
Conflict of Interest Declaration
No financial support or sponsorship received 

associated with this presentation by speaker nor 
ÓÐÅÁËÅÒȭÓ ÂÕÓÉÎÅÓÓ ÁÆÆÉÌÉÁÔÅÓ ÁÎÄ ÆÁÍÉÌÙȢ



AAOSH, Nov 2018 

Evolutionary Oral 

Medicine & Probiotics 



Mark Cannon DDS MS

ÅProfessor

ÅDivision of Dentistry

ÅDepartment of 

Otolaryngology

ÅFeinberg School of 

Medicine

ÅChicago, IL USA



Topics:

ÅProbiotics

ÅDiet/Prebiotics

ÅEvolutionary Oral Medicine

ÅMicrobiome

ÅGateway Microbiomes

ÅBarrier Microbiomes

ÅEpigenetics/Epitranscriptomics



Nature- Love it or leave it!
How man and microbiome evolvesé

Evolutionary Oral Medicine



The ñGatewayò Microbiomes

ÅEvolutionary Oral Medicine

Å-The oral, nasal, vaginal and 

placental microbiomes evolved to 

defend the host

Å- Barrier microbiomes, i.e., epithelial 

symbionts



Dense Nutrient Food

ÅMeat-Eating Among the Earliest Humans
ÅOver 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
ÅThe 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

ÅThe modern pathogens - fed on to 

victory by the refined  carbohydrates 

and starches! Less diversityé



Dental Calculus- Fossils
ÅShift in microbiome from hunter gather- to farmer ïto 

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

ÅThe 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

ÅSome 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

ÅResearchers 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

ÅDental calculus preserves DNA of oral 

microbiomeé



Dental Calculus- Fossils

ÅThank God 

they didnôt 

have Dental 

Hygienists 

back then!



Dental Calculus- Fossils
ÅCalcified 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 humanïassociated 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
ÅNuclear, mitochondrial, and gut bacteria 

genomes diversified in concert during hominid 

evolution.. past 15 million years



ÅThe Hologenome: Microbes drive 

evolution.. 



Hominid MicrobiomeÅThe 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.

ñSo, like it or not, microbiology is 

going to be in the center of 

evolutionary study in the futureðand 

vice versa.ò

ðCarl R. Woese



Lateral Gene Transfer

ÅHorizontal 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

ÅTubers are underground storage organs (USOôs), a category that includes corms, 

bulbs, and rhizomesïïplants 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 difýcult 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 ýrst

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

ÅCompared 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

ÅBF 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

ÅXylanibacter, 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 

protectiveégut AND 

neuroprotectiveé. 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

ÅThe 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 ñold friendò 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

ÅThe Maternal Effect- everyone knows!



Pre-natal microbiome
ÅThe 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

ÅWe 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?
ÅWhich 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-

Å 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

ÅA significant percentage of 6ȤyearȤold 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

Å2006- Back when we worried about sugar!

ÅLack of fibers, prebiotics and tons of 

sugar



Sugar Linked To Decay

ÅChanges the oral microbiome to cariogenic 

bacteria, with reduction in probiotic bacteria.

ïCompetition

ïEnvironmental changes- pH

ïBacteriocins

ïOral hygiene/anti-microbial therapy

ïMore carbs- less prebiotic in diet



War Rationing

ÅVastly better health with rationing- even 

with food shortages of beneficial goods.

Not Sugar



Sugar and Fluoride

ÅMaybe not so far fetched after allé.



ÅCandy sales go up every year! Confectionary sales are at 

$38.9 billion. CREST is winning!

ñWe donate our candy to the 

homelessòé OMG totally 

clueless!!



ñFluoride delays decayéò
ÅMany 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

ÅIn unadjusted analysis, caries experience in the primary 

dentition was lower in counties with Ó75% 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?
ñIndividuals 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.ò



Fluoride Delays Decay ?

ÅNo statistical changes until recently?



Know thine enemy

ÅThe 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. 

ÅWhen reading labels, youôll 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.

ñ6 Ways to Reduce Your Childôs 

Sugary Snackingò



ADA- What is missing?

ÅI raised five kidsé kefir/yogurt snacks

ÅHealthy alternatives; fruits and veggies, 

ÅCheeses, real cheese, not faux

ÅWhole grass fed cow milk, not sugared juice

ÅReal beef jerky

ÅAdults buy groceries not four year oldôs

ÅWhat we buy changes over time as better 

products became available, i.e. non GMO-



Dr. Robert Lustig-UCSF

ÅRobert 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

ñSugar 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.ò

ÅDr. Robert Lustig

ñFat Chance: Beating the Odds Against Sugar, Processed 

Food, Obesity, and Diseaseò



Sugar- Pure, White, and 

Deadly



World Obesity
ÅThank God we arenôt winning!



Mexico and Sugar

ÅMexican 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- Alzheimerôs
ÅResearchers studied 2,226 elderly people who lived in New York 

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

429 developed Alzheimerôs. The scientists found those who ate 30.3 

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

develop Alzheimerôs compared with those who consumed 5.8 grams 

per day. When all  categories were compared, drinking sugary 

soda was ñsignificantlyò associated with a higher risk of 

Alzheimerôs when compared to other sweetened products, the 

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

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

dementia,ò Dr. Doug Brown said. ñThis study backs up this 

evidence, suggesting that excess sugar may increase our risk 

of Alzheimerôs disease, and all types of sugarïfrom fruit juice 

to lemonadeïhave the same impact.



Fairlife- low carb milk

Å50% More Protein & 50% Less Sugar Than Ordinary 

Milk. Healthy Made Delicious.

Å3.5X DHA Omega-3 · Cold-Filtration Process · Less 

Sugar · 20% More Vitamin D · Lactose Free



Doctor means????

ÅThe word is originally an agentive noun of 

the Latin verb docǛre[dὉ῁keΈrὑ] 'to teach'.

Å-Wikipedia

Hippocrates, ancient Greek physician 

and author of the Hippocratic Oath. 

Father of medicine- ñdo not use the 

knifeò ïñdo no harmò died 377 BC



Take Home- probiotics

ÅSugar 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

ÅDysbiosis

ÅObesity

ÅNAS

ÅCardiovascular Disease

ÅAllergies

ÅAnxiety Depression

ÅAutism Spectrum Disorder



Chicago- Gun violence
Causation vs correlation



Chicago has moreé.



Microbrewery- safe area

ORAL CAVITY


