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The gastrointestinal tract, predominantly the gut, plays home to an ecosystem of diverse microorganisms
known as the microbiome.' These microbes often have a symbiotic relationship with their host, where
in return for their residence in our gut, they can contribute towards our overall health.2 The composition
of the microbiome and balance of ‘good’ and ‘bad’ bacteria can be influenced by many factors, including
medications, environment, birth method and most vitally, diet.” 2 Certain foods can be detrimental to
the microbiome, such as processed foods,* * whereas some foods can be beneficial.

Prebiotics are substrates that are selectively utilised by host microorganisms conferring a health
benefit.> In terms of the gut, prebiotics are usually carbohydrates that are fermented by gut bacteria to
provide themselves with a food source, producing byproducts such as short chain fatty acids (SCFA)
in the process, which are beneficial for human health.¢ Probiotics are live microorganisms which when
administered in adequate amounts confer a health benefit on the host.” Foods or supplements containing
probiotics or prebiotics can improve the diversity and abundance of beneficial intestinal bacteria.? °
However, if the composition of the gut bacteria is negatively altered, known as dysbiosis, it can contribute
towards poorer health outcomes.?

Childhood development

The gut microbiome can be a critical influence on
childhood development, spanning the development of the
brain, lungs and the immune and nervous systems via
the gut-brain and gut-lung axes.'® " Dysbiosis can cause
different metabolites to be produced by the microbiome,
which affects the function and integrity of the blood-brain
barrier, central nervous system (CNS) inflammation and
CNS communication.™ Reduced cognitive performance in
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expressive and receptive language domains have been
observed due to dysbiosis.™

Evidence suggests the microbiome, particularly in
the first two years of life, can affect length and weight
gain,® with dysbiosis noted in many children with faltering
growth.™ The mechanisms behind this include the microbiota
regulating growth hormone signalling and energy yield from
nutrients. 013 Probiotic supplements can improve the absorption
of calcium, zinc and B12, which may improve growth.'2



Infections

In addition to the development of the immune system, the
microbiome can help prevent infections. Beneficial gut bacteria
compete against pathogenic bacteria for space in the gut and
nutrients; therefore, if more beneficial bacteria are present,
there is less space for pathogenic bacteria, reducing the
likelihood of pathogen colonisation.2 '* Microbiota also produce
antimicrobial substances.?

The consumption of prebiotics helps improve the integrity
of the gut barrier by producing SCFA, which reduce bacterial
translocation and the intestinal pH, making it less desirable
for pathogenic growth.1o 15 16 SCFA reduce inflammation in
the gut and regulate the production of cytokines, T-helper cells,
and antibodies. ™ 17

Bifidobacterium, in particular, is important in developing
the immune system, 0 8 with low abundance of Bifidobacterium
associated with respiratory infections at one year old.”®
Interestingly, the gut microbiome strongly correlates with the
lung microbiome via the lung-gut axis, with the composition
of the gut bacteria influencing the composition in the lungs.?

Necrotising enterocolitis (NEC)

NEC is a serious illness caused by inflammation of the
intestines, leading to infection and necrosis of the tissue.'
It occurs predominantly in neonates.’ Low microbial diversity
and dysbiosis are significantly associated with an increased
risk of developing NEC and increased rates of complications
due to NEC, including sepsis.’? Administration of probiotic
supplements can reduce the risk of NEC and death caused
by NEC.™ 20 There is no consensus on what particular
strains of probiotics can achieve these outcomes, yet the
European Society of Paediatric Gastroenterology, Hepatology
and Nutrition (ESPGHAN) have weak recommendations based
on low grade evidence for the use of Lactobacillus rhamnous
GG or combination of Bifidobacterium infantis and Streptococcus
thermophilus.?! However, concerns remain surrounding the safety
of probiotics, especially in preterm babies who have immature
immune systems. 1220

Allergy & atopic conditions

The cause of atopic conditions is complex and multifactorial,
and can be influenced by genetics, ethnicity and environment,
to name a few.22 Previously, it was thought atopic conditions
developed due to over-sterile environments limiting the full
development of the immune system,? whereas the updated
‘microflora hypothesis’ suggests the exposure to microbes is
limited by overly hygienic environments, altering the composition
of the infant gut microbiome and, therefore, the development
of the immune system, resulting in atopy.’® Dysbiosis has been
observed in atopic conditions, including asthma, atopic dermatitis
and food allergies.® 2 Multiple studies have shown low levels of
the beneficial bacteria strains Bifidobacterium, Faecalibacterium,
Roseburia, and Ruminococcus in infancy is correlated with
development of asthma by 6 years old.'® Additionally, infants
colonised with pathogenic bacteria Clostridium difficile were
at a higher risk of developing eczema, allergies and recurrent
wheeze.™

In the hypoallergenic formula industry there is increasing
interest in the effect of probiotic, prebiotic and symbiotic
supplementation.24 25 Part of this is due to breastmilk proving to
be a protective factor in developing food allergy, with prebiotic
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human milk oligosaccharides (HMO) thought to be one of
the main mechanisms behind this.6 2224 HMO are utilised by
beneficial Bifidobacterium, producing SCFA.?* In one study,
children who had higher stool SCFA levels at 1 year old
had reduced sensitisation to food allergens at 3 to 6 years
old, compared to children with lower stool SCFA levels.2?
Supplementation of hypoallergenic formula with HMO has
been shown to increase faecal SCFA and the abundance
of Bifidobacterium, whilst also decreasing the abundance
of pathogenic strains, such as Klebsiella pneumoniae.?®
Conversely, extensively hydrolysed formula supplemented
with Lactobacillus rhamnosus GG showed improved rates
of milk allergy resolution 6 months after initiation, compared
to infants receiving the formula without probiotics.??

Gastrointestinal conditions

Given where the gut microbiome is located, it is logical that
its presence may affect gastrointestinal function. Bidirectional
communication via the gut-brain axis results in brain signals
affecting the sensory, motor and secretory functions of the
gastrointestinal tract and, in return, the gastrointestinal tract
signals influencing brain function.™

Despite multiple studies identifying different microbiome
compositions between children with constipation compared
to healthy children, there is no consensus on what bacterial
strains are more or less prevalent in those with constipation.?”
A systematic review was unable to conclude if probiotic
supplements improved the frequency of defaecation,?® although
probiotics are shown to help regulate intestinal transit.”
The ESPGHAN position statement does not recommend the
use of probiotics to improve functional constipation due to
the lack of efficacy.?’ However, ESPGHAN do provide weak
recommendations for the use of L reuteri DSM 17938 for
children with functional abdominal pain disorders to reduce
pain intensity or L rhamnosus GG for reducing pain intensity
and frequency in children with irritable bowel syndrome.?!

Studies show individuals with inflammatory bowel disease
(IBD), including Crohn’s and ulcerative colitis, have reduced
microbial diversity compared to healthy individuals, with the
difference even more significant when the gastrointestinal
tissue is inflamed.'" The functional capacity of the microbiome is
reduced in those with IBD, resulting in decreased production of
SCFA and metabolism of carbohydrates.!" Despite the observed
dysbiosis in IBD, there is no evidence that probiotics can induce
or maintain remission of Crohn’s.?°

Chronic kidney disease (CKD)

Children with CKD experience rising serum urea levels as their
kidney function declines, due to an increasing inability to
excrete urea.?® Urea promotes the overgrowth of proteolytic
bacteria in the gut, which ferment amino acids to create uremic
toxins.2 27 Uremic toxins cause a detrimental effect on the gut
microbiome, by increasing the pH of the colon and disrupting
the protective intestinal barrier,?”- 30 in turn promoting bacterial
translocation.’® These factors contribute towards systemic
inflammation, which can worsen kidney and cardiovascular
function,?” with dysbiosis being observed in as early as CKD
Stage 2.3' Interestingly, in a study by Hsu, children with CKD
who had abnormal blood pressures had a distinctly different
microbiome, with lower abundance of certain bacterial strains,
compared to children with CKD who had normal blood pressures.3!
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Higher levels of uremic toxins are inversely associated with
kidney function, with uremic toxins shown to contribute to
CKD progression.?” 2 Uremic toxins are also hypothesised
to decrease T and B cell memory, resulting in reduced immune
function.?

Constipation is more prevalent in those with poorer
kidney function. It is theorised that constipation may exacerbate
the decline in kidney function due to gut dysbiosis associated
with constipation, leading to a vicious cycle of worsening
constipation affecting CKD progression and vice versa.?”
The recommended treatment for constipation for the general
population is to increase dietary fibre and fluid intake.s2
Fibre intakes can often be low in CKD patients due to dietary
potassium restrictions, where some fruits and vegetables
are advised to be avoided due to their potassium content.?”
One study has found an inverse relationship between
increased dietary fibre consumption and serum levels of
uremic toxins, highlighting the importance of dietary fibre
intake in this population.

Childhood cancers & stem cell transplant

Children undergoing treatment for cancer or stem cell
transplant (SCT) are exposed to many factors that can
negatively affect the microbiome, including chemotherapy,
antibiotics and infections,® with the effects of dysbiosis
lasting for years after treatment and potentially playing a
role in long-term health.® Reduced intestinal microbial diversity
is also associated with increased gastrointestinal toxicity of
chemotherapy and radiotherapy, increased risk of graft versus
host disease (GvHD), serious bacterial infection and mortality.33 34

Additionally, children undergoing SCT or chemotherapy
are often advised to follow a neutropenic diet.?> Although the
exact dietary restrictions involved in a neutropenic diet varies
nationally,® foods including unpeeled fruits and vegetables
are often excluded, which are good sources of prebiotics.®
Probiotics are currently not advised by 75% of paediatric
oncology and SCT centres in the UK.3® Preliminary evidence

suggests it is feasible to administer probiotics to children
and adolescents undergoing stem cell transplant.?” Yet, the
safety and efficacy of administering probiotics is yet to
be established® and, currently, there is limited evidence
that probiotics influence the microbiome during SCT and
chemotherapy.3. 39

Neurodivergent conditions

Dysbiosis is frequently observed in children with autism
spectrum disorder (ASD), due to overgrowth of pathogenic
bacteria and reduced microbial diversity.’? Dietary fibre
intakes are lower in children with ASD,* which could
be contributing towards dysbiosis.#' Research has shown
neurotransmitters, including serotonin and dopamine,
can be produced and regulated by the microbiome.©
These neurotransmitters play a part in sensory processing
pathways, mood and behaviour.®® Preliminary evidence
shows probiotic and prebiotic supplementation can reduce
ASD severity and ASD-associated behaviour, such as non-
social behaviour.#2 Interestingly, one study found infants
who were supplemented with probiotics showed a decreased
likelihood of developing attention deficit hyperactivity disorder
(ADHD) or ASD.* However, more studies are needed to
establish if the development and severity of neurodivergent
conditions is caused by gut dysbiosis.*

Similar to ASD, the microbiome may be atypical in
children with ADHD with differences in bacterial diversity
even observed between those taking stimulant medication
for ADHD and those with ADHD who were not medicated.*> 46
Unfortunately, there is limited evidence that probiotic
supplementation improves ADHD symptoms.*”

Conclusion

The microbiome is shown to affect a wide range of clinical
conditions across childhood. However, the evidence for correcting
dysbiosis to improve clinical outcomes by supplementing with
prebiotics and probiotics is still limited.
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