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Guillain-Barré syndrome (GBS) is an acute autoimmune polyradiculoneuropathy 
that follows infection and is characterized by immune-mediated demyelination 
or axonal injury of the peripheral nervous system. While established triggers such 
as Campylobacter jejuni are well recognized, increasing evidence implicates the 
gut microbiota as a key modulator of immune responses relevant to GBS patho-
genesis. The intestinal microbiota produces a diverse array of bioactive metabo-
lites, including short-chain fatty acids (SCFAs), tryptophan-derived indoles, and 
neurotransmitter-like molecules, which influence immune tolerance, gut barrier 
integrity, and neuroinflammatory signaling. SCFAs, particularly butyrate, exert 
anti-inflammatory effects and support epithelial and blood–nerve barrier func-
tion. Microbial tryptophan metabolites regulate astrocyte and microglial activity 
via aryl hydrocarbon receptor (AHR) signaling, thereby restraining central and 
peripheral neuroinflammation. In contrast, dysbiosis-associated metabolites 
such as lipopolysaccharide (LPS) may enhance systemic inflammation, disrupt 
immune tolerance, and promote autoantibody production through mecha-
nisms including molecular mimicry. Studies suggest that specific microbial taxa 
and metabolite signatures may serve as diagnostic or prognostic biomarkers in 
GBS, offering insights into disease susceptibility and progression. Microbiota-
targeted therapeutic strategies are emerging as promising adjuncts to immuno-
therapy. Probiotics and prebiotics may restore beneficial microbial communities 
and rebalance immunoregulatory metabolite production, while host-directed 
metabolic interventions such as creatine supplementation may further support 
mitochondrial function, immunometabolic homeostasis, and neuroprotection. 
Fecal microbiota transplantation (FMT), though still experimental in GBS, has 
shown benefit in related neuroinflammatory disorders by reestablishing eubio-
sis and dampening immune activation. Future studies integrating metagenomic, 
metabolomic, and immunologic profiling in well-characterized GBS cohorts are 
essential to validate these findings and advance personalized microbiota-based 
interventions.
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Introduction

Guillain–Barré syndrome (GBS) is an acute immune-mediated 
disorder of the peripheral nervous system and the most common 
cause of acute flaccid paralysis worldwide (1, 2). Clinically, GBS is 
characterized by rapidly progressive, symmetrical limb weakness, 
areflexia, and variable sensory and autonomic dysfunction (1, 3). 
Disease severity ranges from mild weakness to life-threatening 
respiratory failure requiring mechanical ventilation, with a sub-
stantial proportion of patients experiencing incomplete recovery 
and long-term disability.

Several clinical and electrophysiological subtypes of GBS have 
been described. Acute inflammatory demyelinating polyneuropa-
thy (AIDP) predominates in Western countries, whereas axonal 
variants—acute motor axonal neuropathy (AMAN) and acute 
motor and sensory axonal neuropathy (AMSAN)—are more preva-
lent in Asia and Latin America and are often associated with more 
severe disease and poorer prognosis (1, 3).

GBS is widely regarded as an autoimmune condition triggered 
by environmental factors, most notably infections (1, 4). Immune-
mediated damage to peripheral nerves results from aberrant 
humoral and cellular responses directed against myelin or axolem-
mal components, leading to complement activation and inflamma-
tory nerve injury (4–6) (Figure 1).

Molecular mimicry between microbial antigens and peripheral 
nerve gangliosides is considered a central pathogenic mechanism 
(Figure 1). Antibodies generated against microbial structures may 
cross-react with gangliosides such as GM1, GD1a, and GQ1b, ini-
tiating immune-mediated demyelination or axonal degenera-
tion (4–7).

Approximately two-thirds of GBS cases are preceded by an 
infectious episode, most commonly involving the gastrointestinal 
or respiratory tract (8, 9). Campylobacter jejuni infection is the 
strongest and most consistently associated trigger, particularly for 
axonal subtypes (9, 10). Other implicated pathogens include cyto-
megalovirus, Epstein–Barr virus, influenza virus, Zika virus, and 

Mycoplasma pneumoniae (7, 9, 11). Rare associations with vaccina-
tion or surgery have been reported, although causal links remain 
controversial (12).

The gut microbiota plays a fundamental role in immune matu-
ration, tolerance, and systemic immune regulation (13–15). 
Dysbiosis has been implicated in multiple autoimmune and neu-
roinflammatory diseases (16–18) Given the immune-mediated 
nature of GBS and its strong association with infections, the micro-
biota has emerged as a potential modifier of disease susceptibility, 
severity, and recovery (18, 19) (Figure 1).

Geographical variability, diet, and 
microbiota in GBS

Guillain-Barré syndrome exhibits notable geographical vari-
ability in its clinical subtypes, with acute inflammatory demyelinat-
ing polyneuropathy (AIDP) predominating in Western countries, 
whereas axonal variants such as acute motor axonal neuropathy 
(AMAN) and acute motor and sensory axonal neuropathy 
(AMSAN) are more frequently observed in Asia and Latin 
America. These differences have been traditionally attributed to 
variations in infectious triggers, particularly Campylobacter jejuni, 
but may also reflect underlying differences in host–microbiota 
interactions.

Dietary patterns, a major determinant of gut microbiota com-
position, vary substantially across regions and may influence 
immune homeostasis. Western dietary patterns, typically high in 
fat and refined sugars and low in fiber, have been associated with 
reduced microbial diversity, decreased abundance of short-chain 
fatty acid (SCFA)-producing bacteria such as Faecalibacterium and 
Roseburia, and increased representation of pro-inflammatory taxa. 
In contrast, traditional or rural diets rich in fiber are linked to 
greater microbial diversity and enrichment of fermentative genera 
such as Prevotella, which contribute to SCFA production and 
immune regulation (20, 21). Although these studies are not specific 
to GBS, they support the concept that diet-driven microbiota 

FIGURE 1

Interactions between gut microbiota-derived metabolites, immune responses, and neuroprotection in Guillain-Barre syndrome (GBS). Beneficial 
metabolites (SCFAs, indole derivatives, creatine) support immune regulation and neuroprotection, while pathogenic stimuli (LPS/LOS, dysbiosis) 
promote inflammation and nerve damage.
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differences may shape immune responses and potentially influence 
disease susceptibility and clinical phenotypes.

Emerging evidence also suggests a potential link between gut 
microbiota composition and GBS susceptibility. While direct 
microbiome studies in GBS patients remain limited and heteroge-
neous, genetic approaches such as Mendelian randomization anal-
yses (which use genetic variants as instrumental variables to infer 
potential causal relationships) have identified associations between 
specific bacterial taxa and disease risk. For instance, genera includ-
ing Ruminococcus, Eubacterium, and Romboutsia have been associ-
ated with increased susceptibility to GBS, whereas taxa within the 
Lachnospiraceae family may exert protective effects (22, 23). 
Importantly, these findings do not establish direct causality at the 
functional level; but they provide further support for a role of gut 
microbiota in modulating host immune responses relevant to GBS 
pathogenesis.

Together, these observations suggest that geographical, dietary, 
and microbiota-related factors may contribute to the heterogeneity 
of GBS phenotypes and immune responses. Integrating environ-
mental and host-specific determinants, including diet and micro-
biota composition, may therefore be essential to better understand 
disease variability and to identify novel therapeutic or preventive 
strategies.

Microbiota alterations in Guillain–Barré 
syndrome

Direct studies of the gut microbiota in GBS remain limited, but 
available evidence suggests reduced microbial diversity and shifts 
in specific bacterial taxa compared with healthy controls (24–26). 
These alterations resemble dysbiotic patterns observed in other 
autoimmune disorders.

Notably, reduced abundance of short-chain fatty acid (SCFA)-
producing bacteria such as Faecalibacterium prausnitzii or 
Roseburia hominis, alongside increases in pro-inflammatory taxa, 

has been reported in dysbiotic gut microbiota profiles of inflam-
matory diseases compared with healthy controls (27–29). Such 
changes may promote systemic inflammation and lower the thresh-
old for autoimmune activation. Whether these alterations precede 
disease onset or reflect consequences of acute illness or treatment 
remains unresolved.

Microbial metabolites and neuroimmune 
regulation

Short-chain fatty acids

Gut bacteria ferment dietary fibers into short-fatty acids 
(SCFAs), principally acetate, propionate, and butyrate. These 
SCFAs modulate immune regulation, enhance gut barrier integrity, 
and influence blood-nerve barrier function. In neurodegenerative 
diseases SCFAs help reduce microglial activation, oxidative stress, 
preserve neuronal health, and counter neuroinflammation (30). 
Though direct studies in GBS are scarce, SCFAs likely dampen sys-
temic and neural inflammatory cascades that are central to GBS 
pathogenesis (Table 1).

SCFAs, exert potent immunomodulatory effects by promoting 
regulatory T cell differentiation, suppressing pro-inflammatory 
cytokine production, and enhancing BBB integrity (15, 27, 30, 31). 
Reduced SCFA production in GBS-associated dysbiosis may impair 
immune tolerance and prolong inflammation (Table 1).

Tryptophan metabolites and AHR signaling

Gut bacteria metabolize dietary tryptophan into indole and 
related metabolites (e.g., indole-3-propionic acid, indole-3-aldehyde) 
that act as agonists of the aryl hydrocarbon receptor (AHR). These 
AHR ligands are expressed on astrocytes and microglia and have been 
shown to restrain central nervous system inflammation by modulating 
inflammatory gene programs in glial cells (32–34). Administration of 

TABLE 1  Gut microbiota– and host metabolism–derived factors influencing immune regulation and neuroprotection in Guillain–Barré syndrome.

Source Metabolite/component Main immunological or 
neurobiological effects

Relevance to GBS and 
neuroprotection

SCFA-producing bacteria 

(Faecalibacterium prausnitzii, 

Roseburia spp)

Butyrate, propionate, acetate

Induction of regulatory T cells; 

suppression of pro-inflammatory 

cytokines; reinforcement of epithelial and 

blood–nerve barrier integrity; modulation 

of microglial activation

Reduced immune tolerance and prolonged 

neuroinflammation when depleted; 

potential contribution to secondary nerve 

damage (27–31)

Tryptophan-metabolizing bacteria
Indole derivatives (e.g., indole-3-

propionic acid)

AHR-mediated regulation of innate and 

adaptive immunity; restraint of 

neuroinflammatory signaling; support of 

immune homeostasis

Dysregulated AHR signaling may favor 

exaggerated immune responses and 

peripheral nerve injury (33–35)

Gram-negative bacteria (including 

Campylobacter jejuni)
LPS/LOS

Innate immune activation via TLR4; 

promotion of systemic inflammation; 

molecular mimicry through ganglioside-

like LOS structures

Synergistic amplification of molecular 

mimicry and inflammatory damage in 

susceptible individuals (17, 36–39)

Host-derived metabolic substrate Creatine

ATP buffering; mitochondrial 

stabilization; reduction of oxidative stress; 

immunometabolic modulation of 

macrophage and T-cell responses

Support of axonal resilience, 

neuromuscular recovery, and 

neuroprotection as an adjunctive strategy 

(40, 47–50)
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indole, has been shown to promote adult hippocampal neurogenesis 
in mice via the AHR pathway, and indole-related metabolites activate 
AHR signaling to mitigate neuroinflammatory responses in CNS dis-
ease models (35). These effects in suppressing neuroinflammatory 
signaling may be relevant to autoimmune nerve injury in 
GBS. Subsequently, microbiota-derived tryptophan metabolites acti-
vate the AHR, a key regulator of immune homeostasis and neuroin-
flammation (32–34). Dysregulation of this pathway may contribute to 
exaggerated immune responses and peripheral nerve injury in GBS 
(Table 1).

Lipopolysaccharide and pro-inflammatory signals

Increased exposure to lipopolysaccharide (LPS) due to dysbio-
sis or impaired gut barrier function can activate innate immune 
responses and enhance autoimmunity (17, 32). In GBS, LPS-driven 
inflammation may synergize with molecular mimicry mechanisms 
following infection. Lipopolysaccharides, more precisely lipooli-
gosaccharides (LOS), from Campylobacter jejuni and other Gram-
negative pathogens share structural homology with peripheral 
nerve gangliosides, providing a well-established basis for molecu-
lar mimicry in Guillain-Barré syndrome. Early studies demon-
strated that LOS from C. jejuni isolated from GBS patients contain 
ganglioside-like epitopes that induce cross-reactive anti-ganglio-
side antibodies, leading to complement activation and immune-
mediated nerve injury (36, 37). Beyond antigenic mimicry, LPS 
acts as a potent pro-inflammatory trigger through Toll-like recep-
tor 4 (TLR4) signaling, amplifying innate immune activation and 
cytokine release, which may lower the threshold for autoreactive 
B- and T-cell responses (38). This inflammatory milieu likely 
enhances antibody production and effector mechanisms, thereby 
potentiating nerve damage in susceptible individuals (39). 
Together, these findings support a synergistic model in which LPS-
driven inflammation and molecular mimicry cooperate to initiate 
and propagate immune-mediated peripheral neuropathy in GBS 
(Table 1).

Microbial and metabolomic biomarkers in 
GBS

Microbiota composition and metabolite profiles represent 
promising biomarkers for disease susceptibility, severity, and prog-
nosis. Altered SCFA levels, disrupted tryptophan metabolism, and 
markers of endotoxemia may correlate with immune activity and 
clinical outcomes (24–26). Longitudinal, multi-omics studies are 
needed to validate these candidates.

Emerging microbiota-targeted therapeutic 
strategies

Probiotics and prebiotics

Microbiota-targeted interventions such as probiotics and pre-
biotics have gained increasing attention as potential adjunctive 
strategies in immune-mediated neurological disorders. Probiotics 
may promote the expansion of beneficial commensal bacteria, 
enhance short-chain fatty acid (SCFA) production, and restore 
immune tolerance by modulating regulatory T cell responses and 
cytokine profiles (15, 18). Prebiotics, by providing fermentable 

substrates for commensal bacteria, may further support these 
effects by selectively enriching SCFA-producing taxa (15, 27).

Although controlled clinical trials evaluating probiotics or pre-
biotics in Guillain–Barré syndrome are currently lacking, evidence 
from other autoimmune and neuroinflammatory conditions sug-
gests that these interventions may attenuate systemic inflammation 
and improve immune homeostasis (18, 19, 27). Given the relative 
safety and accessibility of these approaches, they represent promis-
ing candidates for future investigation as supportive therapies 
during recovery or remission phases of GBS.

Postbiotics and microbial metabolite 
supplementation

Postbiotics—defined as non-viable microbial products or 
metabolites with biological activity—offer a targeted approach to 
modulate host immune responses without administering live 
microorganisms. Among these, SCFAs such as butyrate have dem-
onstrated potent anti-inflammatory and barrier-supporting prop-
erties, including promotion of regulatory T cell differentiation and 
suppression of pro-inflammatory signaling pathways (15, 27).

In the context of GBS, supplementation with SCFAs or SCFA-
mimicking compounds could theoretically compensate for dysbi-
osis-associated deficits in immunoregulatory metabolites observed 
in some patients (24–26). While direct evidence in GBS is cur-
rently unavailable, preclinical and clinical data from other autoim-
mune neurological disorders support the concept that 
metabolite-based interventions may contribute to immune rebal-
ancing and neuroprotection (18, 27).

Fecal microbiota transplantation

Fecal microbiota transplantation (FMT) represents the most com-
prehensive strategy to restore microbial ecosystem balance by transfer-
ring a complete microbial community from a healthy donor to a 
recipient. FMT has demonstrated efficacy in recurrent Clostridioides 
difficile infection and has shown promising immunomodulatory effects 
in selected autoimmune and neuroinflammatory disorder (18, 19).

To date, FMT has not been systematically evaluated in GBS. The 
acute onset, rapid progression, and frequent need for intensive care 
pose significant challenges regarding safety, timing, and patient selec-
tion. Nevertheless, in carefully controlled settings and possibly during 
the recovery phase, FMT may offer a future avenue to re-establish 
eubiosis and dampen persistent immune activation. Rigorous clinical 
studies are required before this approach can be considered in GBS.

Dietary interventions

Dietary modulation represents a non-invasive and widely appli-
cable strategy to influence gut microbiota composition and metabolic 
output. Diets rich in fermentable fibers, polyphenols, and anti-inflam-
matory nutrients have been shown to enhance SCFA production and 
support immune tolerance (15, 27).

In GBS, dietary interventions may serve as supportive measures 
to promote microbiota resilience during recovery, particularly follow-
ing antibiotic exposure or prolonged hospitalization. While dietary 
strategies alone are unlikely to replace immunotherapy, they may 
complement existing treatments by reinforcing microbiota-mediated 
immune regulation.
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Creatine supplementation as a metabolically 
mediated neuroprotective strategy

Beyond microbiota-derived metabolites, host-derived meta-
bolic substrates may also influence immune and neuroprotective 
responses in Guillain–Barré syndrome (GBS). Creatine is a key 
component of cellular energy metabolism, acting as a phosphate 
buffer that maintains adenosine triphosphate (ATP) availability in 
tissues with high energetic demand, including peripheral nerves 
and skeletal muscle (40). Experimental studies have demonstrated 
that creatine exerts neuroprotective effects through mitochondrial 
stabilization, reduction of oxidative stress, and preservation of 
axonal integrity under conditions of metabolic stress (41, 42) 
(Table 1).

In addition to its bioenergetic role, creatine has emerged as an 
immunometabolic modulator, with creatine availability shown to 
influence macrophage polarization and cytokine production, as 
well as enhance macrophage-mediated support of effector T-cell 
responses, suggesting a role in shaping immune responses relevant 
to autoimmune and inflammatory disorders (43, 44). Notably, cre-
atine uptake via the creatine transporter (SLC6A8) supports cel-
lular resilience during immune activation by sustaining metabolic 
capacity in macrophages and T cells, with SLC6A8-dependent 
creatine transport influencing cytokine responses, effector func-
tion, and immune cell homeostasis — processes that may limit 
excessive inflammatory damage under conditions of sustained 
activation (43, 45, 46).

Although direct clinical evidence for creatine supplementa-
tion in GBS is currently lacking, beneficial effects have been 
reported in neuromuscular and neurodegenerative conditions 
characterized by axonal dysfunction, mitochondrial impairment, 
or muscle wasting (40, 47, 48). These properties suggest that cre-
atine supplementation could represent a safe and accessible 
adjunctive strategy to support nerve recovery, neuromuscular 
function, and rehabilitation in GBS, particularly in axonal sub-
types (Table 1).

Importantly, creatine metabolism may also interact indirectly 
with gut microbial ecology and intestinal barrier function through 
shared amino acid pathways involving arginine and glycine 
metabolism, further supporting its inclusion within a broader 
host–microbiota–metabolism framework (49, 50). Well-designed 
clinical studies are required to evaluate the optimal timing, 
dosage, and efficacy of creatine supplementation in GBS patients.

Immunomodulatory therapeutic strategies 
beyond microbiota

Guillain-Barré syndrome is primarily an antibody-mediated 
disease, in which anti-ganglioside antibodies play a central role in 
nerve damage through complement activation and interaction with 
immune effector cells. Accordingly, current therapeutic strategies 
are largely aimed at interfering with the production and pathogenic 
activity of these antibodies. First-line treatments such as intrave-
nous immunoglobulin (IVIg) and plasmapheresis act by neutral-
izing circulating autoantibodies and modulating the immune 
response. In addition, emerging approaches targeting humoral 
immunity include complement inhibition and blockade of the neo-
natal Fc receptor (FcRn), which regulates IgG recycling and per-
sistence (51, 52).

Distinct therapeutic mechanisms of IVIg and 
plasmapheresis

Despite their shared clinical efficacy, IVIg and plasmapheresis rely 
on fundamentally different mechanisms of action. Plasmapheresis 
primarily exerts its effect through the physical removal of circulating 
pathogenic factors, including autoantibodies, complement compo-
nents, and inflammatory mediators. In contrast, IVIg exerts broader 
immunomodulatory effects beyond the neutralization of autoantibod-
ies. One of its key mechanisms involves anti-idiotypic antibodies 
capable of binding and functionally blocking pathogenic anti-gangli-
oside antibodies at the peripheral nerve level. IVIg has also been 
shown to interfere with complement activation, thereby limiting 
membrane attack complex formation and subsequent axonal injury. 
Furthermore, competition for Fc receptor binding on immune effector 
cells promotes inhibitory signaling pathways, reducing inflammatory 
activation and downstream tissue damage (53).

IVIg therapy in gut microbiota and 
immune-mediated diseases

In this context, the role of the gut microbiota in immune-medi-
ated neuropathies remains complex and, in some aspects, controver-
sial. In patients with chronic inflammatory demyelinating 
polyneuropathy (CIDP) receiving IVIg, the gut microbiome exhibits 
distinct features compared to healthy individuals, including increased 
bacterial diversity and enrichment of Firmicutes such as Blautia, 
Eubacterium hallii, and Ruminococcus torques, as well as 
Actinobacteriota, with a predominance of short-chain fatty acid-pro-
ducing taxa. Notably, IVIg does not appear to induce significant short-
term changes in gut microbiome composition, suggesting that its 
therapeutic effects are not mediated through rapid microbiota modu-
lation (54).

Insights from other immune-mediated diseases further support 
the interplay between gut barrier integrity and systemic immune 
responses. In Kawasaki disease (KD), increased intestinal permeability 
and disruption of gut immune homeostasis have been associated with 
endothelial dysfunction, platelet activation, and the development of 
vascular complications. Importantly, gastrointestinal involvement has 
been linked to reduced responsiveness to IVIg therapy, suggesting that 
gut-derived immune alterations may influence treatment outcomes 
(55). Taken together, these observations support a model in which, 
although IVIg primarily exerts its effects through immunomodulation 
of pathogenic antibodies and complement pathways, host–microbiota 
interactions and gut barrier status may modulate disease severity and 
therapeutic responsiveness in immune-mediated disorders, including 
Guillain-Barré syndrome. These findings highlight the need for inte-
grated therapeutic approaches targeting both humoral immunity and 
host–microbiota interactions in GBS.

In addition to established therapies, alternative strategies aimed at 
directly interfering with pathogenic autoantibodies have been pro-
posed. One conceptual approach involves the use of ganglioside-mim-
icking or lipooligosaccharide (LOS)-derived epitopes to competitively 
inhibit the binding of anti-ganglioside antibodies to peripheral nerves, 
based on the molecular mimicry mechanisms underlying GBS (6, 7). 
Although still largely experimental, this strategy may offer a targeted 
means to neutralize pathogenic antibodies. Furthermore, the use of 
anti-idiotypic antibodies represents another potential therapeutic 
avenue, as these antibodies can bind to the antigen-binding sites of 
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pathogenic autoantibodies and prevent their interaction with neural 
targets. This mechanism is thought to contribute, at least in part, to 
the therapeutic effects of intravenous immunoglobulin (5, 53). These 
approaches highlight the potential for more specific immunotherapies 
aimed at directly blocking autoimmune effector mechanisms in GBS.

Future directions and neuroprotective 
perspectives

Despite significant advances in the understanding of Guillain–
Barré syndrome pathogenesis, current therapeutic approaches remain 
largely reactive and focused on acute immunomodulation through 
intravenous immunoglobulin or plasma exchange (1, 9). These thera-
pies effectively reduce disease severity but do not directly address 
upstream factors that influence immune susceptibility, disease hetero-
geneity, or long-term recovery.

Emerging evidence suggests that the gut microbiota and its meta-
bolic output represent key modulators of systemic and neuroimmune 
responses relevant to peripheral nerve injury (15, 18). Integrating 
microbiota-informed perspectives into GBS research may enable a 
shift toward earlier risk stratification, improved prognostic assess-
ment, and the development of personalized therapeutic strategies.

Future studies should prioritize longitudinal, multi-omics 
approaches combining microbiome profiling, metabolomics, and 
immune phenotyping in well-characterized GBS cohorts (24–26, 48). 
Such integrative analyses may help determine whether microbiota 
alterations precede disease onset, modulate disease severity, or influ-
ence recovery trajectories. Identification of reproducible microbial or 
metabolomic signatures could facilitate the development of biomark-
ers for disease monitoring and therapeutic response.

From a neuroprotective standpoint, microbiota-derived metabo-
lites such as SCFAs and tryptophan-derived indoles represent particu-
larly attractive targets due to their capacity to promote immune 
tolerance, reinforce barrier integrity, and restrain excessive inflamma-
tion through pathways such as AHR signaling (15, 32–34). Modulating 
these pathways may help limit secondary nerve damage and support 
regenerative processes following acute immune-mediated injury.

Conclusion

From a neuroprotective and metabolic perspective, host-directed 
strategies deserve increasing attention in Guillain–Barré syndrome 
(GBS). Creatine supplementation, by supporting mitochondrial func-
tion, buffering cellular energy failure, and modulating immunometa-
bolic pathways, represents a promising adjunctive approach to 
complement conventional immunotherapies. Future research should 
determine whether creatine can enhance axonal resilience, improve 
functional recovery, and synergize with rehabilitation programs or 
microbiota-targeted interventions. More broadly, integrating meta-
bolic substrates with microbiome-based modulation within multi-
modal therapeutic frameworks may provide a more comprehensive 
strategy for GBS management, simultaneously addressing immune 
dysregulation, host–microbe interactions, and neuronal energy vul-
nerability. Although these concepts remain largely exploratory, they 
open new avenues for neuroprotective interventions aligned with pre-
cision medicine, systems immunology, and personalized neuroreha-
bilitation in immune-mediated peripheral neuropathies.
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