxonomic units

The sequences of housekeeping genes can be assigned taxonomy by clustering DNA barcodes
into operational taxonomic units (OTUs). Sequences are assigned a taxonomy (e.g. species) if

the similarity between the sequences is above a given similarity threshold, commonly the
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value is set to 97%. However, this phylogenetic assignment may not always be accurate. A
disadvantage of accepting a 3% sequence dissimilarity is that variation on a nucleotide level
may be lost which could represent an important phylogenetic separation (Callahan et al.,
2017). Bioinformatics tools are used to assign and visualize phylogenetic composition. The
Qiime (Quantitative Insight Into Microbial Ecology) pipeline is a bioinformatic tool that is
widely used to assign taxonomy to 16S rRNA and other sequenced data. The pipeline
processes raw sequencing data into an interpretable microbial community (Caporaso et al.,
2010). Bacterial taxonomy is studied by assigning OTUs, however, it does not necessarily
distinguish all phylogenetic variation.

1.4.2 Amplicon sequence variants

Another approach that can separate sequences down to the nucleotide level is amplicon
sequence variants (ASVs). ASVs implies the original DNA sequence before amplification and
can thereby give a sequence variation profile. ASVs operates with a higher resolution and is
more precise than similarity-based OTUs. In addition, ASVs-based methods discover all
sequence variations in the data better compared to closed-referenced OTUs (Callahan et al.,
2017). ASV profiles could be obtained using bioinformatical tools such as the DADA2
pipeline. Amplicon sequence variant profiles give a broader understanding of community
diversity within and between samples. DADAZ is an extension of Divisive Amplicon
Denoising Algorithm (DADA) which was originally designed for correcting errors and
identifying variation from pyrosequencing amplicons. DADAZ2 is developed for lllumina
sequencing amplicons. Compared to OTU-constructing algorithms, DADAZ2 is more accurate
in detecting variations in microbial communities and obtaining fewer incorrect sequences
(Callahan et al., 2015). ASV profiles are handy in the phylogenetic analysis where closely

related bacterial species are studied.

1.4.3 Databases and classification tools for sequencing data

There are several databases for assigning taxonomy to sequences retrieved from high-
throughput sequencing approaches like Illumina. Examples of classification tools are BLAST
(Basic Local Alignment Search Tool), SILVA (from Latin silva, forest) ribosomal RNA gene,
and Kraken databases. A commonly used tool for 16S rRNA sequences is the quality-

controlled SILVA database, which contains databases for the small and large subunit rRNA
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for domains Archaea, Eukarya, and Bacteria (Quast et al., 2012). Kraken, another system that
assigns taxonomic labeling, provides genus-level precision and sensitivity and is often used in
metagenomic studies to assign taxonomy to shorter DNA sequences. The algorithm used for
Kraken is based on assigning sequences into weighted k-mers used for sequence classification
by the last common ancestor (LCA) (Wood & Salzberg, 2014). The available databases are
made for different purposes and contents, and users should consider these aspects when

choosing the right database for assigning sequence taxonomy.

1.5 Polymerase Chain Reaction

Polymerase chain reaction (PCR) is a highly sensitive method that is often used for studying
microbial communities. The three main steps in each PCR cycle include denaturation,
annealing, and extension. During denaturation, double-stranded DNA (dsDNA) is melted by
high temperature into single-stranded DNA (sSDNA). The annealing step renders the primer
bind to DNA at an optimum temperature. The final step involves the DNA polymerase which
extends the primer sequence. The three steps are repeated for a given amount of cycles, during
which the amount of DNA theoretical grows exponentially (Mullis et al., 1986). PCR can

either be quantitative or qualitative.

1.5.1 Qualitative PCR

Both quantitative and qualitative PCR approaches should be considered while deciding the
method that is appropriate for the study goal. Qualitative PCR includes an end point analysis,
such as gel electrophoresis, which will confirm or disprove the presence of the sequence of
interest and give an indication about the amplicon size. Contrarily, quantitative real-time PCR
(gRT-PCR) measures the amount of DNA in real-time at each PCR stage (Kubista et al.,
2006).

1.5.2 Quantitative PCR
Employing gRT-PCR, the concentration of amplified PCR products can be monitored during

the thermal cycles by using fluorescent probes. The fluorescent signals increase after every

thermal cycle according to the number of amplified amplicons. The number of cycles
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necessary to reach the fluorescent threshold value is defined as the Cg-value. A lower yield of
DNA results in a higher Cg-value, and for high DNA yield the Cg-value will be low. A
standard curve is included to calculate the DNA concentration. Further, a melt curve analysis
could be included for fragment comparison (Kubista et al., 2006). Analysis by qRT-PCR
gives information about DNA yield and gives the opportunity to investigate different

fragments.

Digital PCR (dPCR) is another PCR approach used to quantify the number of DNA fragments
in samples (Hindson et al., 2011; Pinheiro et al., 2011). dPCR is based on dividing the sample
into several portions where each act as individual reactions (Racki et al., 2014). The chance of
potential inhibitors disrupting the polymerase or primer annealing decreases by generating the
sample into several droplets (Racki et al., 2014). As for gqRT-PCR, fluorescent signals from
amplified PCR products gives information about the DNA concentration in the samples
(Hindson et al., 2011). However, while gRT-PCR measures fluorescent real-time, fragments
amplified by dPCR are directly quantified in an end point analysis based on whether the
droplets contain PCR products or not. By an end point analysis, the need for a standard curve
or gel electrophoresis is excluded (Pinheiro et al., 2011). dPCR is unique by dividing samples

into several droplets which are analyzed in an end point analysis.

1.6 Nucleic acid sequencing techniques

1.6.1 First-generation sequencing

Fredrick Sanger and his colleagues reported a breakthrough in the first-generation sequencing
in 1977. The sequencing technique is also referred to as the Sanger’s chain termination or the
dideoxy technique. Sanger sequencing is based on using deoxynucleotide triphosphates
(dNTPs) to a sequence where the dNTPs are specific for each DNA base. In addition,
fluorescent dideoxynucleotide triphosphates (ddNTPs), are added. The ddNTPs are analog of
the monomer dNTPs but unlike dNTP, they lack hydroxyl (OH) group in the 3’-position
which causes the elongation to stop. One reaction is performed per ddNTP which results in
DNA fragments with different lengths. The fragments can then be separated employing gel
electrophoresis which identifies the DNA sequence (Sanger et al., 1977). Sanger sequencing

technology was the first breakthrough in the history of nucleic acid sequencing techniques.
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1.6.2 Second-generation sequencing

The second-generation, also referred to as next-generation sequencing (NGS) makes DNA
analysis efficient by sequencing high amounts of DNA at once. A widely used NGS technique
is Illumina sequencing which involves three steps: preparation, sequencing, and data analysis.
Firstly, sequencing libraries are prepared and mixed with unique combinations of forward and
reverse Illumina index primers attached to the DNA fragments. Due to unique sets of primers,
different samples are sequenced together on the same Illumina flow cell. The index primers
contain an adapter and a barcode. The adapter is attached to each side of the DNA fragment
and necessary for hybridization to oligonucleotides on the flow cell. Barcodes are unique
sequences making it possible to map fragments back to the original sample. During
sequencing, DNA fragments are amplified into millions of single-stranded DNA copies in the
process called cluster generation. Moreover, during sequencing by synthesis, nucleotides bind
complementarily to template DNA. The nucleotides contain a fluorescent tag signaling the
type of attached nucleotide and a terminator inhibiting the next nucleotide from adding and
allows for the fluorescent signal to be read. The terminator is reversible and is cleaved before
the next nucleotide binds to the template. The forward reads are first read and washed away
when the process is finished. Finally, the reverse DNA strand is read in the same way as the
forward reads. Nucleotides are identified after sequencing is finished, and the sequenced data
can further be analyzed by bioinformatic tools (Illumina, 2020). The steps included in

Illumina sequencing allows a high amount of DNA to be sequenced and read fast.

1.6.3 Third-generation sequencing

Third-generation sequencing is a technique which is also referred to as long-read sequencing.
This sequencing is different from second-generation sequencing because the DNA
amplification step is skipped. Instead, the DNA fragment is sequenced as one read. Examples
of third-generation sequencing techniques are Oxford Nanopore and Pacific Biosciences. In
addition to sequencing single DNA molecules, third-generation sequencing technologies
present the opportunity to bring the sequencing directly out in the field making it more
accessible for any scientist, anywhere at any time (Heather & Chain, 2016). Third-generation

sequencing gives several opportunities in the field and sequence information about long reads.
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1.7 PreventADALL cohort

The samples analyzed in this study are retrieved from the ongoing multinational population-
based birth cohort study “Preventing Atopic Dermatitis and Allergies in children”
(PreventADALL). The PreventADALL cohort is a general population-based study
highlighting the increase of allergic and immune-related diseases in the western world. The
study aims to determine if early life factors impact the development of allergies and other
immune-related diseases like asthma and obesity; likewise, chronic diseases such as diabetes.
Recently, a study showed that skin emollients and introduced complementary feeding did not
have any effect on the development of atopic dermatitis by age 12 months (Skjerven et al.,
2020). To examine early exposures and life factors data was collected data from 2397 mother-
child pairs. The women were recruited between December 2014 to October 2016, and infants
were enrolled from April 2015-2017. Data included detailed questioners and biological
samplings such as skin and stool samples. The first biological samples were taken from 18
weeks pregnant mothers, and from the infants aged 0 (meconium), 4, 6, 12, 24, and 36
months. Follow-up studies are planned from children at year 4 (Lgdrup Carlsen et al., 2018).
Samples at different age categories make it possible to investigate the establishment and

development of the infant gut microbiota.
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1.8 Aim of thesis

The origin of the first colonizers of the human infant gut is still not completely understood.
This is also true for the species of Bacteroides, which are identified as important early
colonizers in infants’ gut (Backhed et al., 2015; Ravi et al., 2018; Yassour et al., 2018).
Similarly, mothers and their infants often share the same species/strains of Bacteroides.
Bacteroides species in the gut of vaginally-delivered infants can be directly linked to their
mother’s microbiota (Stewart et al., 2018; Eck et al., 2020). Thereby, it is hypothesized that

Bacteroides species are directly transmitted from mother to child during vaginally delivery.

Therefore, the main aim of this thesis was to determine the direct mother-child association

based on the presence of Bacteroides species.
To achieve the main goal, we had the following subgoals:

e Examine the association of Bacteroides sequence variants in mothers and their
children

e Evaluate the origin of bacteria that potentially can colonize the infant’s gut
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2.0 Materials and Methods

The overview of this study experiments is illustrated in Figure 2.1.

PreventADALL
cohort
n=2397 mother- Quantitative DNA analysis
children pairs of rpoB and rec4 of DNA from:
Mother's stool n=94* (rec4 + rpoB)
Meconium n=94* (rpoB)
Initial - - l -
screening Illumina MiSeq llbrgry preparation
and sequencing for

Meconium n=6
Mother's stool n=6

| rpoB with DNA from:

rpoB chosen as the
gene to be screened

for Bacteroides X .
Data processing and analysis:

) -DADA2*
Soreiert s ‘ Meconium
a) _‘c1eemng 0 DI d A6
from meconium ‘
" Bacteloides BacteYoides
posiIi\‘e posif\'e
b) Screening of DNA from ‘ ESwabs Mother's stool
ESwabs and mother's stool ‘ n=51 n=48

DNA isolation
. D —
and extraction

Quantitative DNA analysis of 7poB and
16S rRNA with DNA from:

Meconium n=464
ESwab n=51
Mother's itool n=48

Illumina MiSeq library preparation and
sequencing for 16S rRNA and rpoB
with DNA from:

Meconium n=51
ESwab n=51
Mother's stool n=48

Data processing and analysis:
-Qiime*
-DADA2*

Figure 2.1. Workflow overview of this master thesis. Samples were collected by the PreventADALL
cohort. An initial screening was performed to establish Bacteroides screening strategies which resulted
in 6 mother-children pairs. However, the pairs lacked information about the mode of delivery, thereby
sequencing results for these pairs are not presented. In addition, 10 meconium samples and 10 ESwabs
were DNA extracted and analyzed qualitatively during the initial screening. However, these samples
were excluded from the study due to a lack of information about stool samples from the infants and
their mothers. Further in the study, 2 screenings were undertaken. After understanding the presence of
Bacteroides in the meconium samples (2a), individual ESwabs from Bacteroides-positive infants and
the respective mother’s stool samples were selected and screened (2b).

*DNA extraction was performed by Morten Nilsen, he also helped to conduct the bioinformatic

analysis and performed Chi-square and Spearman correlation tests in RStudio (RStudio, Inc., USA).
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2.1 Sample description

The samples used in this project were retrieved from the PreventADALL cohort (see the
introduction for details); they included meconium, elution swabs (ESwabs) from newborn’s
skin, and mother’s stool (Figure 2.1). Mother’s fecal samples were collected from 18-week
pregnant women. Meconium from the newborns was collected immediately after passed by
the infant. To avoid DNA degradation, the fecal samples were stored in DNA stabilizing
buffer (1:10) (Nordic Biolabs, Sweden); these samples were used for DNA analysis.
Additionally, fecal samples were stored without any buffer for cultivation studies. Skin
samples (ESwabs) from the elbow hook of newborns within 10 minutes after birth were stored
in 1 mL Amies transport media. Stool and skin samples were collected and delivered to The
Norwegian University of Life Sciences and stored at -80°C until the samples were used for
DNA analysis.

2.2 DNA isolation and purification

2.2.1 Initial handling and lysis of bacterial cells

The frozen stool and skin samples were thawed on ice and homogenized by using a vortex
machine. Next, 1.2 ml of the stool was transferred from the stool sample tube to a 1.5 ml
Eppendorf tube. The fecal samples were pulse centrifuged up to 12 000 rpm to remove the
biggest particles. For the skin samples, the initial handling and further DNA extraction were
carried out employing the protocols described in Rehbinder et al. (2018). From the ESWABS,
1 mL of the liquid solution was transferred to a 1.5 ml Eppendorf tube and further centrifuged
at 13 000 rpm for 15 minutes to harvest the bacterial cells. The cell pellet was resuspended
and homogenized in 400 pl S.T.A.R. (Stool Transport and Recovery) buffer (Roche
Molecular Systems, USA) (Rehbinder et al., 2018). S.T.A.R. buffer has important properties
such as the ability to inactivate infectious organisms, minimize degradation of nucleic acids,
and increase the binding of nucleic acids to magnetic particles (Espy et al., 2006). The initial

handling was necessary to prepare the samples for bacterial cell lysis.

The bacterial cells were further lysed mechanically. In this study, the bacterial cells were
lysed in FastPrep tubes containing acid-washed beads in the size range (0.2 g) <106 um, (0.2
g) 425-600 um and (2 beads) 2.5-3.5 mm (Sigma-Aldrich, USA). Different sizes of glass

beads were used to ensure the lysis of most of the bacterial cells. FastPrep 96 (MP
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Biomedicals, USA) was used for mechanical cell lysis; tubes containing bacterial cells and
beads were processed twice at 1800 rpm for 40 sec by the FastPrep robot. Lysed bacterial
cells were further centrifuged at 13000 rpm for 5 min at 4°C. Contrarily, the skin samples
were centrifuged at 25°C as the S.T.A.R. buffer solidifies at low temperatures. The
centrifugation step prepared the DNA for further treatment, by clearing beads and excess cell

materials from the supernatant.

After centrifugation, 50 pl supernatant from each sample was transferred to a KingFisher 96
well plate. For chemical lysis, 50 pl lysis buffer was added to wells containing supernatant. In
addition, 5 pl proteinase was added to the samples to protect DNA from being degraded by
cellular proteins. The lysis and proteinase treatment were incubated for 10 minutes at 55°C in
the KingFisher Flex robot (Thermo Fischer Scientific, USA) by the procedure
“ProteinaseLGCmini”. Further, genomic DNA was extracted.

2.2.2 Genomic DNA extraction

DNA extraction was performed both manually and automatically. The KingFisher Flex robot
(Thermo Fischer Scientific, USA) was used for automatic extraction. DNA was extracted
employing the MagMidi LGC Kit (LGC Biosearch Technologies, UK). Magnetic particles
were used in combination with salt to extract DNA. The positively charged salt made a cation
bridge with the magnetic particles which absorbed negatively charged DNA to the particle
surface (Tian et al., 2000). While DNA was bonded to the particles, impurities were washed
away by alcohol and buffers with salts. Further, nuclease-free water (VWR, USA) was used to
elute DNA. DNA was stored at -20°C until further use.

2.2.3 DNA purification

All PCR products were purified manually following the AMPure- clean up protocol. Sera-
Mag Speed beads (0.1%) (Sigma-Aldrich, USA) were used to bind and isolate PCR products.
The amplicon size was considered to decide the Sera-Mag Bead concentration. A higher
concentration of Sera-Mag Beads bonded smaller PCR products. The ratio between Sera-Mag
Speed Beads and PCR products was 1.2:1. The exception was for the mother’s 16S rRNA
PCR products where the ratio was set to 1:1. The ratio was adjusted due to a higher content of

bacterial DNA from the mother’s stool. The amplicons were cleaned twice by freshly made
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80% ethanol to ensure the removal of larger DNA fragments and inhibitors. The cleaned PCR
products were eluted in nuclease-free water (VWR, USA).

2.3 Polymerase chain reaction

Both qualitative and quantitative PCR were employed to reveal the Bacteroides species that
are common in mothers and infants. All primers used in PCR are listed in table 2.1.

Table 2.1. Overview of the primers used in this study. For all the primers used, F stands for forward

primer and R is the reverse primer.

Target area Primer Amplicon Primer sequence F/R (5°-3°) Annealing Reference
name length temperat
F/IR (bp) ure
V3-V4 region PRK 466 CCTACGGGRBGCASCAG 55°C (Yuetal,
of the 16S 341F GGACTACYVGGGTATCTAAT 2005)
rRNA gene PRK
806R
rpoB (RNA BF 358 CACTTGAGCAAYCGTCGTRT 55°C (Koetal.,
polymerase p- BR CCTTCAGGAGTYTCAATNGG 2007)
subunit)
recA recAF 669 GAATCITCCGGTAARACIACI 50°C (Sakamoto
(recombinase recAR CCAIGAICCGCTYTTYTTGAT &
A) Ohkuma,
2011)
V4 region of  3NDF 450 GGCAAGTCTGGTGCCAG 59°C (Cavalier-
the Smith et
eukaryotic al., 2009)
18S rDNA V4 _Euk ACGGTATCTRATCRTCTTCG (Brate et
R2 al., 2010)

2.3.1 Qualitative PCR

The reaction mix contained 1x HotFirePool Blend Master Mix Ready to Load (Solis
BioDyne, Estonia) and primer sets of 0.2 UM concentration (Table 2.1). Template DNA was
added in a volume of 2 ul. Amplification was achieved by the thermal cycler (Applied
Biosystems, USA). The PCR program used for amplification for one of the housekeeping
genes, rpoB, 16S rRNA and 18S rDNA were 95°C for 15 min followed by 30-40 cycles each
30 seconds denaturation at 95°C and annealing from 55-59°C (Table 2.1) and elongation at
72°C for 45 seconds. The final steps were 72°C for seven minutes and 10°C for storage. The

number of PCR cycles for the amplification of rpoB was set to 40 for all samples. For 16S
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rRNA, the number of cycles was 30 for DNA from meconium and ESwabs, and 25 for the
mother’s fecal DNA samples. The 18S rDNA gene was amplified by 30 cycles. Another
Bacteroides housekeeping gene, recA, was amplified for 3 minutes at 94°C, followed by 40
cycles of 94°C for 30 seconds, 50°C for 30 seconds and 72°C for one minute (Sakamoto &
Ohkuma, 2011).

2.3.2 Quantitative PCR

The reaction mix contained 1x HOT FIREPol EvaGreen gPCR supermix (Solis BioDyne,
Estonia), primer sets of 0.2 uM, and 2 pl template DNA with a final volume of 20 ul. PCR
programs for amplification of 16S rRNA and rpoB were 95°C for 15 min, followed by 40
cycles of 95°C for 30 seconds, 55°C for 30 seconds and 72°C. The fluorescence was measured
by LightCycler480 Il (BioRad, USA) which also included a High Resolution Melting (HRM)

analysis.

2.3.3 Droplet digital PCR
The master mix for ddPCR contained EvaGreen QX200™ ddPCR Supermix (BioRad, USA)

and primers with a final concentration of 1 and 0.2 UM, respectively. Droplets were generated
before PCR amplification. By mixing the sample with EvaGreen generation oil QX200™
(BioRad, USA), a water-oil emulsion was made and further distributed into thousands of
droplets by the droplet generator QX200™ from BioRad (USA). The ddPCR plate containing
the water-oil emulsion was sealed in the plate sealing instrument (BioRad, USA) by Foil Heat
Seals 180°C for 5 seconds. Droplets that contained the desired DNA fragments were
amplified by the thermal cycler (Applied Biosystems, USA). Target DNA was amplified by
95°C for 5 minutes, followed by 40 cycles of 95°C and 55-59°C for both 30 seconds, further at
72°C for 45 seconds, and final steps at 4°C and 90°C for both 5 minutes and 4°C for storage.
Droplets were assigned as positive or negative by the droplet reader QX200™ from BioRad
(USA). The droplet reader measured the fluorescent signal from droplets that contained
amplified products. Further, DNA concentration was calculated based on the number of

positive and negative droplets (Hindson et al., 2011).
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2.3.4 Index PCR for Illumina sequencing

Index primers made it possible to map all sequences back to the original sample. Each PCR
product was attached by a unique primer combination. To attach rpoB-fragments, 16 forward
and 12 reverse index primers (Appendix A, Table A1) were designed. In addition, 16 forward
and 15 reverse index primers (Appendix A, Table A2) were used to attach to the 16S rRNA
fragments. The reaction mix for index PCR contained 1x FIREPoI® Master Mix Ready to
Load (Solis BioDyne, Estonia) and unique primer sets (0.2 pM) for each sample. To each
well, there were added 5 pl extracted DNA from the skin and meconium samples, whereas the
volume was adjusted to 2 ul for the mother’s samples. Indexed PCR samples were amplified
in the thermal cycler by the following program: 5 minutes at 95°C, 10-12 cycles of 95°C in 30
seconds, 55°C for 1 minute, 45 seconds at 72°C, and a final step for 7 minutes at 72°C before
storage at 10°C. The PCR cycles were set to 12 for the DNA from meconium and ESwabs,
whereas the mother’s fecal DNA index PCR was set to 10 cycles. Further, indexed PCR
products were normalized and pooled together into one amplicon library according to their
DNA concentration.

2.3.5 lllumina sequencing set up

The pooled amplicon library was prepared for sequencing by the lab engineer. Preparations

included quantification by g-RT PCR, dilution, and loading to the Illumina Miseq.

2.5 DNA quantity and quality measurements of PCR products

2.5.1 Quantification by Qubit dsDNA High Sensitivity Assay

Qubit measurements were used to quantify DNA concentration. DNA was measured
according to the Qubit dsDNA High Sensitivity Assay. Quant-iT dyes were selective for
dsDNA and employed in the concentration of 1:200 per ul DNA sample. The Qubit

fluorometer estimated DNA concentration.

For qualitative DNA measurements, the Cambrex FLX 800 CSE robot was used. Qubit
solution (same concentration as described above) was prepared for all the samples. A standard
curve based on fluorescence given from Cambrex was used to estimate the samples” DNA
concentration. Fluorescent values included in the standard curve were the highest and lowest,

in addition to regular values in between. Further, the samples were normalized according to
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the highest DNA concentration. The Biomek 3000 robot (Beckman Coulter, USA) was used
for normalization and pooling of DNA samples into one library.

2.5.2 Agarose gel electrophoresis

PCR products were visualized by a 1.5% agarose gel (Invitrogen, Thermo Fischer Scientific)
in a 1x tris-acetate EDTA (TAE) buffer. The gel was run at 80V, 400mA for approximately
35 minutes (Bio-Rad, USA). The electric current separated the negatively charged DNA
fragments based on their size. A 100 bp ladder (New England BioLabs, USA) was used as a
reference. Further, the gel was visualized by Gel Doc XR (Bio-Rad, USA).

2.5.3 Melt point analysis
HRM analysis was added to the gRT-PCR program. HRM made it possible to separate PCR

products based on their melting point. Because fluorescence was measured as a function of
time, the HRM analysis could successfully separate false positives like primer dimers from
the PCR products. The melting point of the different fragments could be observed by taking
the 1% derivate of the melting curve. The target sequence typically showed a higher melting
temperature (Tm) than the shorter primer-dimers (Kubista et al., 2006). The HRM analysis
was performed with the LightCycler480 Il1 by changes in temperature which ranged from 60-
95°C. The real-time data and the melt curve analysis obtained from the LightCycler were
analyzed with software BioRad CFX Maestro 1.0, version 4.0.2325.0418 (BioRad 2017,
USA).

2.6 Data processing of Illumina sequences

2.6.1 Qiime for 16S rRNA sequences

The Qiime pipeline was used to assign taxonomy to 16S rRNA sequences (see the
introduction for details about Qiime) which included several steps. The 16S rRNA sequences
retrieved from Illumina MiSeq were pre-processed; removed primers, demultiplexed, and
filtered by quality. The purpose of demultiplexing was to separate sequences with unique
indexes to make it possible to map samples back to the origin. Further, the OTU table was

made with a 97% or higher sequence similarity (Rapin et al., 2017). The SILVA database (see
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the introduction for details) was used to assign bacterial taxonomy, as the database covers up-
to-date data information of the prokaryotic rRNA gene (Quast et al., 2012). Bacterial diversity
within and between samples was determined using Qiime. Bar charts were prepared to
visualize the bacterial taxonomy composition and multivariate analysis tool Principal

Coordinates Analysis (PCoA), was employed to understand the B-diversity.

2.6.2 DADAZ2 for rpoB sequences

The DADAZ2 pipeline was applied for phylogenetic analysis of the rpoB sequences retrieved
from Illumina sequencing. The DADA2 pipeline was run in R Studio version 3.6.1.
Background for DADAZ is described in the introduction. The input to DADA2 was
demultiplexed (described above) FASTQ files of rpoB sequences without barcodes. The
pipeline itself served several functions: filtered sequence by quality, dereplication which
sorted unique sequences and their abundance, denoising which kept sequence variants that
were not just random noise, removed chimeras, and merged forward and reverse reads. The
output from DADA2 was amplicon sequence variant profiles of rpoB sequences. The ASV
profile provided information about how many times the exact ASV was observed in the
different samples (Callahan et al., 2015). ASVs retrieved from the DADA2 pipeline were run
through the Kraken database (see the introduction for details) to assign bacterial taxonomy to

the different sequence variants.

2.7 Bacteroides cultivation strategies

Several cultivation strategies were adopted to investigate the presence of living cells of
Bacteroides in meconium. The media and solutions used for the cultivation strategies are
described in Appendix B and Table B1. Cultures and plates were incubated anaerobically in
chambers with 2.5 L AnaeroGen (Oxoid, Thermo Scientific) at 37°C. Lab strains B. vulgatus
(no. 1447) and B. thetaiotaomicron (no. 279) retrieved from DSMZ (Germany) were used as
positive controls. Both positive controls were isolated from human stool (DSMZ, Germany).
Colonies growing on media and DNA from the enrichment culture were prepared for Sanger
sequencing of both the rpoB and 16S rRNA gene. Sequences retrieved from Sanger were
identified by Nucleotide BLAST from the NCBI database.
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2.7.1 Enrichment culture for growing Bacteroides

The positive meconium sample was added to a chopped medium (DSMZ, Germany) with
hemin and vitamin Ky solution (Appendix B, Table B1) in the volumes of 10 pl per ml
medium. After 14 days, 200 ul from the chopped meat medium with meconium was prepared
for DNA extraction according to the MagMidi LGC kit (Biosearch Technologies, USA). gRT-
PCR and preparation for Sanger sequencing were done for both 16S rRNA and rpoB.

2.7.2 Plate incubation for isolating Bacteroides
Selective media were made to isolate Bacteroides species. Media used for cultivation and
isolation were brain heart infusion medium (BHIS), anaerobe basal broth (ABB) (Oxoid,

Thermo Scientific), and Bacteroides fragilis selective medium (BFS) (Appendix B).

2.8 Statistical approaches and data analysis

2.8.1 Handling of 16S rRNA and rpoB sequences data

The abundance of processed sequences data of the 16S rRNA and rpoB gene were studied in
each sample. In addition, the mean and standard error of the mean (SEM) were calculated for
the ratio between rpoB and other bacteria (16S rRNA), and for bacteria connected to the

different registered sample time points of meconium.

2.8.2 Spearman correlation

Spearman correlation is a nonparametric approach that measures a monotone correlation
instead of a linear association between two variables (Hauke & Kossowski, 2011). Spearman
correlation test was performed to investigate the association of Bacteroides in mother and
child. To conduct the statistical test, ASVs were merged into their belonging Bacteroides
species. Further, the content in percentage was calculated for the different Bacteroides species
within the sample categories. Spearman correlation test was performed with a basis in the
percentage within the sample categories. P-values were corrected by the Benjamini Hochberg
method with a 95% significance level. Benjamini Hochberg procedure controls the false
discovery rate and thereby reduce the false positives (Benjamini & Hochberg, 1995). Also, a

rho (p)- matrix was made to investigate positive or negative correlation.
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2.8.3 Chi-square (X?) test

The Chi-square test was performed to analyze the Bacteroides association between mother
and child. Before the Chi-square test, the rpoB data with merged Bacteroides amplicon
variants, and were assigned 1 if they contained any sequences and 0 if no sequences were
present. A Chi-square test with Yates correction was conducted for the binarized data with a
95% confidence interval. The Chi-square test assumed continuously distributed data, where
Yates correction allowed discrete datasets to be approximated by Chi-square (Yates, 1934).

2.8.4 T-test

Two-tailed t-tests were performed in Microsoft Excel to detect a significant difference in the
bacterial content, for the three sample time points registered for meconium. The tests were
done with the assumption about unequal variance within the tested groups. T-tests were

conducted with a 95% significance level.

Paired t-tests were employed to test the significant difference between B. vulgatus and other
Bacteroides species within the different sample time points. The tests were performed using a

95% significance level. The paired t-test were performed in Microsoft Excel.
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3.0 Results

3.1 Establishment of Bacteroides screening strategies

An initial screening was essential to optimize MLST primers and approaches and to decide
the sample size for the main study (Figure 2.1). Samples were assigned as positive if they
contained the rpoB gene (the are terms described later). For the initial rpoB screening, we
employed DNA from 10 meconium samples in DNA stabilizing buffer, which resulted in 10%
(n=1) positives. In addition, DNA from 10 ESwabs was screened for rpoB. Likewise, DNA
from 94 meconium and 94 stool samples from the mother’s stool were included in the study.
Screening results showed that all mother’s fecal DNA was positive for rpoB (n=94) but only
6.40% (n=6) of the DNA from meconium was positive. Moreover, a positive meconium
sample without any DNA stabilizer was used for cultivation. In addition, the 18S rDNA gene
was attempted amplified to estimate the ratio of eukaryotic DNA compared to bacterial DNA.
However, because the 18S rDNA was not amplified it was not further studied. DNA from
salmon was used as a positive control for 18S rDNA amplification, whereas DNA from the
mother’s stool was used as the positive control. Results from the initial screening were the
basis for the main study and it was expected that around 10% of the meconium samples were

positive for rpoB.

3.2 Sample size and approaches used in main study

Two screenings were performed for the rpoB gene in the main study. In the first screening of
rpoB, DNA from 464 meconium samples were included (Figure 2.1) to get around 50
positives. The second screening was conducted employing extracted DNA from the infants’
ESwabs (n=51) and their corresponding mother’s stool (n=48). Likewise, the 16S rRNA gene
was quantified for all the positive samples of extracted DNA from meconium, ESwabs, and
mother’s stool (Figure 2.1). Positive samples were prepared for Illumina sequencing for both
the rpoB and the 16S rRNA gene. The positive controls in the main study was a positive
meconium sample identified in the initial screening. The exception was for the mother’s 16S
rRNA samples where E. coli was used instead because of missing amplified DNA from

meconium from first-stage PCR.
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3.3 Identification of rpoB positive samples

3.3.1 Screening by quantitative PCR

Regarding the quantitative PCR approaches used in this study, ddPCR was used for the initial
screening, whereas qRT-PCR was used throughout the whole study. ddPCR was applied to
quantify the 18S rDNA, 16S rRNA, and the rpoB gene from 10 DNA extracted meconium
samples. The dilution series used for the DNA analysis of meconium ranged from 10to 103
Due to technical issues with the droplet generator, gRT-PCR was used for DNA
quantification. gRT-PCR was firstly used in the initial rpoB screening of DNA from
meconium (n=94) and mother’s’ samples (n=94). In this study, we attempted to amplify two
Bacteroides” housekeeping genes, namely rpoB (358 bp) and recA (669 bp) genes. Screening
results from the light cycler of qRT-PCR produced spurious amplification products and melt
point graphs for recA which is presented in Appendix C, Figure Cla-b. Likewise, the
amplification of recA resulted in neither Cq values or melting points. The amplification of
rpoB resulted in Cq values ranging from around 28.00-38.00 for amplified DNA from
meconium and 20.00-32.00 for DNA from mothers’ stool. DNA from meconium resulted in
melting points from 84.00-84.50 for amplified rpoB, and 83.00-85.50 for DNA from mothers’
stool (Appendix C, Figure Clc-f). The presented Cq values and melt point temperatures are
marked in Figure Clc-f (Appendix C). Based on results from the initial screening, rpoB was

chosen as the housekeeping gene to be screened for Bacteroides.

3.4 Quantifying the rpoB and 16S rRNA gene

Based on qRT-PCR results from the initial screening, the Cq threshold value was set to 38.00.
The threshold value was decided from the positive meconium samples from the initial
screening with the Cq values described above. The Cq value of 38.00 was the highest value
visible on an agarose gel. Cq threshold values equal to or lower than 38.00 were expected to
contain rpoB and thereby assigned as positive samples. The threshold value was set above the
background signal and below the negative control, the value was set to the same for all

samples.

Screening for rpoB in the main study gave the following results for the different sample
categories. DNA from meconium yielded 11% (n=51, total=464) positive results, where all

positive individuals were delivered vaginally. Out of the total 86.90% (n=403) newborns that

29



were delivered vaginally, 12.70% (n=51) were rpoB-positive (based on the analysis of
meconium samples). The remaining 13.10% (n=61) infants that were born were delivered by
C-section. Results from the second screening showed that all mother’s fecal samples (n=48)
positive for the rpoB gene. Similarly, 23.50% (n=12, total=51) of the skin samples were
positive for the rpoB-gene. With the given threshold value (Cg=38.00), the average ratio and
SEM was calculated for rpoB/16S rRNA in DNA from positive mother’s stool samples (1.29
+ 0.01), meconium (1.21 + 0.018) and newborn’s skin (1.25 + 0.04).

3.5 Analysis of 16S rRNA sequencing data

3.5.1 Bacterial composition in stool and skin samples

The Qiime pipeline was employed for the analysis of taxonomic composition. The threshold
sequence depth was set before any taxonomic analysis. The threshold value was set to 5000
which defined the number of randomly picked sequences from all sequenced samples for
further analysis. Samples that contained more than 5000 sequences were further analyzed;
they included 93.75% (n=45, total n=48) of the mother’s stool samples, 96.00% (n=49, total
n=51) of the meconium samples and 82.35% (n=42, total n=51) of the newborn’s skin
samples. Further, they were assigned to 1100 OTU’s in the SILVA database, employing
Qiime. The OTU table contained information about bacterial abundance from kingdom to
species level. The bacterial order composition within each sample category is presented in

Figure 3.1.
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Figure 3.1. Composition of bacterial orders. Based on 16S rRNA analysis bacterial taxonomic
composition (order-level) within the sample categories (X-axis) — mother’s stool sample, meconium,
and newborn’s skin — were obtained. The relative abundance of bacteria within each sample category
was used as the basis for the content of bacterial orders. The relative abundance is presented on the Y-

axis. The colors represent bacterial orders described at the bottom of the figure.

The bacterial composition varied among the sample categories (Figure 3.1). The predominant
bacterial orders in mother’s stool were Clostridiales (62.76%) and Bacteroidales (25.60%,
phylum Bacteroidetes). However, the highest abundance of Bacteroidales (30.78%) was
observed in meconium. Another predominant order in meconium was Enterobacteriales
(35.91%). The highest amount of Bifidobacteriales (6.10%, phylum Actinobacteria) was
detected in meconium. The lowest amount of Bacteroidales (5.17%) was present in the
newborn’s skin, where Clostridiales (34.81%) followed by Lactobacillales (26.07%) were the
predominant bacteria. The species Bacteroides accounted for 13.47% of the Bacteroidales in
the mother’s stool, 26.39% in meconium, and 2.00% on newborn’s skin. Bacteroides were not
further separated into the belonging species by 16S rRNA sequence analysis. In general, the
dominance of the orders Clostridiales, Enterobacteriales, Bacteroidales, and Lactobacillales

varied in stool and skin.
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3.5.2 B-diversity of bacteria in the stool and skin samples

The differences in bacterial diversity in the mother’s stool, meconium, and newborn’s skin
were deciphered by analyzing the B-diversity. PCoA plots were generated with different
metrics, namely Jaccard, Bray Curtis, unweighted, and weighted UniFrac (Figure 3.2a-d). The
qualitative Binary Jaccard similarity (Figure 3.2a) considers the presence of OTU to display
the similarity between samples (Lozupone et al., 2007). As observed in Figure 3.2a, the total
variation in the data explained by the PC1-3 of the Binary Jaccard similarity plot was lesser
compared to the other plots. Shown in Figure 3.2b is the Bray Curtis dissimilarity plot that
takes quantitative differences in OTU composition between the samples into account (Bray &
Curtis, 1957). Diversity metrics Binary Jaccard and Bray Curtis measured diversity taking
similarity and dissimilarity, respectively into consideration.

Weighted and unweighted UniFrac distances were also employed to understand bacterial
diversity. The unweighted UniFrac (Figure 3.2c) is a qualitative measurement that evaluates
the presence or abundance of sequences in samples (Lozupone et al., 2007). The weighted
UniFrac is a quantitative diversity metric that considers the relative abundance of sequences
shared between the samples (Lozupone et al., 2007). The first principal component in the
weighted Unifrac plot (Figure 3.2d) explains most of the variation in the samples; 35.99%.
The PCoA plot (Figure 3.2d) also captured the highest variation in the data; PC2 and PC3
explains 28.29% and 8.63% of the variation, respectively. The quantitative weighted UniFrac
diversity metric was able to explain the highest total variation in the samples, through its

principal components.

All the metrics were able to describe the B-diversity of the bacterial communities in the
samples (Figure 3.2a-d); to cluster different sample categories. The mother’s samples were
closely clustered in all the plots. The PC1 (35.99%) in the weighted UniFrac plot (Figure
3.2d) separates the mothers from the newborn’s samples. Skin samples show the greatest
dispersion compared to the other sample categories (Figure 3.2a-d), an example is marked in
Figure 3.2a. Some skin samples have clustered close to the mothers’ samples in all the plots
(marked in Figure 3.2c). Most of the variation between the infants’ samples is explained by
PC2 (28.29%) in the weighted UniFrac (Figure 3.2d). The cluster of meconium samples
distinct in Figure 3.2a. In the other plots (Figure 3.2b-d) meconium samples are not closely
clustered but disperse and lie adjacent to the skin samples. Examples are marked in Figure
3.2b and c, respectively. The variation within and between groups is described differently by

the different distance metrics.
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Figure 3.2 a-d. Principal coordinate analysis (PCoA) showing the dissimilarities/similarities of the

samples. B-diversity was assessed using the a) Binary Jaccard similarity b) Bray Curtis dissimilarity c)

unweighted UniFrac and d) weighted UniFrac indexes. The color codes for the sample categories are:

red, mother; yellow, meconium; green, skin newborn. The marked clusters are described above. The

figures are retrieved and edited from Qiime.
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3.6 rpoB sequencing data

3.6.1 Composition of Bacteroides species in stool and skin samples

Sequences of the rpoB gene retrieved from Illumina sequencing were analyzed using the
DADAZ2 pipeline. See the introduction for details about DADAZ2. Before forward and reverse
sequences were merged and taxonomy assigned, the rpoB sequences were quality checked
and filtered to retain the sequences with high-quality scores. A quality score profile from the
DADAZ2 pipeline contained information for each base position for both the forward and
reverse reads (Callahan et al., 2015). With quality score information, the forward reads were
cut at position 200, and position 220 for the reverse read. The final output from the DADA2
pipeline was an amplicon sequence variant profile containing 1390 unique ASVs.

The ASV profile was run through the Kraken database to assign taxonomy. In total 27.27%
(n=379) ASVs were identified to different species of Bacteroides. The Bacteroides species
are presented with their average abundance. In total, through this study, 13 Bacteroides
species were identified (Figure 3.3): B. vulgatus (33.60%), B. thetaiotaomicron (12.17%), B.
dorei (7.94%), B. fragilis (7.14%), B. salanitronis (6.88%), B. caccae (6.35%), B. intestinalis
(6.35%), B. ovatus (5.30%), B. uniformis (4.76%), B. caecimuris (4.76%), B. cellulosilyticus
(2.91%), B. helcogenes (1.60%), and B. heparinolyticus (0.26%). The composition of
Bacteroides species in mother’s stool, meconium, and newborn’s skin is presented in Figure
3.3.
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Bacteroides in mother’s stool, meconium and newborn’s skin
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Figure 3.3. Composition of Bacteroides species. The bacterial amount is based on average humbers
for each Bacteroides species within each sample category. The sample categories are presented on the
X-axis and the bacterial species content in % on the Y-axis. The colors codes for the different

Bacteroides species are provided in the figure legend.

B. vulgatus was the most abundant Bacteroides species in all sample categories (Figure 3.3).
Meconium presented the sample category with the highest abundance of B. vulgatus (52.31%)
of all Bacteroides ASVs discovered in the sample categories. Similarly, B. vulgatus was
identified in 96% (n=49, of total n=51) of the meconium samples (Appendix D, Table D1).
Likewise, B. vulgatus was discovered in all mother’s stool samples (n=48) (Appendix D,
Table D1) with an average content of 33.63% (Figure 3.3). Further, B. vulgatus was observed
in 88% (n=45, of total n=51) of the skin samples (Appendix D, Table D1) and represented
50.69% of the bacterial content on newborn’s skin (Figure 3.3). The second dominating
species in mother’s stool and newborn’s skin was B. thetaiotaomicron, whereas B. dorei

occupied the place in meconium. All Bacteroides species were present in the three sample
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categories, except for B. heparinolyticus which was observed only in the mother’s stool and
on newborn’s skin. The presence of Bacteroides and the ASV quantity within each sample

category is presented in Table D1 (Appendix D).

3.6.2 Presence of Bacteroides species in mother-child pair

In total, 48 complete mother and children pairs were analyzed in this study. Complete pairs
mean that information about the rpoB-positive samples for meconium, infant’s ESwab, and
the corresponding mother’s stool is available. The quantity of Bacteroides species in the
complete 48 mother-children pairs were studied (Figure 3.4). The sequences within each
sample category were binarized, either presenting the presence or absence of the given
Bacteroides species. Thereafter the presence of each bacterial species was calculated within
each category which is indicated in the figure legend (Figure 3.4). The complete mother-child
pair is shown as the category named “Present in all”. As shown in Figure 3.4, B. vulgatus was
the dominating Bacteroides within the 48 complete mother-child pairs. Furthermore, B. dorei
and B. caccae were second and third dominating species in the complete pairs. B.
thetaiotaomicron was the most abundant species in the category of mother and skin. In the
category meconium and mother, B. caccae was the predominant species. Most Bacteroides
species found in only one category were in mother’s stool. The presence of different
Bacteroides was varying in the complete mother-children pairs, however, B. vulgatus was
dominating.

Category

Not present

Meconium only

Skin only

Mother only

| Meconium + Skin
Mother + Skin
Meconium + Mother
Present in all

Figure 3.4 Presence of Bacteroides species in the 48 complete mother-children pairs. The figure
illustrates the presence of the different Bacteroides species found in the mother’s stool, meconium,
and on newborn’s skin. The X-axis represents the 48 mother-children complete sets, Y-axis shows the
Bacteroides taxonomy, and the colors codes for each sample category are given in the legend on the
right side. The figure was made by PhD Morten Nilsen.

*Indicates significance (p<0.05) overlap in bacteria between mother and child.
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Both the Chi-square test and Spearman correlation were performed to test the association
between mother and child, based on the presence of Bacteroides. As shown in Figure 3.4, B.
vulgatus caused a significant overlap in the presence of Bacteroides in mothers and their
children. The association of Bacteroides was tested within three groups: mother’s stool-
meconium, mother’s stool-newborn’s skin, and meconium-skin. The Chi-square tested if the
Bacteroides species were significant present in mothers and their infant, and on infant’s skin
and meconium. Results from Chi-square tests indicated a significant association of B.
vulgatus in two of the tested groups: mother’s stool and meconium (p=2.1e-10), and mother
and newborn’s skin (p=2.03e-7). Based on the Spearman correlation test, there exists a
positively correlation (p=0.38) trend (p= 0.053) between B. vulgatus in meconium and skin.
Other p-values are not presented. All p-value results, for both Chi-square tests and Spearman
correlation, are presented in Appendix E, Table E1. Results from statistical tests indicated that

the species B. vulgatus is associated between mothers and their children.

3.6.3 Association between Bacteroides ASV in mother and child

The sequencing of the rpoB gene helped in identifying a total of 109 sequence variants of B.
vulgatus. The sequence variant with the highest richness (named sequence variant 1) was, in
general, the most abundant ASV discovered for all Bacteroides species. One hundred and
eight of the other 109 sequence variants showed low quantity with no clear mother-child
overlapping patterns. The quantity for all B. vulgatus sequence variants with log-transformed
values is presented in Appendix F, Figure F1. The number of observed sequence variants of
B. vulgatus in mother’s stool was lowest (n=16) and increased with meconium (n=38) and
newborn’s skin (n=70). From Figure F1 (Appendix F) it is observed that the amount of B.
vulgatus sequence variants is most abundant in the mother’s stool (mean 3.23, median 3.83,
interquartile range (IQR) 0.70-5.49). The lowest amount is in meconium (mean 2.43, median
2.36, IQR 0.48-5.56), and on the skin (mean 2.48, median 2.37, IQR 0.60-5.12). SV1 presents
the maximum value for the mother’s samples, and the highest abundant outliers for the
infant’s samples (Figure F1, Appendix F). In addition, SV1 was present in 98.00% (n=47) of
mother’s stool samples, and 94.10% (n=48) and 74.50% (n=38) in meconium and skin,
respectively. Similarly, SV1 was observed in 70.83% (n=34) of the complete (n=48) mother
and children pairs (mother’s stool, meconium, and newborn’s skin). One B. vulgatus sequence
variant was observed as the most abundant ASV among all sample categories, likewise, SV1

showed a clear mother-child association pattern.
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3.7 Presence of bacteria in connection to meconium collection time

Meconium collection time was registered for most samples. Of all meconium samples
(n=464) included in the main study, collection time was registered for 65.73% (n=305) of the
samples. The results that are presented hereafter are based on meconium samples with
registered sampling time. Most of the meconium samples were registered within 24 hours
after birth (71.80%, n=219). Further, 20.66% (n=63) were collected within 48 hours after
birth and 7.54% (n=23) had collection time greater than 48 hours. As for the rpoB-positive
meconium samples, the collection time was registered for 76.47% (n=39) of all samples
(n=51). Of the positive registered meconium samples, 30.77 % (n=12) were collected within
24 hours, 51.28% (n=20) between 24-48 hours and 17.95% (n=7) after 48 hours. The content
of bacterial orders and Bacteroides species were also studied in connection with the
meconium collection time (Figure 3.5a-b).

Presented in Figure 3.5a are Bacteroides species that were present in over 5% of the
meconium samples. B. vulgatus was observed to increase with sampling time and was the
predominant Bacteroides species at all the sampling time points (Figure 3.5a). The percentage
of different Bacteroides species at different registered sampling time points is presented in
Appendix G, Table G1. Two-tailed t-tests were performed to test if there were any differences
in bacterial content in meconium according to the different sampling time points. Of the
Bacteroides species, the content of B. fragilis resulted in a significant decrease (p=0.048)
from the 2" to the 3" sampling time point. Whereas, the content of B. uniformis was
significantly higher (p=0.015) in meconium collected at the 2" sample time point compared
to those collected within 24 hours. All p-values for Bacteroides and the tested groups are
presented in Appendix G, Table G2. Because B. vulgatus was predominant in the meconium
samples, paired t-tests were performed to test if the content of B. vulgatus differed from other
Bacteroides species (Figure 3.5a). B. vulgatus resulted in a significant difference compared to
the other Bacteroides species at all sampling time points, except for B. dorei at the first

sample time point. All p-values for the paired t-tests are presented in Appendix G, Table G3.

Figure 3.5b shows the presence of Enterobacteriales and Bacteroidales. The bacterial orders
are presented that were present in over 10% of the meconium samples. Enterobacteriales was
higher when the sampling time of meconium was over 48 hours, Bacteroidales was not stable.
Results from a two-tailed t-test did not detect any significant increase or decrease of

Bacteroidales or Enterobacteriales.
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Figure 3.5a-b. The content of bacteria at different meconium collection time points. The numbers are

based on average values within each category of time. The standard error of the data is shown in each

bar. The X-axis shows the different registered sample times for meconium, the y-axis represents the

bacterial content. The figures present the quantity of a) some Bacteroides species and b) two bacterial

orders (Enterobacteriales and Bacteroidales) in connection to meconium collection time. The colors

code for the bacterial specie/order provided in the figure legend.

The asterisks codes for the significant difference of B. vulgatus from other Bacteroides species;
*, p<0.05; **, p<0.01; ***, p < 0.001; ****, p<0.0001.
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3.8 Cultivating and isolating Bacteroides

3.8.1 Enrichment culture for growing Bacteroides species

The extracted DNA from the enrichment culture with a rpoB-positive meconium sample was
prepared for Sanger sequencing. Sequences retrieved from Sanger sequencing were identified,
by Nucleotide BLAST search, as B. vulgatus (e-value=2*10"'%) with a query coverage of
96%. The e-value given from a BLAST search is the number of expected matches with a
score equal to or greater than the calculated score (Kerfeld & Scott, 2011). DNA from the
rpoB-positive meconium sample, with B. vulgatus, was used in the main study as a positive

control.

3.8.2 Selective media for isolating Bacteroides species

Selective media were used to isolate Bacteroides from the rpoB-positive meconium sample.
The media for cultivation were prepared considering the traits of the bacterial species. For
instance, Bacteroides are resistant to several antibiotics (Bacic & Smith, 2008). However, no
colonies were identified as Bacteroides species. DNA sequences from the growing colonies in
BHIS and ABB were identified by BLAST as E. coli (e-value=6*10"">%) and E. faecalis (e-
value =2*101%%). The query coverage was 97% for both bacterial species. In this study, the

presented species were the nucleotide matches with the lowest e-value.

BFS was made with to test the antibiotic resistance of E. faecalis, E. coli, and lab strains of
Bacteroides. The results are presented in Table H1 (Appendix H). E. faecalis was the only
bacteria that was able to grow in BHIS with tetracycline. B. vulgatus. E. faecalis and E. coli
grew on BFS media with gentamicin. B. vulgatus and E. coli grew on BHIS with gentamicin
and kanamycin. E. faecalis and E. coli were the only bacteria that grew on ABB media
without any antibiotics. Bacteroides species from the rpoB-positive meconium sample were
not isolated in this study, however, species such as E. faecalis and E. coli were identified from

the samples.
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4.0 Discussion

4.1 The origin of potential transmission of bacteria from mother to children

4.1.1 The birth canal as the first bacterial exposure site for infants

In this study, all sequencing data retrieved from both meconium and newborns’ skin samples
originated from vaginally-delivered infants. The order Lactobacillales was abundant on
newborn’s skin, but also some Lactobacillales were observed in meconium. Infants delivered
vaginally are more often colonized (both skin and meconium) by bacteria from the mother’s
vaginal microbiota, compared to infants delivered by C-section. Similarly, studies show that
infants delivered through the birth canal show a higher abundance of especially
Lactobacillales (Dominguez-Bello et al., 2010; Nagpal et al., 2016; Ravi et al., 2018). The
diversity and richness of the vaginal microbiota decrease during pregnancy. Interestingly,
Lactobacillales predominate in the vaginal microbiota this period; mainly with Lactobacillus
species, but also species from the orders like Clostridiales and Bacteroidales have been
observed (Aagaard et al., 2012). The birth canal serves as a natural site where the infants are
exposed to microbes for the first time. (Vael & Desager, 2009; Dominguez-Bello et al., 2010;
Chu et al., 2017). In this study, the origin of Lactobacillales observed in the samples collected

from newborn babies is most likely from the mother’s vaginal microbiota.

4.1.2 Mother’s gut is the most important bacterial reservoir of bacteria from

where transmission from mother to infant occurs

Bacteria in the infant’s gut can be directly linked to the mother’s vagina and gut. The bacteria
belonging to orders Bifidobacteriales, Clostridiales, Bacteroidales, and Enterobacteriales that
were present in the mothers’ stool were also observed in infants” samples. Of the bacterial
orders, Clostridiales that were dominating on newborn’s skin had less abundance in
meconium. Clostridiales can possibly be vertically transmitted from mother to their child
because the bacteria are able to form spores, and the abundance of Clostridiales has been
observed to increase by age (Avershina et al., 2016). Likewise, Bacteroidales were abundant
in meconium, and these microbes together with Clostridiales were the predominant bacteria in
the mother’s gut (Eckburg et al., 2005). Previous studies showed that some vertically
transmitted bacterial species from mother to infants, were variants of and E. coli

(Enterobacteriales), Bacteroides (Bacteroidales) and Bifidobacterium (Bifidobacteriales)
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(Béckhed et al., 2015; Ferretti et al., 2018). The mother’s gut serves as an important habitat
for bacteria that potentially can colonize the infant’s gut. Evidence about the bacterial overlap
between mother and child indicates that the bacteria are transmitted from the mother’s vagina
and gut to the infant during vaginally-delivery.

4.1.3 Indication of living bacterial cells in meconium

Cultivation results point towards the presence of living bacterial cells in meconium. In this
study, DNA analysis indicated that species as E. coli, E. faecalis, and B. vulgatus are present
in meconium. Further, there were indications of bacterial growth, because E. coli and E.
faecalis were identified from growing colonies. Likewise, B. vulgatus was identified by
amplifying rpoB which points towards an increased abundance of the bacterial species in
meconium. However, E. coli and E. faecalis were competitive over Bacteroides when
attempted isolated on selective media because the latter was not able to colonize in the
presence of the other two. The dominance of Enterobacteriales in meconium is described in
other studies (Nagpal et al., 2016; Chu et al., 2017). Likewise, the indication of transmission
of E. coli and Enterococcus has previously been reported (Jiménez et al., 2008). The rpoB-
positive meconium which was used for cultivation lacked information about the mother’s
stool, thereby no conclusion could be drawn about vertically transmission from the cultivation
results. Due to a lack of time, cultivation was not performed for rpoB-positive meconium
samples with available information about their respective mother’s stool. There are
indications of living bacterial cells in meconium, however, this was not confirmed and should

be further investigated.

4.2 Bacteroides that are common in mothers and their children

4.2.1 Bacteroides species associated between mothers and their children

Some Bacteroides species were abundant in the complete mother-children pairs. Especially,
B. vulgatus, B. uniformis, B. dorei, B. thetaiotaomicron, and B. caccae were most often
observed in both mother’s stool and newborn’s samples. Bacteroides species that were
observed in meconium and on newborn’s skin could be directly linked to their mother’s stool,
especially B. vulgatus were present in most of the complete mother-child pairs. The above

mentioned Bacteroides species, except B. caccae and B. heparinolyticus, were shown to be
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linked to the mother-child association (Béckhed et al., 2015; Ravi et al., 2018; Yassour et al.,
2018). Likewise, Bacteroides species are more prevalent in vaginally-delivered infants
(Béckhed et al., 2015; Stewart et al., 2018). Infants delivered vaginally have several

Bacteroides species in the gut that are associated with their mother.

The abundance of some species of Bacteroides in meconium was shown to increase with
increased collection time, while those of others decreased as the sampling time increased. The
abundance of B. vulgatus increased with the collection time, whereas those of other species as
B. dorei and B. fragilis decreased. Likewise, B. uniformis showed a significant increase for
samples registered within 24 to the 2" sampling time point. Interestingly, there could be a
selective advantage exercised by some bacteria from the mother’s non-dominating species.
Yassour et al. (2018) observed that bacteria from the mother’s non-dominating strains could
colonize the infant’s gut. The non-dominating strains can utilize glycans from HMOs due to a
starch utilizing system. However, the transferred mother’s dominating strains miss the starch
utilizing systems. Transmission of B. uniformis which is a non-dominating strain in the
mothers indicates the advantage of this strain to utilize starch and colonize the infant gut
(Yassour et al., 2018). However, bacterial traits were not investigated in this study. Similarly,
the presence of non-dominating strains was not studied over a longer time period, and hence,
the inheritance of the mother’s non-dominating species cannot be described. Some
Bacteroides species show indications of selection over time in the infant’s gut, however, the

mechanisms for selection needs further investigation.

4.2.2 Transmission of B. vulgatus from mothers to their children

B. vulgatus was observed as the dominating species in all sample categories of mothers and
infants. Likewise, B. vulgatus increased over meconium sample time points and significantly
differed from the other Bacteroides species, which indicates a selection for the bacterial
species in the infant’s gut. Similarly, one sequence variant (SV1) of B. vulgatus was observed
as the predominating variant in all sample categories and in the complete mother-children
pairs. The fraction of SV1 was highest in the mother’s stool compared to the infant’s samples.
The results indicate that one species variant of B. vulgatus is present and predominant in the
human gut. However, the presence of SV1 should be further investigated over a longer
timeline to confirm the mother-child overlap of the sequence variant. The non-dominant

species variants of B. vulgatus could be considered as sequencing errors. For Illumina

43



sequencing, the most common error is base substitution which in theory will cause pollution
in the fluorescent signal and decrease the read quality (Kircher et al., 2009). In this study,
substitution could have potentially caused false sequence variants. However, the dominating
sequence variant (SV1) of B. vulgatus is considered as a true variant that is predominant in the

human gut.

Subsequently, the presence of B. vulgatus contributed to the significant association between
mothers and their children. There are several studies which support the vertical transmission
of B. vulgatus (Béckhed et al., 2015; Ravi et al., 2018; Yassour et al., 2018; Eck et al., 2020;
Koo et al., 2020). Similarly, B. vulgatus is the main species of Bacteroides that are
transmitted from mother to child (Yassour et al., 2018). Likewise, B. vulgatus is highly
abundant in newborns’ gut and they are known as stable colonizers of the infant’s gut at least
up to 4 months of age (Ferretti et al., 2018; Ravi et al., 2018). Thereby, B. vulgatus is
suggested as an important early colonizer in infants’ gut microbiota development (Ravi et al.,
2018). Similarly, the newly created database, HumGut, indicates that the most prevalent
genomes in the human gut are that of Bacteroides and among them, B. vulgatus, lies at the top
(Hiseni et al., 2020). Among the Bacteroides species, B. vulgatus is dominating in the human

gut and vertically transmitted from mothers to their infants.

4.3 Methodological considerations

4.3.1 DNA extraction from samples with low DNA yield

Both meconium and newborn’s skin samples contain less bacterial DNA compared to the
mother’s stool. Some factors may influence the quality of DNA extracted from meconium and
skin. Meconium exists in various textures of which some variants could be difficult to
dissolve. We fail to extract a representative amount of DNA from poorly dissolved samples.
Likewise, meconium could contain PCR inhibitors such as urea, bile acids, and glycolipids
(Stinson et al., 2018). Besides, the analysis of samples with low DNA yield could detect more
false positives (Kuperman et al., 2020). Therefore, controls are important to reduce such risk
for false positives. In this study, the negative controls were evaluated after each step during

the sequencing library preparations.
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4.3.2 Assigning samples positive for the rpoB gene

Most meconium samples were not positive for the rpoB gene. However, based on the Cq
values we had to exclude some samples from the rpoB-gene study. The excluded samples
with Cq > 38.00 might also be rpoB-positive. Information regarding the number of meconium
samples that were originally positive is unknown. Likewise, rpoB-positive meconium samples
could have been excluded if they were not successfully DNA extracted and further identified
as rpoB-positive by gPCR. Factors as Cq values, DNA yield, and extraction may influence the

number of meconium samples assigned as positive for the rpoB gene.

4.3.3 Sequence analysis of the 16S rRNA gene

The sequencing depth was set before sequences were run through the Qiime pipeline to assign
taxonomy. The number of analyzed sequences from the samples is modified by the chosen
sequence depth. On the one hand, samples expected to contain low bacterial DNA yield, like
meconium, require fewer sequences to represent bacterial diversity. On the other hand,
samples with higher amounts of bacterial DNA, such as the mother’s stool, are dependent on
more sequences to represent the complete bacterial diversity. By setting a sequence depth
threshold, samples containing less than the threshold are excluded. In this study, by taking the
threshold value into consideration, the skin sample size was reduced. The chosen sequence

depth influences the diversity profiles retrieved from Qiime.

The 16S rRNA gene is commonly employed in taxonomic studies. 16S rRNA sequencing data
provides information about the bacterial diversity within and between samples. However,
species such as Bacteroides were not separated at the lower taxonomic level. Thereby, 16S
rRNA sequencing was not suited to detect bacterial overlap on species or strain level between
mother and children due to lower taxonomic resolution which fails to separate closely related
species (Ravi et al., 2018). The 16S rRNA sequencing approach is suitable for diversity
studies, however, its poor resolution should be considered when investigating bacteria at a

lower taxonomic level.
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4.3.4 Evaluation of MLST for screening of Bacteroides

The non-specific rpoB gene was chosen over recA for the screening of Bacteroides. The recA
gene was not used further because its amplicon length creates problems for the light cycler,
and it will not give credible Cq values and melt point graphs. However, rpoB is also present in
other species than Bacteroides. Although Kraken assigned rpoB to other species, the
information regarding the Bacteroides was obtained to make inferences for this study. Other
housekeeping genes of Bacteroides, like gyrB (approx. 1200 bp) and dnaJ (927 bp), have
shown to be more informative and have a higher discrimination power compared to both the
rpoB and 16S rRNA gene (Sakamoto & Ohkuma, 2011). However, longer read lengths
require other sequencing platforms such as third-generation sequencing technologies that can
handle longer reads (Heather & Chain, 2016). Even though the rpoB gene is not specific for
only Bacteroides, amplification of the rpoB gene is suitable for the approaches used in this
study.

4.3.5 Strengths and weaknesses of this study

There are several strengths in this study. One strength is the sample size which made it
possible to examine the Bacteroides association between 48 mother and children pairs. In
addition, the positive meconium samples were all delivered vaginally which strengthens the
theory about the vertical transfer of bacteria through the birth canal. Furthermore, the
Bacteroides species were studied at the sequence level which confirms the mother-child

association based on the presence of Bacteroides.

When it comes to the weaknesses, no conclusions could be drawn about the differences in the
bacterial composition in the gut between vaginally and C-section delivered infants. In
addition, the mothers’ vaginal microbiota was not investigated, which could have provided

information about vertical transferred bacteria.
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5.0 Conclusions and Future Perspectives

There were several mother-child associated Bacteroides species; these findings corroborate
with those of previous studies. Our results indicated the significant association of B. vulgatus
in mothers and their infants. Interestingly, the investigation of the ASV profiles suggested the
presence of one predominant sequence variant of B. vulgatus. Likewise, the sequence variant
of B. vulgatus discovered in the infant’s gut and on their skin was clearly linked to the
respective mother’s gut microbiota which indicates transmission during birth. In addition, the
infant’s gut seems favorable for the colonization of B. vulgatus. Future studies should
investigate if the predominant sequence variant of B. vulgatus stable colonizes the infant gut
over a longer time period. Similarly, further cultivation studies could examine the

transmission of living cells of the sequence variant of B. vulgatus.

More research could also be done by including samples from C-section delivered infants.
With sequence information of bacteria from both vaginally and C-section delivered infants,
the differences in how the mode of delivery modifies the bacterial composition in the infant
could be investigated. In addition, the functional genes of transferred bacteria could be
analyzed. Bacteroides species could be beneficial for the development of the gut microbiota
and immune system. The knowledge about functional genes could provide information about

the importance of Bacteroides in the infant’s gut.
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Appendix

Appendix A: lllumina index-primers

Table Al. The index-primers used for library preparation for sequencing rpoB.

Primer name

F1 rpoB
F2 rpoB
F3 rpoB
F4 rpoB
F5 rpoB
F6 rpoB
F7 rpoB
F8 rpoB
F9 rpoB
F10 rpoB
F11 rpoB
F12 rpoB
F13 rpoB
F14 rpoB
F15 rpoB
F16 rpoB
R1 rpoB
R2 rpoB
R3 rpoB

R4 rpoB

Primer sequence

aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctagtcaaCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctagttccCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctatgtcaCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctccgtccCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgtagagCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgtccgcCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgtgaaaCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgtggccCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgtttcgCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctcgtacgCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgagtggCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctggtagcCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctactgatCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctatgagcCACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctattcct CACTTGAGCAAYCGTCGTRT
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctcaaaagCACTTGAGCAAYCGTCGTRT
caagcagaagacggcatacgagatCGTGATgtgactggagttcaga
cgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG
caagcagaagacggcatacgagatACATCGgtgactggagttcag
acgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG
caagcagaagacggcatacgagatGCCTAAgtgactggagttcag
acgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG
caagcagaagacggcatacgagatT GGTCAgtgactggagttcaga
cotgtgctcttccgatct CCTTCAGGAGTYTCAATNGG

Targe
t gene
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB

rpoB

Reference

(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,,
2007)
(Koetal.,,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
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RS rpoB
R6 rpoB
R7 rpoB
R8 rpoB
R9 rpoB
R10 rpoB
R11 rpoB

R12 rpoB

caagcagaagacggcatacgagatCACTCTgtgactggagttcaga
cgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG
caagcagaagacggcatacgagatATTGGCgtgactggagttcaga
cgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG
caagcagaagacggcatacgagatGATCTGgtgactggagttcaga
cgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG
caagcagaagacggcatacgagatT CAAGTgtgactggagttcaga
cgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG
caagcagaagacggcatacgagatCTGAT Cgtgactggagttcaga
cgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG
caagcagaagacggcatacgagatAAGCTAgtgactggagttcag
acgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG
caagcagaagacggcatacgagatGTAGCCgtgactggagttcag
acgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG
caagcagaagacggcatacgagatT ACAAGgtgactggagttcag
acgtgtgctcttccgatct CCTTCAGGAGTYTCAATNGG

rpoB
rpoB
rpoB
rpoB
rpoB
rpoB
rpoB

rpoB

(Ko etal.,
2007)
(Ko etal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)
(Koetal.,
2007)

Table A2. Overview of the index-primers used for library preparation for sequencing 16S rRNA.

Primer

name

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

Primer sequence

aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctagtcaaCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctagttccCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctatgtcaCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctccgtccCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgtagagCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgtccgcCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgtgaaaCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgtggccCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgtttcgCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctcgtacgCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctgagtggCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctggtagcCCTACGGGRBGCASCAG

Target
gene

16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)

Reference

(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,,
2005)
(Yuetal.,,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal,
2005)
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F13

F14

F15

F16

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13

R14

R15

aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctactgatCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctatgagcCCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctattcct CCTACGGGRBGCASCAG
aatgatacggcgaccaccgagatctacactctttccctacacgacgctcttc
cgatctcaaaagCCTACGGGRBGCASCAG
caagcagaagacggcatacgagatCGTGATgtgactggagttcaga
cgtgtgctcttccgatctGGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatACATCGgtgactggagttcag
acgtgtgctcttccgatctGGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatGCCTAAgtgactggagttcag
acgtgtgctcttccgatctGGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatTGGTCAgtgactggagttcaga
cgtgtgctcttccgatctGGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatCACTCTgtgactggagttcaga
cgtgtgctcttccgatctGGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatATTGGCgtgactggagttcaga
cgtgtgctcttccgatctGGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatGATCTGgtgactggagttcaga
cgtgtgctcttccgatct GGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatT CAAGTgtgactggagttcaga
cgtgtgctcttccgatct GGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatCTGATCgtgactggagttcaga
cgtgtgctcttccgatct GGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatAAGCT Agtgactggagttcag
acgtgtgctcttccgatct GGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatGTAGCCgtgactggagttcag
acgtgtgctcttccgatct GGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatT ACAAGgtgactggagttcag
acgtgtgctcttccgatct GGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatT TGACTgtgactggagttcaga
cotgtgctcttccgatct GGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatGGAACTgtgactggagttcag
acgtgtgctcttccgatct GGACTACYVGGGTATCTAAT
caagcagaagacggcatacgagatT GACATgtgactggagttcaga
cotgtgctcttccgatct GGACTACYVGGGTATCTAAT

16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)
16S rRNA
(V3-V4)

(Yuetal,
2005)
(Yuetal,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,
2005)
(Yuetal.,,
2005)
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Appendix B: Media and solutions for cultivation

The media used in this study are described below. After 4 days of incubation, 100 pl
enrichment culture was added with concentration 10°-107 to plates with BHIS (Bacic &
Smith, 2008) and ABB (Oxoid, Thermo Scientific). BHIS and ABB plates with enrichment
culture were incubated anaerobically at 37°C for 3 days. Plates with BFS were incubated
anaerobically at 37°C for 2 days with the lab strains B. vulgatus (no. 1447) and B.

thetaiotaomicron (no. 279) retrieved from DSMZ (Germany). In addition, E. faecalis and E.

coli that were isolated from the enrichment culture of meconium were also incubated to

culture them. Bacteroides are reported to form yellow colonies and blacken the medium (Ho

etal., 2017).

Supplemented Brain Heart Infusion Medium (BHIS)

For 1 L BHIS medium:

37.0 g Brain Heart Infusion broth powder (Sigma-Aldrich, USA)
1.0 g cysteine (Sigma-Aldrich)

10 mL hemin solution

1 mL resazurin solution

15 g agar (VWR, USA)

970 mL distilled water.

20 mL NaHCOs *

10 pg/ml tetracycline * (Sigma-Aldrich)

*Added after autoclaving
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B. fragilis selective medium (BFS)
BFS was prepared for 0.5 L:

22.25 g bile aesculin (Sigma-Aldrich)

2.5 g yeast extract (Merck, USA)

0.25 g cysteine hydrochloride (Sigma-Aldrich)
0.5 glucose

5 mL vitamin K solution

5 mL hemin solution

2 mg gentamicin * (Sigma-Aldrich)

7.5 mg kanamycin * (Sigma-Aldrich)

* Added after autoclaving.

Plates were incubated with gentamicin or gentamicin and kanamycin.

Table B1. Solutions used in the cultivation studies. Hemin and vitamin K; solution were sterilized

with a 0.2 uM filter and stored in the dark at 4°C. Resazurin was stored under the same conditions.

Solution Content
Hemin 50 mg hemin dissolved in 1 ml 1 M NaOH

and diluted with distilled water in a final volume of 10 mL.
Vitamin K 0.1 ml soluble K1

20 ml 95% ethanol

Resazurin (0.1%) 0.1 g resazurin
10 mL distilled water.
NaHCO3 (10%0) 10 g solid NaHCOs3
100 mL distilled water

Sterilized by autoclaving.
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Appendix C: Quantification data and melt curve graphs for recA and rpoB

a) Amplification graph for rec4 mother b) Melt point graph for rec4 mother
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Figure Cla-f. The amplification plots and melt curve graphs for the rpoB and recA genes. The genes

were amplified from DNA from either mother’s stool or meconium. The amplification plots (a, ¢ and

e) are presented with RFU (relative fluorescence units) on the y-axis and the number of cycles on the

x-axis. The Cq values presented are the number of cycles needed to reach the threshold line. The

threshold line is set above the background fluorescence signals. The melt point graphs (b, d, and f) are

explained by the first derivate of the RFU values on the y-axis and temperatures on the x-axis. Melt

points over the threshold line are presented.
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Appendix D: Presence of Bacteroides in the different sample categories

Table D1. Observed Bacteroides species in mother’s stool, meconium, and newborn’s skin. For each

species, the percentage is based on the presence of ASV in the sample categories. The percentage
presence of ASV within each sample category is shown on the right side of the observed species

amount, the numbers are based on the average amount of ASV within the sample category. The %

ASV quantity for each Bacteroides species is visualized in Figure 3.3.

Specie

W W 0 W I T W T W W W W @

. vulgatus

. uniformis

. caccae

. thetaiotaomicron
. dorei

. intestinalis

. fragilis

. salanitronis

. caecimuris

. ovatus

. cellulosilyticus
. helcogenes

. heparinolyticus

Mother’s stool Meconium Newborn’s skin
(n=48) (n=51) (n=51)
% % ASV % % % %
presence  quantity of | presence  quantity | presence  quantity
in samples total in samples ASV of | insamples ASV of
total total
100 33.63 96.08 52.31 88.24 50.69
97.92 5.30 45.10 0.35 31.37 5.30
95.83 8.65 74.51 7.58 50.98 7.24
95.83 12.67 56.86 7.02 52.94 12.90
93.75 12.36 88.24 24.48 58.82 10.66
87.50 4.38 35.29 0.55 11.76 2.95
85.42 1.12 29.41 3.20 5.88 0.14
85.42 9.50 39.22 1.60 29.41 211
81.25 4.99 33.33 1.29 23.53 4.36
70.83 3.70 27.45 0.62 13.73 1.69
60.42 0.62 13.73 0.02 7.84 0.10
50.00 2.33 19.61 0.99 3.92 1.84
14.58 0.75 0.00 0.00 5.88 0.00
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Appendix E: P-values that indicate the association of Bacteroides species in

mothers and children

Table E1. Results of Chi-square tests with Yates correction or Spearman’s rank correlation corrected

by Benjamini-Hochberg.

Species

B. caccae

B. caecimuris

B. cellulosilyticus
B. dorei

B. fragilis

B. helcogenes

B.
heparinolyticus °

B. intestinalis

B. ovatus

B. salanitronis
B.
thetaiotaomicron

B. uniformis

B. vulgatus

Mother-
meconium

1.00

0.92

1.00

0.82

1.00

1.00

9.23E-07*

1.00

0.46

1.00

0.55

1.00

2.14E-10*

Chi-square
Mother-
skin

0.99
1.00
0.25
0.70
1.00
1.00

1.00

0.86
0.72
1.00
1.00
0.99

2.04E-07*

m-skin

0.50

1.00

1.00

0.91

0.57

0.99

1.35E-
09*

1.00

0.58

0.36

1.00

0.47

1.00

m

Spearman Correlation
Meconiu  Mother-
meconiu

0.93

0.96

0.91

0.33

0.86

0.97

NA

0.95

0.55

0.96

0.21

0.43

0.91

*Significant p-value (<0.05) by Chi-square test or Spearman’s correlation

®Indicates correlation between tested groups.

Mother
-skin

0.87

0.72

0.43

0.40

0.76

0.97

0.56

0.68

0.36

0.96

0.98

0.98

0.92

Meconium-
skin

0.97

0.91

0.78

0.23

0.54

0.77

NA

0.98

0.68

0.94

0.82

0.75

0.053%

bSpecie was not observed in meconium (only in mother’s stool- and newborn’s skin samples)
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Appendix F: B. vulgatus amplicon sequence variants

M Mother MM Meconium [ Skin

Sequence abundance (log transformation)
w

B. vulgatus

Figure F1. Sequence variants quantity of B. vulgatus in the different sample categories. Values
presented on the Y-axis are log-transformed (log10) fragment content for all sequence variants of B.
vulgatus in mother’s stool, meconium, and skin samples. The colors indicate the sample category. The
boxplot shows the median, the interquartile range, minimum and maximum values of the data. The
marked maximum value from the mother’s data and the two outliers from the infant’s data present the

predominant sequence variant of B. vulgatus (SV1).
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Appendix G: Collection time of meconium and abundance of Bacteroides

Table G1. Observed percentage of Bacteroides at different meconium collection time points. Values
are calculated based on the total average of Bacteroides species within one time point.

Specie %Within 9%24-48  %Over
24 hours hours 48 hours

B. vulgatus 38.07 50.75 71.30
B. dorei 35.61 23.47 14.89
B. caccae 8.90 8.63 3.71

B. fragilis * 8.29 0.64 0.11

B. thetaiotaomicron 7.43 9.05 0.06

B. ovatus 1.41 0.38 0.02

B. intestinalis 0.16 0.18 4.26

B. cellulosilyticus 0.04 0.01 0.07

B. uniformis * 0.04 0.44 0.86

B. salanitronis 0.02 3.01 0.01

B. caecimuris 0.02 2.01 2.37

B. helcogenes 0.01 1.44 2.34

* indicates a significant increase or decrease in abundance with a significant p-value<0.05 which is
further described in table G2.

Table G2: P-values that indicate the differences in the Bacteroides composition at two collection time

points. The p-values are results from two-tailed t-tests.

Groups (in hours)

Bacteroides species Within 24 and 24- 24-48 and Within 24
48 over 48 and over 48

B. caccae 0.9478 0.6603 0.7631

B. caecimuris 0.2954 0.4471 0.4588

B. cellulosilyticus 0.3594 0.4532 0.8640

B. dorei 0.5643 0.4949 0.3147

B. fragilis 0.3217 0.0475* 0.2844

B. helcogenes 0.3387 0.9544 0.2545

B. heparinolyticus 2 - - -

B. intestinalis 0.2825 0.0826 0.0541

B. ovatus 0.8652 0.6727 0.7472

B. salanitronis 0.0588 0.0577 0.2600

B. thetaiotaomicron 0.6896 0.2931 0.6758

B. uniformis 0.0153* 0.8924 0.2354

B. vulgatus 0.8706 0.1952 0.2225

*Significant employing a two sample t-test (p<0.05)

aSpecies was not observed in meconium (only in mother’s stool and newborn’s skin samples)
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Table G3. P-values that indicate the differences between B. vulgatus and other Bacteroides species at

the different sample time points. The results are from a paired t-test.

Bacteroides species

0 W W W T 0 I W W W

B

*Significant employing a paired t-test (p<0.05)

. caccae

. caecimuris

. cellulosilyticus

. dorei
. fragilis

. helcogenes

. heparinolyticus @

. intestinalis
. ovatus

. salanitronis

. thetaiotaomicron

. uniformis

**p<0.01
**%1<0.001

****p<0.0001
#Species was not observed in meconium (only in mother’s stool and newborn’s skin samples)

0.0030**
0.0010**
0.0009**
0.1964
0.0061**
0.00091**

0.00089**
0.0009**
0.0009**
0.00279**
0.0009**

B. vulgatus
Within 24 hours

24-48 hours
0.00004****
0.00006%****
0.000004****
0.0113*
0.000005%****
0.000006%****
0.000005%****
0.000005%****
0.000010****
0.00006%****
0.000006****

Over 48 hours

0.00009****
0.00009****
0.00009****
0.0003***

0.00009****
0.00009****
0.00009****
0.00009****
0.00009****
0.00007****
0.00009****
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Appendix H: Selective media for isolating Bacteroides

Table H1. Bacteria growth on selective media. The lab strains B. vulgatus and B. thetaiotaomicron
were used as controls in the plate incubation studies. The media were supplemented with different
antibiotics. The plus (+) sign shows that the bacterial were able to grow and the minus (-) points to the
absence of bacterial growth.

Incubated bacteria BHIS with BFS with BFS with
tetracycline gentamicin gentamicin and
kanamycin
B. vulgatus - + +

B. thetaiotaomicron - - .
E. faecalis + + .

E. coli - + +
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