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ABSTRACT
Multiple sclerosis (MS) is a chronic neurodegenerative autoimmune disease 
characterized by inflammation, demyelination and axonal degeneration. 
There are different types of MS: Relapsing-Remitting, Primary-Progressive, 
Progressive-Relapsing and Secondary-Progressive disease. The prevalence of 
this pathology is about two million people worldwide, affecting at the age of 
20–40 years, with predominance in females. The idea of remitting symptoms 
by modification of gut microbiota has been hypothesize through different 
studies, and it could have a positive impact in quality of life on these patients. 
Gut microbiota affects the development and regulation of the immune 
system, so it could be considered as a new environmental risk factor. 
Moreover, as a potential risk factor, it could be positively changed by diet, 
suggesting new therapeutic avenues and creating a protective environment 
based in microbiota modifications and/or nutritional interventions. 
Nowadays, there is strong evidence showing a relationship between the 
immune system and the inflammatory state. Thus, it is of paramount impor
tance to elucidate how gut microbiota could impact on the inflammatory 
state of MS to improve disease´s symptoms. The aim of this review is to 
comprehensively analyze the relationship between gut microbiota and the 
inflammatory state on MS, including a nutritional therapy to calm down the 
symptoms.
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Introduction

The term human microbiota refers to the presence of diverse microorganisms into several ecosystems 
in the body (inside and on the surface); whereas microbiome are the genes they encode.[1–3] Human 
microbiota contains one hundred billion microorganisms; the number of bacteria grow exponentially 
from the beginning of the small intestine (103−105 organisms/g) to the end of the large intestine (1010– 
1012 organisms/g).[1,3] The microbiota is involved in different roles, such as influence of host meta
bolism (nutrition and energy harvest), intestinal epithelial homeostasis, drug metabolism and toxicity, 
immune system response and protection from pathogens.[4,5] Imbalance microbiota, known as 
dysbiosis, could develop in obesity, cardiometabolic and neurodegenerative diseases, such as multiple 
sclerosis (MS).[4,6]

Gut microbiota could be regulated by several factors, such as diet, ethnicity, medication, smoking 
and gender.[4] It is formed mainly by bacteria, followed by smaller proportions of fungi, virus and 
Archea.[7] The most abundant species (corresponding to the 90% of gut bacteria) are Bacteroidetes 
and Firmicutes[2,7] whereas other less abundant species are Proteobacteria, Actinobacteria, 
Fusobacteria and Verrucomicrobia phyla, among others.[8] Changes in gut microbiota have been 
shown in different diseases, such as atherosclerosis (more abundance of Collinsella genus compared 
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with healthy people), children with type-1 diabetes (increased Actinobacteria while the ratio of 
Firmicutes/Bacteroidetes was decreased) and obesity (lower abundance of genus Prevotella while 
higher abundance of Clostridium).[9] This way, disruption of this balance between mutualistic/ 
commensal microorganism and pathobionts (endogenous benign microbes which could generate 
different pathologies in a transformed ecosystem) has potential pathological consequences on the 
host health status.[10]

MS is a chronic neurodegenerative autoimmune disease characterized by inflammation, demyeli
nation and axonal degeneration[11] (Fig. 1). It affects both, white and grey matter, in the central 
nervous system (CNS), by primary demyelination and diffusing damage and neurodegeneration in the 
brain.[12] MS patients may experience visual disturbances, cognitive and emotional changes (depres
sion, MS-related dementia), movement and balance difficulties (muscle spasms, ataxia), bowel and 
bladder dysfunction, pain and fatigue.[13,14] There are different types of MS: Relapsing-Remitting 
disease (RR; associated with frequent inflammatory lesions in the brain and spinal cord with periods of 
exacerbation followed by remission), representing between 85–90% of the subjects, and Primary- 
Progressive disease (PP; clinical variant of MS without inflammation) affecting 10–15% of the subjects. 

[12,15,16] Two more types of MS have been also defined: Progressive-Relapsing disease (PR; 
a progressive worsening of MS similar to PP) and Secondary-Progressive (SP; PR disease after several 
years of duration and a moderate level of clinical disability).[12,17] The prevalence of this pathology is 
about two million people worldwide, affecting at the age of 20–40 years, with predominance in females. 

[11,18] 

Indeed, there is a profound controversy about the aetiology of MS.[11] It has been hypothesized that 
gut microbiota could be altered in MS, even though the mechanisms have not been conclusively 
demonstrated in human autoimmune diseases. However, accumulating evidence from animal models 
has shown that gut microbiota affects the development and regulation of the immune system.[19] 

Studies have been focused on host immune response effects against pathogens and chronic 

Figure 1. Gut dysbiosis can affect several aspects in the pathophysiology of MS.
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inflammatory/autoimmune state of gut microbiota.[20] Thus, the commensal microbiota could be 
considered as a new environmental risk factor in immune-mediated diseases, such as MS.[16] 

Interestingly, if gut microbiota could be considered as a risk factor, it could be positively modified 
by diet,[21] suggesting new therapeutic avenues, as no cure for MS has been discovered so far.[22]

Regarding gut microbiota, it could promote an anti-inflammatory state minimizing the presence of 
pathogens (protective environment).[23] However, a dysbiosis state could drive to an inappropriate 
inflammation response and an increased inflammation risk[23] (Fig. 1). Indeed, gut dysbiosis has been 
previously associated with the development of several immunological diseases such as inflammatory 
bowel disease (IBD), coeliac disease, rheumatoid arthritis, type-1 diabetes and asthma, among others. 

[24] MS is a neurodegenerative disease aggravated by an inflammatory process,[12] so a potential 
therapy target should be the inflammatory component of the disease.[15] Although it is widely 
known that immune mechanisms and inflammation are the key of the pathogenesis of MS, it is still 
debated which one is the initial event.[25] Thus, the aim of this review is to analyze the relation between 
gut microbiota and the inflammatory state on MS, including a nutritional therapy to calm down the 
symptoms.

Materials and methods

Published data from this review were identified by search and selection database of PubMed, Elsevier 
and Science Direct. Reference lists from relevant articles, reviews and books on the subject were 
obtained. Searching was made in two steps. First, a quest was made by relating the keywords “multiple 
sclerosis” with “gut microbiota”, “inflammation”, “nutritional treatment” and “immune system”. 
Secondly, the relationship among MS and several treatments using microbiota was evaluated, adding 
them to a second selection with the keywords: “gut microbiota”, “immune system”, “pro-prebiotics 
treatment” and “faecal transplantation”.

Multiple Sclerosis (MS)

There are different specific pathological changes in MS which triggers into a chronic inflammatory 
process. At this point, focal lesions (in the white and grey matter, the deep brain stem nuclei and the 
spinal cord) with primary demyelination and astrocytic scarring are the pathological modifications 
that appear at the beginning of this disease.[12] Primary demyelination means that oligodendrocytes 
and myelin sheaths are destroyed, preserving the axons of the neuron. Diffuse neurodegeneration is 
present as well, resulting in brain atrophy, reflected by the loss of brain and spinal cord volume. Even 
though these are general changes present in MS patients, their contribution to the global pathology 
varies between different patients and stages of the disease.[12]

Environmental and genetic susceptibility exposures have been also incriminated. Neither auto
antigens nor infectious agents have been completely associated with MS. However, the similarity of 
MS susceptibility genes with other autoimmune disorders considers this disease as a primary-organ 
specific autoimmune disease.[25] The pathogenic cascade initiates with the autoreactive lymphocytes 
(activated T and B cells) that gain access to the CNS through a damaged blood-brain barrier (BBB) 
(Fig. 2), thus culminating with different changes that occur during MS disease.[26] Depending on 
the location of the lesions, MS could have from one to different symptoms (optic neuritis, 
brainstem and spinal cord syndromes, cortical presentations . . .).[27] Pain is also included, and 
can be defined as primary pain (caused by inflammation, demyelination or neurodegeneration) or 
secondary pain (due to indirect consequences of the CNS lesions).[14] MS relapses could last from 
hours to days.[27] 

A good MS biomarker could be defined as one that should be easily and reliably measured, should 
have high sensitivity and specificity, should correlate with the disease biology and/or pathogenesis and 
should be cost effective. Predictive biomarkers should identify individuals at risk of developing MS; 
whereas diagnostic biomarkers could distinguish MS from other diseases. On the other hand, disease 
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activity biomarkers could distinguish the different types of MS.[11] The most important tool used in 
MS is magnetic resonance image (MRI) with a contrast enhancing technique, allowing the observation 
of different biomarkers as hyperintense T2-weighted lesions, grey matter atrophy, whole brain atrophy 
and spinal cord atrophy.[11]

In a progressive disease, pronounced inflammation is mainly observed, but in patients with stable 
disease or at very late stages of the disease, tissue infiltration by leukocytes may decrease.[12] Active 
inflammation and disruption of the BBB have been detected in MS patients, impairing its integrity 
throughout the course of MS.[28,29] The inflammatory activity is associated with leukocytes, reactive 
astrocytes, microglia and myelin-laden macrophages in several combinations. The rudimentary CNS 
lymphatic system associated with the dural venous sinuses allows the migration of dendritic, T and 
memory B-cells as a consequence of chronic CNS inflammation.[28]

T-cells can be transmigrated across CNS endothelium of postcapillary blood vessels. CD4+ T cells 
contribute to the initiation of the immune response in MS patients and CD8+ T cells have been 
identified as a potential major contributor to MS pathology.[12,14,28,30] B-cells are a major component 
of the adaptive immune inflammation in the brain and spinal cord of MS patients, but their role 
remains unclear due to contradictory reports.[12] Interestingly, the amelioration of inflammation have 
been related with plasma blasts and plasma cells (developed from B-cells) because both of them 
express Interleukin-10 (IL-10) within MS lesions.[12,28] The initial source of oxidative injury in MS is 
mediated by macrophages and microglia oxidative activation. Several growth factor receptors have 
also demonstrated their importance in the oxidative process such as epidermal growth factor receptor 
(EGFR) and platelet derived growth factor receptor (PDGFR).[29]

Microbiota dysbiosis could lead to the inflammatory activation of the immune system. Specifically, 
it has been found that the gut microbiota influenced the interaction between T-cell C-C chemokine 
receptor type 9 (CCR9) and its ligand chemokine (CCL25). This interaction plays a role in T-cell 
development and in immunity in the small intestine epithelium. A decrease of the CCR9 functionality 

Figure 2. Schematic image showing the pathogenic cascade initialization with the autoreactive lymphocytes (activated T and B cells) 
gaining access to the CNS through a damaged BBB.
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was observed in patients with RR-MS and SP-MS. The blockade of the CCR9–CCL25 interaction 
reduced CCR9+ CD4+ T memory cells in peripheral blood.[16] Moreover, antibiotic treatment 
increased CCR9+ T memory cells in SPF mice, thus confirming the influence of the gut microbiota 
in CCR9+ T memory cells.[16]

Although there is some controversy, it could be said that microbiota species richness is reduced in 
MS patients with active disease but not in MS patients in remission.[19] In MS patients, some bacteria 
genera can be increased, such as: Acidaminococcus, Acinetobacter, Actinomyces, Akkermansia, 
Anaerococcus, Anaerostipes, Atopobium, Catenibacterium, Citrobacter, Cloacibacillus, Eggerthella, 
Enterobacter, Ruminococcus and Streptococcus; whereas other bacteria gender can be decreased, 
such as: Adlercreutzia, Aquamonas, Bacillus, Bacteroides, Clostridium, Faecalibacterium, 
Lachnospira, Lactobacillus and Parabacteroides[2] (Table 1).

On the other hand, the anti-inflammatory effect of short-chain fatty acids (SCFA) (produced 
by intestinal microbes) have been widely elucidated.[31] The administration of living bacteria as 
probiotics or the metabolites they produced as prebiotics have been observed to reverse the loss 
of BBB integrity.[32] In a comparative study of germ-free (GF) mice, that is, without intestinal 
microbiota, with specific pathogen-free (SPF) mice, it was observed that GF rodents showed 
greater blood–brain barrier (BBB) and intestinal permeability compared to those of the SPF 
group, thus predisposing them to the development of Alzheimer’s disease.[32] Mice were injected 
intravenously with Evans Blue dye (red) and an extravasation was observed in different regions 
of the brain in GF mice due to the high permeability of the BBB. To confirm that this higher 
permeability was associated with the absence of microbiota, these GF mice were colonized with 
the microorganisms Clostridium tyrobutyricum, that produces mainly butyrate or with 
Bacteroides thetaiotaomicron, which produces mainly acetate and propionate. Interestingly, 
colonized GF mice restored the impermeability of the BBB and a significant decrease of Evans 
Blue dye was found in the three different areas of the brain. Furthermore, the same result was 
observed when GF mice were treated with sodium butyrate alone by oral gavage for 3 days. This 
administration was associated with an increased expression of occludin (integral membrane 
protein of tight junctions) in the frontal cortex and hippocampus, and therefore, with 
a decrease in the dye extravasation.[32] These results show the importance of the intestinal 
microbiota in the integrity of the BBB.

Microbiota: Composition and Characteristics

After birth, the gut is rapidly colonized by trillions of normally non-pathogenic bacteria. Babies born 
trough vaginal via got colonies similar to their mother´s vaginal microbiome.[1,3,33] These colonies play 
a beneficial role in babies´ digestion while those babies born via caesarean section would acquire 

Table 1. Bacteria genera increased and decreased in MS 
patients.

Increased Decreased
● Acidaminococcus
● Acinetobacter
● Actinomyces
● Akkermansia
● Anaerococcus
● Anaerostipes
● Atopobium
● Catenibacterium
● Citrobacter
● Cloacibacillus
● Eggerthella
● Enterobacter
● Ruminococcus
● Streptococcus

● Adlercreutzia
● Aquamonas
● Bacillus
● Bacteroides
● Clostridium
● Faecalibacterium
● Lachnospira
● Lactobacillus
● Parabacteroides
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potentially harmful bacteria colonies similar to those present in the skin surface of the mother.[1] 

Moreover, it has been observed that in preterm neonate, the diversity of microbiota was reduced when 
compared with full-term children.[3] The divergence of gut microbial will increase with time, remain
ing relatively stable in healthy individuals.[33] It has been previously observed that 90% of healthy gut 
microbiota belongs to the Bacteroidetes (Bacteroides and Prevotella) and Firmicutes (Clostridium, 
Eubacterium and Ruminococcus) Phyla. In fact, healthy individuals contained Bacteroidaceae, 
Clostridiaceae, Prevotellaceae, Eubacteriaceae, Enterobacteriaceae, Saccharomycetaceae and 
Methanobacteriaceae bacterial families.[34,35] These organisms are involved in complex biochemical 
interactions with their host, which upkeep sort of variations related with genome and lifestyle factors 
(diet, drugs and environmental exposure).[33]

Depending on the different parts of the gastrointestinal tract, there is a different environment 
which allows the growth of specific microbiota. In the stomach (full of acid-resistant bacterial 
strains), predominantly inhabit Firmicutes, Bacteroidetes, Actinobacteria, Fusobacteria and 
Proteobacteria with the bacterial genera Prevotella, Streptococcus, Veillonella, Rothia and 
Haemophilus.[34] The small intestine is divided into three parts, duodenum, jejunum and 
ileum. The duodenum (bile acids, pancreatic secretions and antimicrobial agents) is inhabited 
by Firmicutes and Actinobacteria. The jejunum is mainly inhabited by Lactobacilli, Enterococci 
and Streptococci. The closed ilium is full of aerobic species and distal ileum is populated with 
anaerobes and Gram-negative organisms similar to the colon[34] (Fig. 3). The large intestine 
(predominant site of water absorption and fermentation of undigested food) is mainly inhabited 
by Firmicutes and Bacteroidetes. The lumen of large intestine is associated to bacteria genera 
such as Bacteroides, Bifidobacterium, Streptococcus, Enterobacteriaceae, Enterococcus, Clostridium, 
Lactobacillus and Ruminococcus; whereas the mucosa is associated to Clostridium, Lactobacillus, 
Enterococcus and Akkermansia[34] (Fig. 4).

Figure 3. Bacterial genera that predominantly inhabit in the stomach (Prevotella, Streptococcus, Veillonella, Rothia and Haemophilus), 
duodenum (Firmicutes and Actinobacteria), jejunum (Lactobacilli, Enterococci and Streptococci) and ilium (the closed ilium is full of 
aerobic species and distal ileum is populated with anaerobes and Gram-negative organisms similar to the colon).
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The mechanisms of signal transmission between the brain and the bowel are complex and not 
completely elucidated, but they include neural, endocrine, immune and metabolic pathways (lipopo
lysaccharide (LPS), intestinal peptides, hormones . . .).[35] The enteric-nervous system (ENS), mostly 
defined as the second brain, includes a large group of neurons and neuron protective glia cells.[36] The 
ENS is a web of sensory neurons, motor neurons, and interneurons embedded in the wall of the 
gastrointestinal system, stretching from the lower third of the oesophagus right through to the rectum. 
The ENS is protected by a blood–ganglion barrier. Glial cells are key players in the protection against 
injuries. Indeed, enteric glia exerts a critical role in ENS maintenance and survival as well as in the 
cross-talk between ENS and the immune system. In vitro, enteric glial cells are stimulated by 
proinflammatory cytokines and in response, release cytokines including interleukin-6.[37]

Microbiota ferments carbohydrates and digestible oligosaccharides. In addition, it synthesizes SCFA 
(butyrate, propionate and acetate), vitamins B and K, niacin, biotin and folate.[38] Microbiota con
tributes to gut immunomodulation producing microbial-associated molecular patterns (MAMPS), 
which are essential structures that build the first line of defence for the microbes. In addition, 
microbiota antagonizes pathogenic bacteria due to the production of antimicrobial factors and promot
ing colonization resistance which avoids, as a result, this undesirable bacterial growth.[38] Healthy 
microbiota has been associated with improved learning/memory and behavioural flexibility. In contrast, 
a worst microbiota´s profile generates a milieu of signalling molecules that can communicate with the 
brain modulating its function, behaviour and cognition.[6] Thus, bacteria and their metabolites may 
affect through vague nerve stimulation or through immune-neuroendocrine mechanisms.[38]

Due to constant exposure to microbial antigens, the intestine is constantly at high risk of barrier 
dysfunction.[33] The gut-associated lymphoid tissue (GALT) is the gut´s own immune system of the 
organism. Impaired intestinal barrier function leads to the increase of circulating toxins and LPS, 

Figure 4. Bacterial genera that inhabit in the lumen (Bacteroides, Bifidobacterium, Streptococcus, Enterobacteriaceae, Enterococcus, 
Clostridium, Lactobacillus and Ruminococcus) and the mucosa (Clostridium, Lactobacillus, Enterococcus and Akkermansia) of the large 
intestine.
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driving to inflammation. In addition, the increase of circulating inflammatory cytokines, such as 
TNFα, IL-6 and C-reactive protein (CRP) are involved on intestinal permeability.[33] There are 
different hypotheses trying to explain the link between chronic intestinal inflammation and neurode
generation, some of them include the imbalance of pro- and anti-inflammatory gut microbes, systemic 
inflammation and the influence of microbial amyloids on host amyloidosis.[39]

Gastrointestinal lamina propria and GALT represent the mucosal immune system (protective 
immunity). The interaction between macrophages with MAMPs stimulates the production of IL-1β. 
This proinflammatory cytokine maintains regulatory T-cells homeostasis and oral tolerance to dietary 
antigens.[39] In addition, gut microorganisms activate T-cells and B-cells and also promote the release 
of several immunoglobulins, limiting inflammatory responses.[39] Moreover, the maintenance of 
immune homeostasis and an adequate inflammation response is mediated by T-cells. If all these 
functions are missing, inflammation can be initiated.[37] Microbial dysbiosis induces inflammatory 
responses mediated by T helper 1 (TH1), TH2 (both facilitate the expression of pro-inflammatory 
cytokines) and Th17 cells (induce secretion of antimicrobial peptides (AMPs) and the synthesis of 
immunoglobulin A (IgA).[2,34]

On the other hand, probiotics are living microorganisms that promote gut health and 
potentially modulate dysbiosis. Their beneficial effects mostly depend on their metabolism and 
metabolic by-products which finally activate immune responses.[10] Different strains of 
Lactobacillus and Bifidobacterium showed the capability to reduce pro-inflammatory IL-6 and 
IL-7 levels, to restore the Treg/Th17 balance and to control the overgrowth of Enterobacteriaceae 
pathobionts.[10] Probiotics also increase the integrity and enhancement of the epithelial barrier; 
inhibit the adhesion of pathogens to the intestinal mucosa and eliminate pathogens through the 
production of antimicrobial substances.[3] As far as we know, health benefits have mainly been 
demonstrated for specific probiotic strains of the following genera: Lactobacillus sp, 
Bifidobacterium sp, Saccharomyces sp, Enterococcus sp, Streptococcus sp, Pediococcus sp, 
Leuconostoc sp, Bacillus sp and Escherichia coli.[34]

Prebiotics are non-microbial and non-digestible dietary compounds that stimulate the growth and 
activity of probiotics.[33] They are fermented by colonic anaerobic bacteria to produce important 
metabolites for host physiology.[10] There are many types of prebiotics, being most of them oligosac
charide carbohydrates (OSCs); although some novel observations evidenced that prebiotics are not 
only carbohydrates.[40] Fructo-oligosaccharides (FOS) and galacto-oligosaccharides (GOS) are the two 
most important groups of prebiotics with beneficial effects on human health. Prebiotics can be divided 
in 5 groups: 1) Fructans (inulin and FOS), 2) galacto-oligosaccharides (products of lactose exten
sion), 3) Starch and Glucose-Derived Oligosaccharides (upper digestion resistant starch and poly
dextrose), 4) Other Oligosaccharides (pectic oligosaccharide (POS)) and 5) Non-Carbohydrate 
Oligosaccharides (cocoa-derived flavanols and polyphenols).[40] Importantly, animal studies have 
provided strong evidence that prebiotics can modulate gut microbiota, but in humans this relation 
is more controversial.

Faecal microbiota transplantation (FMT) is the procedure of transferring the microbial ecology 
from a healthy donor into a patient affected by microbial dysbiosis. Nowadays, it has proved to be 
highly successful in treating Clostridium difficile infection. Therapeutic FMT reduces pro- 
inflammatory cytokines and initiates the restoration of intestinal homeostasis.[10] Currently, FMT 
has been experimentally used to treat colitis, constipation, intestine bowel disease, Parkinson's disease 
and multiple sclerosis.[34]

MS and Inflammation

There are several studies analyzing the impact of inflammation in MS disease (Table 2). In one study 
including 52 patients with RRMS (18 patients), PPMS (5 patients), another neurological diseases (19 
patients) and with no diagnosis (10 patients) it was analyzed if MS patients would display a greater 
cerebrospinal fluid (CSF) enrichment in highly differentiated CD8+ T cells as compared to patients 
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with another neurological diseases.[41] The results elucidated that in RRMS patients, the median CSF 
enrichment in CD8+ T cells was significantly higher than in CD4+ T cells (p = .024). This CSF 
enrichment was also significantly higher in RRMS patients than in PPMS and another neurological 
diseases patients (p = .006). So, the data suggested that whereas CD8+ T cells seem to play a role in 
RRMS, it is different for PPMS patients. Importantly, it has been observed that CD8+ T cells have 
cytotoxic activity towards neurons and oligodendrocytes by axonal loss in MS lesions.[41] Another 
study with 43 RRMS patients, 10 rheumatoid arthritis patients and 47 healthy donors, reported an 
elevation of CD8+ T cells with the surface expression of CD161 in MS patients compared with healthy 
donors (p = .03).[41] In addition, CD8+ T cells produced higher levels of IL-17 in MS patients than in 
healthy donors (p = .04),[42] showing the importance of an inflammatory state in MS disease.

In another study, 35 MS patients (acute MS, RRMS, SPMS and PPMS) and 67 controls (dissemi
nated encephalomyelitis, Rasmussen´s encephalitis, progressive multifocal leukoencephalopathy, 
stroke, Alzheimer´s disease and age-matched controls) were compared.[43] The clinical course of MS 
was defined by a certified neurologist. Inflammatory control cases were selected with active lesions 
characterized by profound brain inflammation and disease-specific tissue injury. In addition, no 
inflammatory control cases were included (patients with acute ischaemic stroke lesions and advanced 
Alzheimer´s disease). And finally, normal controls were also included with no neurological disease 
and absence of neuropathological lesions. T cells proliferation was higher in lesions of acute and 
relapsing MS compared to progressive MS (p < .01) and B cells were more selectively enriched in MS 
lesions in comparison to other inflammatory controls (p < .001), taking part in the adaptive immune 
inflammation in the brain and spinal cord of MS patients.[43]

More recently, the expression of CCR9 as a receptor of CD4+ T cells was elucidated in 22 healthy 
controls, 12 elderly healthy controls, 33 RRMS patients, 34 SPMS patients, 13 neuromyelitis optica 
patients and 17 non-inflammatory-non immunological neurodegenerative disease patients.[44] In all 
cases, the diagnosis was made by board-certified neurologists and the differential diagnoses of RRMS, 
SPMS and neuromyelitis optica were established according to the McDonald or Wingerchuk diag
nostic criteria. Specifically, SPMS diagnosis was based on a history of gradual worsening of the disease 
after an initial relapse. The study showed a reduced trend in MS patients (RRMS and SPMS) of CCR9 
when compared with the rest of patients and controls (p < .01). Importantly, it was found that CCR9 

Table 2. Studies associating MS and inflammation.

Sample Purpose of the study Results References

18 RRMS 
5 PPMS 
19 AND 
10 no diagnosis

Role of CD8+/CD4+ to distinguish RRMS from 
the other types of MS

CD8+ T cells and inflammation may play an 
important role in MS.

[41]

43 RRMS 
10 RA 
47 healthy 

donors

Identify differentially expressed genes in MS Elevation of CD8 T cells in MS patients. 
Higher production of IL-17 in MS patients.

[42]

35 MS 
67 controls

Analyse in detail the phenotype and activation 
state of T and B lymphocytes in MS

Higher T cells proliferation in acute and 
relapsing MS. 

B cells enriched in MS.

[43]

22 HC 
12 elderly HC 
33 RRMS 
34 SPMS 
13 NO 
17 NI-NIND

Demonstrate the potential of human CCR9 
+CD4+ memory T cells in the regulation of 
the acute autoimmune inflammation 
associated with RRMS or neuromyelitis 
optica

Reduced trend of CCR9 in RRMS and SPMS 
compared with the rest of patients and 
controls. 

CCR9 Tm cells could exhibit anti-inflammatory 
and neuroprotective effects.

[44]

547 MS 
1057 controls

Investigate the potential role of environmental 
factors including lifestyle, medical and 
nutritional factor on MS onset.

More inflammatory diet was associated with 
a significant increase in the risk of MS (p  
< .001).

[45]

Abbreviations: AND: Another Neurological Diseases; HC: Healthy Controls; MS: Multiple Sclerosis; NI-NIND: non inflammatory-non 
immunological neurodegenerative disease; NO: Neuromyelitis Optical; RA: Rheumatoid Arthritis; RRMS: Relapsing-Remitting 
Multiple Sclerosis; SPMS: Secondary-Progressive Multiple Sclerosis.
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Tm cells could exhibit anti-inflammatory and neuroprotective effects, might be a potential diagnostic 
marker for SPMS and might be also employed as a potential therapeutic target for MS.[43] In a more 
recent study, a population-based incident case-control study aimed to investigate the potential role of 
environmental factors including lifestyle, medical and nutritional factors on MS onset.[45] 547 MS 
patients and 1057 controls filled a Food Frequency Questionnaire (FFQ) for calculating Dietary 
Inflammatory Index (DII) and to determine the inflammatory characteristics of diet. Higher negative 
DII scores implied more anti-inflammatory diets while higher positive DII values indicated a more 
pro-inflammatory nature of diet. The increased of energy adjusted-DII through quartiles (more 
inflammatory diet) was associated with an increase in the risk of MS (p < .001).[45] The results of the 
study support a significant risk factor role of high DII score for MS onset.

Gut microbiota dysbiosis and MS

Importantly, there are some controversies about the richness of gut microbiota in MS patients. These 
discrepancies have been previously associated with the importance of phenotypic subcategorization in 
MS.[19] There are a number of studies in the bibliography analyzing the impact of microbiota in the 
treatment of MS (Table 3). One study, including 20 MS patients and 58 healthy controls, was performed 
to indicate an association between altered gut microbiota and the pathogenesis of MS.[46] MS patients 
that were included exhibited RRMS phenotype where inflammation played a major role. Samples of 
healthy controls were used for comparison with MS samples to evaluate differences in the overall 
microbiota structure and bacterial species that differed between healthy control and MS samples. 
Faecal samples were obtained every two weeks. Eggerthella lenta (p = .04) and Streptococcus thermo
philus/salivarius (p = .02) species were increased in comparison with the rest of known species in MS 
patients.[46] These results suggested that gut microbiota in MS patients was characterized by moderate 
dysbiosis, highlighting a distinction in the composition of the gut microbiota between patients. Finally, 
the pathogenesis of MS was associated with the depletion of a large subset of clostridial butyrate.[46] 

Similarly, in another study, 60 MS patients and 43 healthy controls with comparable demographic 
characteristics were compared. All MS patients had RR disease but none had an active relapse at the time 
of study enrolment. The most abundant species at the phylum level were Euryarchaeota sp and 
Verrucomicrobia sp compared with controls (p < .05).[47] However, when the relative abundances at 
the genus level were investigated, an increase of Methanobrevibacter (a genus in the phylum 

Table 3. Studies associating MS and microbiota.

Sample Bacterial species in MS Results References

20 MS 
58 HC

Increase of Eggerthela lenta and Streptococcus 
thermophilus/salivarius in MS patients

Moderate dysbiosis in MS patients. [46]

60 MS 
43 HC

The most abundant species at the phylum 
level were Euryarchaeota sp and 
Verrucomicrobia sp. 

Higher abundance at genus levels of 
Methanobrevibacter sp and Akkermansia sp 
was also observed.

Proinflammatory features of these bacteria 
might be related to its ability to degrade 
mucus, leading to the breakdown of gut 
barrier and increased exposure of resident 
immune cells to microbial antigens.

[47]

31 MS 
36 HC

Higher abundance of Pedobacter sp, 
Flavobacterium sp, Blautia sp, Dorea sp, 
Pseudomonas sp and Mycoplana sp in 
patients with remission state.

Different microbiota structure between MS 
patients and healthy control groups.

[48]

19 MS Reduced Prevotella sp in RRMS Increased Th 17 cells in evidenced disease 
activity patients. 

Brain autoimmunity was associated with 
intestinal expansion of Th 17 cells.

[49]

98 MS 
120 HC

Greater abundance of Clostridium cluster IV, 
Methanobrevibacter sp, Olsenella sp and 
Sporobacter sp in MS

Different microbiota between MS patients and 
healthy controls.

[50]

Abbreviations: HC: Healthy Controls; MS: Multiple Sclerosis; Th: T-helper lymphocytes.
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Euryarchaeota) and Akkermansia (a genus in the phylum Verrucomicrobia) was found in MS patients 
when compared with controls (p < .05). Interestingly, the archaeon Methanobrevibacter had been pre
viously associated with inflammation by its capacity to recruit inflammatory cells and activate human 
dendritic cells. On the other hand, Akkermansia was reported to have regulatory and inflammatory 
properties. In addition, it transforms mucin to SCFA, mediating immunoregulatory effects.[47] These 
pro-inflammatory properties might be related to its ability to degrade mucus, which finally breaks the gut 
barrier increasing microbial antigens exposure on resident immune cells.

Confirming the increase of several genera in MS patients, another study including 31 MS patients 
and 36 healthy controls, found that the microbiota structure differed significantly between RRMS 
patients, in both remission and active state, and healthy controls (p < .001).[48] In addition, it was 
shown that the heterogeneity in MS remission group resulted in more variability than in the entire 
RRMS group as well as in the control group (p < .001).[48] In this study, an increased abundance of 
Pseudomonas sp, Mycoplana sp, Haemophilus sp, Blautia sp and Dorea sp was observed in MS patients; 
whereas a decreased abundance of Parabacteroides sp, Adlercreutzia sp and Prevotella sp was also 
found.[48] Thus, this study is consistent with the hypothesis that MS patients have gut microbial 
dysbiosis and exerts an important role during disease exacerbation.

More recently, in another study, small intestinal tissue and peripheral blood samples were collected 
from 19 MS patients.[49] Total lymphocytes were isolated from the samples. All samples enrolled in this 
study had a diagnosis of RRMS and were receiving immunomodulatory drugs treatment. They were 
classified into two subgroups according to the presence or absence of disease activity at a 2 year follow- 
up: patients with no evidence of disease activity (n = 9) and patients with evidence of disease activity 
(n = 10).[49] An increased in Th17 cells was observed in evidence disease activity patients compared 
with no evidence disease activity patients (p < .05). In addition, Th17 cells were negatively associated 
with the abundance of Prevotella sp in evidence of disease activity patients (p < .01). This genus 
produced propionate, an anti-inflammatory metabolite that limited the intestinal expansion of Th17 
cell in mice. These data confirmed that brain autoimmunity was also associated with intestinal 
expansion of Th17 cells (the gut environment enhances pathogenicity of self-reactive T cells by 
driving them toward a Th17-phenotype) and that reduced Prevotella representation in RRMS was 
related with Th17 cell expansion and disease activity.[49]

In a bigger study including 98 MS patients and 120 healthy controls, a greater abundance of 
Clostridium cluster IV (p < .001), Methanobrevibacter sp (p = .037), Olsenella sp (p = .049) and 
Sporobacter sp (p < .001) in MS patients was observed; whereas a higher abundance of Butyricicoccus 
sp (p = .007), Gemmiger sp (p < .001) and Intestinibacter sp (p = .029) was found in healthy controls.[50] 

However, no significant differences were found when the α-diversity was analyzed.
This way, differing results have been reported among studies of gut microbiota in MS patients. 

Although it cannot be confirmed if total diversity is increased or decreased in MS patients when 
compared with controls, it can be said that genera microbial populations are clearly different between 
healthy controls and MS patients. The gut microbiome is affected by various endogenous and 
exogenous factors including genetic background, age, gender, body mass index and dietary habits, 
among others, and therefore, further studies with large cohorts and longitudinal collection of samples 
would aid to understand the relationship between gut microbiota and MS.

Nutritional interventions, microbiota and MS treatment

Gut microbiota affects the development and regulation of the immune system and can be positively 
modified by diet, suggesting new therapeutic avenues for an inflammatory disease such as MS. There 
are several studies confirming this hypothesis (Table 4). In one study developed in Norway with 
a cohort of 152 MS patients and 402 population controls, the risk of presenting MS was tested in 
children and adolescents in relation with sunlight exposure or vitamin D-related dietary factors. It was 
found that the increased outdoor activities in the summer were associated with a decreased risk of MS 
in patients by the age of 16–20 (p = .001) and 6–10 (p = .025). Additionally, an elevated consumption 
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of fish per week (three or more times) was also associated with reduced risk of MS (p = .024).[51] In 
addition, in a cross-sectional study conducted on 26 patients with RRMS and 24 healthy controls, the 
mean serum vitamin D level was significantly lower in MS patients than in controls (p = .044).[52] It is 
important to mention that the active form of vitamin D can inhibit the expression of IL-2 and INF-y, 
modulates differentiation of Th17 cells, and also has a role in the balance of Th17/T regulatory cells,[52] 

thus supporting the previously observed anti-inflammatory role of vitamin D.
In a bigger study, performed with 2303 MS participants, quality of life, disease activity and 

disability were investigated.[53] It was finally found that consumption of fish more than 3 times 
a week could increase quality of life, physical and mental health (p < .001, for all of them). In 
addition, taking 1–20 ml/day of omega-3 led to improve health related quality of life (p < .001). 

[53] In another study, 113 MS women patients and 113 healthy women showed a protective role 
of fruit (p = .03) and low-fat dairy (p = .04) against MS.[54] Specifically, fruit might be consumed 
more than five times per week.

In another study performed with 6989 MS patients, it was found that whole grains (fibre source) 
could be beneficial for MS because a significant association was obtained between higher intake of 
whole grains and a decrease in MS-related disability (p = .02).[55] In another cohort study of 469 MS 
patients, obesity increased the risk of brain volume loss once MS was developed (p = .001).[56]

In a more recent cross-sectional study, 100 MS patients were allocated into an anti-inflammatory 
(50 patients) and control (50 patients) diet.[17] The anti-inflammatory diet was composed approxi
mately by 55% from carbohydrates, 15% from proteins and 30% from fats. Abundant amounts of 
vegetables and fruits were included in the diet. White rice was substitute by brown rice, white bread 
by whole wheat bread and high fat dairy products with probiotic low-fat dairy products. Healthy fats 
(extra-virgin olive oil and canola) were also included. Spices were recommended instead of salt. 
White or green tea and moderate amounts of dark chocolate were recommended as well. The 
consumption of lean read meat and eggs were limited two times a week while lean poultry and fish 
were the main protein source. Refined carbohydrates and sucrose-containing products, processed 
food, fast food, fried food and animal fat were not recommended. The study findings indicated 
a significant improvement in modified fatigue impact scale (MFIS; p < .001), physical health 

Table 4. Studies associating MS and nutritional treatment.

Samples Nutritional intervention Results References

152 MS patients 
402 controls

Retrospective recall questionnaire of outdoor 
activities.

Higher sun exposure was associated with 
a decreased risk of MS in patients by the age 
of 16–20 (p = .001) and 6–10 (p = .025)

[51]

26 RRMS patients 
24 HC

Cross-sectional study measuring serum 
vitamin D levels.

Mean serum vitamin D level was lower in MS 
patients (p = .044).

[52]

2303 MS patients Questionnaire about type of MS, quality of life, 
frequency of fish consumption, omega-3 
supplementation, disability and disease 
activity.

Fish consumption >3 times/week increase 
quality of life, physical and mental health (p  
< .001). 

Taking 1–20 ml/day of omega-3 led to 
improve quality of life (p < .001).

[53]

113 MS vs 113 
healthy women

Food Frequency Questionnaire about nutrients 
intake in the form of food of groups

Protective role of fruit (p = .03) and low-fat 
dairy (p = .04) against MS.

[54]

6989 MS patients Participants in the NARCOMS Registry 
completed a dietary screener questionnaire

Higher intake of whole grains was associated 
with a decreased in MS related disability (p  
= .02).

[55]

100 MS patients Half of patients were allocated into an anti- 
inflammatory diet and the other half were 
allocated into a control diet.

The anti-inflammatory diet improves quality of 
life in MS patients (p < .05).

[17]

20 MS patients Patients were enrolled into KMAD diet, which 
offered a restriction of carbohydrates to 
<20 g per day encouraging greater fat 
intake.

The short-term KMAD diet improves fatigue (p  
= .002) and depression (p = .003) symptoms 
in MS patients.

[57]

Abbreviations: HC: Healthy Controls; KMAD: Ketogenic Modified Atkins Diet; MS: Multiple Sclerosis; NARCOMS: North American 
Research Committee of MS; RRMS: Relapsing-Remitting Multiple Sclerosis.
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composite (PHC; p = .015), mental health composite (MHC; p = .002) and an increase in serum IL-4 
levels (p = .033) in the anti-inflammatory diet group compared to the control group, improving 
quality of life in MS patients.[17]

Previously, 20 MS patients were enrolled into a 6 month, single-arm, uncontrolled, open-label pilot 
study examining the feasibility, safety, tolerability and efficacy of a ketogenic modified Atkins diet 
(KMAD).[57] The KMAD is a type of ketogenic diet which restricts carbohydrates to <20 g per day. 
This fact combined with higher fat intake developed a ketogenic state. The study showed an improve
ment in fatigue (p = .002) and depression (p = .003) over a 3- to 6-month period.[57] These data support 
the short-term safety of this diet for patients with MS in terms of clinical measurement.

On the other hand, probiotics, prebiotics and FMT have been also used to improve both, digestive 
and neurological symptoms in MS patients (Table 5). Regarding probiotics, in a 12-week randomized, 
double-blind and placebo controlled trial, 54 MS patients were requested to consume a probiotic 
capsule or placebo every two weeks (27 patients with probiotic, 27 patients with placebo).[58] In the 
intervention group, they received a probiotic capsule daily for 12 weeks which contain Lactobacillus 
acidophilus, Lactobacillus casei, Bifidobacterium bifidum and Lactobacillus fermentum. The subjects in 
the placebo group received only starch. Probiotic group patients showed favourable effects at the 
expanded disability status scale (p = .001), parameters of mental health (p < .001), markers of insulin 
resistance (p < .001) and inflammatory factors (p < .001).[55] Therefore, probiotics might be useful to 
overcome and shorten the duration of neurological symptoms during relapses due to their anti- 
inflammatory and anti-oxidative actions and their effects on glycaemic control.

Table 5. Studies associating MS with probiotics, prebiotics and FMT.

Samples Nutritional intervention Results References

54 MS patients Patients received a probiotic capsule 
daily for 12 weeks containing 
L. acidophilus, L. casei, B. bifidum 
and L. fermentum

Patients expanded disability status scale, 
parameters of mental health, markers of 
insulin resistance and inflammatory 
factors (p < .001 for all of them)

[58]

Meta-analysis Study the effects of probiotics on 
disease progression, depression, 
and general health in RRMS 
patients

EDSS, BDI-II GHQ were improved following 
probiotics supplementation (p < .001, for 
all of them)

[59]

Meta-analysis Analyze the efficacy of probiotics in 
MS treatment based on Bradford 
Hill criteria

Several treatments using a mixture of 
probiotics or single-strain probiotics 
improved MS patients.

[60]

C57Bl/6 mice Confirm the effect LCFAs and SCFAs in 
an inflammatory environment

LA promoted polarization of naive T cells 
toward a Th1 and Th17 differentiation 
and impaired their intestinal 
sequestration via the p38-MAPK signaling 
pathway. PA increased differentiation 
and proliferation of Tregs.

[61]

268 therapy-naive MS 
patients and 68 healthy 
controls

Administration of 1000 mg/day of PA 
in MS patients.

PA supplementation led to a significant 
increase of Treg numbers in MS patients 
and healthy controls (p < .001)

[62]

3 MS patients subjected to 
FMT

Between 5 and 10 FMT infusions 
depending on the patient.

Constipations and other digestive problems 
were resolved and MS neurological 
symptoms improved in all of them.

[63]

61 years old woman with 
RRMS and 7 relapses in 3  
years

A single FMT from her partner via 
rectal enema.

Her EDSS increased from 2.0 at baseline to 
6.0 and was stabilized or minimally 
increased for 10 years after FMT

[64]

48-year-old Caucasian male 
with active RRMS for 2  
years

1 year of study and 2 FMT 
transfusions.

A significant and sustained increase in 
serum BDNF levels was observed. 
Moreover, the subject’s walking and 
balance metrics were enhanced after 
FMTs, and significantly improved over the 
course of the study

[65]

Abbreviations: BDI-II: Beck Depression Inventory-II; BDNF: Brain-derived neurotrophic factor; EDSS: Expanded Disability Status Scale; 
FMT: Fecal microbiota transplantation; GHQ: General Health Questionnaire; LA: Lauric acid; LCFAs: Long-chain fatty acids; PA: 
Propionic acid; RRMS: Relapsing remitting MS.
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A very recent systematic review and meta-analysis investigated the effects of probiotics on 
disease progression, depression, general health and anthropometric measurements in RRMS 
patients.[59] It was found that Expanded Disability Status Scale (EDSS), Beck Depression 
Inventory-II (BDI-II) and General Health Questionnaire (GHQ) were improved following pro
biotics supplementation (p < .001, for all of them). Another meta-analysis also analyzed the 
efficacy of probiotics in MS treatment based on Bradford Hill criteria (BHC) as a multi- 
parameter assessment rubric.[60] One probiotic treatment approach emerged as the most strongly 
supported (BHC score = 9), namely the VSL#3 multi-species formulation, which was assessed in 
two human and three animal studies. This formulation was composed by L. paracasei DSM 
24734, L. plantarum DSM 24730, L. acidophilus DSM 24735, L. delbrueckii ssp. bulgaricus DSM 
24734, B. longum DSM 24736, B. infantis DSM 24737, B. breve DSM 24732 and S. thermophilus 
DSM 24731. Another promising multispecies formulation with high BHC scores included the 
Lacto-mix composed by L. plantarum DSM 15312, L. plantarum DSM 15313, L. paracasei DSM 
13434 and the combination therapy of L. crispatus and L. rhamnosus, all of them with a BHC 
score of 6. On the other hand, therapies based on single-strain probiotics, such as B. animalis, 
L. paracasei and E. coli Nissle 1917, received a BHC score of 7.[60]

Regarding prebiotics, a study preformed in mice with a high fat diet to create an inflammatory 
environment, showed that long-chain fatty acids (LCFAs) such as lauric acid, promote polarization 
of naive T cells toward a Th1 and Th17 differentiation and impaired their intestinal sequestration via 
the p38-MAPK signaling pathway. Additionally, mice treated with SCFAs, such as propionic acid 
(PA), displayed increased differentiation and proliferation of Tregs, and an accompanying resolu
tion of neurological pathology.[61] The decrease of PA levels in MS patients was previously observed, 
particularly early after disease manifestation. The immunomodulatory effect of PA was confirmed in 
a study with a cohort of 268 therapy-naive MS patients and 68 healthy controls.[62] In the beginning 
of the study, PA was significantly reduced in MS patients’ serum and fecal samples when compared 
with healthy controls (p < .001, for both of them). The optimal dose of PA was obtained after 
a titration method and was established in 1000 mg/day. Interestingly, PA supplementation led to 
a significant increase of Treg numbers in MS patients and healthy controls after 14 days, which 
persisted throughout long-term supplementation (p < .001, for both of them).[62] All these data 
suggest that that rationally modifying the gut microbiota through diet, in order to promote the 
growth and maintenance of SCFA producing bacterial, represents a potential strategy for treat
ing MS.

As far as we know, the therapeutic effects of FMT in MS have been reported in only a few studies 
so far.[63–65] In one of them, three patients were treated with FMT.[63] After 15 years post-FMT, 
constipations were resolved and MS neurological symptoms improved in all of them. Remarkably, 
one of these patients (male, 30 years old) required a wheelchair and an indwelling urinary catheter. 
After five FMT infusions, his constipation was completely resolved. Interestingly his MS also 
progressively improved, regaining the ability to walk and facilitating the removal of his catheter. 
Similarly, another patient (male, 29 years old) reported severe constipation, paraesthesia and leg 
muscle weakness. After 10 days of FMT infusion, the constipation was solved and the patient 
regained the ability to walk following slow resolution of leg paraesthesia. The third patient (female, 
80 years old) was diagnosed of severe constipation and atypical MS with severe muscular weakness 
resulting in difficulty walking. After 5 FMT infusions, bowel symptoms disappeared and she could 
walk long distances unassisted.[63] More recently, a 61-year-old woman with RRMS and 7 relapses in 
3 years was also treated with FMT.[64] Her Expanded Disability Status Scale (EDSS) increased from 
2.0 at baseline to 6.0 and was stabilized or minimally increased for 10 years after FMT. A very recent 
study was carried out in a 48-year-old Caucasian male with active RRMS for 2 years, and complaints 
of difficulty in walking and bloating.[65] After 1 year of study and 2 FMT transfusions, a significant 
and sustained increase in serum BDNF levels was observed. BDNF is normally decreased in MS 
patients and it is important for neuronal development and for keeping neurons healthy, functioning 
and growing. The objective measures showed that the subject’s walking and balance metrics were 
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enhanced after FMTs, and significantly improved over the course of the study.[65] These observa
tions confirm that FMT has the potential to provide long-term benefits for MS patients; however, 
novel clinical trials are required to guide the future use of FMT by evaluating its effectiveness, safety 
profile, and mechanism of action.

Conclusions and future perspectives

In conclusion, the inflammatory state plays an important role in MS and an anti-inflammatory diet 
could reduce MS risk. In addition, gut dysbiosis appears in MS patients but more studies are needed to 
elucidate their role in the pathogenesis of the disease. Thus, nutritional treatment could be an 
interesting way to improve quality of life in MS patients through the consumption of an anti- 
inflammatory diet.

Large, better quality, randomized controlled trials are needed to investigate the impact of diet on 
the pathogenesis of MS. In addition, further investigations about the impact of diet quality on MS 
symptoms are needed, including intervention studies and longitudinal observational studies that 
include clinical outcomes and nutrition data. This way, studies with longer follow-up periods are 
needed to confirm the beneficial clinical effects of the anti-inflammatory diet in MS patients.

Regarding microbiota, gut dysbiosis has been directly associated with a wide range of neurodegen
erative diseases. Gut microbes directly modulate intestinal and systemic immune homeostasis to affect 
neuroinflammation and might contribute to low grade systemic inflammation in these diseases. The 
possibility of correcting gut dysbiosis by microbiota-based interventions represents an interesting 
approach in preventing and treating human pathologies. In this review, several studies have shown 
that both, microbiota modifications and nutritional interventions increased quality of life, physical 
and mental health, improved fatigue, depression and decreased disability in MS patients. Thus, the 
consumption of anti-inflammatory diets and the intake of pro/prebiotics and FMT infusions can be of 
paramount importance as they can relief and shorten neurological symptoms and improve mental and 
physical health in MS patients.
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