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Abstract

This chapter provides information regarding the chronic inflammatory skin dis-
order atopic dermatitis (AD), highlighting the prevalence of the disease, different
diagnostic criteria, diagnosis procedures and clinical features of AD. The patho-
genesis of AD is multifactorial resulting from complex interplay among immune
dysregulation, epidermal barrier disruption, environment, and genetic predispo-
sition, nutritional, psychological and pharmacological factors. Immune
dysregulation and epidermal barrier dysfunction are the major pathophysiological
defects along with genetic variation in Filaggrin (FLG), the most recurring
finding contributing towards AD development. The major risk factors of AD
are positive family history, environmental and lifestyle factors, use of broad-
spectrum antibiotics in pregnancy and infants especially S. aureus colonisation
and superinfections. Sleep disturbance, ADHD, psychiatric disorders, asthma and
allergic rhinitis are the co-morbidities associated with chronic skin disease.
Though there is no cure for AD, management basically aims at improving
symptoms by using therapeutic agents like emollients, calcineurin inhibitors,
topical corticosteroids, systemic immunosuppressants and phototherapy
depending upon the severity of the symptoms. Gut microbiome impacts AD
through immunologic pathway, metabolite pathway and neuroendocrine path-
way. Probiotics helps in improving the intestinal barrier by modulating the
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immune status and intestinal microbiome by performing immunomodulatory
effect, metabolic effect and standardisation of microbial composition by protec-
tion of the mucosal surface against pathogens. This chapter also explores infor-
mation regarding various studies linking gut and skin microbiome with AD and
also summarises the clinical trials using probiotics as interventions in improving
the disease condition.
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15.1 Introduction

Atopic dermatitis is a chronic inflammatory skin disorder characterised by its clinical
hallmarks —xerosis (dry skin), intensive itching and recurring eczematous lesions.
This disease is also referred as atopic eczema (Wallach and Taieb 2014; Weidinger
and Novak 2016). Plateauing at 10-20% in the developed countries, this inflamma-
tory disorder still has a growing prevalence in the developing countries (Deckers
et al. 2012; Williams et al. 2008). The disease starts affecting the individuals from
infancy, manifesting from the first year of life (i.e. early onset) with the earliest
clinical signs like dry skin and rough texture but the occurrence of eczematous
lesions takes place in the second month or later (Garmhausen et al. 2013; Illi et al.
2004). Atopic dermatitis is equally prevalent in the adults and as the findings
suggests a higher prevalent adult onset can start at any age than assumed previously
(Weidinger and Novak 2016). Even after long symptom-free periods and
outgrowing of disease, the patients tend to suffer from sensitive hyper-reactive
skin (Garmhausen et al. 2013). The prevalence of AD in children is age related;
being around 60% during the first year after birth and 90% by 5 years of age. The
paediatric AD is in rising trend (approximately 30%) in the developing countries and
the causes of such trend is still unknown. It may be due to genetic and environmental
factors which tend to play a contributing role according to several systematic large-
scale studies (Waldman et al. 2018). Various sets of diagnostic criteria like the
Hanifin and Rajka criteria (Fig. 15.1) and The UK Working Party criteria (a scientific
refinement of the Hanifin and Rajka criteria) are used for clinical and epidemiologi-
cal studies in children (Brenninkmeijer et al. 2008).

Morphological variations lead to occurrence of clinical features. Dark skinned
people tend to suffer from follicular type features mainly characterised by follicular
papules that are densely aggregated (Brenninkmeijer et al. 2008; Weidinger and
Novak 2016). The lesions are characterised morphologically by erythema,
lichenisation, crusting, excoriation and exudation. The AD skin has poor threshold
for pruritus and irritation causing an “itch-scratch” cycle leading to secondary
infection, poor sleep quality, etc. Environmental irritants, coarse clothing and
allergens could lead to exacerbation of pruritus (Waldman et al. 2018). The disease
severity depends upon the factors like flare frequency, disease persistence, quality of
life and co-morbidities. Several methods are available to delineate the severity of
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COMMON FEATURES

Generalised diagnosis features of AD
include skin dryness, atopy, stigmata
(palms and soles hyperlinearity,
Herthoge’s sign, Dennis-morgan lines)
and early onset AD which are
ESSENTIAL FEATURES associated either Immunoglobin E
Based on pruritus and reactivity or personal or family history .
eczematous lesions which can ASSOCIATED FEATURE
be acute, sub chronic and Includes stigmata (palms and
chronic in nature. These have a soles hyperlinearity,
typical morphology and age — Herthoge's sign, Dennis-

specific patterns and have a morgan lines)
chronic or relapsing history.

Fig. 15.1 Hanifin and Rajka criteria; one of the prominent diagnostic criteria of atopic dermatitis.
This criterion categorises features into: Essential, common and associated features. The figure
describes all the varied symptoms that are covered under the different features

AD. Eczema Area Severity Index, Scoring of Atopic Dermatitis Index, Investigator
Global Assessment are the preferred scoring systems to measure the signs but are
generally not used in the clinical practice (Waldman et al. 2018; Weidinger and
Novak 2016). The currently used disease severity scores in clinical trials include:
Severity Scoring of Atopic dermatitis (SCORAD), Eczema Area and Severity Index
(EASI) (based upon the template of the Psoriasis Area Severity Index (PASI) used
for disease severity score for psoriasis) and Harmonising Outcome Measures for
Eczema (HOME) (Laird and Lo Sicco 2017). Table 15.1 enlists the common,
uncommon and rare occurring clinical disorders that must be first excluded when
an individual complains about poor response to therapy, unusual infection or an
atypical rash while diagnosing a patient of AD (Weidinger and Novak 2016).
Atopic dermatitis has multifactorial pathogenesis resulting from complex
coactions among immune dysregulation, epidermal barrier disruption, environment
and genetic predisposition, nutritional, psychological and pharmacological factors
(Waldman et al. 2018 7 7). Though, the principal factors and the chief events
contributing to the disease still remain the topics of debate. Immune abnormalities
and epidermal barrier dysfunction are the two major and converging pathophysio-
logical abnormalities (Elias and Steinhoff 2008). The most steadily replicating
findings show involvement of genetic variations in Filaggrin (FLG) in the aetiology
of AD. FLG gene copy number variation influences the FLG protein expression that
in turn influences AD development. This gene influences factors like skin hydration
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Table 15.1 Differential

¢ ; : Differential diagnosis Frequency
diagnosis of atopic

Other types of dermatitis

dermatitis
Seborrhoeic dermatitis Common
Nummular dermatitis Common
Irritant contact dermatitis Common
Allergic contact dermatitis Common
Lichen simplex chronicus Uncommon
Asteatotic eczema Common

Infectious skin disease

Dermatophyte infection Common
Impetigo Common
Scabies Common®

Congenital immunodeficiencies

Hyper-IgE syndrome Rare
Wiskott—Aldrich syndrome Very rare
Omenn syndrome Very rare
Keratinisation disorders

Ichthyosis vulgaris Uncommon
Netherton syndrome Very rare

Neoplastic disease

Cutaneous T-cell lymphoma Uncommon
Nutritional deficiency

Zinc deficiency Uncommon
Common = roughly 1 in 10 to 1 in 100; Uncommon = roughly 1 in
100 to 1 in 1000; Rare = roughly 1 in 1000 to 1 in 10,000; Very
rare = less than 1 in 10,000

“Mainly in developing countries

promotion, barrier function and immune modulation of the superficial epidermis.
Immune abnormalities arise majorly due to mechanical injury, microbes and allergy
that activate the skin’s innate immune system inciting inflammation because of the
increased expression of certain cytokines principally IL-25, IL-33 and thymic
stromal lipoprotein. Further activation of T-helper (Th-2) cells and increased number
of the above-mentioned cytokine release result in suppression of epidermal barrier
and antimicrobial peptides (IL-4, IL-5, IL-6) and promotion of eosinophilia, IgE
production and cytokine associated inflammation. IL-31 production along with the
release of other mediators like neuropeptidases, histamine, tryptase is also promoted
by Th-2 release leading to pruritus, one of the most prominent symptoms of AD. In
chronic AD, there is also a significant increase of Th-1 and Th-22 cytokines.
Structural proteins and lipids that are essential for water retention and barrier
protection also show a marked decline impairing the barrier function of the skin
significantly (Waldman et al. 2018).

Positive family history of AD forms the major risk factor of the disease
(Apfelbacher et al. 2011). This inherited susceptibility is triggered by environmental
and lifestyle factors leading to disease manifestation. Some of these environmental
risk factors are small family size, western diet enriched with sugar and PUFA, urban
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lifestyle, low exposure to ultraviolet radiation and low humidity (Flohr and Mann
2014). Exposure to broad-spectrum antibiotics in pregnant women and infants is also
one of the other risk factors of AD (Flohr and Yeo 2011). Patients with AD tend to
suffer from various infectious complications due to defect in epidermal barrier and
insufficient antimicrobial peptide upregulation. Staphylococcus aureus colonisation
is observed in up to 90% affected skin patients of AD leading to exacerbation and
chronification of disease by producing proteases, releasing enterotoxins and
stimulating innate signalling pathways. In number of AD superinfections, Group
A Streptococcus plays a significant role by increasing the frequency of fever, facial
involvement and hospitalisation in children. The combination of factors like aberrant
innate and adaptive immune responses as well as epidermal deficiency leads to
Herpes simplex virus infection and Eczema herpeticum infection; it is marked by
the presence of umbilicated vesicopustules. Children also tend to suffer from
ailments like Molluscum contagiosum and eczema coxsackium (caused by
coxsackium virus (CVAG6))(Waldman et al. 2018).

Co-morbidities associated with AD include sleep disruption, ADHD (attention-
deficit/hyperactivity disorder), psychiatric disorders (depression, anxiety and con-
duct disorders), asthma and allergic rhinitis. Some preliminary studies suggest an
increased risk of rheumatoid arthritis, alopecia areata, vitiligo and inflammatory
bowel disorder in AD patients (Mohan and Silverberg 2015; Schmitt et al. 2016).
On the other hand, decreased risk of type 1 diabetes and cancers (glioma, meningi-
oma and acute lymphoblastic leukaemia) is observed in patients suffering from
AD. The disease has some severe effects on patients as well as the society (Deckert
et al. 2014; Schmitt et al. 2016). Sleep deprivation, social embarrassment and itch
tend to have a major effect on the psychosocial well-being of patients and their
relatives (Beattie and Lewis-Jones 2006). Atopic dermatitis has been ranked first
amidst common skin diseases with respect to disability-adjusted life years and years
lived with a disease in the WHO 2010 Global Burden of Disease survey (Murray
et al. 2014; Vos et al. 2012).

As there is no significant cure for AD at present, management of AD aims at
improving symptoms and achieving long-term disease control following a multistep
approach. The AD management has been outlined in national and international
guidelines. Continuous epidermal barrier repair has always been a priority by use
of emollients avoiding individual trigger factors. Calcineurin inhibitors and topical
corticosteroids are selected classes of drugs for anti-inflammatory therapy. Severely
affected cases are managed by systemic immunosuppressants and phototherapy
(Weidinger and Novak 2016).

15.2 Relationship between Gut Microbiota and Atopic
Dermatitis

Development of AD might witness a crucial role of gut microbiota by regulating the
maturation of the immune system due to the crosstalk that occurs between the host
and microbiome at the early life (Arpaia et al. 2013; Olszak et al. 2012). “Hygiene
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hypothesis” was formulated on the fact that there is an inverse relationship between
the early exposure to microbial agents and AD (Derrien and Veiga 2017). Immune
system alterations might take place once there is any disruption in the gut
microbiome due to the production of metabolites like free phenol and paracresol in
vast amounts by the gut flora (Dawson et al. 2011; Zeng et al. 2017). The metabolites
tend to affect the distant sites of the organism by entering the circulation and
travelling throughout the body. The disrupted epithelial barrier leads to increased
intestinal permeability and increasing the levels of metabolite a condition known as
“Leaky gut syndrome”(Maguire and Maguire 2017). Figure 15.2 highlights this
leaky gut syndrome showcasing disruption of mucosal barrier. According to studies,
paracresol and free phenol reduce the expression of keratin 10 in keratinocytes
resulting in the disruption of the epidermal barrier integrity.

The mode of delivery greatly influences the microbiota of the skin and gut in the
new-borns marking the exposure of microbes during the birth (Dominguez-Bello
et al. 2010). A greater association has been found between the caesarean section
delivery and an increased risk of immune disorders like asthma, allergy and inflam-
matory bowel disorders (Sevelsted et al. 2015). Infants acquire microbial species
typically from the mother’s skin surface in which Staphylococcus, Corynebacterium
and Propionibacterium sp. dominantly found on the mother’s skin. On the other
hand, vaginally delivered infants harbour bacterial communities of general Lactoba-
cillus and Prevotella resembling their mother’s vaginal microbiota, lactobacilli of
such origin acts as a protective barrier of the immature immune system of the infants
against pathogens that have a major relevance in skin disorders like Staphylococcus
aureus (Dominguez-Bello et al. 2010). In early life, stress, diet and pollution are
amongst the various environmental factors affecting the composition and profiling of
the microbes; such diverse factors drive the contribution of the gut microbiota in the
development of AD (Gensollen and Blumberg 2017). Damage of intestinal barrier is
noted in individuals consuming dietary gluten; even they do not suffer from celiac
disease leading to a leaky gut (Uhde et al. 2016). Severe cutaneous manifestations
mimicking AD has been further associated with both celiac and non-celiac gluten
sensitivity (Bhatia et al. 2014; Bonciolini et al. 2015). Severity of AD can also be
correlated to the low Vitamin D levels, as the systemic Vitamin D metabolism is
regulated by the gut microbiota and acts as a significant signalling mechanism
between the host and microbiota (Bora et al. 2018; Ly et al. 2011). The proportion
of Bifidobacteria, Bacteroides and Bacteroidetes decreases significantly in the
patients of AD as compared to control; on the other hand, Clostridium difficile,
Clostridia, Escherichia coli and Staphylococcus aureus tend to show a higher
number in the gut microbiome. Table 15.2 shows such alterations in microbial
diversity in non- affected AD skin v/s lesional AD skin (Abrahamsson et al. 2012;
Adams et al. 2006; Kirjavainen et al. 2002; Lee et al. 2016; Nylund et al. 2015).
Short-chain fatty acids (SCFA) such as butyrate, acetate, lactate and propionate tend
to exert anti-inflammatory effect as well as maintain the epithelial barrier integrity
(Smith et al. 2013). These SCFA are produced during the fibre fermentation by the
gut microbiota (Maslowski et al. 2009). Species associated with Firmicutes phylum
such as Roseburia intestinalis, Eubacterium hallii and Faecalibacterium prausnitzii
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Table 15.2 Alterations in microbial diversity in non-affected AD skin v/s lesional AD skin (Kim
and Kim 2019)
Non- Affected AD skin Lesional AD skin

Firmicutes (phylum) Streptococcus and Granulicatella had decreased relative abundance.
Streptococcus (genus) Staphylococcus had increased relative and absolute abundance.
Staphylococcus (genus)

Granulicatella (genus)

Bacteroides (phylum) Relative abundance decreased
Prevotella (genus)

Proteobacteria (phylum) Relative abundance decreased
Acinetobacter (genus)

Actinomyces (genus) Relative abundance decreased
Actinobacteria (phylum)

Corynebacterium

(genus)

Cutibacterium (genus)

Rothia (genus)

are involved in the production of butyrate (Louis and Flint 2017). Propionate is
produced by the species belonging to Bacteroidetes phylum like Bacteroides
uniformis, Prevotella copri and Verrucomicrobia phylum like Akkermansia
muciniphila in the patient of AD (Louis and Flint 2017; Miké et al. 2019), indicating
the gut microbiome playing role in the SCFA pathway was noted to have increased
significantly. Association of AD with intestinal Clostridia and Escherichia coli is
established due to eosinophilic inflammation leading to the development of AD (Lee
et al. 2016). Development of host immune system is also disrupted due to the
alterations of functional genes in the presence of specific gut microbiome like
Akkermansia muciniphila and Ruminococcus gnavus (Song et al. 2016).

Secondary bile acids like the litocholic acid and deoxycholic acid produced by
Firmicutes and Bacteroidetes phyla also reported to have impacts on the physiology
of the skin (Miké et al. 2018; Ridlon et al. 2006). Adaptive immune response is
greatly affected due to faulty activation of Th-1 cells reportedly caused by litocholic
acid (Pols et al. 2017). Reports show that Clostridium difficile infection that affects
the skin in the secondary bile acid dependent manner could confer resistance in the
presence of Clostridium scindens belonging to Firmicutes phyla (Buffie et al. 2015).
The combined effects of gut microbiome dynamics and varied environmental factors
should be studied further for more accurate evaluation of the impact of gut
microbiome in AD development.
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15.3 Mechanism Involved

Gut microbiome impacts AD through three major pathways, namely immunologic,
metabolite and neuroendocrine pathways (Fig. 15.3) (Kim and Kim 2019).

15.3.1 Immunologic Pathway

Barrier dysfunction and immune response are two major biological pathways
involved in the clinical manifestation of AD. Secretion of T-helper (Th) 2 cytokines
like IL-4, IL-5 and IL-13 due to TH1/TH2 imbalance leads to increased production
of immunoglobulin E (IgE) and increased binding of S. aureus to AD infected skin.
Being the most common pathogen affecting AD akin, S. aureus carries a combina-
tion of superantigens and adhesion genes that affects AD development in infancy
negatively by stimulating and promoting the immune system of infants. Although
S. aureus leads to increase in the severity of established AD, commensal mucosal
colonisation by S. aureus before the “atopic march” could provide a possibility of a
broad immune stimulation by this bacterium generating a protective effect (Huang
et al. 2017).

15.3.2 Metabolite Pathway

The relationship between dietary supplements, microbiome and immune system of
skin can be established by the SCFAs released by the gut microbiome, majorly by
Akkermansia muciniphila playing a significant role in various inflammatory diseases
like AD (Reichardt et al. 2014; Song et al. 2016; Thorburn et al. 2014). Various
studies supported that the anti-allergic and anti-inflammatory effects due to the oral
administration of the metabolites can modulate various skin diseases (Miyamoto
et al. 2015). Alleviation of AD and gut microbiome modulation in a mouse model
was observed after the administration of linoleic acid and 10-hydroxy-cis-12-
octadecenoic acid. While in another study, reduced scratching behaviour in AD
mice due to administration of probiotic Bifidobacterium animalis subsp. lactis
(LKM512) was observed, which was attributed to increased levels of the metabolite
kynurenic acid (Lee et al. 2018b; Matsumoto et al. 2014). These diverse studies
support that there is an existence of gut-skin axis communications mediated by
metabolites.

15.3.3 Neuroendocrine Pathway

Neuroendocrine molecules produced by the gut microbiome show effects on the
gut-skin axis. The degree of AD symptoms depends on the release of diverse
neuromodulators and neurotransmitters, now being associated to differences in
composition and proportion of gut microbiome. These neuromodulators and
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neurotransmitters affect the immune system dysregulation and skin barrier dysfunc-
tion, which are the two key pathophysiologies in AD development (Lee et al.
2018b). Direct and indirect pathways are undertaken by the gut microbiome in
order to modulate the gut-skin axis (Yokoyama et al. 2015). Tryptophan released
by the gut microbiome directly affects the gut-skin axis by producing an itching
sensation in the skin (Jin et al. 2014). Skin pigmentation can occur by serotonin
produced by Escherichia and Enterococcus species (Cryan and Dinan 2012; Lee
etal. 2011). Indirect pathways involve the release of cortisol under stress conditions
that could alter the gut microbiome composition leading to changes like alteration in
barrier function and gut epithelium permeability (Cryan and Dinan 2012). Cytokine
levels in the bloodstream can also be modulated indirectly by gut microbiome
affecting anxiety and stress, further affecting the levels of cortisol (Yokoyama
et al. 2015).

S. aureus colonisation takes place due to alterations in filaggrin and stratum
corneum lipid composition as well as serine protease, i.e. kallikreins. Proliferation
of S. aureus and formation of biofilms occur due to decrease in Coagulates-negative
Staphylococci (CoNS) and its associated antimicrobial peptides (AMP). AD patients
show an elevation in pH, eosinophils, serum IgE, activated cytokine (TARC/
CCL17), serum thymus and trans-epithelial water loss (TEWL) (Kim and Kim
2019). Probiotics help in improving the intestinal barrier by modulating the immune
status and intestinal microbiome that further helps in reducing the allergic phenom-
enon as well as AD severity (Alvarez-Olmos and Oberhelman 2001). There are
increasing number of studies being conducted in recent years to evaluate the effect of
probiotics administration in patients at different stages of their life, i.e. during
pregnancy and lactation, infancy, childhood and adulthood (Rusu et al. 2019).
Studies suggest that probiotics contributed significantly in combating the severe
symptoms of atopic dermatitis and providing efficient and beneficial treatment to the
patients suffering from AD.

Probiotics follows different mechanism of actions in order to provide relief to the
inflammatory skin disorder (Kim and Kim 2019) (Fig. 15.4).

15.3.4 Immunomodulatory Effect

Probiotics act by stabilising the Th1/Th2 ratio reducing the severity of AD. They
also inhibit the Th-2 mediated response, further leading to decreased or no release of
the cytokines (IL-4, IL-5, IL-6 and IL-13) (Enomoto et al. 2014; Feleszko et al.
2007; Jang et al. 2012; Nwanodi 2018). There is a significant reduction in the
proinflammatory cytokines, tumour necrosis factor-a (TNF-a), IL-4, IL-6, INF
gamma and high sensitivity C reactive protein (hsCRP) (Zheng et al. 2018) and a
remarkable increment in the expression of Treg-related cytokines and IL-10 at the
mesenteric lymph nodes leading to reduced inflammation contributed by the
probiotics (Rusu et al. 2019). The efficacy of probiotics was suggested in a new
mechanism where its ability to inhibit the mature dendritic cell differentiation and
transforming of naive T cells into Th-2 is demonstrated (Kim et al. 2013). Probiotics
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promote phagocytosis; stimulate the release of IL-10 and transforming growth
factor-b (TGF-b) as well as increases level of serum IgA (Tatu et al. 2016).
Probiotics also modulate the intestine-skin axis and brain function reducing the
susceptibility to inflammatory and allergic factors and stress to the intestine-skin
axis, respectively (Messaoudi et al. 2011; Rusu et al. 2019).

15.3.5 Protection of the Mucosal Surface against Pathogens by
Standardisation of the Microbial Composition

The prevalence of allergic diseases is influenced by the abundance of varied
Bifidobacterium species in the faeces of the newborn. A notable higher level of
Bifidobacterium longum was observed in healthy children when a study was
conducted to detect the levels of varied Bifidobacterium species in the faeces of
allergic children as compared to healthy ones proposing the role of this strain in
avoiding the occurrence of allergic dermatitis and bronchial asthma (Akay et al.
2014). Lactobacillus is also amongst the popular probiotic agent providing benefits
like an acceleration of the skin barrier recovery as well as inhibiting inflammation of
skin related to substance P (Gueniche et al. 2010). Human origin Lactobacillus along
with Enterococcus also indicated that probiotics could lead to the strengthening of
mucosal barrier as it increases the production of SCFA (Nagpal et al. 2018; Salem
et al. 2018). In fact, modulation in the microbial composition can also occur by using
probiotics as a therapeutic tool.

15.3.6 Metabolic Effect

Proinflammatory cytokines (IL-6, TNF-a, CRP), chronic systemic inflammation,
inflated oxidative stress and changing expressions of inflammatory genes establish
a relationship between AD and metabolic disorders like obesity, dyslipidaemia, etc.
(Rusu et al. 2019). There is an association between probiotic consumption and
reduced blood glucose, insulin resistance and insulinaemia (Ruan et al. 2015).
Various meta-analysis studies were also conducted to collect more evidences relat-
ing the probiotics and metabolic effect. One study was conducted in patients
suffering from non-alcoholic fatty liver disease where the decrease in alanine
aminotransferase and insulin resistance showed favourable effects (Ma et al.
2013). Other suggested the association of decreased total cholesterol, triglycerides,
low density lipoprotein cholesterol and increased high density lipoprotein choles-
terol with administration of probiotics (He et al. 2017). Overweight and obese
patients had a higher risk of AD development, highlighted by the systematic review
conducted by Zhang and Silverberg (Zhang and Silverberg 2015).
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15.4 Clinical and In-Vivo Status

There have been various studies that show the involvement of both gut microbiome
and skin microbiome in AD. Table 15.3 summarises previous studies that report the
involvement of gut microbiome in AD. Table 15.4 summarises the previous studies
of involvement of skin microbiome in AD.

COCHRANE review assessed the effects of probiotics on the patients with
eczema and examines the advantageous effects of probiotics on the AD patients
(Hulshof et al. 2017). According to the review, no evidence was found suggesting
that probiotics showed any major difference in the quality of life of eczema patients.
Even little or no difference was made by probiotics in the participant or patient
related symptoms that were associated with eczema. The review also indicates
reduced investigator rated eczema severity scores but clinically the results were
not sufficient. Above findings concluded that currently usage of probiotics for the
treatment of eczema is not evidence based. The variance in response is observed as
species and strains employed in the treatment have significant variations, thus Meta-
analysis does not support the use of probiotics for treatment of AD (Hulshof et al.
2017).

Randomised control trials also took place as the results of past clinical
interventions showed inconclusive results of probiotics in AD treatment (Hulshof
et al. 2017). Four randomised clinical trials conducted by Han et al. (2012), Woo
et al. (2010), Miniello et al. (2010) and Torii et al. (2011) provided results of study
using only one probiotic as dietary intervention (Table 15.5) (Han et al. 2012;
Miniello et al. 2010; Torii et al. 2011; Woo et al. 2010). AD severity was improved
in three out of four trials using one probiotic strain (Hulshof et al. 2017). Additional
effect was observed in the (Han et al. 2012) clinical trial, the cytokine level of IL-4
and IFN-y significantly lowered or did not fluctuate as was changing before the
intervention. On the other hand, two randomised clinical trials conducted by Wang
and Wang (2015) and Gore et al. (2012) used more than one probiotic strain in the
study (Table 15.6) (Gore et al. 2012; Wang and Wang 2015). Gore et al. trial
revealed a reduction in SCORAD score in both the groups, whereas (Wang and
Wang 2015) reported that selected AD children having at least one elevated specific
IgE level or at least one positive skin prick test showed improvement in AD with
probiotic administration. Both these studies showed IgE level changes but there was
no significance between treatment and control (Hulshof et al. 2017).

The above-mentioned clinical trials have several confounding factors that should
be considered while interpreting the results of the study. For example, SCORAD
score is used and validated for clinical outcome comparisons in order to assess the
AD severity but such scoring is difficult when noted in infants due to inter-observer
variability and the constant relapsing-remitting nature of AD in young patients
complicates the process of assessing AD severity and nutritional intervention effects
at a particular time (Hulshof et al. 2017). AD severity recommendations for future
clinical trials were made based on evaluation using core symptom instruments such
as SIS (skin intensity score), POEM (patient—oriented eczema measure), SA-EASI
(self-administered eczema area and severity index score), SCORAD (severity
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scoring of atopic dermatitis index) and adapted SA-EASI. Mucosal immune system
programming and prevention of AD development via microbial modulation is
basically preferred in the first year of life. Though dietary intervention studies during
pregnancy, lactation or in the early life of infants revealed decreased risk of AD
development but tend to have no effect on the development of other allergies unlike
some of the meta-analysis studies justifying the clinical evidence of dietary inter-
vention in AD. Due to inconsistent results obtained from various studies substantial
evidence is still low. In order to maintain the consistency in the various studies, a
defined criterion should be set up for easy comparability of the clinical trial
outcomes. Such consistency in studies subsequently motivates to provide reliable
advice for implementation of dietary interventions in AD management (Gerbens
et al. 2018).

15.5 Conclusion

This chapter provides elaborate information on the chronic inflammatory skin
disorder, atopic dermatitis (AD), highlighting the prevalence of the disease, different
diagnostic criteria and differential diagnosis tools of AD. The pathogenesis of AD is
multifactorial resulting from complex interplay among immune dysregulation, epi-
dermal barrier disruption, environment, genetic predisposition, nutritional, psycho-
logical and pharmacological factors. Immune abnormalities and epidermal barrier
dysfunction are the major pathophysiological abnormalities along with genetic
variation in FLG play significant role in AD development. The major risk factors
of AD are also enlisted with various co-morbidities associated with the disease. AD
management basically aims at combating symptoms by using therapeutic agents like
emollients, calcineurin inhibitors, topical corticosteroids, systemic
immunosuppressants and phototherapy depending upon the severity of the
symptoms, as there is no significant cure of AD.

There is an established relationship between the gut microbiome and atopic
dermatitis. Gut microbiome impacts AD through immunologic pathway, metabolite
pathway and neuroendocrine pathway. Stress, diet and pollution are amongst the
various environmental factors that affect the composition and proliferation of the
microbes leading to development of AD. Low vitamin D, short-chain fatty acids
(SCFA) and secondary bile acids like the litocholic acid and deoxycholic acid play
different roles in gut dysbiosis and impacting epithelial barrier integrity and physi-
ology of the skin, respectively. Probiotics improves the intestinal barrier by
modulating the immune status and intestinal microbiome by performing immuno-
modulatory, metabolic effect and protection of the mucosal surface against
pathogens by standardisation of the microbial composition. The chapter in the end
summarises various studies linking gut and skin microbiome with atopic dermatitis.
It also summarises different clinical trials reporting the role of probiotics as dietary
intervention in improvement of disease condition.
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