
REVIEW ARTICLE

Microbial treatment: the potential application for Parkinson’s disease
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Abstract
Alterations in the composition of the intestinal flora are associated with the pathophysiology of Parkinson’s disease (PD). More
importantly, the possible cause-effect links between gut flora and PD pathogenesis have been identified using PD animal models.
Recent studies have found that probiotics improve the symptoms associated with constipation in PD patients. In addition, fecal
microbiota transplantation (FMT) was recently shown to provide a protective effect against 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)–induced neurotoxicity in mice. Effective microbial therapy for PD includes probiotics and FMT.
Therefore, microbial therapy may be a useful and novel approach for treatment of PD. In this review, I discuss the use of
microbial treatment in PD.
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Introduction

Parkinson’s disease (PD) is a second most common neurode-
generative disease, ranking only behind Alzheimer’s disease
(AD). PD affects more than six million people worldwide [1]
and often presents with both motor and non-motor symptoms,
including resting tremors, rigidity, bradykinesia, and gastroin-
testinal problems. The gastrointestinal alterations associated
with PD have been extensively studied and verifiedwith several
clinical markers, such as the measurement of gastrointestinal
transit time using a magnetic tracking system [2]. Before being
diagnosed with PD, many patients reported constipation as one
of the initial gastrointestinal symptoms associated with the dis-
ease [3, 4]. Furthermore, PD causes other gastrointestinal symp-
toms, including abdominal pain, bloating, and incomplete def-
ecation. Many of these symptoms, including constipation, can
be effectively treated using probiotics [5–7]. In addition to
probiotics, microbial treatment may include fecal microbiota
transplantation (FMT), which has been shown to be effective
in the treatment of recurrent Clostridium difficile infection and
possibly PD [8, 9]. In this review, I highlight the potential role
of microbial treatment in PD, which may represent a novel
therapeutic strategy for the clinical treatment of PD (Table 1).

Probiotics linked to improved
gastrointestinal symptoms in
Parkinson’s disease

Constipation is common in PD patients with a preva-
lence of 70–80% [11]. Previous studies have shown that
constipation and infrequent bowel movements are direct
risk factors of PD [12, 13]. As constipation severely
affects the overall quality of life of PD patients [14],
effective treatment options are needed in the clinic. The po-
tential use of probiotics as an alternative treatment for PD
patients has been well established.

The initial study demonstrated, for the first time, improve-
ments in stool consistency and defecation habits in PD pa-
tients who used probiotics in the form of fermented milk con-
taining Lactobacillus casei Shirota [6]. In addition, the results
of a randomized placebo-controlled trial showed that intake of
fermented milk, which contained fiber and multiple strains
of probiotics, helped relieve constipation among PD pa-
tients [7]. In the two studies mentioned above, fermented
milk drinks were used as the solvent. However, some stud-
ies have shown a positive association between dairy prod-
uct consumption and an increased risk of PD [15, 16].
Hence, the potential adverse effects associated with the
long-term use of fermented dairy products combined with
probiotics are unknown. As an alternative, non-dairy pro-
biotic products may be better treatment options. However,
non-dairy probiotic products may also have an effect on
constipation in PD patients. The administration of two
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probiotics, Lactobacillus acidophilus and Bifidobacterium
infantis, in tablets alleviated the symptoms of abdominal
pain and bloating in PD patients [5].

Colonic transit time has been used to objectively
evaluate the severity of constipation among PD patients
[17]. Further studies are warranted to explore the effects
of probiotics on gastrointestinal symptoms using the ob-
jective methods like colonic transit time, in addition to
other self-report questionnaires like Rome III criteria.
Probiotics can increase gut motility [18] as they directly
stimulate intestinal smooth muscle cells [19]. The pre-
cise underlying mechanisms of probiotic in improving
gastrointestinal symptoms in PD are not fully clarified.
It is unknown whether probiotics alter the gut environ-
ment or inhibit harmful gut bacteria.

Irritable bowel syndrome (IBS)–like bowel symptoms have
been reported in approximately 24.3% of PD patients [20].
Disruption of the gut microbiota in PD patients with IBS-
like symptoms was linked to a lower abundance of
Prevotella species in fecal samples from PD patients [20].
Lower Bifidobacterium species counts were also found in
the stool specimens from patients with progressive PD [21].
Stool consistency and constipation are related to species rich-
ness and intestinal flora diversity [22]. Decreased
bifidobacteria and lactobacilli were found in patients with
functional constipation, and probiotics could ameliorate con-
stipation and abnormal gut motility issues in the general pop-
ulation [23].

There are still many questions about the proper use of
probiotic therapy for PD, including the most effective
probiotics, along with the dosage and duration of thera-
py. The human microbiome is host to many strains of
microbes, and a detailed analysis is crucial in determin-
ing which microbial communities may serve as potential
disease biomarkers [24]. However, the identification of
structural changes in the bacterial strains of PD, which
regulate brain function and modulate the microbiota di-
versity, remains a challenge. Multi-omics approaches for
studying intest inal f lora include metagenomics,
metaproteomics, and metabolomics. Currently, no studies
have investigated the gut flora and their metabolites in
PD patients using an integrative analysis of multi-omics
after probiotic treatment.

It is unknown whether successful colonization in the gut
and persistent exposure to probiotics will have on the enteric
microbiota of PD patients. It is possible that the flora will
revert to its original condition soon after stopping probiotic
intervention. If probiotics are unable to colonize the intestines
for extended periods, the continuous administration of
probiotics may be required. In theory, the therapeutic effects
of a single-strain probiotic and its effects on gastrointestinal
symptoms are more straightforward to assess than multi-
species probiotic supplements.

Probiotics improve gastrointestinal
symptoms and more in Parkinson’s disease

Delayed gastric emptying is common in PD patients [25–27],
and it can negatively affect the absorption of some oral PD
medications like levodopa [28]. Previously, the probiotic
Lactobacillus reuteriDSM 17938 was shown to enhance gas-
tric emptying in infants [29], suggesting that this therapy may
be effective in PD patients. However, the effects of probiotics
on gastric emptying and drug absorption in PD are still
unknown.

Decreased L-dopa absorption and increased motor function
fluctuations occur in PD patients with Helicobacter pylori
(HP) infection [30], and the effects are reversed by HP erad-
ication [31, 32]. Probiotic supplementation contributes to HP
eradication, and it reduces the severity of antibiotic-induced
adverse effects [33, 34]. The influence of probiotic treatment
on the pharmacokinetics and pharmacodynamics of L-dopa in
PD needs to be considered.

Laxatives may decrease the worsening of rigidity in PD
patients [35]. It is possible that mechanical perturbations in-
duced by laxatives may impact the intestinal microflora. More
importantly, probiotic use can decrease MDS-UPDRS scores
in PD patients [10]. However, its effect on the pathological
changes in the brain is still unknown. As far as I know, it is
unclear whether relief of constipation with probiotic therapy
can slow down the progression of PD in patients.

Dementia and cognitive impairments are common symp-
toms and complications of PD, and cognitive functions are
even impacted at early stages of the disease [36, 37].
Bifidobacterium breve strain A1 reversed cognitive dysfunc-
tion in a murine model of AD [38]. Probiotic supplementation
using a mixed-species product that included Lactobacillus
acidophilus, Lactobacillus casei, Bifidobacterium bifidum,
and Lactobacillus fermentum improved the mini-mental state
examination (MMSE) scores in AD patients [39].
Furthermore, the SLAB51 probiotic formulation delayed the
progression of AD in 3xTg-AD mice [40] and exerted a neu-
roprotective effect by reducing oxidative stresses in a trans-
genic murine model of AD [41]. While certain probiotic
strains are useful for the treatment of AD, it is unknown
whether these therapies may be an effective approach for
PD-linked dementia.

Depression and anxiety are common in patients with PD-
associated dementia [42]. It is well acknowledged that low
serotonin levels have been observed in patients with depres-
sion. However, limited studies have explored the use of
probiotics for mental health disease in PD patients.
Lactobacillus plantarum PS128 can upregulate dopamine
and serotonin levels in the striatum of the germ-free mice
[43]. Interestingly, Bifidobacterium longumNCC3001 can de-
crease the depression scores in patients with IBS [44]. In ad-
dition, Lactobacillus helveticus and Bifidobacterium longum
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can decrease the Beck Depression Inventory scores in patients
with major depressive disorder [45]. Together, these studies
have shown that probiotics may be useful for treating PD
patients with depression or anxiety; however, it required for
solid scientific evidence to prove.

Immunoregulatory effects of probiotics
in Parkinson’s disease

While different from traditional viewpoints, it is now believed
that the brain is not an immune-privileged organ. Recent stud-
ies have shown that the infiltrating CD4+ lymphocytes and
peripheral monocytes into the central nervous system contrib-
uting to neurodegeneration in the animal models of PD may
play an essential role in the pathophysiology of PD [46, 47].
The oral administration of Pediococcus acidilactici R037 at-
tenuated experimental autoimmune encephalomyelitis (EAE)
progression by inducing IL10-producing T regulatory type 1
(Tr1) cells [48]. In agreement with this study, Lactobacillus
plantarum A7 and Bifidobacterium animalis were shown to
favor regulatory T cell polarization and amelioratory EAE
[49]. Moreover, probiotic administration suppresses the infil-
tration of CD3+ T lymphocytes into the spinal cord of EAE
mice [50]. In addition, probiotic treatment (Lactobacillus,
Bifidobacterium, and Streptococcus) plays a part in modulat-
ing the anti-inflammatory effects on the peripheral immune
system in patients with multiple sclerosis [51]. The patho-
physiological role and the impact of probiotics on the anti-
inflammatory and inflammatory roles of CD4+ T cells in PD
and the link between the immune response require further
research. While probiotics may affect the immune cells and
immune responses in PD patients, there are no reports that
validate this hypothesis.

Cause or effect? Link between intestinal
microflora changes and Parkinson’s disease

Changes in the gut bacterial abundances of microbes, such as
Prevotellaceae, have been reported in PD patients [52].
Moreover, alteration of fecal microbiota precedes the onset
of brain pathology in rotenone-treated murine models of PD
[53]. The intestinal flora changes as PD progresses, which
directly correlates with the clinical features of the disease
[54]. These studies suggested that alterations of intestinal flora
may not just be a phenomenon of PD.

It is essential to determine whether alteration in the micro-
biota composition can cause the onset and progression of PD.
The possible causal effects of changes in the gut microbiota on
the pathophysiology of PD have been determined in animal
experiments. For example, alpha-synuclein-overexpressing
mice treated with gut microbes from PD patients showed

aggravated motor deficits [55]. Short-chain fatty acids
(SCFA) and intestinal flora metabolites are required for the
activation of microglial cells. Intestinal microbes and SCFA
regulate microglia in the central nervous system [56]. The
effects of the microbiota in PD mice rely on the production
of SCFA. The intestinal microbiota can be influenced by
probiotics [57], and probiotic supplementation effects fecal
SCFA levels [58, 59]. 1-Methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)–treated PD mice exhibited an in-
creased presence of Proteus mirabilis in the feces. In addition,
oral co-treatment withProteus mirabilis aggravated the loss of
dopaminergic neurons and motor impairment, along with ac-
tivation of microglia in the substantia nigra and striatum in
MPTP-treated mice [60]. It is difficult to confirm that specific
gut-derived strains from PD patients cause PD or promote
disease progression in clinical trials due to ethical reasons.
In return, it is challenging to meet Koch’s postulates
completely.

Targeted neuroinflammation and glial cell
activation in Parkinson’s disease

Neuroinflammation is associated with the pathogenesis of PD
[61]. Higher levels of endotoxin exposure have been found in
PD patients [62]. Lipopolysaccharide (LPS) has been used to
establish the PD animal model [63]. The gut is known to be a
primary source of LPS. B. longum subsp. infantismay reduce
gut-derived LPS in vitro [64]. Another study suggested that
the administration of Lactobacilli-fermented cow’s milk re-
lieved LPS-induced neuroinflammation and memory deficits
in mice [65]. In addition, mitochondrial dysfunction is another
c o nd i t i o n t h a t e x i s t s i n PD [ 66 ] . P r e b i o t i c s
(xylooligosaccharide), probiotics (Lactobacillus paracasei
HII01), and synbiotics can reduce hippocampal microglia ac-
tivation and cognitive deficits, as well as attenuate the dys-
function of brain mitochondrion, in obese insulin-resistant rats
[67]. The relationship between the pathophysiology of PD and
gut-derived LPS exposure is not well known, and the effects
of probiotics on gut-derived LPS, especially in the prodromal
period of PD, need to be further studied.

Role of fecal microbiota transplantation
in Parkinson’s disease

FMT is a new treatment option that has achieved initial
success in the treatment of C. difficile infection and IBS
in patients [68]. Gut microbial dysbiosis and increased fe-
cal SCFA concentrations have been observed in MPTP-
treated PD mice. FMT from normal mice has shown neu-
roprotective effects on MPTP-treated PD mice by
inhibiting glial cell activation and neuroinflammation [9].
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It has been reported that SCFA can exacerbate motor
symptoms in α-synuclein PD mice. However, fecal SCFA
concentrations decreased following FMT [9].

Besides tracking changes in specific strains, the cause-
effect link and mechanisms following FMT need to be iden-
tified. FMT is thought to provide full-spectrum microbiota or
complex microbiota transplantation. Currently, the long-term
effects and potential adverse effects for PD patients have not
been reported. FMT may reconstruct the intestinal flora, alter
the microbial diversity of the gut, and restore the abnormal
intestinal microflora in a holistic and wide-range manner.
Compared to host genetics, environmental factors like diet
and FMT are believed to have a greater impact on the intesti-
nal flora [69, 70]. FMT may be categorized as an intervention
for postnatal factors. As the intestinal flora differs in mice
from different feeding environments [71], additional studies
having specific and consistent feeding conditions are needed.

FMT treatment can relieve constipation symptoms in pa-
tients with slow transit constipation [72, 73]. When used in
combination with soluble dietary fiber, FMT is effective for
both short- and long-term treatments of slow transit constipa-
tion in the general population [74, 75]. The gut microbiota and
its metabolites from patients with slow transit constipation
may play a role in the regulation of gastrointestinal motility
[76, 77]. Currently, it is unknown whether FMT is equally
effective in PD patients with constipation through manipula-
tion of the microbiota-gut-brain axis.

FMT has been approved by the United States Federal Drug
Administration (FDA) for the treatment of recurrent C.
difficile infection [8]. However, one study has suggested that
FMTmay have complicated and unpredictable impacts on the
immune system of patients [78]. The ethical issues surround-
ing the use of FMT, such as selection and screening of appro-
priate donors, risk and benefit assessment, a potential impact
on emotional and behavioral regulation, long-term security,
and other ethical issues, need to be considered [79, 80].

Conclusions

In conclusion, microbial therapies may be beneficial for
PD patients suffering from gastrointestinal disorders.
However, probiotics should not be considered a panacea
for patients with PD when the data is limited, the quality
of evidence is poor, or there are mixed data. The roles of
probiotic therapy should not be exaggerated as the effects
of exogenously administered probiotics on the residential
bacterial populations and intestinal microenvironments in
PD patients are still unknown. The findings between var-
ious studies of distinct probiotic strain types, strain com-
binations, treatment duration, and varying dosages need to
be considered in both animal and clinical studies. The
animal models have limitations, and whether the results

of animal experiments can be extrapolated to humans is
unknown. Strain-level differences in the gut microbiomes
contribute to the pathological processes of PD, and repro-
ducible microbial causation is the key to this problem. In
the future, we need to consider the impact of environmen-
tal and dietetic factors on clinically relevant patient out-
comes in the experimental design. The composition and
diversity of the intestinal microflora and baseline symp-
toms vary between people, so the microbial treatment for
PD may be individualized. Improvement of the current
treatments requires more information about the microbial
colonization of the gut, strategies to inhibit the growth of
harmful bacteria, and methods for increasing some of the
beneficial metabolites.
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