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Nature- Love it or leave it!
How man and microbiome evolves…

Evolutionary Oral Medicine



The “Gateway” Microbiomes

• Evolutionary Oral Medicine

• -The oral, nasal, vaginal and 

placental microbiomes evolved to 

defend the host

• - Barrier microbiomes, i.e., epithelial 

symbionts



Dense Nutrient Food

• Meat-Eating Among the Earliest Humans
• Over the course of six million years of human evolution, brain 

size increased 300 percent.

From pilfered-from-predators to processed-and-

packaged, animals have been part of human diets for 

more than 3 million years. Cooking was 

unquestionably a revolution in our dietary history. 

Cooking makes food both physically and chemically 

easier to chew and digest, enabling the extraction of 

more energy from the same amount of food. The biggest 

increase in brain size in our evolutionary history 

happened right after we see the earliest evidence for 

cooking.



Dental Calculus- Fossils 



Dental Calculus- Fossils
• The importance of commensal microbes for human health 

is increasingly recognized yet the impacts of evolutionary 

changes in human diet and culture on commensal microbiota 

remain almost unknown. Two of the greatest dietary shifts 

in human evolution involved the adoption of 

carbohydrate-rich Neolithic (farming) diets beginning 

~10,000 years before the present and the more recent 

advent of industrially processed flour and sugar (in 

~1850). The Industrial Revolution. Modern oral 

microbiotic ecosystems are markedly less diverse 

than historic populations, which might be 

contributing to chronic oral (and other) disease in 

postindustrial lifestyles.



Dental Calculus- Fossils

• The modern pathogens - fed on to 

victory by the refined  carbohydrates 

and starches! Less diversity…



Dental Calculus- Fossils
• Shift in microbiome from hunter gather- to farmer –to 

industrialized age
Nutritional standards of Neolithic populations were generally 

inferior to that of hunter-gatherers, and that their life expectancy 

may well have been shorter too, in part due to diseases and harder 

work. Hunter-gatherers must have covered their food needs with about 

20 hours work a week, while agriculture required much more and was at 

least as uncertain. The hunter-gatherers' diet was more varied and 

balanced than what agriculture later allowed. Average height went down 

from 5'10" (178 cm) for men and 5'6" (168 cm) for women to 5'5" (165 

cm) and 5'1" (155 cm), respectively, and it took until the twentieth 

century for average human height to come back to the pre-Neolithic 

Revolution levels. Agriculturalists had more anemias and vitamin 

deficiencies, more spinal deformations and more dental 

pathologies. HINT!!!!! EWS at work!



Natufian Period - Hunter-Gatherer Ancestors of Pre-

Pottery Neolithic

• The Natufian culture is the name given to the sedentary Late Epi-

Paleolithic hunter-gatherers living in the Levant region of the near east 

between about 12,500 and 10,200 years ago. The Natufians foraged 

for food such as emmer wheat, barley and almonds, and hunted 

gazelle, deer, cattle, horse, and wild boar.



Natufian Period - Hunter-Gatherer Ancestors of 

Pre-Pottery Neolithic

• Some fairly rare evidence suggests that that the 

Natufian people may have cultivated barley and 

wheat. The line between horticulture (tending wild 

stands of crops) and agriculture (planting new specific 

stands) is a fuzzy one and difficult to discern in the 

archaeological record. Most scholars believe that 

moving to agriculture was not a one-time decision, 

but rather a series of experiments that may well 

have taken place during the Natufian or other hunter-

gatherer subsistence regimes.



Natufian Period - Hunter-Gatherer Ancestors of Pre-

Pottery Neolithic

• Researchers Hayden et al. (2013) compiled 

circumstantial evidence that the Natufians

brewed beer and used it in the context of 

feasting. They argue that production of 

beverages from fermented barley, wheat, 

and/or rye may well have been an impetus for 

early agriculture, for assuring that a ready 

source of barley was available.



Dental Calculus- Fossils

• Dental calculus preserves DNA of oral 

microbiome…



Dental Calculus- Fossils

• Thank God 

they didn’t 

have Dental 

Hygienists 

back then!



Dental Calculus- Fossils
• Calcified dental plaque (dental calculus) preserves for millennia and entraps 

biomolecules from all domains of life and viruses.. We characterize (i) the 

ancient oral microbiome in a diseased state, (ii) 40 opportunistic 

pathogens, (iii) ancient human–associated putative antibiotic 

resistance genes, (iv) a genome reconstruction of the periodontal 

pathogen Tannerella forsythia, (v) 239 bacterial and 43 human 

proteins, allowing confirmation of a long-term association 

between host immune factors, 'red complex' pathogens and 

periodontal disease, and (vi) DNA sequences matching dietary 

sources. Directly datable and nearly ubiquitous, dental calculus permits the 

simultaneous investigation of pathogen activity, host immunity and diet, 

thereby extending direct investigation of common 

diseases into the human evolutionary past.



Hominid Microbiome



Hominid Microbiome
• Nuclear, mitochondrial, and gut bacteria 

genomes diversified in concert during hominid 

evolution.. past 15 million years



• The Hologenome: Microbes drive 

evolution.. 



Hominid Microbiome• The hologenome concept of evolution 

postulates that the holobiont (host plus 

symbionts) with its hologenome (host genome 

plus microbiome) is a level of selection in 

evolution. Multicellular organisms can no longer 

be considered individuals by the classical 

definitions of the term. Every natural animal 

and plant is a holobiont consisting of the 

host and diverse symbiotic microbes and 

viruses.

“So, like it or not, microbiology is 

going to be in the center of 

evolutionary study in the future—and 

vice versa.”

—Carl R. Woese



Lateral Gene Transfer

• Horizontal gene transfer (HGT) or lateral 

gene transfer (LGT) is the movement of 

genetic material between unicellular 

and/or multicellular organisms other than 

by the ("vertical") transmission of DNA 

from parent to offspring. HGT is an 

important factor in the evolution of 

many organisms.



Hunter Gatherer

• Tubers are underground storage organs (USO’s), a category that includes corms, 

bulbs, and rhizomes––plants that store water underground even in the dry season 

and therefore tend to be available and edible year-round. Tubers are often quite deep 

(2 feet or more) underground, which makes it difficult for many animals to access 

them. This means they could have been an important niche for tool using primates to 

exploit. Even chimpanzees have been observed using sticks to dig shallow tubers (up 

to 250 mm or about 10 inches deep) at one savanna site (Hernandez-Aguilar et al., 

2007). Our ancestors could have for a very long time 

possessed a simple but effective digging stick for 

accessing deep tubers.

Tubers are present within the latitudes that hominins

have occupied from their inception through the first

expansion of Homo out of Africa. Some hominins show 

dental features (e.g., thick enamel) that have been 

interpreted as adaptations to eating USOs. Tubers are 

implicated in the transition to Homo and that cooking is also 

implicated because tubers are usually roasted before eaten. 



In the majority of plants, the main glucide

transported is saccharose.  However in a large 

number of plants, other compounds, such as 

polyols, are also transported. Polyols (or sugar 

alcohols) are, like saccharose, primary products of 

photosynthesis which include mannitol, sorbitol, 

dulcitol, galactitol, inositol, myo-inositol, ribitol, 

xylitol and more.

Tubers 

and 

Polyols



Cellulose and Xylan Hydrolysis

• Compared the fecal microbiota of European children (EU) 

and that of children from a rural African village of Burkina 

Faso (BF), where the diet, high in fiber content, is similar to 

that of early human settlements at the time of the birth of 

agriculture. By using high-throughput 16S rDNA 

sequencing and biochemical analyses, we found 

significant differences in gut microbiota between 

the two groups. 



Cellulose and Xylan Hydrolysis

• BF children showed a significant enrichment in 

Bacteroidetes and depletion in Firmicutes (P < 

0.001), with a unique abundance of bacteria from the 

genus Prevotella and Xylanibacter, known to 

contain a set of bacterial genes for cellulose and 

xylan hydrolysis, completely lacking in the EU 

children.



Life in a rural village of Burkina Faso. 

Carlotta De Filippo et al. PNAS 2010;107:14691-14696

©2010 by National Academy of Sciences



Cellulose and Xylan Hydrolysis

• Xylanibacter, Prevotella, Butyrivibrio, and Treponema Genera May 

Enhance the Ability to Extract Calories from Indigestible 

Polysaccharides in BF Children. Whole grains are concentrated 

sources of dietary fiber, resistant starch, and oligosaccharides, as 

well as carbohydrates that escape digestion in the small intestine 

and are fermented in the gut, producing short-chain fatty acids 

(SCFAs). Xylanibacter, Prevotella, Butyrivibrio, and Treponema are 

exclusive to the BF children and indicate the presence of a bacterial 

community using xylane, xylose, and carboxymethylcellulose to produce 

high levels of SCFAs whose protective role against gut inflammation has 

been well proven . 

Increase in acetate, butyrate 

and propionate- butyrate is 

protective…gut AND 

neuroprotective…. Timing 

sensitive



16S rRNA gene surveys reveal a clear separation of two children populations investigated. 

Carlotta De Filippo et al. PNAS 2010;107:14691-14696

©2010 by National Academy of Sciences



Cellulose and Xylan Hydrolysis

• The SCFA-producing bacteria that are abundant in the BF children's gut 

possibly help to prevent the establishment of some potentially 

pathogenic intestinal microbes. Increased gut microbial diversity 

and reduced quantities of potentially pathogenic strains in 

BF would agree with the “old friend” hypothesis, 

indicating a role of microbiota in protecting children 

from pathogens as well as from gastrointestinal 

diseases. 

When does the protection 

start? How do children develop 

the protective microbiome? 

Before birth!



Pre-natal microbiome

• The Maternal Effect- everyone knows!



Pre-natal microbiome
• The Maternal Effect

We characterized a unique placental microbiome niche, composed of nonpathogenic 

commensal microbiota from the Firmicutes, Tenericutes, Proteobacteria, Bacteroidetes, 

and Fusobacteria phyla. In aggregate, the placental microbiome profiles were most 

akin (Bray-Curtis dissimilarity <0.3) to the human oral microbiome. 16S-based 

operational taxonomic unit analyses revealed associations of the placental microbiome 

with a remote history of antenatal infection (permutational multivariate analysis of 

variance, P = 0.006), such as urinary tract infection in the first trimester, as well as with 

preterm birth <37 weeks (P = 0.001).



Fig. 1. The placental microbiome has a taxonomic profile that 

is similar to the oral microbiome.

Kjersti Aagaard et al., Sci Transl Med 2014;6:237ra65

Published by AAAS



Fig. 2. Comparison of WGS-generated taxa and metabolic capacity among body sites 

reveals distinct features of the placental microbiome.

Kjersti Aagaard et al., Sci Transl Med 2014;6:237ra65

Published by AAAS



Fig. 3. The placental microbiome from pregnancies complicated by a 

preterm delivery demonstrates discrete taxonomic profiles and 

variations in metabolic pathways.

Kjersti Aagaard et al., Sci Transl Med 2014;6:237ra65
Published by AAAS



Fig. 4. A remote history of maternal antenatal infection correlates 

with the placental microbiome community.

Kjersti Aagaard et al., Sci Transl Med 2014;6:237ra65

Published by AAAS



We change our microbiome with:

antibiotics

climate

environment

diet

medications

lack of exercise

C-sections

disinfectants 



Take Home- probiotics

• We all have Dysbiosis due to antibiotics, anti-

microbials, preservatives, environment and 

diet. All of it. All of us. Everything is changing. 



Chicken or the Egg?
• Which came first?

The first land-dwelling 

animals were four-legged 

amphibians that left the 

water around 360 million 

years ago



Washing Eggs

Microbial invasion of egg contents is a cause of embryonic death. To counter 

infection risks, the embryo is protected physically by the eggshell and 

chemically by antimicrobial proteins. If microbial pressure drives embryo 

mortality, then females may have evolved, through natural selection, to adapt 

their immune investment into eggs. Lastly, our results provide limited evidence 

of significant correlation between antimicrobial compounds and bacterial 

communities. Our study examined simultaneously, for the first time in a wild 

bird, the dynamics of bacterial communities present on eggshells and of 

albumen-associated antimicrobial components during incubation and 

investigated their relationship.



Dynamics
Conclusively, our results showed that although incubation might inhibit 

microbial growth when compared to unincubated eggs, we observed the 

selective growth of specific bacterial species during incubation. Moreover, we 

showed that fungi are a substantial component of the microbial communities 

associated with eggshells and require further investigations in avian ecology. 

Identifying the functional roles of these microorganisms is likely to provide 

news insights into the evolutionary strategies that control embryo survival.



Washing Eggs- Good idea?

FREE RANGE-

• 1/3 less cholesterol   -� less saturated fat  -2/3 more 

vitamin A -2 times more omega-3 fatty acids -3 times 

more vitamin E -7 times more beta carotene  -4-6 times 

as much vitamin D

Kids

and

Donuts???



Sugar and Children

• A significant percentage of 6‐year‐old children showed 

abnormal metabolic profiles, including insulin resistance, 

which increased their risk of cardiovascular disease. Waist 

circumference was a stronger marker for metabolic alterations 

than body mass index.



Sugar and the AAPD

• 2006- Back when we worried about sugar!

• Lack of fibers, prebiotics and tons of 

sugar



Sugar Linked To Decay

• Changes the oral microbiome to cariogenic 

bacteria, with reduction in probiotic bacteria.

–Competition

–Environmental changes- pH

–Bacteriocins

–Oral hygiene/anti-microbial therapy

–More carbs- less prebiotic in diet



War Rationing

• Vastly better health with rationing- even 

with food shortages of beneficial goods.

Not Sugar



Sugar and Fluoride

• Maybe not so far fetched after all….



• Candy sales go up every year! Confectionary sales are at 

$38.9 billion. CREST is winning!

“We donate our candy to the 

homeless”… OMG totally 

clueless!!



“Fluoride delays decay…”
• Many studies support the protective role of fluoride as the most important factor that 

has led to a decline in dental caries in Northern Europe, North America, and Australia; 

nonetheless, dental caries persists in these countries (especially in adults). However, 

it has been suggested that fluoride retards the development of cavitation 

lesions to a later age (Sheiham, 2001). Evidence from a number of identified studies 

shows that, despite the protection offered by fluoride, the relationship between 

sugars and dental caries remains (Rugg-Gunn et al., 1984; Burt et al., 1988; 

Marthaler, 1990; Holt, 1991; Sivaneswaran and Barnard, 1993; Künzel and Fischer, 

and so many other references.



Water Fluoridation

• In unadjusted analysis, caries experience in the primary 

dentition was lower in counties with ≥75% CWF (mean dfs = 

3.3) than in counties with <75% CWF (mean dfs = 4.6), a 

prevented fraction of 30%. The difference was also statistically 

significant, although less pronounced, in the permanent 

dentition: mean DMFS was 2.2 and 1.9, respectively, 

representing a prevented fraction of 12%. 



Tooth brushing- JDR Oct. 2016



Value of Fluoride Toothpaste?
“Individuals who state that they brush their teeth infrequently 

are at  greater  risk  for  the  incidence  or  increment  of  

new  carious  lesions than those brushing more frequently. 

The effect is more pronounced in the deciduous than in the 

permanent dentition. 

A  few  studies  indicate  that  this  effect  is  

independent  of  the  presence of fluoride in toothpaste. 

It is also possible that other factors in those claiming a 

higher frequency of brushing, such as  greater  health  

awareness  and  motivation,  higher  socioeconomic  

status,  and  a  healthier  diet,  are  responsible  for  the  

observed effects.”



Fluoride Delays Decay ?

• No statistical changes until recently?



Know thine enemy

• The U.S. Food and Drug Administration recommends that 

people age 3 and older should consume no more than 

12.5 tsp. each day of added sugar. (The same as one can 

of soda.) The World Health Organization states that adults 

should consume no more than 6 tsp. of added sugar, and 

children should have no more than 3 tsp. 

• When reading labels, you’ll see sugar is listed in grams. 

Since 1 tsp. of sugar equals 4 grams, aim to make sure the 

foods you are feeding your child fall between 12 to 50 

grams a day.

“6 Ways to Reduce Your Child’s 

Sugary Snacking”



ADA- What is missing?

• I raised five kids… kefir/yogurt snacks

• Healthy alternatives; fruits and veggies, 

• Cheeses, real cheese, not faux

• Whole grass fed cow milk, not sugared juice

• Real beef jerky

• Adults buy groceries not four year old’s

• What we buy changes over time as better 

products became available, i.e. non GMO-



Dr. Robert Lustig-UCSF

• Robert H. Lustig, M.D., MSL, is 

Professor of Pediatrics in the 

Division of Endocrinology and a 

member of the Institute for Health 

Policy Studies at University of 

California, San Francisco. He has 

authored 120 peer-reviewed 

articles and 70 reviews.



Dr. Robert Lustig- Sugar

“Sugar is now the most ubiquitous foodstuff worldwide, and has 

been added to virtually every processed food, limiting consumer 

choice and the ability to avoid it. Approximately 80 percent of the 

6,000,000 consumer packaged foods in the United States have 

added caloric sweeteners.”

• Dr. Robert Lustig

“Fat Chance: Beating the Odds Against Sugar, Processed 

Food, Obesity, and Disease”



Sugar- Pure, White, and 

Deadly



World Obesity
• Thank God we aren’t winning!



Mexico and Sugar

• Mexican children have also reported altered sleep patterns, which are 

also related to higher BMI in childhood and adolescence. Furthermore, 

approximately 73% of Mexican adult females and 69.4% of Mexican 

adult males are overweight or obese, and as parents they play an 

important role in the quantity and quality of food consumed and the 

activity patterns of their children. This implies transference of eating and 

lifestyle patterns from parents to children. Of the women of childbearing 

potential, 73% are overweight or obese, and only 14.4% of Mexican 

mothers breastfeed their children through the first 6 months of life.

Encuesta Nacional de Salud y Nutrición (ENSANUT) Resultados Nacionales 2012. 

Mexico; 2012.



Sugar- Alzheimer’s
• Researchers studied 2,226 elderly people who lived in New York 

City over the course of seven years. Of the total participants, some 

429 developed Alzheimer’s. The scientists found those who ate 30.3 

grams of added sugar per day were 33 percent more likely to 

develop Alzheimer’s compared with those who consumed 5.8 grams 

per day. When all  categories were compared, drinking sugary 

soda was “significantly” associated with a higher risk of 

Alzheimer’s when compared to other sweetened products, the 

authors said. “Too much sugar is linked to type 2 diabetes and our 

previous research has identified type 2 diabetes as a risk factor for 

dementia,” Dr. Doug Brown said. “This study backs up this 

evidence, suggesting that excess sugar may increase our risk 

of Alzheimer’s disease, and all types of sugar–from fruit juice 

to lemonade–have the same impact.



Fairlife- low carb milk

• 50% More Protein & 50% Less Sugar Than Ordinary 

Milk. Healthy Made Delicious.

• 3.5X DHA Omega-3 · Cold-Filtration Process · Less 

Sugar · 20% More Vitamin D · Lactose Free



Doctor means????

• The word is originally an agentive noun of 

the Latin verb docēre [dɔˈkeːrɛ] 'to teach'.

• -Wikipedia

Hippocrates, ancient Greek physician 

and author of the Hippocratic Oath. 

Father of medicine- “do not use the 

knife” – “do no harm” died 377 BC



Take Home- probiotics

• Sugar is addictive, pathogenic and very costly to 

ourselves and society, 20 % have diabetes, 50% 

have metabolic syndrome, 90% periodontal 

disease and cardiac.



Probiotics and Microbiome

• Dysbiosis

• Obesity

• NAS

• Cardiovascular Disease

• Allergies

• Anxiety Depression

• Autism Spectrum Disorder



Chicago- Gun violence
Causation vs correlation



Chicago has more….



Microbrewery- safe area

ORAL CAVITY



• Disinfectants cause weight gain!

First- Do No Harm

Among 757 infants, the abundance of specific gut microbiota was associated with 

household cleaning with disinfectants and eco-friendly products in a dose-dependent 

manner. With more frequent use of disinfectants, Lachnospiraceae increasingly 

became more abundant . Lachnospiraceae abundance significantly mediated 

associations of the top 30th centile of household disinfectant use with higher 

body mass index (BMI) z score (p = 0.02) and with increased odds of overweight 

or obesity (p = 0.04) at age 3. Use of eco-friendly products was associated with 

decreased odds of overweight or obesity independently of Enterobacteriaceae 

abundance.



Mouth rinse is GOOD for you

• Or is it?

• Can we really sterilize the 

mouth?

• Do we really want to?

• What exactly are we trying to 

do?

• What bacteria are we killing?



Nitrate Reducing Bacteria

• To test the hypothesis that a combination of high salivary nitrate and high nitrate-reducing 

capacity are protective against dental caries, 209 children attending the Dental Institute, 

Barts and The London NHS Trust were examined. Salivary nitrate and nitrite levels, counts 

of Streptococcus mutans and Lactobacillus spp., and caries experience were recorded. 

Compared with control subjects, a significant reduction in caries experience was 

found in patients with high salivary nitrate and high nitrate-reducing ability. 

Production of nitrite from salivary nitrate by commensal nitrate-reducing bacteria may limit 

the growth of cariogenic bacteria as a result of the production of antimicrobial oxides of 

nitrogen, including nitric oxide.

• But if you kill nitrate reducing 

bacteria? 2004 Article



“Missing Link” is Oral!

Eradication of oral bacteria through antiseptic 

mouthwash or overuse of antibiotics causes 

blood pressure to increase. Allowing 

recolonization of nitrate- and nitrite reducing 

bacteria can normalize blood pressure.

In various animal models and in humans, 

dietary nitrate supplementation has 

shown numerous beneficial effects, 

including a reduction in blood pressure, 

protection against ischemia 

reperfusion

damage, restoration of NO 

homeostasis with associated

cardioprotection, increased vascular 

regeneration after

chronic ischemia, and a reversal of 

vascular dysfunction in

the elderly



Long Term Clinical Study

• The San Juan Overweight Adults Longitudinal Study 

(SOALS) recruited 1206 overweight/obese individuals, 

aged 40–65, and free of diabetes and major 

cardiovascular diseases- Frequent regular use of over-

the-counter mouthwash was associated with increased risk 

of developing pre-diabetes/diabetes in this population.



Alcohol Mouthrinses

• On the basis of this review, we believe that there is now sufficient 

evidence to accept the proposition that alcohol‐containing 

mouthwashes contribute to the increased risk of development 

of oral cancer and further feel that it is inadvisable for oral healthcare 

professionals to recommend the long‐term use of alcohol‐containing 

mouthwashes. Oral cancer represents approximately 5 per cent of all malignant 

lesions, with over 800 new intra‐oral squamous cell carcinomas registered in 

Australia each year. Despite recent advances in therapy, the 

five‐year survival rate remains around 50 per cent. 



Take Home- probiotics

• Chemicals tend to kill good bacteria and not just bad 

pathogens. We may do more harm than good, increasing 

ED, Caries, Cancer and Heart disease when using mouth 

rinses. We need better and safer treatment.



Prevention: 101

•Prebiotics

and

•Probiotics



Dental Disease- Dysbiosis

• Disease, bacterial, fungal, yeast, and probably 

viral, are due to “dysbiosis”. 

• Bacteria protect from, and cause dental decay, 

and periodontal disease. 

• Esthetic dentistry may also be needed because 

of trauma, or genetic causes, or iatrogenic 

reasons 

Principles of Prevention



“Homo naledi”- Hominids



Streptococci- Plaque Kingdoms

• Disease and 

colonization

• Adhesins

• Quorum 

sensing

• Competence

Stimulating 

Peptide



Prebiotics and Probiotics

• Diagnosis:

–Oral

• CariScreen (Carifree)

• CamX Spectra (Air Tech)

• MyPerioPath (OralDNA Labs)

• MitoSwab (MitoSwab)

• GenoTek (DNA GenoTek)



Prebiotics and Probiotics

• Diagnosis:

–Salivary- oral microbiome 

genetic info



Diagnostic tests

• DNA GenoTek – OMNIgene Oral

• OM-501



Microbiome and Mitochondria

• Microbiome effects mitochondrial health, and the 

mito health reflects changes in the microbiome!



BIOHM Gut Report

What we need is good 

diagnosis! Which probiotic 

to use? How much for how 

long? What is the goal and 

what may be a side effect?

Should be strain specific 

and tailored to your 

environment



Viome- transcriptomics

Entire gut microbiome

• “You will also get a 

personalized list of microbes 

in your gut, which not only 

include bacteria, but also 

viruses, yeast, fungi, 

bacteriophages, or all other 

living microorganism. You’ll 

learn how many good guys 

are hanging out in your gut 

and – just as important – your 

gut diversity, or the number of 

different types of organisms 

that are active in your gut”.

Viome is now offering two complete gut 

intelligence and metabolic intelligence tests per 

year with a stream of personalized 

recommendations for only $399.99

The term can be applied to the total set of transcripts in a 

given organism, or to the specific subset of transcripts 

present in a particular cell type. Unlike the genome, which 

is roughly fixed for a given cell line (excluding mutations), 

the transcriptome can vary with external environmental 

conditions. Because it includes all mRNA transcripts in the 

cell, the transcriptome reflects the genes that are 

being actively expressed at any given time, with the 

exception of mRNA degradation phenomena such as 

transcriptional attenuation. 



Metabolomics

• Metabolomic analyses of oral cancer tissue not only revealed 

differences between metabolomic profiles of cancer and normal tissue, 

but have also suggested a specific metabolic system operates in 

oral cancer tissue. Saliva contains a variety of metabolites, some of 

which might be associated with oral or systemic disease; therefore, 

metabolomics analysis of saliva could be useful for identifying 

disease-specific biomarkers.

Metabolomics is the large-scale study of small 

molecules , commonly known as metabolites, within 

cells, biofluids, tissues or organisms. Collectively, 

these small molecules and their interactions within a 

biological system are known as the metabolome.



Diagnostic Technology

• Metametrix- sent in stool sample from oldest son when 

returned from Afghanistan with gut issues. 



Questions?

Which probiotics to use?



Prebiotics and Probiotics

• Diagnosis:

–Gut

•uBiome (uBiome)

•Metametrix (Genova)

•American Gut Project (UCSD)

•Viome

•BIOHM



Saliva Testing- Oral Microbiome- Pathogen 

specific



Alert 2™

MyPerioPath® + MyPerioID® IL-6
Combines the most widely used test for oral 

pathogens that cause gum disease with 

inherited genetic risk to create a personalized 

treatment plan. All from the same simple oral 

rinse collection.

Thousands of healthcare professionals rely on 

this OralDNA® Labs test to provide:

• Early warning of oral pathogens

• Personalization of therapy and treatment

• Identification of related systemic health 

risks

• Establish inherited genetic risk



93

OralDNA Labs- Quest Diagnostics Company

• DNA(bacterial) Testing (MyPerioPathsm)

establishes bacterial risk and can help 

guide therapy based on causation

• DNA (genetic) Testing (MyPerioIDsm PST®)

establishes genetic risk and can help guide 

therapy based on genetics

• DNA (viral) Testing (OraRiskHPV) 

identifies HPV status (separate risk factor 

for oral cancers)

U.S. based clinical laboratory- went to Nashville-

( many years ago!) met with Dr. Tom Nabors



We need a 

pediatric 

version for 

kids oral 

health 

diagnosis!



Age One Test
Recommended by AAPD and  AAP

-Streptococcus mutans

-Scardovia wiggsiae

-Slackia exigua

-Nocardia ssp

-Streptococcus sobrinus

-Actinomyces viscosus



Oral Saliva Tests

The H. pylori saliva test is 

a one step 

immunochromatographic

assay for the rapid 

detection of H. pylori 

antigen in human saliva.



14 years ago-

and then what?



What do I use?

• Northwestern University NUSeq Core- research 

only- not patient treatment (sic) Center for 

Genetic Medicine



Mitochondrial DNA sequencing

• Among the complete mtDNA sequences, a total of 162 

variations were spread across the whole mitochondrial 

genome and present only in the coronary artery and the 

gingival tissue samples but not in the blood samples. Among 

the 162 variations, 12 were novel and four of the 12 novel 

variations were found in mitochondrial NADH 

dehydrogenase subunit 5 complex I gene (33.3%).



Take Home- probiotics

• Testing is important! Microbiome testing can be 

accomplished with American Gut, Genova, BIOHM, 

Viome, uBiome and from Oral DNA labs. 

• Many more tests will be available in the future.



Caries Risk Assessment
CariScreen Caries Susceptibility Test

The CariScreen Caries Susceptibility 

Test is a quick, 1 minute chair-side test 

for ATP (adenosine tri-phosphate) levels 

on the teeth.

Keep swabs refrigerated until 5 minutes before use

"There is no reason anyone would want a computer in their home." 

– Ken Olson, president, chairman and founder of Digital Equipment Corp.,1977. 

http://en.wikipedia.org/wiki/Image:ATP_structure.svg
http://en.wikipedia.org/wiki/Image:ATP_structure.svg
http://en.wikipedia.org/wiki/Image:ATP-xtal-3D-sticks.png
http://en.wikipedia.org/wiki/Image:ATP-xtal-3D-sticks.png


Caries Risk Assessment
Interpreting the Results

Risk Indication Values (RLU’s)
0-1500 = low risk

1501-3500 = moderate risk

3501-9999 = high risk

“And in the end it's not the years in your life that count. It's the life in your years.”



Caries Risk Assessment
Interpreting the Results



Pediatric Dental Care Protocols
• Caries Risk 

Test (CRT)

• Diagnodent

Caries Risk Test- uses samples of saliva and/or plaque, tests for 

mutans streptococci and lactobacilli. Not specific at all, often 

reflects growth of probiotic bacteria but has the most research 

and longest clinical use.  Saliva sample obtained by chewing 

wax, then medium is incubated for 48 hours.

Diagnodent-Patients with deep pits, stains, history of pit and 

fissure decay, bruxism, or  suspicious radiographic results, can 

confirm x ray findings, or for patients where x rays cannot be 

taken such as small children, strong gag reflex patients, special 

needs.  Readings of 0-25, normal, 25-35 re mineralize or high 

fluoride use, reading over 35, restore.  With readings 

documented, can monitor at future recare visits. Uses weak laser 

beam.



What’s New?! CamX Spectra
• “Practicing 

Ideal 

Pediatric 

Dentistry”

ORCA presentation

“Caries detection using a new 

fluorescence camera system”

GaN-LEDS at 405nm causes a 

fluorescent response that is 

collected as images on a RGB 

camera chip. Porphyrins from 

bacteria associated with plaque and 

caries produce red fluorescence and 

is a fingerprint of early lesion 

formation. Has an advantage over 

the pinpoint caries detection method 

(DiagnoDENT).



Research on CamX Spectra



CamX Spectra- Sealants and Operative

-7 year old male patient presents for pit 

and fissure sealants and restoration for 

second primary molar

-PSP radiograph obtained on patient 

that has severe gag reflex and CamX 

Spectra scanned- nitrous oxide 

analgesia used and STA local 

anesthesia

Clinical Case



Used for almost all operative 

procedures… composites, 

crowns, pulpotomies, etc.

We had at least three kids a 

DAY bite their lips, cheeks or 

tongue prior to using the STA!

Parents EVERYDAY ask why 

their dentist’s aren’t using it.

Learning curve….



Spectra- CAMBRA and Prevention
Spectra 

image as 

seen by 

patient 

showing  

bacterial 

fluorescence



Spectra- CAMBRA and Prevention
Molar that was 

treatment planned for 

restoration by another 

dentist

Now a “watch”

Started on a re-

mineralization 

protocol



Scale of 0-5, now have the CDT Codes: 

D0601,D0602, D0603

CamX Spectra 

scan of first 

permanent molars 

prior to sealing to 

insure decay free  

before procedure!

PERIO Evaluation?



ProlacSan and FotoSan Therapy

• Plaque 

culture

• Debris

• Measure

• Treat



ProlacSan and FotoSan Therapy

• FotoSan

•Light Activated 

Disinfection



ProlacSan and FotoSan Therapy

•ProlacSan

• Lactobacilli 

brevis and 

plantarum, 

provided as gel 

and as tablets



Take Home- probiotics

• Testing done with Cariscreen, 

OralDNA, CamX Spectra, and treating 

with Replacement Therapy.



Probiotics-

Replacing Nature 

How did this all begin?



Ilyich Mechnikov

(Elie Metchnikoff)
• Born May 16, 1845

Ivanivka, Kupyanskyi Raion, Kharkiv
Province, Ukraine Died July 16, 1916
(aged 71)
Paris, France
Fields Microbiologist Institutions Odessa 
University Alma mater Kharkiv
University Known for phagocytosis
Notable awards Nobel Prize in Medicine
(1908)

Gary B. Huffnagle, Ph.D., is Professor of Internal Medicine, 

Microbiology, and Immunology, University of Michigan Medical Center. 

His research on probiotics has appeared in leading scientific journals 

and has been featured in Newsweek, Forbes, and on BBC News. 

“A general belief is that microbes are harmful. This belief 

is erroneous. There are many useful microbes……”

http://en.wikipedia.org/wiki/May_16
http://en.wikipedia.org/wiki/1845
http://en.wikipedia.org/wiki/Kupyanskyi_Raion
http://en.wikipedia.org/wiki/Kharkiv_Oblast
http://en.wikipedia.org/wiki/Ukraine
http://en.wikipedia.org/wiki/July_16
http://en.wikipedia.org/wiki/1916
http://en.wikipedia.org/wiki/Paris
http://en.wikipedia.org/wiki/France
http://en.wikipedia.org/wiki/Microbiologist
http://en.wikipedia.org/wiki/Odessa_University
http://en.wikipedia.org/wiki/Alma_mater
http://en.wikipedia.org/wiki/Kharkiv_University
http://en.wikipedia.org/wiki/Phagocytosis
http://en.wikipedia.org/wiki/Nobel_Prize_in_Medicine


Probiotics
Probiotics: 

“live microorganisms 

which when 

administered in 

adequate amounts 

confer a health benefit 

on the host” 

FAO/WHO (2002) Joint Working Group Guidelines for Probiotics 

in Food



Probiotics – great interest in research

 PubMed data base hits for “probiotic” 

1985 – 2006

 Key word probiotic

 Limits:

 Appearance in title or abstract

 English 

 2006: 528 hits

 47 human studies

Now over 100 studies published 

a month

2015: Over 1400 

Many new Journals

Preservation of 

Antibiotics for 

Medical 

Treatment Act

H.R. 1549/S. 619



How do probiotics work?

• Preventing the growth of pathogens

• Competitive displacement of 
pathogens

• Regulating gut microbial ecosystems

• Improving gut function/nutritional 
uptake

• Modulating immune responses to 
improve health

5. Saavedra JM, Abi-Hanna A, Moore N, Yolken RH. Long-term 

consumption of infant formulas containing live probiotic bacteria: 

tolerance and safety. Am J Clin Nutr 2004;79:261–7.

6. Stratiki Z, Sevastiadou S, Stamouli K, Kastanidou O, Skouroliakou

M, Kostalos C. The effect of a bifidobacter supplemented bovine 

milk on intestinal permeability of preterm infants. Early Hum Dev
2007;83:575–9.

7. Walker WA, Isolauri E. Understanding the use of probiotics in 

pediatric populations. Contemp Ped 2007;Suppl:1–6.

8. Weizman Z, Asli G, Alsheikh A. Effect of a probiotic infant formula 

on infections in child care centers: comparison of two probiotic 

agents. Pediatrics 2005;115:5–9.

9. Yoshioka H, Iseki K, Fujita K. Development and differences of 

intestinal flora in the neonatal period in breast-fed and bottle-fed 

infants. Pediatrics 1983;72:317–21.

10. Saavedra JM. Use of probiotics in pediatrics: rationale, 

mechanisms of action, and practical aspects. Nutr Clin.Pract. 
2007;22:351-65.

11. Fukushima Y, Li S-T, Hara H, Terada A, Mitsuoka T. Effect of 

follow-up formula containing Bifidobacteria (NAN BF) on fecal flora 

and fecal metabolites in healthy children. Bioscience Microflora
1997;16:65–72.

12. Kirjavainen PV, Arvola T, Salminen SJ, Isolauri E. Aberrant 

composition of gut microbiota of allergic infants: a target of 

bifidobacterial therapy at weaning? Gut 2002;51:51–5.

13. Mack DR, Lebel S. Role of probiotics in the modulation of 

intestinal infections and inflammation. Curr Opin Gastroenterol
2004;20:22–6.

14. AlFaleh K, Bassler D. Probiotics for prevention of necrotizing 

enterocolitis in preterm infants. Cochrane Database of Systemic 
Reviews 2008:1–19.

15. Kosloske AM. Epidemiology of necrotizing enterocolitis. Acta 

Paediatr Suppl 1994;396:2–7.

16. Szajewska H, Setty M, Mrukowicz J, Guandalini S. Probiotics in 

Gastrointestinal Diseases in Children: Hard and Not-So-Hard 

Evidence of Efficacy. J Pediatr Gastroenterol Nutr 2006;42(5):454–

75. 



MATERNAL IMPRINTING “Mom Knows Best”

• Pediatrics Vol. 

119 No. 3 March 

1, 2007 

pp. e724 -e732 

(doi: 

10.1542/peds.200

6-1649) 

• Bacterial Imprinting 

of the Neonatal 

Immune System: 

Lessons From 

Maternal Cells?

CONCLUSIONS. Bacterial translocation is a unique 

physiologic event, which is increased during pregnancy and 

lactation in rodents. Human breast milk cells contain a 

limited number of viable bacteria but a range of bacterial 

DNA signatures, as also found in maternal peripheral blood 

mononuclear cells. Those peripheral blood mononuclear 

cells showed greater biodiversity than did peripheral blood 

mononuclear cells from control women. Taken together, our 

results suggest that intestinally derived bacterial 

components are transported to the lactating breast within 

mononuclear cells. We speculate that this programs the 

neonatal immune system to recognize specific bacterial 

molecular patterns and to respond appropriately to 

pathogens and commensal organisms. 



Pediatric Dental Care ProtocolsMaternal

Discuss with mother xylitol gum or mint use and 

why, encourage use. 

Give copy of maternal use of xylitol/child 

protection from decay research article.   Ask 

mother to share with pediatrician. Explain 

probiotic use to mother, give information on 

Klaire Lab products, and other oral probiotics, 

such as Probiora and Biogaia.  

Twice yearly dental visits stressed for 

themselves and good home care practices.



Lactobacilli in human and animal 

intestines
Species Human Pig Chicken Cattle Dog Mice Rat Hamster 

L. acidophilus  Group 

 L. acidophilus  (A-1) b 

 L. amylovorus (A-3) 

 L. crispatus (A-2) 

 L. gallinarum (A-4) 

 L. gasseri (B-1) 

 L. johnsonii (B-2) 

 

? 
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L. murinus   ? ? M M M +  

L. intestinalis      M M  

L. salivarius M M M      

L. agilis  + +      

L. ruminis +   M     

L. vitulinus +        

L. hamsteri        M 

L. aviarius   +      

L. casei +        

L. reuteri M M M M M M M M 

L. brevis +        
 

Symbols: M Major component of Lactobacillus species;  + Occasionally recovered;  ?

Questionable

Mitsuoka, T (1992) ”The Human Gastrointestinal Tract”.  

In Lactic Acid Bacteria in Health and Disease, Ed I, p. 76. Elsevier Applied Science.



L. reuteri is indigenous 

• The human digestive tract is its 

normal habitat, in newborns as well 

as in adults (applies to only 3-4 

Lactobacillus species)

• It should be a lifelong companion to 

us

• Other lactobacilli: only temporary 

residents of the digestive tract and 

are supplied through food and drink.
Reuter G. (2001) Curr Issues Intest Microbiol 2:43-53



L. reuteri effect on infections in 

infants attending child care

• Results of a study by Weizman, Z. et 
al. (2005), Pediatrics: Effect of a 
probiotic infant formula on infections 
in child care centers: comparison of 
two probiotic agents.

–Study group: 201 healthy, full-term 
infants aged four to ten months 
were studied at 14 child care 
centers for 21 months, covering 
two winter and two summer 
seasons.



L. reuteri effect on infections in infants 

attending child care

Control

L. reuteri



L. reuteri inhibits oral pathogenic bacteria

• Aggregatibacter
actinomycetemcomi
tans

• Fusobacterium 
nucleatum

• Porphyromonas 
gingivalis

• Prevotella 
intermedia

• Streptococcus 
mutans

L. reuteri strains inhibits growth of P. gingivalis

Hedberg (2006), Nikawa (2004), Caglar (2006, 

2007)



Probiotic therapy
BioGaia Probiotic lozenges 

As BioGaia Probiotic chewing gum, BioGaia Probiotic lozenges contain L. reuteri, 

which has documented positive effects on your oral health. 

You let the lozenges dissolve slowly on your tongue. Just like BioGaia Probiotic chewing gum 

they are sugar free and have a nice fresh mint flavor. 

BioGaia Probiotic straw

Another innovative and fun way to get good Reuteri bacteria into your system is the 

probiotic straws. Each straw provides 100 million L reuteri cells contained in an oil droplet which 

is released when you drink through it. BioGaia Probiotic Straws are for children, for the ill and the 

elderly, and are sold either separately or attached to drink packages. 

Assessment of Safety of Lactobacillus Strains Based on 

Resistance to Host Innate Defense Mechanisms 

Takashi Asahara,1 Masatoshi Takahashi,1 Koji Nomoto,1* Hiroo

Takayama,1 Masaharu Onoue,1 Masami Morotomi,1 Ryuichiro 

Tanaka,1 Teruo Yokokura,1 and Naoya Yamashita2 Yakult Central 

Institute for Microbiological Research, 1796 Yaho, Kunitachi, Tokyo 

186-8650,1 Department of Pediatrics of the School of Medicine, Keio 

University, 35 Shinanomachi, Shinjuku, Tokyo 160-8582, Japan2

Clinical and Diagnostic Laboratory Immunology, January 2003, p. 169-

173, Vol. 10, No. 1 

Removal of antibiotic resistance plasmids from 

Lactobacillus reuteri ATCC 55730 and 

characterization of the resulting daughter strain L. 

reuteri DSM 17938 

Anna Rosander, Eamonn Connolly, and Stefan Roos* 

Department of Microbiology, Swedish University of 

Agricultural Sciences, P.O. Box 7025, SE-750 07 

Uppsala, Sweden; BioGaia AB, P.O. Box 3242, SE - 103 

64 Stockholm, Sweden

http://cvi.asm.org/cgi/content/full/10/1/169#COR1


Foods with natural presence of 

L. reuteri

• Sheep’s milk

• Pecorino romano cheese, Italy (sheep’s milk)

• Rennet paste (lamb) 

• Ragusano cheese, Italy (cow’s milk)

• Kefir

• Sour dough sponge

• Fermented rice noodles

• Fermented cane molasses

• Fermented cereals (maize, sorghum), 
African traditional foods

• Sour mash for production of wheat beer

All Lifeway Kefir products contain 25 – 30 billion Colony Forming Units (CFU) of 

live and active kefir cultures per cup. The kefir cultures include:

Lactobacillus Lactis

Lactobacillus  Rhamnosus

Streptococcus Diacetylactis

Lactobacillus Plantarum

Lactobacillus Casei

Saccharomyces Florentinus

Leuconostoc Cremoris

Bifidobacterium Longum

Bifidobacterium Breve

Lactobacillus Acidophilus

Bifidobacterium Lactis*

Lactobacillus Reuteri*

*Our Frozen Kefir products do not contain Bifidobacterium Lactis or Lactobacillus 

Reuteri



“There is no published study showing evidence 

supporting probiotics”



In conclusion, periodontitis was 

significantly associated with less intake of 

yogurt among the Korean adults, but the 

calcium contained in yogurt is not likely to 

cause it.



• Teen age 

pregnancy and 

Periodontal 

Disease

Teen and Young Adult

High risk pregnancies



Colorectal Cancer- Fusibacterium nucleatum



Pre-natal intervention

In rodents, subcutaneous inoculations with periodontal pathogens cause dose-dependent 

decreases in pup weights, and elicit inflammatory responses that can trigger preterm birth 

when present in amniotic fluid. Periodontitis (defined as a destructive inflammation of the 

periodontium) has a prevalence of 30% or greater in women of child bearing age. By 

definition, it involves microbial infiltration of the periodontium, which stimulates a chronic 

inflammatory response, recurrent bacteremia, and the production of cytokines and 

prostaglandins which trigger risk of preterm birth. It is the same production of 

prostaglandins which are felt to mediate the risk of preterm birth. The investigators' 

overarching hypothesis is that comprehensive primary preterm birth prevention, 

inclusive of maternal oral health with xylitol chewing gum (the intervention), will 

reduce the rate of periodontal disease and caries, preterm birth prevalence, and 

neonatal mortality.



Xylitol- research



Xylitol- research

Mutans strep detectable-

9.7% of xylitol group

28.6% of chlorhexidine group

48.5% of fluoride varnish group



Xylitol- research

Smart targeting- negligible effect 

on many probiotic bacteria while 

greatly reducing mutans 

streptococci.



Xylitol products • Xlear (Clear)



MRE- xylitol gum- G.I. issue

• Meals Ready to Eat

• Not the tastiest food



New Xylitol  Products

• Children’s Mouthwash- safe for all ages



Xylitol and Dentistry

• Abstract: The purpose of this study was to evaluate the effectiveness of 

xylitol in reducing dental caries in children compared to no treatment, a 

placebo, or preventive strategies. 

• Methods: MEDLINE via PubMed, Web of Science, and Cochrane Central Register 

of Controlled Trials (CENTRAL) were searched from January 1, 1995 through 

Sept. 26, 2016 for randomized and controlled trials on children consuming xylitol 

for at least 12 months. The primary endpoint was caries reduction measured by 

mean decayed, missing, and filled primary and permanent surfaces/teeth (dmfs/t, 

DMFS/T, respectively). 

Scheinin A, Mäkinen KK, Tammisalo E, Rekola M. Turku

sugar studies. XVIII. Incidence of dental caries in relation to 1-

year consumption of xylitol chewing gum. Acta Odontol Scand

1975;33(5):269-78.

Scheinin A, Mäkinen KK, Ylitalo K. Turku sugar studies. V.

Final report on the effect of sucrose, fructose and xylitol diets on

caries incidence in man. Acta Odontol Scand 1976;34(4):179-216.



Xylitol and Dentistry

• Only ten studies out of 210. Excluded 190. All 

basically gum/lozenges except 2 toothpaste and 

one wipes. Should they be grouped together? 

And why exclude all with other polyols?



• Toothpaste works, wipes work, but gum had a 

“varied” result.



• Stecken-Blicks (sic) changes the Forest plot 

of results and Alanen- inconsistent!

One hundred and sixty healthy 10- to 12-year-old children with high caries risk

were selected. After informed consent, they were randomly assigned into a xylitol

and a xylitol/ fluoride group. They were instructed to take two tablets three

times a day (total xylitol and fluoride dose 2.5 g and 1.5 mg,

respectively). The dropout rate was 28%, and 41% exhibited a good

compliance with the study protocol. No statistically significant differences in caries

incidence could be found between the study groups (P > 0.05). Huge non-

compliance rate of 59%! Plus 28% dropout??

The fluoride content in the pipe drinking water

was ≤0.3 p.p.m. !!!



Xylitol and Dentistry• Throwing out the baby with the bath 

water



Probiotics and Microbiome

•Polyols

–“prebiotics”
Erythritol was shown to be an excellent HO• radical scavenger and an 

inhibitor of 2,2′-azobis-2-amidinopropane dihydrochloride–induced 

hemolysis but inert toward superoxide radicals. The reaction of erythritol 

with hydroxyl radicals resulted in the formation of erythrose and 

erythrulose by abstraction of a carbon-bound hydrogen atom. Erythritol 

displayed an endothelium-protective effect and, in accordance with the in 

vitro experiments, erythrose was found in the urine of erythritol-

consuming rats.



Xylitol- “Prebiotic”

• Dietary low-digestible carbohydrates (LDCs) affect gut microbial metabolism, 

including the production of short-chain fatty acids. Fecal suspensions from five 

healthy males were anaerobically incubated with various LDCs. L-Sorbose and 

xylitol markedly promoted butyrate formation in cultures. Bacterial 16S rRNA gene-

based denaturing gradient gel electrophoresis analyses of these fecal cultures 

revealed a marked increase in the abundance of bacteria closely related to the 

species Anaerostipes hadrus or A. caccae or both, during enhanced butyrate 

formation from L-sorbose or xylitol. 



Polyols- “Prebiotics”

• Confocal microscopic observations showed that the most 

effective reagent to reduce P. gingivalis accumulation 

onto an S. gordonii substratum was erythritol, as 

compared with xylitol and sorbitol.

Metabolome analyses using capillary electrophoresis 

time‐of‐flight mass spectrometry revealed that a number of 

nucleic intermediates and constituents of the extracellular 

matrix, such as nucleotide sugars, were decreased by 

erythritol in a dose‐dependent manner.



Polyols- “Prebiotics”

• The pretreatment of xylitol significantly inhibited the P. 

gingivalis– induced cytokines production and nitric oxide 

production. In addition, xylitol inhibited the attachment of 

live P. gingivalis on THP-1-derived macrophages.

Furthermore, xylitol exerted anti-phagocytic activity against 

both Escherichia coli and P. gingivalis.



Polyols- “Prebiotics”

• A. actinomycetemcomitans induced IL‐1β production and AIM2 

inflammasome activation. Xylitol inhibited these effects, possibly by 

suppressing internalization of A. actinomycetemcomitans into cells. 

Thus, this study proposes a mechanism for IL‐1β production via 

inflammasome activation and discusses a possible use for xylitol in 

periodontal inflammation caused by A. actinomycetemcomitans. 



Take Home- probiotics

• Polyols can be considered as “prebiotics”

• Polyols are anti-inflammatory also

• Polyols inhibit pathogens



Prebiotics and Probiotics

•Oral 

Products 

for Oral 

Health



Infant Probiotics- Necessary?

• Depends on the maternal 

microbiome- probably YES!



Probiotics- BioGaia Protectis

• Establishing a healthy microbiota, 

filled with good bacteria, is an 

important contributor to life-long 

health. 

BioGaia Protectis baby drops is a food supplement 

containing the patented lactic acid bacterium 

Lactobacillus reuteri Protectis®/™ ( L. reuteri DSM 

17938 ) that helps the good micro organisms restore a 

natural balance in the gut. Because

L. reuteri Protectis naturally colonizes humans it has a 

strong adaptation to persist and interact with humans. L. 

reuteri Protectis has been tested in more than 130 

clinical trials and proven effective and safe for 

children.



Probiotics and Microbiome

• Dental Caries- “an 

epidemic”

• Periodontal Pathogens 

and Systemic Disease

-”tragic”



Prebiotics and Probiotics

Oral Products for Oral Health



Prebiotics and Probiotics

• The Microbiome

• Responds to the 

climate, diet, 

exercise, and all 

other environmental 

influences. Not 

STATIC!

But may 

resist 

change!

Just like 

you and me



Take Home- probiotics

• Most probiotics are worthless, not 

tested, wrong strains and not 

sufficient in quantity.



Cervitec Plus- Ivoclar

• FDA approved in 
2008

• Used in Europe 
for many years

• 1% chlorhexidine 
and 1% thymol 
varnish



Cervitec Plus- Ivoclar
• Swollen and inflamed gingival tissues

• Periodontal Classification Type I- gingivitis



Cervitec Plus- Ivoclar

Unit dose and 

bulk 

packaging



Cervitec Plus- Ivoclar

• Apply to gingival third of dentition



THE PRIMARY OBJECTIVE OF THIS 

CLINICAL STUDY IS TO DETERMINE 

THE EFFECT, IF ANY, OF “OVER THE 

COUNTER” PROBIOTIC 

SUPPLEMENTS ON THE DNA-PCR 

And CRT ANALYSIS



-60 patients 6 to 12 years of age- caries prone with 4 

or more restorations and /or lesions

-CRT collected before and after probiotic use

-8 week (60 day) experimental time period-

considered optimal to see effect



Two separate 

statisticians in 

different 

institutions



A clinical trial to 

evaluate the 

effectiveness of DNA-

PCR  and CRT at 

measuring the 

salivary level of 

bacteria in caries 

prone children with 

PerioBalance or 

EvoraKids therapy.

Both EvoraKids and 

PerioBalance affected 

the CRT results.

The reduction in S. 

mutans and Lactobacilli 

was statistically 

significant.



Retrospective 

Review of 

Probiotic 

Therapy.

ML Cannon DDS 

MS

A Vorachek DDS

K White DMD

C Le DMD

An IRB Approved 

Study

Does EvoraKids and 

PerioBalance affected 

the caries proneness 

of the subjects?

Is the reduction in 

dental caries was 

statistically 

significant?



Materials and Methods:

Dental records of 60 patients that were 

enrolled in the Institutional Review Board approved 

study, "A clinical trial to evaluate the effectiveness 

of DNA-PCR and CRT at measuring the salivary 

level of bacteria in caries prone children with 

PerioBalance or EvoraKids Plus therapy" were 

reviewed as to current caries activity status with 

measurement of the Decay Missing Filled Teeth 

index and Caries By Risk Assessment (CAMBRA) 

determination. The current Oral health status was 

compared to the prior-to-study enrollment status 

and then analyzed in respect to published national 

norms.

Results:

Of the 53 subjects available for follow up, only 4 had 

remained caries active with a grand total of 17 caries lesions 

being detected and subsequently restored in this group. Of the 

original group of caries active patients, 23 did not present with 

any further carious involvement. Another 26 could be 

categorized as Caries static, as the restorations required 

were substantially less than before probiotic therapy had been 

begun. 



Caries Active Caries 

Resistant

Caries Static

PerioBalance 2 12 15
EvoraKids 2 11 11
Caries Count 17 0 36

Table 1. Caries active, Caries resistant and Caries static patients.

Table 3. Caries History Compared to Nationally Reported 
Values.

Conclusion:

Within the limitations of 

this retrospective IRB 

approved study, the 

tested probiotic 

supplements had a 

statistically significant 

effect on the caries 

experience of the 

enrolled subjects. 

Caries 

Experience

Pre Probiotic National Average Post Probiotic

Per patient- 3 

years

5.51 1.84 0.75



Statistics



The ANOVA table decomposes the variance of the data into 

two components: a between-group component and a within-

group component.  The F-ratio, which in this case equals 

51.3313, is a ratio of the between-group estimate to the 

within-group estimate.  Since the P-value of the F-test is 

less than 0.05, there is a statistically significant difference 

between the means of the 4 variables at the 95.0% 

confidence level.  



Validation Study ( I told you so!)



Oral Health Probiotics- what to use?

• Probiora Pro

• Biogaia

• ProlacSan

• BLIS K12

• Prodegin

• Gluten 

metabolizers



Training Deck



Mission
“Bringing the science of probiotics to Oral Care”

About ProBiora Health™

ProBiora Health™ is bringing the science of probiotics to oral 
care by developing and marketing a complete line of 
proprietary probiotics that are specifically designed to 
enhance oral health for humans and pets. Our products are 
based on ProBiora3® which was discovered by Dr. Jeffrey 
Hillman on the concept of replacement therapy. 
ProBiora3® is a blend of three naturally occurring strains of 
beneficial bacteria, including Streptococcus oralis KJ3, 
Streptococcus uberis KJ2, and Streptococcus rattus JH145, 
which support overall oral health. 

176



177

ProBioraPro Product Overview

• Distributed exclusively by dental professionals 

• Extra-strength blend of ProBiora3® crowds out harmful bacteria around teeth and 

gums

• Use once daily for 90 days after a dental hygiene visit

• Extends the benefits of a dental hygiene visit



ProBiora3

 ProBiora3 is the most comprehensive oral care probiotic technology available 

 Developed from research into dental caries and periodontal disease

 Blend of 3 naturally occurring Streptococcal strains – S. oralis, S. uberis, S. rattus

 ProBiora3 promotes:

 dental and periodontal health

 whiter teeth

 fresher breath

ProBiora3 Marketed as Food Ingredient
 Self-affirmed GRAS (Generally Recognized as Safe) status

 ProBiora3 is safe and effective

 15 peer-reviewed publications

 Numerous peer-written periodicals

 www.probiorapro.com

About ProBiora3®
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The ProBiora3 contains a formulation of beneficial bacteria, found in naturally healthy human 

mouths:

S. oralis KJ3®

S. uberis KJ2®

S. rattus JH145®

S.rattus JH145, the third probiotic in ProBioraPro, is a unique strain of streptococcus that does 

not produce lactic acid, and has been shown to successfully compete for nutrients and space on 

tooth surfaces with the native strain of streptococcus that produces lactic acid. A study shows 

that 84% of people using ProBioraPro for a month experienced a decrease in the levels of S. 

mutans. 

(A spontaneous lactacte dehydrogenase deficient mutant of Streptococcus rattus for use as a probiotic in the 

prevention of dental caries. Hillman JD, McDonell E, Cramm T, Hillman CH, Zahradnik RT. Journal of Applied 

Microbiology 2009 Nov;107(5):1551-8. Epub 2009 Apr 24)

About ProBiora3®
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Experimental 

Design

SAMPLE PLAQUE FROM A PERIODONTAL SITE

DISPERSE IN BUFFER AND 

SPREAD SAMPLES ON NON-SELECTIVE MEDIUM

INCUBATE

.
. .

.

. .
.

. .

INCUBATE

CROSS-STREAK SAMPLE OF

Aa CULTURE ON FRESH PLATE

STAB INDIVIDUAL COLONIES

INTO PLATE COVERED WITH 

Aa CULTURES



Healthy Diseased



Basis for the Negative Interaction

• The mechanism 

of inhibition by S. 

oralis is 

production of 

hydrogen 

peroxide.

• Research that 

this interaction 

occurs in a rat 

model.





Take Home- probiotics

• Probiora has decades of research backing the 

product.

• Most products have no studies…..

• Biogaia has over 160 studies.



Take Home- probiotics

• Must have a protocol in place and training of 

your team- Test, Prebiotic, Probiotic and a way 

of measuring success. (CamX Spectra and 

Cariscreen again) Clinical Results!



Take Home- probiotics

• Probiotics without prebiotics is like 

“smoke without fire”.



“Smoke without fire”

• Marshall Ney leads Calvary charge against British squares, 

without infantry support- and fails to break their lines



Lifeway Kefir-

• Lifeway Kefir is a tart and 

tangy cultured milk smoothie 

that is high in protein, calcium 

and vitamin D. Due to their 

exclusive blend of kefir 

cultures, each cup of kefir 

contains 12 live and active 

cultures and 15 to 20 billion 

beneficial CFUs.

Kefir is loaded with 

tryptophan, the amino 

acid that helps raise the 

levels of serotonin in your 

brain



Lifeway Kefir- ProBugs

• Frozen kefir for 

kids

• Great dessert 

item or health 

treat after a lot 

of outside play



Skin Probiotics- Barrier!
• USDA Certified Organic - to assure quality and safety

• Made in the USA to produce the best quality of product 

available

• Multi-Strains includes: Lactobacillus Acidophilus, L. 

Rhamnous, L. Salivarius, L. Rhamnosus, L. Casei, L. 

Plantarum, Lactococcus Lactis and Casei; 

Bifidobacterium Infantis, Longum along with 

Streptococcus Thermophilus all in a enzyme 

enriched substrate.  

• Ingredients: Derived from a proprietary blend of 

probiotics in an enzyme-enriched substrate, water and a 

proprietary blend of 3 organic grasses.



Skin Probiotics- Barrier!

• So many 

products- SO 

expensive at 

Bloomingdales-

no mention of 

which bacteria 

either- bundled 

with colloidal 

silver as “anti-

bacterial” 75$



Lactobacilli 
paracasei

pasteurized bacteria

BASF set to commercialize pro-

t-action™ eliminating caries 

causing bacteria from the mouth



The active ingredient in pro-t-action ™ , L. paracasei , is a natural active 

ingredient with a specific and selective mode of action. During production only 

selected natural ingredients, trace elements, salts and natural pro-t-action™ 

microorganisms are used. The microorganisms are fermented, and stabilized, 

pasteurized and dried after harvesting. Like with all BASF products, comprehensive 

safety and toxicological testing have been conducted in full.



• Going 

too far!

Preventive Care



Probiotics? Some caution necessary!

• What is changing? What needs to change? 

Requires understanding.





Probiotics-

but first prebiotics

• PREBIOTIC FIBER is a non-digestible 

component of foods like bananas, onions 

and garlic, Jerusalem artichoke, the skin of 

apples, chicory root, beans, and many 

others. Prebiotic fiber goes through the 

small intestine undigested and is fermented 

when it reaches the large colon.



What are prebiotics?

Prebiotics are selectively fermented 

ingredients that allows specific changes, 

both in the composition and/or activity in the 

gastrointestinal microflora that confers 

benefits upon host well-being and health 

(Roberfroid 2007). 



Prebiotics

Oligosaccharides:

Fructooligosaccharides (FOS)- bananas, 

onions, chicory root, garlic, asparagus, barley, 

wheat, jícama, tomatoes, and leeks plus Jerusalem 

Artichoke

•Peppelenbosch MP, Ferreira CV. Immunology of pre- and probiotic supplementation. Br J Nutr. 2009 101:2-4. PMID: 18577301 

• Katharina E. Scholz-Ahrens, Jürgen Schrezenmeir ; Inulin and Oligofructose and Mineral Metabolism: The Evidence from Animal Trials. J Nutr. 2007; 

137: 2513S 

• Lomax AR, Calder PC. Prebiotics, immune function, infection and inflammation: a review of the evidence. Institute of Human Nutrition, School of 

Medicine, University of Southampton, Tremona Road, Southampton, UK 

• Geier MS et al; Probiotics, prebiotics and synbiotics: a role in chemoprevention for colorectal cancer? Cancer Biol Ther. 2006; 5(10): P-1265-9; See 

additional: Research on Prebiotics and Colon Polyps/Cancer 

• Hedin C et al; Evidence for the use of probiotics and prebiotics in inflammatory bowel disease: a review of clinical trials. Proc Nutr Soc. 2007; 66(3): P-

307-15; See additional: Research on Prebiotics and Inflammatory Bowel Disorders 
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Probiotics and Microbiome

•Anxiety 

Depression



Probiotics- Neurologic Implications

• Prevention and Probiotics- kefir like

Functional MRI and 

emotional brain tasking

FMPP changed mid brain connectivity- responses to emotional attention tasks



Probiotics- Treatment of Depression



Special Needs Patients

•Emphasis on:

–Autism Spectrum Disorder

–Alzheimer’s Disease

–Anxiety Disorders

–Allergies

–Airway (SDB)



Probiotics- Neurologic Implications

• Dementia and Alzheimer’s Disease

• TC-2153 blocks STEP enzyme



Alzheimer's Diseases- Three types

The subtypes are: • Inflammatory, in which markers such as C-reactive protein and 

serum albumin to globulin ratios are increased. • Non-inflammatory, in which these 

markers are not increased but other metabolic abnormalities are present. • Cortical, 

which affects relatively young individuals and appears more widely distributed across 

the brain than the other subtypes of Alzheimer's. It typically does not seem to cause 

memory loss at first, but people with this subtype of the disease tend to lose 

language skills. It is often misdiagnosed, typically affects people who do not have an 

Alzheimer's-related gene and is associated with a significant zinc deficiency.



ED and Dementia- Probiotics

After adjustment for patients characteristics and comorbidities, patients 

with ED were 1.68-times more likely to develop dementia than patients 

without ED (95% CI = 1.34–2.10, P < 0.0001). In addition, older patients and 

those with diabetes, hypertension, chronic kidney disease, stroke, 

depression, and anxiety were found to be at increased risk for dementia. 

Analyzing the data by dementia type, we found the hazard risk for 

Alzheimer's disease and non-Alzheimer dementia to be greater in 

patients with ED



Nutrition and Autism

The autism group had many statistically significant differences in their 

nutritional and metabolic status, including biomarkers indicative of vitamin 

insufficiency, increased oxidative stress, reduced capacity for energy 

transport, sulfation and detoxification. Several of the biomarker groups 

were significantly associated with variations in the severity of autism. 



Probiotics and Microbiome

•Autism 

Spectrum 

Disorder



Special Care for Special 

Patients

• Autism is a disorder of 

neural development 

characterized by 

impaired social 

interaction and 

communication, and by 

restricted and repetitive 

behavior. 

Repetitively stacking or lining up objects 

is a behavior occasionally associated 

with individuals with autism.



Special Care for Special Patients

• The diagnostic criteria require that 

symptoms become apparent 

before a child is three years old.

A young boy with 

autism who has 

arranged his toys in 

order of size



Probiotics- Neurologic Implications



Autism- and other dilemmas 

Here we first summarize previously published data supporting that 

GI dysfunction is common in individuals with ASD and the role of 

the microbiota in ASD. Second, by comparing with other publically 

available microbiome datasets, we provide some evidence that the 

shifted microbiota can be a result of westernization and that this 

shift could also be framing an altered immune system. Third, we 

explore the possibility that gut–brain interactions could also be a 

direct result of microbially produced metabolites.



Autism- and other dilemmas 

Prevotella, is highly enriched in the fecal microbiota in populations in Africa including 

agrarian societies in Malawi and Burkina Faso , and the Hadza hunter–gatherers in 

Tanzania intrigued us and inspired us to perform comparative analyses. Since Prevotella is 

only one genus in the very diverse gut microbiota and has a tendency to co-occur with a 

complex collection of other bacteria species, we wanted to determine whether Prevotella 

depletion in children with ASD is an indicator that the gut microbiome of children with 

ASD who live in the United States differs even more from individuals in the developing world 

than does the gut microbiome of neurotypical children in the US, providing evidence of 

the gut microbiota as an environmental factor that may correlate with increased rates 

of ASD in industrialized countries.



Autism- and other dilemmas 

A high rate of GI problems in children with ASD, correlations between symptom 

severity and GI symptoms within children with ASD, distinctive profiles of gut 

microbes and their metabolites in children with ASD, and a growing appreciation of 

a link between the gut and the brain for many neurological disorders, all point towards 

the potential for a role for gut microbiota in the presentation and severity of ASD 

symptoms. Furthermore, our observation of a ‘hyper-Westernization’ of the gut 

microbiota of children with ASD could indicate that gut microbiota differences 

that are driven by unique aspects of the Western lifestyle compared to the 

developing world lead to the association of unique gut microbiota composition 

with ASD.



Autism Spectrum Disorders



Probiotics- Neurologic Implications



Valproate Model for Autism- tells all!

Autism Spectrum Disorders



Valproic and Propionic structures

Autism Spectrum Disorders



Ann and Robert Lurie Children’s Hospital- Autism 

Spectrum Disorder

Microbiome Research

• Do polyols have an inhibitory 

effect on the A.S.D. bacteria 

cultures?

• What probiotic inhibits the 

A.S.D. cultures?

• What promotes growth of the 

A.S.D. bacteria?



Ann and Robert Lurie Children’s Hospital- Autism 

Spectrum Disorder

Microbiome Research

• Results: Eight strains were tested for polyol inhibitory activity C. 

histolyticum, B. vulgatis, C. bolteae (x2), C. difficile (x2), 

Bifidobacterium longham and Desulfovibrio. All strains grew to 

variable levels and had results that suggested polyol activity but did not 

reach a level of discernable growth to be able to assess the assays 

appropriately. Detailed OD values vs. polyol concentration are plotted 

as follows with relative inhibition inflection points. 



Ann and Robert Lurie Children’s Hospital- Autism Spectrum 

Disorder

Microbiome Research



Ann and Robert Lurie Children’s Hospital- Autism 

Spectrum Disorder

Microbiome Research

• Erythritol seems better suited to inhibit 

Clostridia bolteae



Ann and Robert Lurie Children’s Hospital- Autism Spectrum 

Disorder

Microbiome Research

• Xylitol may be better at inhibiting C. difficile 

• Perhaps we should think of another C. diff protocol?



The Gut-Brain Axis: Early life 

programming of brain function and 

behavior

Nobel Forum- Microbiome and the Mind



And so many publications…

Microbiome and Epigenetics- so many ?s



DNA methylation and Autism

Genome-wide analysis of DNA methylation in a sample of 50 MZ twin 

pairs (100 individuals) sampled from a representative population cohort 

that included twins discordant and concordant for ASD, ASD-associated 

traits and no autistic phenotype. 

Significant correlations between DNA methylation and quantitatively measured autistic trait 

scores across our sample cohort. This study represents the first systematic epigenomic

analyses of MZ twins discordant for ASD and implicates a role for altered DNA methylation in 

autism.



Propionic acid (PPA) is a ubiquitous short-chain fatty acid which is a fermentation product of 

the enteric microbiome and present or added to many foods. While PPA has beneficial effects, 

it is also associated with human disorders, including autism spectrum disorders (ASDs). We 

previously demonstrated that PPA modulates mitochondrial dysfunction differentially in subsets 

of lymphoblastoid cell lines (LCLs) derived from patients with ASD. Specifically, PPA 

significantly increases mitochondrial function in LCLs that have mitochondrial dysfunction at 

baseline [individuals with autistic disorder with atypical mitochondrial function (AD-A) LCLs] as 

compared to ASD LCLs with normal mitochondrial function [individuals with autistic disorder 

with normal mitochondrial function (AD-N) LCLs] and control (CNT) LCLs.



In general, these data suggest that BT can enhance 

mitochondrial function in the context of physiological 

stress and/or mitochondrial dysfunction, and may be an 

important metabolite that can help rescue energy 

metabolism during disease states. Thus, insight into

this metabolic modulator may have wide applications for 

both health and disease since BT has been implicated 

in a wide variety of conditions including ASD. 

However, future clinical studies in humans are needed 

to help define the practical implications of these 

physiological findings.



Restoring Mitochondrial Function- polyols? Then probiotics?

42% have significant RC deficiencies-

RC-I/RC-IV activity ratio significantly increased in 64% of cohort and 76% in 

severe ASD

MUST BE CONTRIBUTORY!!!! Restore Mitochondrial function early!!!

Age One visit- Buccal swab



Simpson Querrey Center for Epigenetics

• “We study the effects of environment on the 

activation and expression of genes.”

Louis A. Simpson and Kimberly K. 

Querrey Biomedical Research 

Center, a 14-story, 600,000-

square-foot building that will 

significantly expand Feinberg’s 

biomedical research enterprise.



SCFA- microbiome

• Pilot study of the SCFA 

Headspace Analysis of Bacterial 

Metabolites in Media with and 

without Polyols

• MacFabe, D., Habibi,  Kabat, B., 

Cannon, M., Gashkoff, M., Zurek, R.



SCFA- microbiome
• Brain Heart Infusion Broth (BHI2 or BHI10) 

supplemented with 2% or 10% sucrose containing no 

polyols or either erythritol or xylitol at various 

concentrations was used for this study. 

Streptococcus mutans (ATCC 35668) was grown 

aerobically. After 48 hours of growth the supernatant 

were harvested and centrifuged to pellet bacteria. 

Supernatants were removed from bacterial pellets, 

filtered through 0.22 micron filters and stored in 

sterile cryovials until submitted for Short Chain Fatty 

Acid (SCFA) analysis at the IMSERC Mass 

Spectrometry Center (Northwestern University).



1 .5 0 2 .0 0 2 .5 0 3 .0 0 3 .5 0 4 .0 0 4 .5 0 5 .0 0 5 .5 0 6 .0 0 6 .5 0 7 .0 0 7 .5 0 8 .0 0 8 .5 0

5 0 0 0 0

1 0 0 0 0 0

1 5 0 0 0 0

2 0 0 0 0 0

2 5 0 0 0 0

3 0 0 0 0 0

3 5 0 0 0 0

4 0 0 0 0 0

4 5 0 0 0 0

5 0 0 0 0 0

5 5 0 0 0 0

6 0 0 0 0 0

6 5 0 0 0 0

7 0 0 0 0 0

7 5 0 0 0 0

8 0 0 0 0 0

8 5 0 0 0 0

9 0 0 0 0 0

9 5 0 0 0 0

1 0 0 0 0 0 0

1 0 5 0 0 0 0

1 1 0 0 0 0 0

1 1 5 0 0 0 0

1 2 0 0 0 0 0

1 2 5 0 0 0 0

1 3 0 0 0 0 0

T im e -->

A b u n d a n c e

T IC : S C FA -M ix8 -1 0 u L .D \ d a ta .m s

 2 .3 5 6

 4 .4 6 1

 4 .7 8 4

 5 .1 0 9

 5 .2 5 9

 5 .4 8 8

 5 .5 5 8

 5 .7 0 3

 5 .8 4 0

Standard Mix: 52 ng on column

Compound

Retention 

Time

(min)

m/z

Methyl Isovalerate 2.4 74

Acetic Acid 4.5 60

Propionic Acid 4.8 74

Butanoic Acid 5.1 60

Pentanoic Acid 5.5 60

Ethyl Butaric Acid 5.6 88

4-Methylvaleric Acid 5.7 57

Hexanoic Acid 5.9 60

Ethanol 2.0 45

Acetoin 3.8 45



1 .5 0 2 .0 0 2 .5 0 3 .0 0 3 .5 0 4 .0 0 4 .5 0 5 .0 0 5 .5 0 6 .0 0 6 .5 0 7 .0 0 7 .5 0 8 .0 0 8 .5 0

2 0 0 0 0

4 0 0 0 0

6 0 0 0 0

8 0 0 0 0

1 0 0 0 0 0

1 2 0 0 0 0

1 4 0 0 0 0

1 6 0 0 0 0

1 8 0 0 0 0

2 0 0 0 0 0

2 2 0 0 0 0

2 4 0 0 0 0

2 6 0 0 0 0

2 8 0 0 0 0

3 0 0 0 0 0

3 2 0 0 0 0

3 4 0 0 0 0

T im e -->

A b u n d a n c e

T IC :  B K -4 .D \ d a ta .m s

 1 .9 6 9

 3 .7 9 7

 4 .4 5 4

Sample BK-4: Erythritol-1.25mg

Compound

Retention 

Time

(min)

m/z

Methyl Isovalerate 2.4 74

Acetic Acid 4.5 60

Propionic Acid 4.8 74

Butanoic Acid 5.1 60

Pentanoic Acid 5.5 60

Ethyl Butaric Acid 5.6 88

4-Methylvaleric Acid 5.7 57

Hexanoic Acid 5.9 60

Ethanol 2.0 45

Acetoin 3.8 45



SCFA- microbiome

• Constituents of media effect the 

bacterial metabolite production, 

possibly shifting from benign or 

protective to more pathogenic. 

Additional laboratory study is 

required testing other species, 

specifically the propionic producing  

Clostridium histolyticum and boltae

plus Bacteroides vulgatus. 



• Moreover, pathogens such as Haemophilus in saliva and Streptococcus in plaques 

showed significantly higher abundance in ASD patients, whereas commensals such 

as Prevotella, Selenomonas, Actinomyces, Porphyromonas, and Fusobacterium 

were reduced. Specifically, an overt depletion of Prevotellaceae co-occurrence 

network in ASD patients was obtained in dental plaques. The distinguishable 

bacteria were also correlated with clinical indices, reflecting disease severity and 

the oral health status (i.e. dental caries). Finally, diagnostic models based on key 

microbes were constructed, with 96.3% accuracy in saliva.



Oral Microbiome- Autism

• Three-year consumption of erythritol-containing candies 

by initially 7- to 8-year old children was associated with 

reduced plaque growth, lower levels of plaque, acetic 

acid and propionic acid, and reduced oral counts of 

mutans streptococci compared with the consumption of 

xylitol or sorbitol candies.



Microbial GPS-

maternal and buccal swabs



We are short funds….

• Need to raise monies… can’t continue research 

and funds are going elsewhere!



Nobel Conference 2017 Meeting of the Nobel 

Assembly in 

Stockholm, SE

Again, the 

microbiome is  

recognized as the 

programmer!



Take Home- probiotics

• Special needs patients may all have different 

microbiomes- A.S.D. patients definitely have a shifted 

gut and oral microflora and most likely benefit from 

polyol therapy



Probiotics and Microbiome

•Allergies



Allergies…. BCBS data



Allergies and Ectopic Dermatitis- Barrier 

Microbiome

The alarming increase in the incidence and severity of food allergies 

has coincided with lifestyle changes in Western societies, such as 

dietary modifications and increased antibiotic use. There is increasing 

evidence that the dysbiosis associated with sensitization to food fails 

to stimulate protective tolerogenic pathways, leading to the 

development of the type 2 immune responses that characterize allergic 

disease. 

Dysbiosis 

creates food 

allergies!



Researchers May Have Found Key to Peanut Allergy 

Cure- Food allergies affect around 15 million children 

in the United States.

• In a relatively small study, scientists from the 

Murdoch Childrens Research Institute gave 30 

allergic children small daily doses of peanut protein 

with a probiotic (Lactobacillus rhamnosus) in 

increasing amounts over 18 months. They gave a 

control group of 30 allergic children a placebo.

• “Astoundingly, researchers found over 80 

percent of children who received the oral 

immunotherapy treatment were able to tolerate 

peanut [sic] at the end of the trial, compared to 

less than 4 percent of the placebo group,” reads 

a press release. “This is 20 times higher than the 

natural rate of resolution for peanut allergy.”

To conclude, our results suggest that PPOIT is effective at inducing long-term 

sustained unresponsiveness that persists for up to 4 years after completing 

treatment and is safe. Furthermore, the finding that sustained unresponsiveness 

was maintained without the need to follow a regular prespecified ingestion schedule 

provides a compelling argument that PPOIT-induced immune tolerance.



Take Home- probiotics

• Food allergies can be due to Dysbiosis and removal of 

protective barriers

• Probiotics have been proven to help with food 

allergies.
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Dietary fiber?????

• Patients who stopped or reduced dietary fiber had significant improvement in their symptoms 

while those who continued on a high fiber diet had no change. Of those who stopped fiber completely, 

the bowel frequency increased from one motion in 3.75 d (± 1.59 d) to one motion in 1.0 d (± 0.0 d) (P < 

0.001); those with reduced fiber intake had increased bowel frequency from a mean of one motion per 

4.19 d (± 2.09 d) to one motion per 1.9 d (± 1.21 d) on a reduced fiber diet (P < 0.001); those who 

remained on a high fiber diet continued to have a mean of one motion per 6.83 d (± 1.03 d) before and 

after consultation. For no fiber, reduced fiber and high fiber groups, respectively, 

symptoms of bloating were present in 0%, 31.3% and 100% (P < 0.001) and 

straining to pass stools occurred in 0%, 43.8% and 100% (P < 0.001).



Probiotics and Microbiome

•Obesity



Obesity- probiotics

• We showed that growth curves were associated negatively with 

diversity, and positively with the Firmicutes-to-Bacteroidetes ratio, 

of the oral microbiota. We also demonstrated an association 

between the gut microbiota and child growth, even after 

controlling for the effect of diet on the microbiota. 

Lastly, we identified several bacterial genera that were associated 

with child growth patterns. These results suggest that by the 

age of two, the oral microbiota of children with rapid infant 

weight gain may have already begun to establish patterns 

often seen in obese adults.



Probiotics and Diet

• McDonald's (MCD) said it stripped components like 

calcium propionate, an artificial preservative, from 

its buns and eliminated sorbic acid, a preservative, 

from its American cheese. 

The buns will no longer have the artificial 

preservative calcium propionate. In general, 

calcium propionate helps prevent mold growth 

on bread and is considered antifungal. 

McDonald’s may be getting rid of it because 

previous research found that this preservative 

could negatively affect children’s behavior. The 

study, published in the Journal of Pediatrics and 

Child Health, showed that calcium propionate might 

cause “irritability, restlessness, inattention and sleep 

disturbance in some children.” In addition, removing 

the preservative could reverse these behavioral 

problems.- Forbes Magazine



Probiotics and Diet

• Classic 

Experiment:

• Purchased 

09/29/2018 and 

never opened. 

Sitting on 

counter-top for 

three weeks



Weight/diabetes- probiotics

• Performed a controlled longitudinal weight 

perturbation study combining multiple omics 

strategies (genomics, transcriptomics, multiple 

proteomics assays, metabolomics, and microbiomics) 

during periods of weight gain and loss in humans.



Cell Systems 2018 6, 157-170.e8DOI: (10.1016/j.cels.2017.12.013) 



Figure 1 

Cell Systems 2018 6, 157-170.e8DOI: (10.1016/j.cels.2017.12.013) 



Weight/diabetes- probiotics

• We also found extensive molecular changes after weight gain and weight loss. 

Notably the inflammation response was one of the major pathways induced 

upon weight gain; This dysregulation is evident at several different 

levels,including transcriptome, proteome, and cytokines. These results 

suggest that a systemic inflammatory pathway is activated in response to 

short-term weight gain, which is surprising given the modest weight gain 

induced here. it is interesting to note that increases in gram-positive 

Firmicutes correlate with increased inflammation in this study, raising the 

possibility of other non-LPS triggers of a low- level systemic immune response 

in overweight/obese humans.



• c
Using both 16S and shotgun metagenomics of the stool microbiome, we observed 

significant differences between IR and IS participants in the abundance of the gram-

negative proteobacterium Oxalobacter formigenes (p < 0.006). 

Interestingly, although this bacterium was present at 

relatively high levels in IS participants, it was not detected 

in any of the IR participants’ samples. O. formigenes is particularly 

unusual in that it processes oxalate, and absence of this bacterium is 

associated with increased risk of kidney stones which was linked to diabetes 

and insulin resistance and can be sensitive to high-oxalate-containing foods 

such as almonds.



Renal- probiotics

• O. formigenes is unique in that dietary and 

endogenous oxalate are its sole energy sources. 

Calcium oxalate comprises the majority of kidney 

stones, and it has been hypothesized that the 

bacterium lowers the risk of developing these 

stones.

The overall prevalence of O. formigenes was 38%. Use of specific 

antibiotics previously thought to affect the bacterium was 

significantly related to colonization, with prevalences of 17%, 

27%, and 36%, for those who had used these drugs <1, 1–5, 

and >5 years ago, compared with 55% in nonusers. There were no 

significant associations with demographic factors, nutrient intake, or 

medical history, although the prevalence appeared to increase 

somewhat with increasing oxalate consumption.



Probiotics and Microbiome

•NAS

–Non caloric 

Artificial 

Sweetener



Probiotics and Diet

• Animals seek food to satisfy the inherent craving for 

sweetness, even in the absence of energy need. Lack of 

complete satisfaction, likely because of the failure to 

activate the postingestive component, further fuels the food 

seeking behavior. Reduction in reward response may 

contribute to obesity. 

Lastly, artificial 

sweeteners, 

precisely 

because they 

are sweet, 

encourage 

sugar craving 

and sugar 

dependence. 

Repeated 

exposure 

trains flavor 

preference 



NAS – Gut Microbes 2015

Almost a century has passed since the introduction  of  non-

caloric  artificial sweeteners (NAS) to our diet, and today they 

are estimated to be consumed by 32% of adult Americans.

We recently demonstrated that NAS consumption could 

induce glucose intolerance in mice and distinct human 

subsets, by functionally altering the gut microbiome.

NAS consumption not only 

associates with various clinical 

parameters such as BMI, blood 

pressure, HbA1 C% and fasting 

glucose levels, but also with the 

presence of certain taxa, 

including expansion of the 

Actinobacteria phylum, the 

EnteroBacteriales order, and of 

various taxa from the 

Clostridiales order.



Probiotics and Diet

• No meaningful effect of weight reduction 
or aspartame was seen on plasma triglyceride and 

cholesterol, nor on any other parameter of hematologic, 

hepatic, or renal function that was measured.

J Toxicol Environ Health. 1976 Nov;2(2):417-28.

Effects of aspartame in young persons during weight 

reduction.

Knopp RH, Brandt K, Arky RA.



NAS- probiotics

• These NAS-mediated deleterious metabolic effects are abrogated by 

antibiotic treatment, and are fully transferrable to germ-free mice upon faecal

transplantation of microbiota configurations from NAS-consuming mice, or of 

microbiota anaerobically incubated in the presence of NAS. We identify 

NAS-altered microbial metabolic pathways that are linked to host 

susceptibility to metabolic disease, and demonstrate similar NAS-

induced dysbiosis and glucose intolerance in healthy human subjects. 
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• “You pediatric dentists are 

the guardians to the portal 

of the gastro-intestinal 

tract”

• - Pediatric 

Gastroenterologist



Probiotics and Microbiome

•Cardiovascular 

Disease



Microbiome and Death

• These data suggested that specific combinations of periodontal bacteria, even 

without inducing clinically significant periodontitis, may have a significant 

impact on human cause-specific death rates. Our findings implied that 

increased disease and mortality risk could be transmittable via the transfer of 

oral microbiota, and that developing personalized strategies and maintaining 

healthy oral microbiota beyond protection against periodontitis would be 

important to manage the risk.



Heart Disease and “Fries”

• These results suggest that commensal Bacteriodetes bacteria 

of the gut and the oral cavity may contribute to the 

pathogenesis of TLR2-dependent atherosclerosis through 

serine dipeptide lipid deposition and metabolism in artery 

walls. 



7 years ago- it was missed

• We now report that synthesis of these lipids can be attributed to a small 

number of intestinal and oral organisms within the Bacteroides, 

Parabacteroides, Prevotella, Tannerella and Porphyromonas genera. 

Additionally, the PDHCs are not only present in gingival tissues, but 

are also present in human blood, vasculature tissues and brain. 

Finally, the distribution of these TLR2-activating lipids in human tissues 

varies with both the tissue site and disease status of the tissue suggesting 

a role for PDHCs in human disease.



Figure 2. Recovery of bacterial phosphorylated dihydroceramides in intestinal and oral bacteria, subgingival plaque 
samples, blood plasma, atheroma and brain samples.

Nichols FC, Yao X, Bajrami B, Downes J, Finegold SM, et al. (2011) Phosphorylated Dihydroceramides from 

Common Human Bacteria Are Recovered in Human Tissues. PLOS ONE 6(2): e16771. 

https://doi.org/10.1371/journal.pone.0016771

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0016771

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0016771


No guts, No glory! ACS

• Isolated unique strain of bacteria from fecal samples of 

marathon runners and is beginning to evaluate its properties. 

Determined that the bug excels at breaking down lactic acid 

in a test tube and remains viable after it passes through the 

digestive system of mice. The researchers are now feeding the 

bacteria to mice to measure its effects on lactic acid levels and 

fatigue. Another strain found in other athletes breaks down 

carbohydrates for energy in long distance runners.

• Problem: Press releases and no 

published research

Harvesting the microbiome of athletes



No guts, No glory! GUT

• Athletes had relative increases in pathways (eg, amino acid 

and antibiotic biosynthesis and carbohydrate metabolism) and 

faecal metabolites (eg, microbial produced short-chain fatty 

acids (SCFAs) acetate, propionate and butyrate) associated 

with enhanced muscle turnover (fitness) and overall health 

when compared with control groups. Differences in faecal

microbiota between athletes and sedentary controls 

show even greater separation at the metagenomic and 

metabolomic than at compositional levels and provide 

added insight into the diet–exercise–gut microbiota paradigm.



No guts, No glory! GUT

• As expected, athletes and controls differed significantly with 

respect to plasma creatine kinase (a marker of extreme 

exercise), and inflammatory and metabolic markers. More 

importantly, athletes had a higher diversity of gut micro-

organisms, representing 22 distinct phyla, which in turn 

positively correlated with protein consumption and 

creatine kinase. The results provide evidence for a beneficial 

impact of exercise on gut microbiota diversity but also indicate 

that the relationship is complex and is related to accompanying 

dietary extremes.



Propionic Neuroprotectant

• Probiotic therapy for anxiety depression

Independently of diet, probiotic treatment markedly reduced depressive-like behaviour in the forced 

swim test by 34% (95% CI: 22–44%). Furthermore, probiotic treatment skewed the cytokine production 

by stimulated blood mononuclear cells towards IFNγ, IL2 and IL4 at the expense of TNFα and IL6. In 

addition, probiotics lowered hippocampal transcript levels of factors involved in HPA axis regulation 

(Crh-r1, Crh-r2 and Mr), whereas HFD increased these levels. A non-targeted plasma 

metabolomics analysis revealed that probiotics raised the level of indole-3-

propionic acid, a potential neuroprotective agent.



Propionic Neuroprotectant

• 3-Indolepropionic acid (IPA), or indole-3-

propionic acid, is a potent neuroprotective 

antioxidant and plant auxin that is being studied 

for therapeutic use in Alzheimer's disease. It is 

endogenously produced by human microbiota and has only been 

detected in vivo when the species Clostridium sporogenes is 

present in the gastrointestinal tract. As of April 2016, C. 

sporogenes, which uses tryptophan to synthesize indole and 

subsequently IPA, is the only species of bacteria known to 

synthesize IPA in vivo at levels which are subsequently detectable 

in the blood plasma of the host.



Propionic Neuroprotectant

• Balancing Act- removes indole and propionic-

protects!!!

• Clostridium sporogenes inhibits action of 

Clostridia boltae and histolyticum



IPA- plant hormone

• Plasma extracts from germ-free mice were compared with samples from 

conventional (conv) animals by using various MS-based methods. The 

bacterial-mediated production of bioactive indole-containing metabolites 

derived from tryptophan such as indoxyl sulfate and the antioxidant 

indole-3-propionic acid (IPA) was impacted. Production of IPA was shown 

to be completely dependent on the presence of gut microflora and could 

be established by colonization with the bacterium Clostridium 

sporogenes. 



IPA and Diabetes…

• Higher indolepropionic acid was associated with reduced 

likelihood of T2D in the DPS. Interestingly, in those who 

remained free of T2D, indolepropionic acid and various lipid 

species were associated with better insulin secretion and 

sensitivity, respectively.



Probiotic vs Probiotic

• Colonization of L. plantarum 423 to Caco-2 cells prevented adhesion 

of 74% of cells of C. sporogenes LMG 13570 and 62% of cells of E. 

faecalis LMG 13566. Furthermore, L. plantarum 423 displaced 81% 

of cells of C. sporogenes LMG 13570 and 91% of cells of E. faecalis 

LMG 13566 from Caco-2 cells. L. plantarum 423 is a potential 

probiotic strain.

The Caco-2 cell line is a continuous cell of heterogeneous human epithelial colorectal adenocarcinoma cells, 

developed by the Sloan-Kettering Institute for Cancer Research through research conducted by Dr. Jorgen Fogh.



Tree of Life- evolved!

• It would make sense that we would share 

important bacterial metabolites with plants.. Why 

make new that which could be shared?

Indole-3-propionic acid (IPA)

Synonyms: 3-(3-Indolyl)propanoic acid, 3-

Indolepropionic acid

Plant hormone with numerous cell growth 

functions including cell division, elongation, 

autonomal loss of leaves, and the formation of buds, 

roots, flowers, and fruit

Compound is inhibited by light, which plays an 

important role in aiding the plant grow toward light 

sources

Appearance: yellow to orange to brown powder

Melting Point: 134-135 °C

Soluble in ethanol



Take Home- probiotics

• Periodontal disease and cardiovascular pathology 

are amenable to prevention with probiotics

• Both occur due to lack of protective microbes



Learn more
A Lot More!


