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Article 
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Abstract: This Systematic Review focused on the use of Bifidobacterium infantis and Bifidobacterium breve in 
neurodegenerative diseases. The study of metabolomics has demonstrated the relationship between dysbiosis 
and neuronal death. The modulation of the gut microbiota in the intervention of these pathologies has become 
a promising area of study, showing beneficial results such as the improvement of synaptic function, the 
reduction of neuroinflammation, as well as the improvement of associated neuropsychiatric symptoms. Several 
studies have addressed the administration of Bifidobacterium infantis and Bifidobacterium breve, alone, in 
conjunction or in combination with other strains, in the intervention of neurodegenerative diseases. This 
Systematic Review includes the results of 17 research articles (n=5 in humans and n=12 in animal models) and 
the main result was that the use of these Bifidobacterium strains, alone, in conjunction or in combination with 
other strains, produced improvements in neurodegenerative disease-related symptomatology and 
degenerative cellular processes. However, some studies shown neutral results in certain variables. These data 
suggest that the use of these probiotics has a neuroprotective effect that may delay the progression of the 
disease. This research provides relevant and updated information on the use of these Bifidobacterium strains in 
neurodegenerative pathologies such as Alzheimer's disease and Parkinson's disease. 

Keywords: neurodegenerative disease; probiotics; Alzheimer´s disease; Parkinson´s disease; 
neurodegenerative process; Bifidobacterium infantis; Bifidobacterium longum subsp. infantis; 
Bifidobacterium breve 

 

1. Introduction 

Currently, it is known that there are numerous neurodegenerative diseases (more than 100 have 
been described to date), as well as medical conditions related to neurodegenerative processes [1,2]. 
These conditions include oxidative stress and mild cognitive impairment (MCI), which appear to be 
associated with the aging process. In addition, neurodegenerative diseases also include highly 
prevalent pathologies such as Alzheimer's disease (AD) and Parkinson's disease (PD) [3,4]. 

Oxidative stress is related to cognitive impairment and is caused by the toxic effects on cells 
produced by the oxidation of proteins, lipids, carbohydrates and nucleotides [5–7]. These processes, 
which take milliseconds, promote the accumulation of intracellular aggregates, and produce 
excitotoxicity, mitochondrial dysfunction and apoptosis [8,9]. Furthermore, MCI refers to a 
heterogeneous entity of impaired cognitive functions in a single or multiple domains that can be 
diagnosed as the onset of dementia or the early symptoms of AD [10–13]. 

AD is a neurodegenerative disease characterized by the deposition of extracellular senile 
plaques, and intracellular neurofibrillary tangles (NFTs), synapse reduction and gliosis develop [14-
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18].  Synapse loss is one of the earliest pathological events in AD, strongly correlating with cognitive 
decline and impaired memory function [19]. Gliosis, the reactive change in glial cells in response to 
damage, plays a critical role in the disease's progression. Astrocytes and microglia, the primary glial 
cells involved, become activated and contribute to synaptic dysfunction and loss through the release 
of pro-inflammatory cytokines and other neurotoxic factors [20]. This combined reduction in synaptic 
connections and increase in gliosis disrupts neural communication and accelerates 
neurodegenerative processes, establishing these phenomena as central mechanisms in AD's etiology 
[21].  Its progressive deterioration is complex in the later stages of the disease and therefore, it is 
essential to define interventions that regulate the progression of AD in early stages [22]. PD is other 
neurodegenerative disease characterized by premature destruction of dopaminergic neurons in the 
midbrain, impaired communication between the prefrontal cortex and subcortical areas and damage 
to the basal ganglia [23–26].  Basal ganglia dysfunction is prevalent in various neurological 
disorders, including Parkinson's disease, Huntington's disease, and Tourette syndrome, affecting 
millions worldwide. For instance, Parkinson's disease alone affects approximately 1% of individuals 
over the age of 60, highlighting the widespread impact of basal ganglia-related pathologies [27,28]. 

In recent years, alterations in the gut microbiota (GM) have been increasingly associated with 
the onset and progression of neurodegenerative diseases such as Alzheimer's disease and Parkinson's 
disease [29–31]. Dysbiosis, or the loss of homeostasis in the GM, is related to these neurodegenerative 
conditions [32,33]. This imbalance in the microbial community can influence the disease process 
through various mechanisms, including the modulation of endocrine pathways, immune signals, and 
neurological factors [32,34,35]. Therapeutic proposals aimed at regulating the GM have been 
explored, particularly through the use of probiotics. These interventions have shown significant 
benefits by modulating the levels of bacterial families colonizing the human GM [30,36,37]. Probiotic 
treatments can reduce systemic inflammation, modulate the expression of genes associated with 
neurodegeneration, and improve both motor and non-motor symptoms of these pathologies 
[30,36,37]. This therapeutic approach holds promise for improving the symptoms associated with 
neurodegenerative processes. 

Among the most studied probiotics, those composed mainly of Bifidobacterium and 
Lactobacillaceae were found. Lactobacillaceae is a family of long, curved or straight, gram-positive, 
anaerobic, lactic acid-forming bacilli. Bifidobacteriaceae is a genus of gram-positive, anaerobic bacilli, 
and they utilize the fructose-6-phosphate phosphoketolase pathway [38,39]. Of these families, the 
Bifidobacterium longum and Bifidobacterium bifidum species, and the Lactoplantibacillus plantarum, 
Lactobacillus paracasei and Lactobacillus casei species, respectively, are the ones that have shown the 
most scientific evidence in the intervention of neurodegenerative diseases [32,40].  

Several studies suggest that the administration of different strains of Bifidobacterium, alone or in 
combination, significantly improve the neuropsychiatric symptoms present in neurodegenerative 
processes [41–44], although it is still complex to identify the exact mechanisms that give probiotics 
their neuroprotective action. Due to the diversity of comparing the data obtained in studies dealing 
with the use of Bifidobacterium infantis, Bifidobacterium longum subsp. infantis, and Bifidobacterium 
breve, it is necessary to review the main research obtained in this line. Bifidobacterium infantis has been 
widely studied for its beneficial effects on gut health, particularly in preterm infants, showing 
significant promise in reducing gastrointestinal issues [45]. Similarly, Bifidobacterium longum subsp. 
infantis has been noted for its potential in alleviating symptoms of irritable bowel syndrome and 
other gastrointestinal disorders [46]. Bifidobacterium breve has also been explored extensively, 
demonstrating beneficial outcomes in both children and adults when used as a dietary supplement 
[47]. These findings provide a comprehensive understanding of the role of these probiotics in 
promoting gut health and mitigating gastrointestinal disorders. 

Therefore, addressing these types of interventions is a challenge and an opportunity for the 
scientific and health community [29,48–50]. The data reported on the use of probiotics, and other 
techniques aimed at modulating the gut microbiota (e.g., fecal microbiota transplantation), have 
shown that it is essential to re-examine interventions for neurodegenerative diseases through the 
regulation of GM [51,52]. 
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The previous Systematic Review conducted by our research group analyzed the impact of 
Lactiplantibacillus plantarum, alone or in combination, on the symptomatology associated with 
neurodegenerative processes. The results obtained have shown that the use of this probiotic had a 
potential benefit in reversing the progression of the pathology. The use of metabolomics allows the 
identification of altered metabolic markers [44,53–55]. Thus, for example, we found that amino acid 
and phospholipid alterations in the hippocampus are associated with memory deficits in AD patients, 
among other variables. These data suggest interventions aimed at restoring the levels of these 
markers with the use of probiotics. It is important to note that Bifidobacterium infantis is also known 
as Bifidobacterium longum subsp. infantis by scientific community; infantis is often classified as a 
subspecies of Bifidobacterium longum due to high genetic similarity observed in genome sequencing. 
Therefore, both terms are used in this study to avoid losing relevant data on this probiotic. 

The main objective of this Systematic Review was to collect all significant findings on the impact 
of the administration of Bifidobacterium infantis (or Bifidobacterium longum subps. Infantis) and 
Bifidobacterium breve, alone, in conjunction or in combination with other strains, in the treatment of 
neurodegenerative diseases. The focus will be on metabolic and cognitive modifications in 
neurodegenerative processes. This review will provide current data on the use of these Bifidobacterium 
strains for a better understanding of the advances in this line of research. 

2. Methods 

2.1. Literature Search 

The Systematic Review followed the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement [56,57] and we followed the methodology of our previous RS in 
conducting this research [58]. We searched for articles published between 2000 and 2024, in the 
following databases: ScienceDirect, Scopus, Wiley, PubMed and Web of Science (WoS), and the 
following search terms were used: [Bifidobacterium infantis OR Bifidobacterium longum subsp. infantis 
OR Bifidobacterium breve] AND [Neurodegenerative disease OR Parkinson Disease OR Alzheimer 
Disease]. Two authors independently conducted the literature search in January 2024 (A.I.B.-V and 
M.R.), the initial review of titles and abstracts, and the evaluation of retrievable articles for 
comprehensive review.  

2.2. Study Selection 

In both human and animal, the studies were screened for inclusion by the following eligibility 
criteria: i) that the use of Bifidobacterium infantis or Bifidobacterium longum subsp. infantis or 
Bifidobacterium breve as a therapeutic target in the process of neurodegeneration was addressed, ii) 
that the studies included any of the pathologies studied in this Systematic Review, which involve 
neurodegeneration, AD, PD, and oxidative stress, iii) the full text was accessible online, iv) the article 
was written in English. Exclusion criteria included: i) studies primarily focused on the food industry 
or the use of Bifidobacterium strains in food products without a specific focus on neurodegenerative 
diseases or oxidative stress; ii) studies lacking a direct investigation into the therapeutic effects of the 
mentioned Bifidobacterium strains on neurodegenerative conditions; and iii) articles not available in 
full text or not written in English. 

A total of 858 articles were retrieved (Figure 1), of which only 19 articles were identified as 
meeting the eligibility criteria. Once duplicates were removed, the titles and abstracts of all articles 
were examined for eligibility. Studies that not included intervention with study strains of 
Bifidobacterium (n=2) were excluded. Following this detailed review, a total of 17 studies were 
included. After the screening phase, all full texts of the selected studies were retrieved for 
comprehensive review, based on the established inclusion criteria. 
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Figure 1. Flow diagram of the search and selection process. 17 studies met the eligibility criteria and 
investigated the effects of Bifidobacterium infantis or Bifidobacterium longum subsp. infantis or 
Bifidobacterium breve alone or in combination on neurodegenerative disease (5 studies in human and 
12 studies in animal model). 

2.3. Data Extraction 

The data extracted from the included studies were as described below (Table 1): 
 Type of study (human or animal model). 
 Type of probiotic used (Bifidobacterium infantis or Bifidobacterium longum subsp. infantis or 

Bifidobacterium breve, alone, in conjunction or in combination). 
 Neurodegenerative pathology addressed in the research. 
 Population (description). 
 Methodology of the research carried out. 
 Intervention (dose administered, time). 
 Results obtained after the intervention with Bifidobacterium infantis or Bifidobacterium longum 

subsp. infantis or Bifidobacterium breve. 
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Table 1. Effects of Bifidobacterium infantis, Bifidobacterium longum subsp. infantis and Bifidobacterium breve, alone or in combination on neurodegenerative diseases (in human and animal 
models). 

 Probiotics Population Methodology Intervention Results References 
 Alzheimer´s Disease           

HUMA
N 

STUDIE
S 

Mixture probiotic: Bifidobacterium 
longum subsp. infantis BLI-02, 

Bifidobacterium breve Bv-889, and 
Bifidobacterium animalis subsp. lactis 

CP-9 

40 patients Probiotic vs 
Sham 

Probiotic (1 × 
1010 CFU/capsule for 

12 weeks) 

BDNF levels in the treatment group 
increased significantly from a baseline value 
of 7115.1 ± 4461.9 pg/mL to an endpoint of 

9678.5 ± 6652.9 pg/mL, with ** p = 0.005; The 
fold change of cortisol decrease was 

significantly larger in treatment group as 
compared with the active control group 

(119.4% vs. 94.3%, *p = 0.039) 

(63) 10.3390/nu16010
016 

MCI (Mild Cognitive Impairment)       

Bifidobacterium breve A1 117 patients 
Probiotic vs 

Sham 

Bifidobacterium breve 
A1 (2 capsules daily > 

1×1010 CFU) for 12 
weeks 

Significant difference between B. breve A1 
and placebo groups in subscale ‘immediate 
memory’ of RBANS and MMSE total score 

(#p < 0.05 between the treatment and 
placebo groups at baseline; †p < 0.05 

between the treatment and placebo groups 
at 12-weeks examination); No significant 

intergroup difference was observed in terms 
of changes in scores from the baseline scores 

(59) 
10.3920/BM2018.

0170 

Bifidobacterium breve MCC1274 115 patients Probiotic vs 
Sham 

Bifidobacterium breve 
MCC1274 (A1) (2×1010 

CFU) daily for 24 
weeks 

A significant intergroup difference was 
observed in the changes from baseline of 

GM (gray matter atrophy in the whole 
brain) extent score (p = 0.013) 

(60) 
10.3233/JAD-

220148 

Lactobacillus plantarum BioF-228, 
Lactococcus lactis BioF-224, 
Bifidobacterium lactis CP-9, 

Lactobacillus rhamnosus Bv-77, 
Lactobacillus johnsonii MH-68, 
Lactobacillus paracasei MP137, 
Lactobacillus salivarius AP-32, 

42 patients 
Probiotic vs 

Sham 

Mixture probiotic 
(>2*1010 CFU/g) 

probiotics daily for 12 
weeks 

Cognitive function and sleep quality were 
improved. Mini-Mental State Examination-
MMSE (24.75 ± 2.47); Montreal Cognitive 
Assessment Scale-MoCA (22,05 ± 2,14 vs 

20,10 ± 1,45); Pittsburgh Sleep Quality 
Index-PSQI (5,35 ± 2,78 vs 8,40 ± 1,76, p < 

0,001)  

(61) 
10.1016/j.gerinur

se.2023.03.006 
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Lactobacillus acidophilus TYCA06, 
Lactococcus lactis LY-66, 

Bifidobacterium lactis HNO19, 
Lactobacillus rhamnosus HNO01, 

Lactobacillus paracasei GL-156, 
Bifidobacterium animalis BB-115, 

Lactobacillus casei CS-773, Lactobacillus 
reuteri TSR332, Lactobacillus 

fermentum TSF331, Bifidobacterium 
infantis BLI-02, and Lactobacillus 

plantarum CN2018 
Oxidative stress       

VSL#3® - Bifidobacterium infantis DSM 
24737, Bifidobacterium longum DSM 
24736, Bifidobacterium breve DSM 

24732, Lactobacillus acidophilus DSM 
24735, Lactobacillus delbrückii ssp. 

bulgaricus DSM 24734, Lactobacillus 
paracasei DSM 24733, Lactobacillus 

plantarum DSM 24730, 
and Streptococcus thermophilus DSM 

24731 

62 patients Probiotic vs 
Sham 

VSL#3® 
supplementation (2 

capsules daily) for 56 
days 

Arm B did not significantly affect 
cholesterol or glucose, however it reduced 

ESR (p =0.05) and was associated with 
significant increases in serum folate 

(p=0.007) and serum vitamin B12 (p=0.001), 
and a decrease in plasma homocysteine (p < 
0.001). Both diet alone and diet plus VSL#3® 

were associated with an increase in 
glutathione-S-transferase activity 

(62) 10.1016/j.clnu.20
14.09.023 

         
 Alzheimer´s Disease       

ANIM
AL 

STUDIE
S 

Bifidobacterium breve A1 
Male 10-

week-old ddY 
mice 

Probiotic vs 
Sham 

Bifidobacterium breve 
A1 (1×109 CFU in 0.2 
ml, starting 2 days 

before Aβ injection) 
daily for 10 days 

B. breve A1 prevents Aβ-induced cognitive 
dysfunction; suppresses Aβ-induced 

changes in gene expression in the 
hippocampus; B. breve A1 and acetate 

partially ameliorate behavioral deficits (p  < 
0.05, ††p  < 0.01 vs. control (sham). *p < 0.05, 

**p < 0.01 vs. Aβ (+)) 

(66) 
10.1038/s41598-

017-13368-2 

Mixture probiotic: Lactobacillus 
reuteri, Lactobacillus rhamnosus, and 

Bifidobacterium infantis 

50 male 
Wistar rats 

Probiotic vs 
Sham 

Mixture probiotic 2 g 
(1010 CFU) daily for 

10 weeks 

Aβ-treated group had longer time latency in 
comparison with the control and sham 

groups in MWM training phase (p < 0.001). 
(67) 

10.29252/ibj.24.4.
220 
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Administration of probiotics promoted 
spatial memory and learning in comparison 

with Aβ-treated group (p < 0.01). 
Administration of probiotics mixture 

demonstrated a significant decrement in 
MDA level in comparison with Aβ-treated 

group (p < 0.001) 

Bifidobacterium breve-five strains (B. 
breve NMG, B. breve MY, B. 

breve CCFM1025, B. breve XY, and B. 
breve WX) 

63 male 
C57BL/6J mice 
(8 weeks old)  

Individual 5 
strains of 

Bifidobacterium 
breve 

Bifidobacterium breve-5 
strains (B. 

breve NMG, B. 
breve MY, B. 

breve CCFM1025, B. 
breve XY, and B. 

breve WX) (1 × 109 
CFU/mL) daily for 6 

weeks 

B. breve NMG and CCFM1025 
administration led to significant 

improvements in alternation behavior and 
increases in total arm entries. However, the 

administration of the other three B. 
breve strains failed to improve working 

memory; CCFM1025, XY, and WX to Aβ1-42-
treated mice significantly reduced the 
hippocampal accumulation of Aβ1-42 

(Control vs. model: # p < 0.05 by unpaired 
student’s t-test; * p < 0.05, ** p < 0.01 by one-

way ANOVA for all groups) 

(68) 10.3390/nu13051
602 

Bifidobacterium breve MCC1274 
40 C57BL/6J 

mice (2-
month-old)  

Probiotic vs 
Sham 

Bifidobacterium 
breve MCC1274 (1 × 
109 CFU/mL) five 

times/week for four 
months 

Significant decrease in soluble Aβ1-42 levels 
in the hippocampal extracts of probiotic 

mice vs to those of mice that received Sham; 
p-Akt and p-GSK-3β protein levels were 

significantly increased in the hippocampus 
of the probiotic group vs Sham group (* p < 

0.05); B. breve MCC1274 significantly 
increased the protein levels of SYT and 

syntaxin, and showed a tendency to increase 
the protein levels of SYP and PSD-95 in 

hippocampal extracts (** p < 0.01) 

(69) 
10.3390/nu14122

543 

Bifidobacterium breve A1 
52 App 

knock-in (KI) 
mice (AppNL-

Probiotic vs 
Sham 

Bifidobacterium breve 
A1 (1×109 CFU in 0.2 
ml, starting 2 days 

Memory impairment: the probiotic group 
had a significantly increased exploration 

time for the novel object compared with the 
familiar object; the discrimination index (DI) 

(70) 10.3233/JAD-
215025 
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G-F)-3-month-
old 

before Aβ injection) 
daily for 10 days 

was higher in the probiotics group vs Sham 
group; B. breve MCC1274 supplementation 

suppresses Aβ fibril formation; significantly 
upregulated ADAM10 and PS1 in the 

hippocampus, whereas AβPP and BACE1 
levels did not change (p <  0.05) 

Vitalon Probiotics (VP) powder: 
Bacillus natto, Bacillus 
coagulans, Lactobacillus 

casei, Lactobacillus 
acidophilus, Bifidobacterium 

longum, Bifidobacterium breve 

9–15 
mice/group- 

APP 
transgenic 

mouse line J20 
& Wild-type 

(WT) 
littermate 

mice (control) 

Prebiotic vs 
Synbiotic 

3.6 g/kg/day 
prebiotics (WT/P and 
APP/P)-2.5% inulin; 

or 4.1 g/kg/day 
synbiotics (WT/S and 

APP/S)-Vitalon, 
intragastrically for 

2 months 

The level of Aβ1-42 was significantly 
decreased in APP/S mice compared with 

APP/C mice; synbiotic treatment 
significantly reduced TNF-α levels (*p < .05; 

***p < .001; ****p < .0001) 

(71) 10.1002/iub.2589 

Bifidobacterium breve CCFM1025 
40 Male adult 
C57BL/6J mice 
(8 weeks old)  

Probiotic + EE vs 
Protiobic 

Bifidobacterium 
breve CCFM1025 (1 × 
109 CFU/mL) + daily 

for 6 weeks vs 
Bifidobacterium 

breve CCFM1025 (1 × 
109 CFU/mL) daily for 

6 weeks 

EE + B. breve CCFM1025 showed improved 
working memory in the Y-maze; 

accumulation of hippocampal Aβ1-42 was 
significantly decreased in the EE-treated 
groups, with the EE + B. breve CCFM1025 

(Control vs. Model: #p < 0.05, ##p < 0.01, ###p 
< 0.001, ####p < 0.0001) 

(72) 10.3389/fimmu.2
022.1013664 

Bifidobacterium breve CCFM1025 
24 Male adult 
C57BL/6J mice 
(8 weeks old)  

Probiotic vs 
Sham 

Bifidobacterium breve 
CCFM1025 (5 × 109 
CFU/mL) vs Veh-

sterile 10% skimmed 
milk 

The levels of L-tyrosine and tryptophan in 
the model group were restored 

by Bifidobacterium breve CCFM1025 
treatment (p < 0.05); compared with the 

control mice, 36 metabolites were 
statistically altered in the hippocampal 
tissues of the model mice (p < 0.05) vs 

CCFM1025; CCFM1025 restored the level of 
the serum metabolite phenylalanine and L-
glutamine levels in the hippocampus (* p  < 

 0.05; ** p  <  0.01) 

(73) 
10.3390/nu14040

735 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 May 2024                   doi:10.20944/preprints202405.2103.v1

https://doi.org/10.20944/preprints202405.2103.v1


 9 

 

Bifidobacterium breve HNXY26M4 Male mice 
(16-week-old) 

Probiotic vs 
Sham 

Bifidobacterium breve 
HNXY26M4 (1 × 109 

CFU/mL) daily for 12 
weeks 

Treatment with B. breve HNXY26M4 led to 
dramatically lower levels of Aβ1−42 than 

those in APP/PS1 mice; B. breve HNXY26M4 
Supplementation Ameliorates 

Neuroinflammation, Oxidative Damage, 
and Synaptic Impairment in the Brains of 
APP/PS1 Mice; the levels of acetate and 

butyrate were increased in samples from B. 
breve HNXY26M4-treated mice, and a more 

substantial increase in acetate relative to 
butyrate (*p < 0.05, **p < 0.01, and ***p < 

0.001) 

(74) 10.1021/acs.jafc.3
c00652 

Bifidobacterium breve HNXY26M4 
40 Male adult 
C57BL/6J mice 
(8 weeks old)  

Probiotic+EE vs 
Protiobic 

Bifidobacterium breve 
HNXY26M4 (1 × 109 
CFU/mL) daily + EE 

vs Bifidobacterium 
breve HNXY26M4 (1 × 
109 CFU/mL) daily for 

6 weeks 

Mice that received only EE (ADEE) or EE 
combined with B. breve treatment (AD+BBEE) 

had significantly lower concentrations of 
Aβ1-42 in the hippocampus than ADSE mice 

(*p < 0.05, **p < 0.01, ***p < 0.001) 

(75) 10.26599/FSHW.
2022.9250084 

Parkinson´s Disease       

Bifidobacterium breve A1-MCC1274 

156 Male 
C57BL/6 mice 

(7–8 weeks 
old) 

Probiotic vs 
Sham 

Bifidobacterium 
breve MCC1274 (A1) 

(1 × 109 CFU/mL) 
daily for 4 days 

B. breve A1 prevented the reduction of spine 
density in PD mice and maintained it at the 
same level as that in control mice (* p < 0.01 
vs. Control + Saline and † p < 0.05: between 
MPTP + Saline and MPTP + B. breve A1); B. 

breve A1 did not show any significant effects 
on hippocampal cAMP levels in PD and 

control mice (* p < 0.01 vs. Control + Saline) 

(64) 10.3390/biomedic
ines9020167 

Bifidobacterium breve CCFM1067 
40 Male 

C57BL/6 mice 
(6 weeks old)  

Probiotic vs 
Sham 

Bifidobacterium 
breve CCFM1067 (109 
CFU/200 μL saline) 
daily on days 8-41 

B. breve CCFM1067 improves MPTP-
induced motor impairments: Both L-DOPA 

and B. breve CCFM1067 therapies 
substantially reduced MPTP-induced motor 
impairments in the PT (F (2,21) = 56.94, p < 
0.0001), NBT (F (2,21) = 33.72, p < 0.0001), 

(65) 10.3390/nu14214
678 
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and RTR (F (2,18) = 21.99, p < 0.0001); B. breve 
CCFM1067 reduced the increase in striatal 
TNF-α (F (2,9) = 91.49, p < 0.0001), IL-1β (F 
(2,9) = 29.53, p < 0.0001), and IL-6 (F (2,9) = 

24.61, p = 0.0002) 
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3. Results 

3.1. Human Studies 

Five studies were conducted in humans. One addressed Alzheimer’s disease and the impact of 
the use of Bifidobacterium infantis or Bifidobacterium longum subsp. infantis or Bifidobacterium breve in 
the intervention of neurodegenerative processes in AD patients (31) (n=1); and four of them explored 
MCI or Oxidative stress in neurodegenerative processes [59–62] (n=4). 

3.1.1. Alzheimer´s Disease 

Hsu et al. have conducted a recent study in 2024 in which they addressed the role of a probiotic 
composed of Bifidobacterium longum subsp. infantis BLI-02, Bifidobacterium breve Bv-889, 
Bifidobacterium animalis subsp. lactis CP-9, Bifidobacterium bifidum VDD088 and Lactobacillus plantarum 
PL-02 in AD treatment (1×1010 CFU/capsule). 40 patients participated in this study, and after 12 weeks 
of intervention with this probiotic mixture, a 36% increase in serum BDNF (brain-derived 
neurotrophic factor) (*p = 0.005) and an increase in SOD (antioxidant superoxide dismutase) (*p = 
0.012) was observed in the experimental group vs. the control group. In addition, a reduction in IL-
1β (*p = 0.041) and a significantly reduction in cortisol levels (119.4% vs. 94.3%, *p = 0.039) were as 
well observed (63). [*Main method of analysis (Student’s t-test)]. 

3.1.2. Mild Cognitive Impairment 

The 2019 study by Kobayashi et al. included 117 older adults (50-80 years) and analyzed the 
impact of Bifidobacterium breve A1 on cognitive dysfunction associated with neurodegeneration. 
Patients received 2 capsules daily (>1×1010 CFU) for 12 weeks. The results showed significant 
improvements in MMSE-Mini-Mental State Examination, and RBANS-Assessment of 
Neuropsychological Status scores (#p < 0.05 between treatment and placebo groups at baseline; †p < 
0.05 between treatment and placebo groups at the 12-week examination). However, no significant 
differences were observed between groups in terms of changes in scores from baseline scores [59]. 
[*Main method of analysis (Student's t-test)]. 

Other study conducted by Asaoka et al. in 2022 addressed the role of Bifidobacterium breve 
MCC1274 (A1) in the treatment of older adults with chronological age-associated MCI. The study 
involved 115 patients (65-88 years) who received (2×1010 CFU) daily for 24 weeks. MMSE scores 
improved (< 25) compared to the placebo group (“orientation in time” and “writing” subscales). In 
the probiotic-treated group, there was a tendency to suppress the progression of progressive brain 
atrophy in some subjects (VOI Z-score ≥1.0- Z-score of gray matter atrophy in the volume of interest-
VOI). Specifically, a significant intergroup difference was observed in the changes from baseline of 
GM (gray matter atrophy in the whole brain) extent score (p = 0.013) [60]. [*Main method of analysis 
(Student's t-test)]. 

The study conducted by Fei et al. in 2023 addressed the use of a probiotic mixture including 
Lactobacillus plantarum BioF-228, Lactococcus lactis BioF-224, Bifidobacterium lactis CP-9, Lactobacillus 
rhamnosus Bv-77, Lactobacillus johnsonii MH-68, Lactobacillus paracasei MP137, Lactobacillus salivarius 
AP-32, Lactobacillus acidophilus TYCA06, Lactococcus lactis LY-66, Bifidobacterium lactis HNO19, 
Lactobacillus rhamnosus HNO01, Lactobacillus paracasei GL-156, Bifidobacterium animalis BB-115, 
Lactobacillus casei CS-773, Lactobacillus reuteri TSR332, Lactobacillus fermentum TSF331, Bifidobacterium 
infantis BLI-02, and Lactobacillus plantarum CN2018, in 42 volunteer participants (over 60 years of age). 
Patients took (>2×1010 CFU/g) probiotic daily for 12 weeks. The results showed that cognitive function 
and sleep quality were improved: MMSE (24.75 ± 2.47); Montreal Cognitive Assessment Scale-MoCA 
(22.05 ± 2.14 vs. 20.10 ± 1.45); Pittsburgh Sleep Quality Index-PSQI (5.35 ± 2.78 vs. 8.40 ± 1.76, p < 0.001) 
(61). [*Student's t-test and analysis of variance (ANOVA) were used for comparative analyses]. 
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3.1.3. Oxidative Stress 

Valentini et al. in 2015 conducted a study analyzing the impact of VSL#3® (Bifidobacterium infantis 
DSM 24737, Bifidobacterium longum DSM 24736, Bifidobacterium breve DSM 24732, Lactobacillus 
acidophilus DSM 24735, Lactobacillus delbrückii ssp. bulgaricus DSM 24734, Lactobacillus paracasei DSM 
24733, Lactobacillus plantarum DSM 24730, and Streptococcus thermophilus DSM 24731) in 62 patients 
(65 -85 years). VSL#3® were administered daily (2 capsules) for 56 days. VSL#3® did not significantly 
affect cholesterol or glucose levels; however, it did reduce the Erythrocyte Sedimentation Rate (ESR) 
(p = 0.05), indicating a decrease in systemic inflammation. This arm was also associated with 
significant increases in serum folate (p = 0.007) and serum vitamin B12 (p = 0.001), as well as a decrease 
in plasma homocysteine levels (p < 0.001). These biochemical changes suggest a potential reduction 
in oxidative stress, as elevated homocysteine is a known risk factor for oxidative damage and 
inflammation. Both diet alone and diet plus VSL#3® were associated with an increase in glutathione-
S-transferase activity, an enzyme involved in detoxification processes and protection against 
oxidative stress (62). These findings collectively indicate that the interventions may help mitigate 
oxidative stress, likely through enhanced antioxidant defenses and improved nutrient status. [*Chi-
squared test and Mann–Whitney U-test were used for biochemical parameters; ANOVA and 
ANCOVA were used for differences in inflammatory parameters before and after dietary 
interventions]. 

In conclusion, the evidence in human studies suggests that the use of Bifidobacterium infantis or 
Bifidobacterium longum subsp. infantis, alone or in combination with other strains, improved BDNF 
levels, reduced cortisol and ESR-Erythrocyte Sedimentation Rate levels, and increased folate and 
vitamin B12 levels. Moreover, the administration of Bifidobacterium breve MCC1274 (A1) showed an 
improvement on cognitive function (MMSE and RBANS test), and significant modifications in GM 
(gray matter atrophy in the whole brain) extent score [60,61,63]. In the study conducted by Valentini 
et al. in 2015, an increase in glutathione S-transferase activity was found to be associated with reactive 
oxygen species-ROS neutralization [62]. It is important to mention that the study by Kobayashi et al. 
(2019) did not show significant differences between groups in terms of changes in scores with respect 
to baseline scores [59]. 

3.2. Animal Studies 

A total of 12 studies were conducted using different animal models. Of these, 10 focused on AD 
(29,38,39,41-44,48-50) (n=10); and 2 focused on PD [64,65] (n=2). All of them addressed the 
intervention with Bifidobacterium infantis or Bifidobacterium longum subsp. infantis or Bifidobacterium 
breve for the improvement of degeneration associated with AD or PD. 

3.2.1. Alzheimer´s Disease 

Kobayashi et al. conducted a study in 2017 about the impact of Bifidobacterium breve A1 in an AD 
model-male (10-week-old) ddY mice. The probiotic was administered daily for 10 days (1×109 CFU 
in 0.2 ml, starting 2 days before Aβ injection). The results have shown that Bifidobacterium breve A1 
prevents Aβ-induced cognitive dysfunction and suppresses Aβ-induced changes in gene expression 
in the hippocampus. Moreover, Bifidobacterium breve A1 and acetate partially ameliorate behavioral 
deficits (p < 0.05, ††p < 0.01 vs. Sham. *p < 0.05, **p < 0.01 vs. Aβ (+)) [66]. [*One-way analysis of 
variance followed by Student’s t or Mann–Whitney U post hoc tests]. 

The research conducted by Mehrabadi & Sadr, in 2020, used an AD model-Wistar rat with Aβ1-
40 intra-hippocampal injection (n=50), and administered a 2 ml probiotic mixture composed of 
Lactobacillus reuteri, Lactobacillus rhamnosus, and Bifidobacterium infantis (1010 CFU daily for 10 weeks). 
Results shown that the Aβtreated group had a longer time latency compared to the control and Sham 
groups in the MWM-Morris water maze training phase (p < 0.001). Probiotic administration promoted 
spatial memory and learning compared to the Aβ-treated group (p < 0.01). Administration of the 
probiotic mixture showed a significant decrease in the level of malondialdehyde-MDA compared to 
the Aβ-treated group (p < 0.001) and a reduction in the levels of inflammation biomarkers IL-1β (p < 
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0.01) and TNF-α (p < 0.01) [67]. [*ANOVA, followed by post hoc Tukey's test were used for 
comparative analyses]. 

In 2021, Zhu et al. conducted a study analyzing the impact of five strains of Bifidobacterium breve 
(B. breve NMG, B. breve MY, B. breve CCFM1025, B. breve XY, and B. breve WX) individually (1×109 
CFU/mL) in 63 male AD model-C57BL/6J mice (8 weeks old), daily for 6 weeks. In this research, 
Bifidobacterium breve NMG and CCFM1025 administration led to significant improvements in 
alternation behavior and increases in total arm entries in the Morris water maze. However, the 
administration of the other three Bifidobacterium breve strains failed to improve working memory; 
CCFM1025, XY, and WX to Aβ1-42-treated mice significantly reduced the hippocampal accumulation 
of Aβ1-42 (Control vs. model: # p < 0.05 by unpaired Student’s t-test; * p < 0.05, ** p < 0.01 by one-way 
ANOVA for all groups) [68]. [*One-way analysis of variance (ANOVA) or the Kruskal–Wallis test 
with post hoc comparison]. 

Abdelhamid et al. (2022) conducted a study with AD model-C57BL/6J mice (2-month-old) 
(n=40). The animals were treated with Bifidobacterium breve MCC1274 (1×109 CFU/mL) five times/week 
for four months vs. Sham. Significant decrease in soluble Aβ1-42 levels in the hippocampal extracts of 
probiotic mice vs. Sham; p-Akt and p-GSK-3β protein levels were significantly increased in the 
hippocampus of the probiotic group vs. Sham group (*p < 0.05); B. breve MCC1274 significantly 
increased the protein levels of SYT and syntaxin, and showed a tendency to increase the protein levels 
of SYP and PSD-95 in hippocampal extracts (**p < 0.01) [69]. [*Two-tailed unpaired Student’s t-test 
(for normally distributed variables)]. 

Other study conducted for Abdelhamid et al. in 2022, with similar methodology, addressed the 
impact of Bifidobacterium breve MCC1274 (A1) in an AD model-App knock-in (KI) mice (AppNL-G-
F)-3-month-old (n=52). Bifidobacterium breve A1 (1×109 CFU in 0.2 ml, starting 2 days before Aβ 
injection), were administered daily for 10 days. The probiotic group had a significantly increased 
exploration time for the novel object compared with the familiar object, improving the memory 
impairment. In addition, the discrimination index (DI) was higher in the probiotics group vs. Sham 
group; B. breve MCC1274 supplementation suppresses Aβ fibril formation; significantly upregulated 
ADAM10 and PS1 in the hippocampus, whereas AβPP and BACE1 levels did not change (p < 0.05) 
[70]. [*Main method of analysis (Student's t-test)]. 

Deng et al., in 2022, conducted a study analyzing the effect of 2.5% inulin (3.6 g/kg/day) 
compared with a synbiotic (4.1 g/kg/day), daily for 2 months on APP transgenic mouse line J20 & 
Wild-type (WT) littermate mice (control). This synbiotic contained the inulin prebiotic and Vitalon 
Probiotics (VP) powder: Bacillus natto, Bacillus coagulans, Lactobacillus casei, Lactobacillus acidophilus, 
Bifidobacterium longum and Bifidobacterium breve. The results showed that the level of Aβ1-42 was 
significantly decreased in the experimental group compared with control mice; the synbiotic 
treatment significantly reduced TNF-α levels (*p < .05; ***p < .001; ****p < .0001) [71]. [*Differences 
between multiple means were assessed by one-way or two-way ANOVA]. 

Zhu et al. conducted a study in 2022 analyzing the impact of Bifidobacterium breve CCFM1025 in 
40 male adult AD model-C57BL/6J mice (8 weeks old). The animals received the probiotic (1×109 
CFU/mL) alone or in combination with enriched environment-EE, daily for 6 weeks. EE 
+ Bifidobacterium breve CCFM1025 showed improved working memory in the Y-maze and 
accumulation of hippocampal Aβ1-42 was significantly decreased in the EE-treated groups, with the 
EE + B. breve CCFM1025 (Control vs. Model: #p < 0.05, ##p < 0.01, ###p < 0.001, ####p < 0.0001) [72]. [*A 
one-way analysis of variance (ANOVA) with Holm–Sidak test or Student’s t-test was used for the 
parametric analysis of differences between groups; Kruskal–Wallis test followed by Dunn’s test or 
Welch’s t-test was performed for nonparametric data variance analysis]. 

Other study conducted by the research group of Zhu et al. (2022) evaluated the impact of 
Bifidobacterium breve CCFM1025 in 24 adult male AD model-C57BL/6J mice (8 weeks old). The animals 
received the probiotic (1×109 CFU/mL) alone or Sham-sterilized 10% skim milk, daily for 6 weeks. 
The results have shown that the levels of L-tyrosine and tryptophan in the model group were restored 
by Bifidobacterium breve CCFM1025 treatment (p < 0.05); compared with the control mice, 36 
metabolites were statistically altered in the hippocampal tissues of the model mice (p < 0.05) vs. 
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CCFM1025; and restored the level of the serum metabolite phenylalanine and L-glutamine levels in 
the hippocampus (*p < 0.05; **p < 0.01) [73]. [*Main method of analysis (Principal Component 
Analysis-PCA) of all samples and the Pearson correlation coefficient between QC samples]. 

The study conducted by Zhu et al. [74] in an AD model-male mice (16-week-old) addressed the 
effects of Bifidobacterium breve HNXY26M4 vs. Sham. The animals received Bifidobacterium breve 
HNXY26M4 (1×109 CFU/mL) daily for 12 weeks and the results indicated that treatment with 
Bifidobacterium breve HNXY26M4 led to dramatically lower levels of Aβ1−42 than those in APP/PS1 
mice; ameliorates neuroinflammation, oxidative damage, and synaptic impairment in the brains of 
APP/PS1 mice; the levels of acetate and butyrate were increased in samples from Bifidobacterium. breve 
HNXY26M4-treated mice, and a more substantial increase in acetate relative to butyrate (*p < 0.05, 
**p < 0.01, and ***p < 0.001) [74]. [*One-way ANOVA]. 

A recent study conducted by Zhu et al. in 2024, addressed the use of Bifidobacterium breve 
HNXY26M4 (1×109 CFU/mL) daily in male adult AD model-C57BL/6J mice (8 weeks old) (n=40), alone 
or administered with EE, for 6 weeks. The results indicated that this probiotic reduces cognitive 
impairment and modulates glutamine metabolism, improving brain function. Specifically, mice that 
received only Environmental Enrichment (EE, ADEE) or EE combined with Bifidobacterium breve 
treatment (AD+BBEE) had significantly lower concentrations of Aβ1-42 in the hippocampus than AD-SE 
mice (*p < 0.05, **p < 0.01, ***p < 0.001) [75]. This indicates that both environmental enrichment and 
the combination of EE with Bifidobacterium breve treatment are effective in reducing Aβ1-42 levels, a 
marker associated with Alzheimer's disease pathology. It is important to note that while EE alone 
was effective, the addition of B. breve did not diminish the beneficial effects, suggesting that the 
probiotic may complement the environmental intervention rather than acting independently. The 
combined treatment may offer a synergistic effect, enhancing overall outcomes. [*Student's t-test and 
analysis of variance (ANOVA) were used for comparative analyses]. 

In conclusion, the results obtained in AD model-animal studies have shown that Bifidobacterium 
breve (A1)- CCFM1025 could prevent cognitive disfunction, improve memory impairment, and 
ameliorate behavioral deficits [60,64,66]. Moreover, A1 suppressed Aβ fibril formation and p-Akt and 
p-GSK-3β protein levels were significantly increased in the hippocampus [63,64,66]. In addition, 
Bifidobacterium breve CCFM1025 (A1) restored the levels of L-tyrosine and tryptophan, the level of the 
serum metabolite phenylalanine, and L-glutamine levels in the hippocampus [73].  

The studies that addressed the treatment with Bifidobacterium breve HNXY26M4 concluded that 
this probiotic produced a significative decrease of Aβ1-42 level in hippocampus, ameliorated 
neuroinflammation, oxidative damage and synaptic impairment in brain [74,75]. In the same line, the 
studies that administered a mixture probiotic or individual strains of Bifidobacterium breve showed 
that the use of Bifidobacterium infantis, Bifidobacterium longum subsp. infantis or Bifidobacterium breve, 
improve the mnesic function, decrease the MDA levels [61]; reduced the Aβ1-42 level in hippocampus 
and reduce TNF-α levels [68,71]. 

3.2.2. Parkinson´s Disease 

Ishii et al. conducted research in 2021 and Bifidobacterium breve A1 was evaluated in a PD model-
male C57BL/6 mice (7–8 weeks old) (n=156). The probiotic was administered vs. Sham, in the same 
method: Bifidobacterium breve MCC1274 (A1) (1×109 CFU/mL), daily for 4 days. In this study, the 
results indicated that Bifidobacterium breve A1 prevented the reduction of spine density in PD mice 
and maintained it at the same level as that in control mice (*p < 0.01 vs. Control + Saline (†p < 0.05): 
between MPTP + Saline and MPTP + Bifidobacterium breve A1; Bifidobacterium breve A1 did not show 
any significant effects on hippocampal cAMP-adenylyl cyclase (AC)–cyclic AMP levels in PD and 
control mice (*p < 0.01 vs. Control + Saline) [64]. [*Tukey’s post-hoc test or Kruskal–Wallis analysis 
and Mann–Whitney U tests based on the analyses of homoscedasticity using Levene’s test]. 

In 2022, Li et al. conducted a study which addressed the impact of Bifidobacterium 
breve CCFM1067 (109 CFU/200 μL saline) daily on days 8-41. The authors used a PD model-male 
C57BL/6 mice (6 weeks old) (n=40). This study concluded that Bifidobacterium breve CCFM1067 
improves MPTP-induced motor impairments: Both L-DOPA and Bifidobacterium breve CCFM1067 
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therapies substantially reduced MPTP-induced motor impairments in the PT-pole test (F (2,21) = 
56.94, p < 0.0001), NBT-narrow-beam test (F (2,21) = 33.72, p < 0.0001), and RTR-rotarod test (F (2,18) 
= 21.99, p < 0.0001); Bifidobacterium. breve CCFM1067 reduced the increase in striatal TNF-α (F (2,9) = 
91.49, p < 0.0001), IL-1β (F (2,9) = 29.53, p < 0.0001), and IL-6 (F (2,9) = 24.61, p = 0.0002) (65). 
[*D’Agostino–Pearson test, Student’s unpaired t-test or one-way analysis of variance (ANOVA) with 
Dunnett’s test was used to compare two or multiple datasets. The Mann-Whitney test or Kruskal-
Wallis with Dunn’s test was conducted to compare two or multiple datasets, respectively]. 

Evidence suggests that the use of Bifidobacterium breve MCC1274 (A1) exerts a neuroprotector 
function prevented the reduction of spine density in PD model. It is interesting the result about the 
absence of modification in the hippocampal cAMP-adenylyl cyclase (AC)–cyclic AMP levels [64]. The 
use of Bifidobacterium breve CCFM1067 showed improvement in motor impairments and reduced the 
increase in striatal TNF-α (65). 

4. Discussion 

The main objective of this Systematic Review was to compile all significant findings from human 
and animal model studies investigating the impact of Bifidobacterium infantis, Bifidobacterium longum 
subsp. infantis or Bifidobacterium breve, alone, in conjunction or in combination with other strains, on 
the improvement of symptomatology and cellular damage associated with neurodegenerative 
disease. The results obtained indicated that these probiotics improve both motor symptoms and 
neuropsychiatric impairments and reduce neuronal damage alone and in combination with other 
bacterial strains. In comparison, Lactiplantibacillus (Lactobacillus) plantarum has also shown significant 
potential in alleviating neurological symptoms. Studies have demonstrated that Lactiplantibacillus 
plantarum can improve neuropsychiatric disorders, sleep disorders, and autonomic dysfunction in 
patients with neurological conditions [58]. Furthermore, Lactiplantibacillus plantarum has been found 
to enhance cognitive function and mitigate neuronal damage when used in combination with other 
treatments, such as memantine [29]. Both Bifidobacterium strains and Lactiplantibacillus plantarum 
exhibit beneficial effects on the gut-brain axis, supporting their use as psychobiotics for improving 
both motor and neuropsychiatric symptoms [38]. 

Analyzing the impact of Bifidobacterium infantis, Bifidobacterium longum subsp. infantis or 
Bifidobacterium breve, alone, in conjunction or in combination with other strains on neurodegenerative 
diseases, was observed that both human and animal studies have mainly focused on AD, PD, 
oxidative stress and MCI, as shown in Table 1. 

Regarding AD, it was observed that the use of Bifidobacterium strains studies presented a 
neuroprotective action, reducing cortisol levels and increasing BDNF levels, and reduced 
neuroinflammation. In addition, these probiotics showed improvements in memory function and 
learning, and up-regulation of acetate and butyrate levels, as well as the level of the serum metabolite 
phenylalanine and L-glutamine levels in the hippocampus [63,66–75].  

Recent studies suggested that β-amyloid (Aβ) peptide is the main cause of cognitive impairment 
and synaptic dysfunction in AD [70]. Also, these studies suggested that Aβ decreases BDNF by 
reducing the CREB proteins. Therefore, BDNF increase and regulation of this signaling pathway 
(CREB-BDNF) is presented as a potential intervention in this pathology, regulating Aβ toxicity to 
delay disease progression [76–78]. 

Addressing the use of probiotics in AD, recent studies have shown a beneficial effect of 
Lactiplantibacillus plantarum, alone or in combination. Specifically, the previous Systematic Review 
conducted by our research group showed that the use of this probiotic has a neuroprotective action, 
regulating ATPase processes and improving glucose metabolism in the brain. In addition, the use of 
Lactiplantibacillus plantarum exerted a protective role on synaptic function and neuronal survival. 
Finally, an improvement in memory function was observed [58]. 

Other studies have analyzed the impact of different strains of Bifidobacterium on AD. 
Interventions with Bifidobacterium lactis and Bifidobacterium longum have shown positive effects in 
both human and animal models [79,80]. For example, a study conducted by Kim et al. in 2021 showed 
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that a mixture of Bifidobacterium bifidum BGN4 and Bifidobacterium longum BORI administered for 12 
weeks produced a significant increase in serum BDNF levels (p < 0.05) [81]. 

Regarding PD, both studies analyzed the impact of different strains of Bifidobacterium breve. 
Specifically, administration of Bifidobacterium breve MCC1274 (A1) showed protective effects by 
preventing the reduction of spine density [64]. Moreover, the use of Bifidobacterium breve CCFM1067 
showed improvements in motor symptomatology, and a reduction of striatal TNF-α [65]. It is widely 
accepted that damage to the striatum is responsible for the motor symptoms observed in PD [82–84]. 
Motor symptomatology can emerge with as little as a 30% reduction in dopamine (DA) levels, 
although patients are typically diagnosed with an 80% loss of DA in the putamen due to 
compensatory mechanisms [85–87]. 

Addressing the use of probiotics in PD, previous studies have shown that administration of 
Lactobacillus and Bifidobacterium improved motor symptoms (Movement Disorder Society's Unified 
Parkinson's Disease Rating Scale scores). Among others, the researches addressing the use of 
Lactobacillus acidophilus, Lactobacillus fermentum and Lactobacillus reuteri showed neuroprotective 
effects and a reduction of oxidative stress. In addition, this genus is useful for the improvement of 
neuropsychiatric symptomatology associated with PD for its ability to modulate mood, or the quality 
of sleep, among others [88]. 

Analyzing the impact of different strains of Bifidobacterium, previous studies have shown their 
beneficial effects on this pathology. For example, Rezaeisasl, Salami & Sepehri in 2019 used a 
probiotic mixture composed of Bifidobacterium bifidum, Bifidobacterium longum, and Lactobacillus 
acidophilus. After a 6-week treatment, they found a protective effect on the serum profile and 
improvements in learning. However, this study is interesting because probiotic administration did 
not result in any improvement in memory function [89]. 

Regarding mild cognitive impairment, it was observed that the use of Bifidobacterium breve 
MCC1274 (A1) improved memory deficits. However, in the study conducted by Kobayashi et al. [59], 
no significant differences were found in the pre-post comparison of MMSE and RBANS scores [59]. 
Asaoka et al. [60] found that this probiotic improved gut microbiota (GM) levels compared to the 
control group, suggesting better gut health and reduced dysbiosis (60). In addition, in the 2023 study 
conducted by Fei et al. [61], a probiotic mixture containing various strains of Lactoplantibacillus and 
Bifidobacterium was used. The study found significant improvements in MMSE and MoCA (Montreal 
Cognitive Assessment) scores, and the sleep quality measured by PSQI (Pittsburgh Sleep Quality 
Index) [61]. 

Previous studies have analyzed the impact of probiotics on MCI. For instance, Lactiplantibacillus 
plantarum had shown to improve memory function, reduce neuroinflammation, and improve 
synaptic dysfunction [90,91]. Other probiotic, Lactobacillus plantarum DR7, had demonstrated 
improvements in memory and neuroprotective effects. Additionally, this probiotic reduced anxious-
depressive symptoms [92]. 

In a 2020 study conducted by Xiao et al., Bifidobacterium breve was administered to older adults 
with MCI for 16 weeks. The results showed that those who took Bifidobacterium breve had significantly 
better scores on MMSE and RBANS compared to the control group [93]. In their study, Yang et al. in 
2020 (94) used a probiotic mixture consisting of Bifidobacterium lactis, Lactobacillus casei, Bifidobacterium 
bifidum, and Lactobacillus acidophilus on animals for 12 weeks. The results showed a significant 
improvement in memory deficits and a decrease in previous cognitive dysfunction. Furthermore, an 
improvement of synaptic function and neuronal functioning were observed [94]. 

Regarding oxidative stress, the study conducted by Valentini et al. (2015), found an increase in 
glutathione-S-transferase activity [62]. There are various antioxidant systems, including antioxidants 
that prevent the formation of ROS [95]. These systems include SOD-superoxide dismutase, 
transferrin, glutathione peroxidase, and glutathione S-transferase. The latter plays a role in reducing 
ROS, regulating membrane permeability, and participating in the synthesis of proteins, DNA, and 
RNA, among others [96,97]. 

The scientific community has recently studied the use of probiotics on oxidative stress. For 
example, Lin et al. in 2022 [98] conducted an animal study on the effects of a probiotic mixture 
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containing Bifidobacterium animalis subsp. infantis BLI-02, Bifidobacterium breve Bv889, Bifidobacterium 
bifidum VDD088, Bifidobacterium animalis subsp. lactis CP-9, and Lactobacillus plantarum PL-02. The 
study found that this probiotic mixture had a neuroprotective effect and increased butyrate levels, 
which are directly associated with inflammatory and oxidative processes [98]. 

In 2020, Ton et al. [99] conducted a study analyzing the use of a prebiotic kefir mixture composed 
of Acetobacter aceti, Acetobacter spp., Lactobacillus delbrueckii delbrueckii, Lactobacillus 
fermentum, Lactobacillus fructivorans, Enterococcus faecium, Leuconostoc spp., Lactobacillus 
kefiranofaciens, Candida famata, and Candida krusei in patients with oxidative stress and dementia. 
The study findings indicate an enhancement in cognitive function through mechanisms related to 
cell damage, organ inflammation, and oxidative stress [99]. 

The results reported in this research have shown that probiotic intervention may improve 
symptoms associated with cognitive impairment in neurodegenerative diseases, such as memory, 
spatial orientation, and learning, anxious level, among others. Additionally, Bifidobacterium probiotics 
have demonstrated neuroprotective properties and the ability to modulate several metabolic 
processes associated with neurodegeneration. While acknowledging certain limitations, these data 
serve as a valued step for addressing degenerative processes and neurodegenerative diseases. 

5. Limitations and Future Research 

One limitation that should be noted is the small number of registered clinical trials. The 
identification of biological markers is an active research field, although the use of metabolomics is a 
recent development. Nonetheless, the data collected in this Systematic Review are relevant. All of 
this data allows us to identify starting points for future research with a solid and rigorous empirical 
basis. 

It should be noted that the databases consulted contain a limited number of full free articles. It 
is important to consider the possibility of validating results with studies that are not accessible to the 
scientific community. 

It is important to consider another limitation, which is that the evaluated interventions are 
heterogeneous in terms of the administered dose and intervention duration. Additionally, some 
probiotics are used alone while others are used in combination with different strains, species, and 
even families, making it difficult to generalize the beneficial results obtained from their 
administration. Further study of the mechanisms of action of each administered probiotic is 
necessary. 

This Systematic Review is the first to report and highlight the effects of Bifidobacterium infantis 
and Bifidobacterium breve, alone or in combination, on neurodegenerative diseases. The collected 
empirical evidence supports the development of interventions that incorporate the use of analyzed 
Bifidobacterium strains to improve motor, cognitive, and behavioural symptoms related to these 
pathologies, as well as to delay related-neurodegenerative processes.  

6. Practical Applications 

The review highlights the significant role of gut microbiota in the development and progression 
of neurodegenerative diseases. Changes in the diversity and composition of the gut microbiota, often 
leading to dysbiosis, are associated with brain pathologies such as Alzheimer's and Parkinson's 
diseases. Dysbiosis can disrupt cell homeostasis and contribute to neuroinflammation, a key factor in 
neurodegeneration. Probiotics, particularly certain strains of Bifidobacterium, have shown promise in 
reversing dysbiosis and improving cognitive function in both animal models and human studies. 
These live microorganisms, known as psychobiotics, may offer psychological benefits by modulating 
the gut-brain axis. The therapeutic potential of probiotics lies in their ability to enhance gut health, 
reduce inflammation, and possibly slow the progression of neurodegenerative diseases. However, 
further research is needed to fully understand the mechanisms involved and to develop targeted 
interventions that can be effectively integrated into clinical practice. The findings underscore the 
importance of an interdisciplinary approach to transform these scientific discoveries into practical 
applications that can benefit patients with neurodegenerative conditions. 
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7. Conclusions 

The results from both human and animal studies indicate that Bifidobacterium infantis, 
Bifidobacterium longum subsp. infantis, and Bifidobacterium breve probiotic strains can improve 
neuropsychiatric symptoms, enhance cognitive functions, and reduce neuroinflammation and 
oxidative stress markers. Specifically, the administration of these Bifidobacterium strains was 
associated with improvements in memory, spatial orientation, and learning abilities, alongside a 
decrease in anxiety levels and enhanced motor function. These findings support the hypothesis that 
targeted probiotic interventions can positively modulate gut-brain interactions, potentially offering 
a neuroprotective effect that delays the progression of neurodegenerative diseases. Therefore, 
incorporating these probiotics into therapeutic protocols presents a promising avenue for enhancing 
the quality of life for individuals suffering from conditions such as Alzheimer’s and Parkinson’s 
diseases. 
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