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Abstract. The cause of Parkinson’s disease (PD) is unknown, but environmental factors are purported to influence risk. Interest
in PD as a sequel of infection dates back to reports of parkinsonism arising from encephalitis lethargica. The objective of this
paper is to review the literature as it relates to infections and changes in microbiome and the genesis of PD. There is evidence
to support prior infection with Helicobacter pylori, hepatitis C virus, Malassezia, and Strep pneumonia in association with
PD. A large number of studies support an association between changes in commensal bacteria, especially gut bacteria, and
PD. Extant literature supports a role for some infections and changes in commensal bacteria in the genesis of PD. Studies
support an inflammatory mechanism for this association, but additional research is required for translation of these findings
to therapeutic options.
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The most well-known association between infec-
tion and parkinsonism occurred in the early 20th
century. There were thousands of cases of encephali-
tis in temporal proximity to the global influenza
pandemic that assumed one of three phenotypes
described by Constantin von Economo: somnolent-
ophthalmoplegic, hyperkinetic, and amyostatic-
akinetic (the predominant form). Post-encephalitic
parkinsonism emerged in many survivors of the
encephalitis, and even among asymptomatic per-
sons months to years following the index infection.
The syndrome distinguished itself from sporadic
Parkinson’s disease (PD) by its epidemiology (earlier
onset), and clinical (oculogyric crises, ocular motility
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disorders, autonomic instability, and behavioral
changes) and pathological features (absence of Lewy
bodies, extensive inflammatory changes), and the link
to influenza was later characterized as tenuous [1].

The published literature was reviewed for citations
reflecting a role for infectious agents and commensal
bacteria (the microbiota) and PD.

INFLUENZA VIRUS

Some, but not all influenza strains are neurotropic,
and influenza remains of interest among pathogens
that might be causative in PD. Associations between
the birth year of PD patients and pandemic flu years
suggested a link to intrauterine exposure [2], and
demonstration of influenza A virus labeling in sub-
stantia nigra melanocytes of encephalitis decedents
buttressed this belief [3], though at least one case-
control study in the United Kingdom was negative [4].
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However, a more recent Danish case-control study
that analyzed prospectively collected data over more
than three decades in 10,271 newly diagnosed PD
and 51,355 matched control subjects, found influenza
infection was associated with PD diagnosis more than
10 years later (OR 1.73; 95% CI 1.11–2.71) [5].

HEPATITIS C VIRUS

Hepatitis C (HCV) is a neurotropic virus that repli-
cates in the central nervous system (CNS) and may be
associated with progressive dopaminergic neuronal
demise [6]. HCV RNA has been detected in post-
mortem brain. In a population-based cohort in Tai-
wan, HCV infection was associated with an increased
risk of developing PD (HR 1.29 (95% CI 1.06–
1.56, adjusted for age, gender, and comorbidities)) [7,
8]. A meta-analysis showed a significant relationship
between HCV and PD (pooled OR = 1.195 [9] 95%
CI 1.012–1.410; p = 0.035) [10]. Treatment of HCV
with interferon was associated with a decreased risk
of developing PD over 6 years compared to persons
who did not receive interferon, lending additional
support to the concept that HCV increases risk of
PD [8].

SARS-COV-2 VIRUS

SARS-CoV-2 is a respiratory pathogen implicated
in a global pandemic that began in 2019 and con-
tinues at the time of this publication. The virus is a
coronavirus, and the illness has killed nearly 6 mil-
lion world citizens as of the end of February 2022.
The clinical illness, COVID-19, has included many
neurologic syndromes including stroke, meningitis,
delirium, and gait disorder [11]. The frequency of
anosmia in infections related to the SARS-CoV-2
virus has raised concerns that the global pandemic
might give rise to an epidemic of PD [12]. It is not yet
understood whether the virus is neurotropic, but it has
been associated with robust cytokine response and
CNS inflammation. A recent publication describes
two patients who developed a rapidly-progressive
atypical parkinsonism phenotype following SARS-
CoV-2-related encephalopathy, including signs sug-
gestive of encephalitis [13]. Features atypical for
PD included gaze palsy, myoclonus, prominent
dystonia, seizures, and limited levodopa response.
These clinical features closely mirror those seen
in the encephalitis lethargica epidemic of the early
20th century. One of the recent cases had CSF-

restricted oligoclonal bands, but neither responded
to immunotherapy. FDG PET-CT findings demon-
strated brainstem, temporal lobe, and basal ganglia
hypermetabolism and cortical hypometabolism [13].
No pathological studies in contemporary cases are yet
available. However, some have been concerned that
there will be cases of PD that arise from COVID-19,
particularly in “long COVID” cases.

OTHER VIRUSES

There have been reports of associations of PD
with various other viruses including varicella zoster,
measles, mumps, hepatitis B, Coxsackie, Japanese
encephalitis B, western equine encephalitis, west Nile
encephalitis, St. Louis encephalitis, human immun-
odeficiency virus, enteroviruses, dengue, and herpes
viruses, but these reports are isolated or did not sur-
vive meta-analysis [10].

HELICOBACTER PYLORI

A Danish registry study demonstrated increased
risk of PD in subjects prescribed Helicobacter pylori
eradicating therapy or proton pump inhibitors five
or more years before the onset of the disease [14] A
meta-analysis of 10 studies (comprising 5,043 PD and
23,449 healthy subjects) showed an increased risk of
PD in patients associated with Helicobacter pylori
infection (pooled OR 1.47 (95% CI 1.25–1.70)) [15].

STREP PNEUMONIAE

A meta-analysis of 2 studies suggested a rela-
tionship between PD and prior infection with strep
pneumonia (one with scarlet fever and the other with
rheumatic fever) (OR 1.595 (95%CI 1.020–2.493))
[10].

OTHER BACTERIA

Reports of associations between Bordatella per-
tussis, Mycoplasma tuberculosis, and PD were not
confirmed in a meta-analysis [10].

OTHER INFECTIOUS AGENTS AND PD

Toxoplama gondii

Toxoplasma gondii is an intracellular parasite.
Between 10 and 80% of people have antibody evi-
dence of exposure to the organism. A number of
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studies have suggested an increased risk of PD in per-
sons with evidence of Toxoplasma gondii infection
[16, 17]. However, a meta-analysis failed to confirm
an association [18].

Malassezia

Malassezia is a lipophilic yeast that contributes to
normal skin flora but can be associated with skin dis-
eases such as dermatitis and folliculitis. While there
have been some case-control studies that suggest
an association with PD [19], seborrheic dermatitis
is common in PD, which itself is associated with
increased sebum production that may predispose
to skin conditions [10]. Thus, Malassezia may be
comorbid rather than contributory in PD etiopatho-
genesis.

OVERALL RISK OF PD AFTER
INFECTION

The meta-analysis published by Wang et al. com-
prised an analysis of literature published from 1965
to 2019 in PubMed and EMBASE databases. Of
more than 6,000 studies, 23 were included (6 ret-
rospective cohorts and 17 case-control studies). The
methods included data extraction, pooling of data
with random/fixed effects models followed by sen-
sitivity analysis and meta-regression. They included
infection detection methods as well as PD diagnos-
tic criteria. In all, 21 pathogenic organisms were
included (8 bacteria, 12 viruses, one fungus). After
limiting the analyses to pathogens covered in more
than one study, analyses were limited to herpes virus,
hepatitis B virus, pertussis, scarlet fever, influenza,
mumps, chicken pox, measles, Malassezia, hepatitis
C virus, Helicobacter pylori, pneumonia, and rube-
ola infections [10]. Those pathogens that survived
this meta-analysis are shown in Table 1.

To answer a more global question on the role of
infections in the etiology of PD, Meng et al. per-
formed a quantitative assessment of case-control and
cohort studies. They included 13 studies in their

Table 1
Infectious agents associated with PD, meta-analysis

Infectious agent Pooled OR (95% CI) p

Helicobacter pylori 1.653 (1.426–1.915) < 0.001
Hepatitis C virus 1.195 (1.012–1.410) 0.035
Malassezia 1.694 (1.367–2.100) < 0.001
S. pneumoniae 1.595 (1.020–2.493) 0.041

Data from Wang et al. [10].

meta-analysis (8 case-control studies and 5 cohort
studies) published between 1995–2016. They found
that the development of PD was associated with
prior infection (OR 1.20, 95% CI 10.7–1.32). How-
ever, viral infection showed no statistically significant
association with subsequent PD diagnosis, while bac-
terial infection increased risk of PD by 40% (OR 1.40,
95% CI 1.32–1.48) [20].

COMMENSAL BACTERIA AND PD:
MICROBIOTA STUDIES

The microbiota is the population of microbes that
dwell on epithelial and other surfaces, and the micro-
biome is the genetic material housed within these
bacteria. Studies of microbiota and microbiome in
man have garnered immense interest as it has become
clear changes in bacterial populations may be impor-
tant in the genesis of many illnesses. The analysis of
the microbiome is very complex, and largely based on
interrogation of the hypervariable genetic sequences
in ribosomal RNA [21].

Nasal microbiota

There have been two negative studies of nasal
microbiota associations with PD [22, 23]. Adequate
sampling of the nasal mucosa can be uncomfort-
able for patients, and it is necessary to use a deep
sampling approach to obtain optimal samples. Using
one such approach, Pal et al. found significant dif-
ferences between PD and non-household controls.
Putative opportunistic bacteria were identified in PD,
including Moraxella catarrhalis, a proinflammatory
bacterium [24].

Oral microbiota

A study in 20 PD and 20 controls found bacteria
associated with oral pathologies (Atinomyces, Veil-
lonella, Kingella oralis, and Streptococcus mutans)
were more prevalent in PD. PD subjects had gingi-
val inflammation, exemplified by increased gingival
crevice cytokines (pro-inflammatory cytokine IL1-�
and the anti-inflammatory cytokine IL-1RA with a
trend towards increase TNF-� levels) [25]. Another
study by Pereira et al. in Finnish patents showed
differences between PD and controls, but opportunis-
tic oral pathogens were more common in men than
women irrespective of PD diagnosis [23]. Poor oral
hygiene, dysphagia, and drooling are common in PD
and can independently contribute to changes in oral
microbiota [26].
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Gut microbiota

In healthy human gut, about 95% of bacteria
belong to the phyla Bacteroidetes and Firmicutes,
while those in a diseased state may harbor large num-
bers of other phyla (Proteobacteria, Verrucomicrobia,
Actinobacteria, Fusobacteria). Variation in micro-
biota is the norm and there is no universally normal
gut microbiota [27]. Moreover, gut microbial popula-
tions are dynamic, with frequent changes in patients
with fluctuating primary bowel disease and slower
changes related to diet, weight loss or other changes
[21].

The most popular approach to the gut microbiome
is amplicon analysis after amplification of hyper-
variable regions of 16S ribosomal RNA genes. Next
generation sequencing allows placing the bacteria on
a phylogenetic tree. Another approach uses shotgun
genomics to analyze all DNA in a sample. The anal-
ysis of the resulting datasets is quite complex.

There have been nearly two dozen studies of gut
flora in PD. A recent meta-analysis analyzed 22
studies using 16S ribosomal RNA-gene amplicon
sequencing, for which raw sequencing data were
available in 10 studies in 9 cohorts from 6 countries.
One conclusion of this study was that most differ-
ences among the studies related to methodologic
differences, including geographic region, participant
selection, sample processing, sequencing methods,
and which hypervariable region of the 16S rRNA
gene was sequenced. However, the authors did con-
clude that there were robust differences in gut
microbiota between PD subjects and control sub-
jects. Representation of normally dominant bacteria
was decreased in favor of microbes that are not nor-
mally abundant in stool. Roseburia, Fusicatenibacter,
Blautia, Anaerostipes, and Faealibacterium were less
abundant in PD feces [28]. There is a general agree-
ment that the gut microbiota in PD is populated with
fewer anti-inflammatory and more pro-inflammatory
bacteria. One proposed consequence of this change in
microbiota is reduced short-chain fatty acid (SCFA)
production, particularly butyrate [28]. SCFA are the
product of anaerobic fermentation of dietary polysac-
charides and play critical roles in maintenance of the
gut barrier, production of protective mucus, and anti-
inflammatory activities. SCFA are also important in
the microbiota-gut-brain axis. They have systemic
anti-inflammatory effects and also a role in mainte-
nance of the blood-brain barrier as well as neuronal
function [29]. Parkinsonian phenotypes in animal PD
models are enhanced by population of the animal gut

with bacteria that predominate in PD subjects and
reduced in the presence of bacteria associated with
anti-inflammatory effects [30–33]. Predictive func-
tional genetics studies suggest an over-representation
of genes in metabolic pathways that favor pathogenic-
ity and secretion of lipopolysaccharide, a bacterial
endotoxin [34]. Localized and systemic inflamma-
tion is a direct result of these changes in commensal
bacteria. Increased cytokine levels can be measured at
the interfaces of the environment with epithelial sur-
faces and there are increases in systemic cytokines,
including interleukins (IL) and others. Multiple stud-
ies support increased concentrations of IL-6, IL-8,
IL-12, IL-18, IL-1-beta, and tumor necrosis factor-
alpha [35].

HOW MIGHT EXPOSURE TO
INFECTIOUS AGENTS BE INVOLVED IN
THE GENESIS OF PD?

While associations among pathogens and PD are
intriguing, it is clear we are not on a course to iden-
tify a single pathogen that triggers the cascade of
events that results in PD. These agents should best be
considered environmental agents, like environmental
neurotoxins that conspire with genetic predisposition
to incite the degenerative synucleinopathy that results
in clinically manifest PD.

Several mechanisms (synuclein spread, neuroin-
flammation, metabolites) have been proposed to
explain a relationship between infectious agents and
PD. In 2006, Braak and colleagues [36] expanded
on his studies of the distribution of alpha-synuclein
(AS) pathology suggesting a spread of AS across
contiguous neural pathways in CNS and suggested
that AS pathology might begin consequent to a
pathogen in the gastrointestinal tract, then spread in
a prion-like fashion to the dorsal motor nucleus of
the vagus, from which it ascends to the midbrain
tegmentum and rostrally onwards. Further support
for this mechanism comes from imaging studies
suggesting that both brain-first and body-first path-
ways to PD are possible [37, 38]. Although support
for spread of abnormal AS from the gut to the
brain received some support from preclinical work
[39], the failure to demonstrate any human dece-
dents with isolated gastrointestinal tract synuclein
aggregates has lessened enthusiasm for this potential
mechanism from gastrointestinal sources [40]. Sup-
port for synuclein spread through olfactory pathways
remains [41]. An alternative mechanistic explanation
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Fig. 1. Parkinson’s disease is best thought as the end product of genetic susceptibility (supported by increased risk in first degree family
members) and environmental exposure. Environmental exposures are generally thought to be chemical products in the external space.
However, infectious pathogens and commensal microbes on surfaces or in tissues may also trigger inflammatory responses that ultimately
provoke neuroinflammation and cell death.

is that pathogens produce a systemic inflamma-
tory response that accesses the brain and triggers
a neuroinflammatory response, including microglial
activation [9]. Indeed, the principle that unites these
disparate agents to PD is the potential to cause
systemic inflammation. Infectious agents activate
pathogen-associated molecular pattern receptors and
environmental toxins or the havoc they induce may
activate damage-associated molecular pattern recep-
tors, giving rise to cytokine production and release,
with systemic inflammation. Systemic inflammation
may gain access to the CNS via altered blood-brain
barrier permeability or through migration of immuno-
competent cells. Once the inflammatory process
enters the CNS, cytokines can trigger synucleinopa-
thy, which is itself self-sustaining [42]. In a series
of studies, synuclein induced a robust microglial
response in cell culture. Intracerebral injections of
synuclein induced cytokine expression that was sig-
nificantly greater after systemic lipopolysaccharide
challenge [43]. Preclinical evidence suggests that
bacterial lipopolysaccharide may induce a distinct

strain of AS fibrils that is self-renewable and drives a
mouse model of PD [44]. Another proposed mecha-
nism is a direct effect the gut bacterial amyloid (Curli
and others) on synuclein aggregation [45]. Figure 1
illustrates the potential mechanisms of PD genesis
hypotheses.

THOUGHTS ON THERAPEUTIC
APPROACHES

A number of anti-infective agents have been
proposed as possible therapeutic agents in PD.
These include ceftriaxone, doxycycline, minocy-
cline, rifampicin, geldamycin, rapamycin, interferon,
amantadine, and niclosamide [9]. However, in none
of these cases is the potential neuroprotective effect
mediated by eradicating an infectious organism.
Rather, each is proposed to have an effect on neuroin-
flammation, microglial activation, oxidative stress,
synuclein aggregation, or mitochondrial function. An
accumulating body of evidence suggests that neu-
roinflammation is a promising target for therapy, but
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this has not yet yielded effective therapies. In the
interim, approaches might include anti-inflammatory
diet (Mediterranean diet), regular exercise, pre- and
probiotic supplements, or fecal transplant.
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