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Important Dates

Years Ago

• 4.5 Billion Origin of the Earth

• 3.5 Billion Prokaryote Bacteria

• 2.5 Billion Oxygen in Atmosphere

• 1.5 Billion Eukaryote cells with nucleus

• 0.5 Billion Cambrian explosion 
multicelleular Eukaryote 
organisms, plants & animals















Paleo Diet











Warning  ‘All Bugs are Bad’
Deadliest pandemics including:

– 14th-century Black Death   75 to 200 million plague deaths 
in Europe

– 1492   Post Colombus South America                                                        
? 37 million population was reduced by 90%

– 1900-1977   smallpox deaths 300-500 million

– 1918–1919    Spanish influenza pandemic at least 50 to 100 
million deaths

– ongoing HIV/AIDS pandemic, more than 35 million deaths









Human Infections (1)

Used to be mainly epidemics:

Smallpox, plague, cholera, diphtheria, TB, syphilis,   
influenza, measles, etc 

i.e.  exogenous source ‘all bugs are bad’

Public Health,  Sanitation,  Vaccinations   
have largely contained or eliminated these



Emerging Infectious Diseases

335 infectious diseases emerged globally in humans 
between 1940 and 2004

nearly two-thirds originated in wildlife

Infectious Diseases cause nearly 1 in 5 deaths worldwide



Recent Emerging Diseases







Human Infections (2)

Now mainly

Emerge from our own microbiome
i.e. endogenous source



Infections
Endogenous vs   Exogenous

Endogenous

• Staph aureus

• E.coli, Klebsiella

Proteus, etc

• Strep

• Anaerobes

i.e. Most non viral   
infections

Exogenous
• HIV/AIDS
• Influenza
• Hepatitis
• Mumps, Measles, Rubella

• TB
• Campylobacter
• Salmonella, Shigella
• Pasteurella (cat/dog bites)

• Brucella (unpasteurized milk cheese, endemic countries)







Staph aureus infection
single species  ‘microbes are bad’

eliminate them



World Infection Trends

New forms of old diseases - endogenous

including MDRO’s
 MRSA

 ESBL

 VRE

 C. difficile

 CRE carbapenemases

From our own shared microbiome





Sweet Tooth Diet Emerged





Dental Caries



Non Paleo Diet







Dietary Change Consequences 



Human Genome Project
3 billion base pairs

20,000+ genes
98% ‘junk DNA’



Human Microbiome Project
E. coli  alone approx 4 million base pairs, 3,000 genes

Our microbiome has ≥ 500 -1000 species = n x106 genes





Lisa Stinson  https://biosciencephdforum.wordpress.com/





Our  ‘Microbiome’

• Mass of Bacteria, Fungi, Viruses - unique to each of us 

• Daily activities impact this  e.g.  bathing, diet, hygiene

• Dynamic over our lifetime – numbers and proportions

• Small composition changes can have major effects 

Susceptible to major disturbances from antibiotics 



Our Microbial Garden

Emerging realisation of importance of resident 
microbes to our health and well-being

particularly with respect to roles played in:

- our immune system

- contributing to food digestion

- acting as first line of defense against ‘pathogens’

Many diseases are the result of 

disturbed microbiomes - ‘dysbiosis’





Prof Rob Knight Ted Talks  https://www.ted.com/talks/rob_knight_how_our_microbes_make_us_who_we_are?language=en#t-231745



Sharing my microbiome

This vast microbiome is 

routinely shared with others 

+ animals and environment





Microbiome Sequencing
3 Key Questions

1. What organisms are present?

2. What do they do,  health and disease?

3. How do they do it?



More Questions

• Which organism(s) responsible for which  
functions?

• How do microbiomes change over time?

• What are the drivers of those changes?       
The environment?  Diet?  Health status? 

• How does the prevalence of certain species 
affect other species in that community?



Microbiome Lifetime Dynamics  



Caesarian vs  Vaginal Delivery
Associated Childhood Diseases

Josef  Neu et al   Clin Perinatol. 2011 Jun; 38(2): 321–331

Caesarian Delivery Odds Ratio 95% CI versus vaginal delivery 

Allergic Rhinitis

All Caesarians 1.37                     (1.14 – 1.63)

Repeat Caesarians only no Rupt.Mem 1.78                     (1.34 - 2.37)

Asthma

All Caesarians 1.24                    (1.01 – 1.53)   

Female 1.53                     (1.10 – 2.10)

Female & Repeat Caesarians no RM 1.83                    (1.13 – 2.97)

Coeliac Disease 1.8                       (1.13 – 2.88)

Diabetes Mellitus (Type 1) 1.19                     (1.04 – 1.36)  

Gastroenteritis requiring hospitalisation 1.31                     (1.24 – 1.38)

Gastroenteritis AND Asthma 1.74                     (1.36 – 2.23)



Efrem S. Lim et al

http://www.cell.com/trends/microbiology/fulltext/S0966-842X(16)30064-6



Major Bacterial Class
Grouping

Firmicutes e.g. Lactobacillus, Clostridium    (Gram +)

Bacteroidetes e.g. Bacteroides, Prevotella (Gram -)

Actinobacteria e.g. Bifidobacteria, Actinomyces

Proteobacteria e.g. E. coli, Helicobacter

Others



Microbiome Lifetime Dynamics  

Cell. Inf. Microbio. 2:104. doi: 10.3389/fcimb.2012.00104



Microbiome Lifetime Dynamics  

Cell. Inf. Microbio. 2:104. doi: 10.3389/fcimb.2012.00104



Microbiome Lifetime Dynamics  

Cell. Inf. Microbio. 2:104. doi: 10.3389/fcimb.2012.00104







Vaginal Gram Stain

Normal          Bacterial Vaginosis



Intestinal Interactions





Microbiome

Causal Health Links

or

Associations only ???



Gut Microbiome
connecting genes, environment & immune system



Fat Gain Differences
Germ Free Mice

Faecal transplant with

Genetically Obese 

faecal donor ob/ob

SOURCE: Turnbaugh et al., 2006, 2008



Fat Gain Differences
Germ Free Mice

Faecal transplanted

Diet Induced Obese (DIO)   

faecal donor    

SOURCE: Turnbaugh et al., 2006, 2008.





Firmicutes and Bacteroidetes Ratio
lean  vs  obese mice

Small Ratio Differences  Large Weight Differences

Ley, R.E., Bäckhed, F., Turnbaugh, P., Lozupone, C.A., Knight, R.D. and Gordon, J.I. 

“Obesity alters gut microbial ecology.” Proc. Natl Acad. Sci. USA, 2005



Fat, Firmicutes, Bacteroidetes



Microbiome Effects of Dieting 
- humans

Ley et al. Nature 444: 1022 (2006)



Diet Behaviour Link   Mice
RD = Regular Diet
HFD = High Fat Diet 

Cell, Vol 165, #7, p1762–1775, 16 June 2016   S Buffington  et al

Microbial Reconstitution Reverses Maternal Diet-Induced Social and Synaptic Deficits in Offspring



Sociability Effects



Effect on

Interaction time  &    Contact time

Cell, Vol 165, #7, p1762–1775, 16 June 2016   S Buffington  et al

Microbial Reconstitution Reverses Maternal Diet-Induced Social and Synaptic Deficits in Offspring



Study Highlights

• Maternal high-fat diet (MHFD) induced 
behaviour changes in offspring

• MHFD caused alterations in gut microbial 
ecology in offspring

• MHFD offspring had deficient oxytocin levels

• Lactobacillus reuteri treatment restored 
oxytocin levels, and social behaviour







‘Dysbiosis’ and CNS Interaction

http://www.frontiersin.org/files/Articles/16175/fphys-02-00094-HTML/image_m/fphys-02-00094-g004.jpg





Biota Differences Normal vs IBD



Serologic markers predict
Crohn's years before diagnosis

Alimentary Pharmacology & Therapeutics  April 2016  Vol 43 #12  pp 1300-1310, 27 APR 2016 DOI: 10.1111/apt.13641

http://onlinelibrary.wiley.com/doi/10.1111/apt.13641/full#apt13641-fig-0001

http://onlinelibrary.wiley.com/doi/10.1111/apt.2016.43.issue-12/issuetoc


Serologic markers predict
Crohn's years before diagnosis

Alimentary Pharmacology & Therapeutics  April 2016  Vol 43 #12  pp 1300-1310, 27 APR 2016 DOI: 10.1111/

http://onlinelibrary.wiley.com/doi/10.1111/apt.2016.43.issue-12/issuetoc


Reference intervals of CD-associated 
antibodies determined by 

 722 serum samples from 200 healthy controls 

 522 patients with non-IBD gastrointestinal disease

522 patients with non IBD  GI disease

• 193 had IBS

• 158 GERD

• 51 hepatitis

• 48 diverticular disease

• 40 coeliac disease

• 18 chronic diarrhoea

• 6 microscopic colitis

• 8 other diseases



Faecal Transplant for
Clostridium difficile



https://microbewiki.kenyon.edu/index.php/File:Intestinal_bacteria.jpg





Probiotics

• Live bacteria culture

• May survive acid and enzyme digestion 

to help seed gut flora in small numbers

e.g. yoghurt, sauerkraut, kimchi, miso



Probiotics
Live Microbes

Ng et al 2009

Same species have different 
strains and even these can 
all have different metabolic 
activities

• Lactobacillus genus currently 
contains over 180 species

• Lactobacillus, Bifidobacterium, Bacillus
Enterococcus, E coli,  Lactococcus,  

Streptococcus,  Pediococcus ,               
yeast species and mixed cultures

Ng et al 2009

Probiotic mechanisms on immune 
system are not completely clear. 
However, probiotics have immune-
modulating effects

Ng et al 2009



Are Probiotics Always Safe?

Didier Raoult Nature Reviews Microbiology 7, 616 (September 2009)



Prebiotics
• Non living food for Gut Bacteria

• Substances that can only be 

metabolised by gut bacteria

not by acid, enzymes, etc

e.g. vegetables, fruit, grains, fibre  

complex polysachharides



Prebiotics









Making Foie Gras



Foie Gras Modern



Approach to probiotics by food 

and drug regulators: 

GRAS

FOIE

G Generally

R Regarded

A As

S Safe





Changes Affecting Our Microbiota

Change             

•  Clean water            

•  Caesarian sections

•  preterm antibiotic

•  breastfeeding         

Consequence

 faecal transmission

 vaginal transmission

 vaginal transmission

 skin transmission +     
altered immunology



Changes Affecting Our Microbiota

Change            

•  family size          

•  antibiotic use     

•  bathing, shower  
antibacterial soaps

Consequence

 Baby early life 
transmission

Changes our microbe 
composition

Changes our microbe
composition



Ice Man





Disease

• Obesity                  

• Childhood onset  

asthma

• IBD                          

? Microbiome

Mechanism

 ratio Bacteroidetes
to Firmicutes

Absence gastric 
H. pylori

microbial diversity,

antibiotics,     
modern diet



Disease

• Colorectal carcinoma 

• Allergic disorders   

• CVD                          

? Microbiome

Mechanism

Larger populations    
Fusobacterium sp

microbial diversity

Gut- microbiota-dependent 
metabolism of 
phophatidylcholine

Diseases with potential links to the gut microbiome
Khanna S,Tosh P (2014),  Mayo Clin Proc 89(1), 107-114
CHO I, Blasér MJ  (2012) Nat Rev Gen  13(4), 260-270



Nature Reviews Immunology 10, 861-868 (December 2010) | doi:10.1038/nri287 



Bach J. N Engl J Med 2002;347:911-920.

Inverse Relation Incidence (1950-2000) 

Infectious Diseases  and         Immune Disorders 



Hookworm Prevalence



Hookworm
‘A Face Only a Mother Could Love’ ?!











IBD & Number Antibiotic courses 

in children correlation

Gut 60, 49-54 :2011  A Hviid et al



Nature 25 August 2011 vol 76, p393





NZ  Antibiotic Use 2012

Assoc Prof  Mark Thomas, University of Auckland 

Annually:

• 180 AB courses per 100 children <5y !!!!

• 60 AB courses per 100  25-29yrs old

the lowest prescribing rate age group! !



Antibiotics
‘the biggest impact on post 
industrial medicine’



Public Health

sanitation, sewage, clean water, 

vaccinations 

Antibiotics
the biggest impact on post 
industrial medicine



Public Health sanitation, sewage, water             

vaccinations 

 

Our Microbiome
diet, environment, pre/probiotics 

genes, immunity,  metabolism 

 

Antibiotics
the biggest impact on post 

industrial medicine







MORE ON MERDE
BY RALPH A LEWIN  published 1999

“Think of yourself as a sausage machine”















Bach J. N Engl J Med 2002;347:911-920.

Infections Effect on Diabetes in Mice
Conventional  vs  Pathogen Free Breeding



Multiple Sclerosis Frequency 
12 EU Countries and  GNP per Capita

Bach J. N Engl J Med 2002;347:911-920

Gross National Product per Capita ($)



Type 1 Diabetes Mellitus Frequency 
12 EU Countries and  GNP per Capita

National Product per Capita.

Gross National Product per Capita ($)

Bach J. N Engl J Med 2002;347:911-920



Asthma Frequency
12 EU Countries According to GNP per Capita

Gross National Product per Capita ($)

Bach J. N Engl J Med 2002;347:911-920



Bach J. N Engl J Med 2002;347:911-920.

North South Gradient 
Multiple Sclerosis     and Type 1 Diabetes



Gut  Homeostatsis vs Perturbation 
Balance



Let food be thy medicine 

and medicine be thy food

Hippocrates



The dependence of the 
intestinal microbes on the food 
makes it possible to adopt 
measures to modify the flora in 
our bodies and to replace the 
harmful microbes by useful 
microbes

Elie Metchnikoff, 1907
Nobel recipient







Clinical reviews in allergy and 

immunology

Series editors: Donald Y. M. Leung, MD, PhD, and Dennis K. Ledford, MD

The gut microbiota and inflammatory 
noncommunicable diseases: Associations 
and potentials for gut microbiota
therapies

Christina E. West, MD, et al

Ume0a and Linko€ping, Sweden, Marburg, Germany, Edmonton, Alberta, Canada, Melbourne, Geelong, Perth, Clayton, and Sydney, 

Australia, Turku, Finland, Hong Kong, China, Copenhagen, Denmark, Tokyo, Japan, and Nice, France

(J Allergy Clin Immunol 2015;135:3-13.)







Less diversity associated with Graft versus Host disease



Our Actions Now Are Our Future 























Just the Very Beginning





ben.harris@sclabs.co.nz

www.canterburyscl.co.nz



Thoughts to Ponder (1)

• Does human Host cell hormonal 

communication interact with Bacterial 

quorum sensing??

• Quorum sensing bacterial communication

could we ever learn to be as sociable?

• Life did not take over the globe by combat 

but by networking and cooperation



Thoughts to Ponder (2)

• We are highly complex  ‘super-organisms’

• 90% of cells in our body are not human

• Our bacteria contribute so much          

where does our body end & the microbes 

begin??



Effect of probiotics on central nervous system 

functions in animals and humans                                 

- a systematic review

These probiotics showed efficacy in improving psychiatric disorder-related 

behaviors including anxiety, depression, autism spectrum disorder (ASD), 

obsessive-compulsive disorder, and memory abilities, including spatial and non-

spatial memory.

Because many of the basic science studies showed some efficacy of probiotics 

on central nervous system function, this background may guide and promote 

further preclinical and clinical studies. ... According to the qualitative analyses of 

current studies, we can provisionally draw the conclusion that B. longum, B. 

breve, B. infantis, L. helveticus, L. rhamnosus, L. plantarum, and L. casei were 

most effective in improving CNS function, including psychiatric disease-

associated functions (anxiety, depression, mood, stress response) and memory 

abilities

Wang H, Lee IS, Braun C, Enck P (July 2016 J. Neurogastroenterol

Motil. doi:10.5056/jnm16018.PMID 27413138.

https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.5056/jnm16018
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/27413138


Faecal Transplantation

obwt
Conventionally 
raised donors

Germ-free 
Wild type
recipients

wt wt

Donor

Turnbaugh et al., Nature 444: 1027-1031



Implications for prevention and 

treatment of disease

 Avoid disruption by antibiotics

 Faecal transplant

 “Probiotics”

 “Prebiotics” 

 Dietary modification

 “Probiomics” 

 Helminthic therapy



There’s a colony of hookworms living inside Lyn Jolly – and 

she says they’re the best thing that’s ever happened to her. 



Worms tried

 Trichuris trichiura

 Trichuris suis

 Hymenolepis diminiuta

 Necator americanus

 Ancylostoma duodenale



wormtherapy.com



Alimentary Pharmacology & Therapeutics  April 2016  Vol 43 #12  pp 1300-1310, 27 APR 2016 DOI: 10.1111/

http://onlinelibrary.wiley.com/doi/10.1111/apt.2016.43.issue-12/issuetoc


Our Immune System



Innate       vs      Adaptive 
Cell Immunity

www.khanacademy.org/test-prep/mcat/biological-sciences-practice/biological-sciences-practice-tut/e/innate-vs-adaptive-immunity



http://www.sabiosciences.com/pathwaymagazine/pathways7/toll-like-receptors-and-innate-immunity.php



The Gut Microbiome

Affects Obesity

Humans & mice have different gut flora but the two 

largest microbial groupings are shared in common:

1. Bacteroidetes - Gram negatives

2. Firmicutes - Gram positives

These Groupings change in response to diet, obesity 

and genetics 








