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ABSTRACT
Parkinson’s disease (PD) is an age-related neurodegenerative syndrome. The 
progressive nature of PD has been suggested to correlate not only with continued loss 
of dopaminergic innervation in the striatum, but also with the spread of α-synuclein 
aggregates from separate etiologies — the gastrointestinal (GI) system and 
the olfactory bulb (OB)1 — resulting in two Parkinson’s subtypes — body-first (BoF) 
and brain-first (BrF)2, respectively. Given that environmental factors contribute to the 
increased risk of Parkinson’s, and that the microbiome is strongly amenable to change 
from various environmental triggers, microbial signatures can be helpful biomarkers in 
diagnosis, progression, as well as lead to a greater understanding of underlying 
disease mechanisms. However, saliva and stool signatures have not yet been 
examined in relationship to the etiological differences between BoF and BrFPD. Here, 
we analyzed human microbiome and symptom questionnaire data from the Fox 
Insight study (Michael J. Fox Foundation) (Image 1, 2) to determine whether bacterial 
signatures from stool and saliva samples can predict PD subtypes. Our bioinformatics 
analysis characterized alpha-and beta- diversity differences between BoF and BrF 
(Figure 1, 2). Prediction modeling with XGBoost AI showed Neisseria subflava, a gram-
negative Proteobacteria previously shown to be decreased in those with Parkinson’s3, 
as one of the top hits predicting BrF PD at higher abundance and BoF at lower 
abundance (p<0.014, FDR = 0.101) (Figure 3-7). N. subflava was also cross validated 
with ElasticNet linear regression (Figure 9) as well as the top hit in a separate/initial 
XGBoost model using a subset of symptoms to characterize BoF from BrF PD (not 
shown). This three-fold validation indicates N. subflava’s potential as a novel microbial 
biomarker for distinguishing Parkinson’s BoF from BrF subtypes.

Overview

Image 1. Overview of bioinformatics and XGBoost AI 
modeling (top) and  label creation  (bottom) for body-first 
(BoF) and brain-first (BrF) participants.
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Image 2.  Eight motor and non-motor PD symptoms 
used to label participants as BoF or BrF.

Alpha- and Beta- Diversity

Figure 1. Alpha diversity for saliva (top) and stool 
(bottom.)

Figure 2. Beta-diversity for saliva (top) and stool 
(bottom.)

Figure 3.  Controlled covariates. 

XGBoost/AI Model

Figure 4. XGBoost 5-fold cross validation with 
optimized threshold analysis.

Figure 5. SHAP and beeswarm plots of saliva (top) 
and stool (bottom.)

Figure 6. Saliva bacteria abundance graphs of top 20 
predictive bacteria.

Figure 7. Stool bacteria abundance graphs of top 20 
predictive bacteria.

Figure 8. Phylum co-occurence networks mapped with 
XGBoost predictive bacteria species (blue = BoF, salmon = BrF.)

Figure 9. Left panel: ElasticNet linear regression models 
(saliva (top), stool (bottom). Right panel: overlap predictions 
between XGBoost and ElasticNet yields 12 saliva and 2 stool 
bacteria.
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Saliva: Streptococcus oralis, Prevotella jejuni, Selenomona SGB5880, Actinomyces graevenitzii, Neisseria subflava, Prevotella melaninogenica, Streptococcus mitis, Veillonella rogosae, Rothia SGB49305, Porphyromonas bobii, Actinomyces oris, Veillonella dispar, Prevotella salivae, Prevotella sp HJM029, Alloprevotella SGB1484, Streptococcus salivarius, Neisseria sicca, Lancefieldella parvula, Leptotrichia wadei, Gemella sanguinis
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Stool: Roseburia sp AF02 12, Oscillibacter valericigenes, Blautia wexlerae, Parabacteroides distasonis, Alistipes communis, Lachnospiraceae bacterium, Candidatus Borkfalkia cegtriaxoniphila, Dysosmobacter welbionis, GGGB9063 SGB13982, Oscillospiraceae bacterium CLA AA H250, Oscillibacter sp MSJ 31, Roseburai hominis, Clostridium fessum, Eubacterium siraeum, Clostridiaceae bacterium, Bacteroides xylanisolvens, Ruthenibacterium lactatiformans, Clostridium sp AF36 4, Bacteroides uniformis, Roseburai intestinalis
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Saliva (Elastic Net): GGB12441 SGB19290, Prevotella scopos, Streptococcus infantis (BoF), GGB1026 SGB1321, Selenomona noxia, Mogibacterium diversum, Prevotella sp HJM029, GGB1203 SGB1568, Streptococcus oralis, Leptotrichia wadei, Bacteroidetes oral taxon 274, Alloprevotella sp oral taxon 473, Actinomyces oris, Prevotella veroralis, GGB1844 SGB2532, Streptococcus rubneri, Schaalia SGB17154, Porphyromonas sp oral taxon 278, GGB7107 SGB10420, Neisseria subflava
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Overlapping saliva bacteria (XGBoost and ElasticNet):
Streptococcus oralis, Prevoteel jejuni, Selenomonas SGB5880, Actinomyces graevenitzii, Neisseria subflava, Veillonella rogosae, Actinomyces oris, Prevotella sp HJM029, Alloprevotella SGB1484. Leptotrichia wadei, Schaalia SGB17154, Prevotella oulorum
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Stool overlapping XGBoost and ElasticNet: Oscillibacter valericigenes, Parabacteroides distasonis
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Add Cigarettes, Gingivitis and Gastroenterisis :)


