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Success in the war against infectious
diseases and the microbes that cause

them…
• But an epidemic of Non-Infectious Diseases has

replaced them
• Rising rates of

– Diabetes
– Obesity
– Autism
– Allergies
– Inflammatory Bowel Disease
– Etc etc
– The HYGIENE HYPOTHESIS (Strachan)



Symbiosis- common in nature

• Lichen

• These are a symbiosis between an alga and a fungus
– Fungus provides ability to hold onto rocks etc and extract

minerals from surface
– Alga provides carbohydrate via photosynthesis

• Can survive in deserts, toxic waste heaps and arctic tundra
• Many also coexist with cyanobacteria allowing them to fix

nitrogen



Plants and Symbiosis
• Almost all plants with roots co-exist with and depend on fungi

(>95%)
A fungus from the genus Amanita on the tip of a root

• The plant’s root tips are actually fungal (mycorrhizal)
• Plants rely on the fungi to extract P04 and minerals and cannot

survive without them
• Hence importance of having soil on roots from where plant grew
• The mycorrhizae also increase resistance to drought and disease
• Some species also have bacteria on roots ( like pea family) allowing

nitrogen fixing for protein



The Probiotics Pioneer
• Ilya Ilyich (Élie) Metchnikoff (1845-1916), A Russian scientist

working in Louis Pasteur's laboratory,  won a Nobel Prize
in 1908 for cellular and humoral immunology.

• Metchnikoff researched methods of staving off senility, noticing
some  economically disadvantaged Eastern Europeans
experienced long lives..

• He studied their diet and lifestyle, leading to his theory that
aging-related illnesses resulted from phagocytes being
transformed from protective to destructive after interacting with
bacteria in the colon.

• He believed that regular consumption of lactic acid bacteria in
fermented dairy would reverse this action and promote
longevity, perhaps the first instance in which probiotics (the
practice of introducing microorganisms for their health benefits)
were specifically offered as a medical solution.



There are at least 1.3 times more bacterial cells
in your gut than human cells in your whole body

• There are at least 500-1500 different bacterial species in your gut and 36,000
different species in guts overall

• Your gut contents are therefore your largest organ; your gut bacterial cell
numbers outnumber your whole body cell numbers by a ratio of 1.3:1; all
parts of your body exposed to the outside world are inhabited by bacteria,
viruses and fungi

• The bacteria you contain are not there randomly- even your right forearm has
182 different species and your right and left forearms have completely
different ones!

• Most are unnamed and unknown- but be prepared for strange new names…
• The microbiological content of the gut (the human microbiome) has now

been characterised using 16s-RNA technology (Qin J et al. A human gut
microbial gene catalogue. Nature 2010; 464 (7285):59-65). This tells you
which species are present in poo in some people



• The different bacterial species occupy specific sites within your gut, both
in relation to location along the length but also across the lumen

• Bacteria in your gut communicate and share DNA/RNA
• The bacteria appear in a recognised sequence as you get older, with

infants having far fewer species (see below)
• Your gut bacteria are in intimate contact with your gut immune system

(GALT)
• The immune system of the gut is by far the biggest immune organ in the

body
• The appendix is a store for bacteria and has major lymphatic connections
• Newer methods ( Shotgun Sequencing $$$$) can recognise subspecies of

bacteria. It is clear different subspecies may have totally different
metabolic activity (not enough to look for “L.rhamnosus” or
“Bifidobacterium  longum“ )





More
• You rely on gut commensals to digest some polysaccharides in your diet
• Breast milk contains these polysaccharides (oligosaccharides) specifically

to encourage commensal growth especially bifidobacteria (see below)
and lactobacilli. Bovine milk is full of bovine oligosaccharides

• The products of fermentation (short chain fatty acids) can be absorbed
and metabolised and have many important functions not just in the gut
but in the rest of the body including the brain
– The large bowel’s mucosal cells rely on these for survival!

• Don’t forget we rely on germs in other sites to keep us healthy too-
urinary tract, skin, vagina, lungs, throat, teeth and gums etc., etc. We are
only skimming the surface!

• Some lung bacteria like Haemophilus spp. and Streptococcus spp. have
been shown to down regulate inflammation and reduce susceptibility to
asthma (Hollams et al 2010) and more recently certain bacteria in infancy
are associated with high or low risk of asthma years later



More, more
• Inhaled bacteria living in your airways have been shown in mice to

cause short term alterations in their host’s genetic code (several
generations) such as reduced allergic responses

• Breast milk also contains many species of viable probiotic organisms
from the mother’s gut which then establish in the infant’s gut. In
some cases (eg L reuteri) the organisms have been shown to go
from maternal gut to the breast milk
– Some probiotics (such as Lactobacillus salivarius and

Lactobacillus fermentum) are highly effective for prevention and
treatment of mastitis

• Gut bacteria synthesize B12, B1,; they convert Vit K1 to K2; they
generate histidine/histamine, glutamate/GABA,

• They have major effects on the immune system and inflammation
• Formulae containing prebiotics can mirror the acquisition of

bifidobacilli and lactobacilli and may reduce intestinal and other
infections



Good and Bad Natural Germs in the Gut
• Obese people carry different gut flora than non-obese (more Firmicutes)

and this ratio reverses if they lose weight; children who become obese
have abnormal microbiota before they develop obesity (see Turnbaugh P et al Nature
Medicine Jan 2009) . Obese children have excess  enterobacteria in gut vs
controls

• Helicobacter pylori increases upper GI ulceration/stomach cancer but
reduces oesophageal cancer and has been associated with lower rates of
asthma and allergy

• Autistic children may have more Clostridium species than controls ( more
research needed) and reduced cytokines in blood.

• Women who were given a fermented milk probiotic mix (blind) had
altered fMRI activity in emotion and sensation areas of brain

• Gut bacteria lead to immune responses that generate  blood group
antibodies (anti A and anti B)

• Probiotic mix given to non-obese diabetes variant mouse reduced
spontaneous autoimmune diabetes

• Inflammatory bowel disease patients have abnormal gut microbiota which
responds to faecal transplants

• Children at risk of coeliac disease have abnormal gut bacteria BEFORE the
disease appears



A bit of basic science
• Probiotic: a living organism living within/on a host that confers

a benefit to the host
• Prebiotic: A nutritional substance that encourages the growth

of a desired organism ( like oligosaccharides in milk and
GOS/FOS in specialised formulae like

• Synbiotic: A combination of probiotics and prebiotics
• Dysbiosis: abnormal organisms living in body part ( like Group

B Streptococcus in vagina, inflammatory bowel disease,
maybe anorexia and diverticulosis)



Some more

• Macrobiota: Living organisms that live in
“harmony” and for their mutual benefit- e.g.
plants and animals in a forest

• Microbiota: Living organisms (including
viruses, fungi and bacteria) that live within an
organism presumably for mutual benefit



Sorry more!

• Metagenomics: An advanced method capable
of analysing ALL the organisms present in a
sample

• E.g. here are
some of the germs
in the air in a NZ classroom
in 2013:



And….
• Metabolomics: allows you to analyse all the metabolic processes

taking place in a sample.. This tells you what the germs do rather
than who they are

• Metaproteomics: all protein samples within a site
• There are other ‘Metas’.. Watch this space
• We now realise cord blood is commonly contaminated with

organisms we cannot easily grow but we can see them.
• Meconium ( and the newborn infant gut) is not actually sterile at

all..
• The placenta is inhabited by organisms that originate in the

mothers mouth! (Aagard K et al. Sci Transl Med 21 May 2014:  Vol. 6,
Issue 237,  p. 237ra65 ).. To be confirmed in another study??
– Not surprisingly there is a strong link between maternal periodontal disease and

chorioamnionitis/premature delivery



What organisms live where on your body?

a: organisms that live in each area- variation in 242 adults
b: metabolic activity in that area.
NB virtually all women have the same organisms in their vaginas
(Lactobacilli); and different organisms have the same function in
specific sites (RC=retro-auricular crease: gap behind your ear)



normal

Normal skin  flora in
different parts of

the body



Morgan X et al: biodiversity and functional genomics; Trends in Genetics Jan 2013; 29 (1):51-58



From: Association Between Breast Milk
Bacterial Communities and
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From: Association Between Breast Milk Bacterial Communities and Establishment and Development of the
Infant Gut Microbiome

JAMA Pediatr. 2017;171(7):647-654. doi:10.1001/jamapediatrics.2017.0378

Microbiome Age Estimation A, A subset of healthy, vaginally born, exclusively breastfed infants (n = 42) was used to train a random
forest regression model that was then applied to estimate microbiota maturity. Relative microbiota maturity was calculated by
microbiota age of a child relative to the microbiota age of healthy children of the same chronologic age from the spline fit line shown
here. B, Differences in relative microbiota maturity based on the age at which solid food was introduced in our cohort. Early solid
food introduction was associated with early microbiota maturity (<4 months vs ≥4 months, P = .02; ≥4 months vs not introduced,
P = .30, Kruskal-Wallis). Boxes indicate the 25th to 75th percentile; line within the box, median; error bars, 1.5 × interquartile range.



Sakwinska O et al Beneficial Microbes; 2017 8(5):763-778



Sakwinska O et al Beneficial Microbes;
2017 8(5):763-778



Sakwinska O et al Beneficial Microbes;
2017 8(5):763-778









From: Human milk oligosaccharides: Every baby needs a sugar mama
Bode J Glycobiology. 2012;22(9):1147-1162. doi:10.1093/glycob/cws074











Bifidobacteria







• Human Milk Oligosaccharides (HMO) are abundant in human milk
requiring significant energy expenditure by the mother to be produced

• HMO offer no nutritive value to  infant, but shape the infant’s intestinal
microbiota with life-long consequences.

• HMO are unique to each mother and change as the baby matures. What
controls their production is UNKNOWN

• Bifidobacterium longum var. infantis (BLI) is unique among gut bacteria. It
can digest and consume HMO, using an array of glycosidases and
oligosaccharide transporters not found in other bacterial species.

• It persists in infant’s gut as long as human milk is fed
• In vitro, BLI

– grows better than other bacterial strains in the presence of human milk
oligosaccharides,

– displays anti-inflammatory activity in premature intestinal cells,
– decreases intestinal permeability.
– In premature infants, B. infantis given + human milk increases B. infantis and

decreases Enterobacteriaceae in the faeces.
– Probiotics containing B. infantis decrease the risk of necrotizing enterocolitis in

premature infants.
– Colonization with B. infantis is also associated with increased vaccine responses

and enhanced immune activation.



BLI 2
• BLI has virtually disappeared form Western world

but is common in Africa and rural Bangladesh
• Infants acquire BLI from ????
• Antibiotic therapy of mothers leads to loss of this

organism which is supremely antibiotic sensitive.
• Caesarean section is associated  with an increase

in IBD of 29%, Food allergy of 18-32%, Diabetes
20%, Obesity 68%. Could this organism be
protective?

• However infants of rural c/s  delivery mothers in
Pakistan acquire BLI by day 3..



Treatment of infectious disease
• There is some evidence much infectious disease is due to our

shifting from a nomadic life style to sustained agricultural
methods and staying in one place as a result

• In the pre-antibiotic era Nobel laureate Metchnikoff described
the benefits of eating healthy bacteria (1907-8) “On
prolongation of life”

• Subsequent discovery of antibiotics and vaccines led to
medicine concentrating on killing harmful bacteria rather than
encouraging healthy ones

• The use of bacteria to treat disease is exploding in the last
decade!



Probiotics to prevent or treat disease

• Cheese was first made by the Sumerians in 3500 BC
• Abraham ate curds and whey 2000 BC
• Celts and Huns developed kefir, a lactose and milk protein-

free milk ferment (available in Moore Wilson’s)
• The monks developed yoghurts etc.
• Cabbage has lactobacilli growing on it naturally allowing

sauerkraut to be made; many preserved foods rely on
bacteria for preservation

• Treatment and prevention depends on choosing the right
organism- not just the species but the sub-species and
maybe the sub-sub species ( not all lactobacillus
rhamnosus GG is the same..)









NB We have confirmed the above in our Wgton/Auckland cohorts



Dunedin cohort group-
published Nov 2016







2004-2018













But Watch This Space!!!



11 year follow up

• Still ½ rate of eczema of other groups
• Significantly less Wheeze/Asthma
• Significantly less Hay Fever
• Significantly less allergies ( skin prick test)
• Wickens K et al. Ped All Clin Immunol Sept

2018



Probiotics and gestational diabetes

• Luoto R, Isolauri E et al published a small
study on the effect of dietary advice  +/- 2
probiotics (Lactobacillus rhamnosus GG and
Bifidobacterium infantis) on gestational
diabetes (Br J Nutr 2010; 103: 1792-1799)

• They showed a 13% rate of gestational
diabetes with probiotics vs 36% in diet alone

• We wished to explore this further using L
rhamnosus HN001!









• Epigenetic effects on cord
blood and cord tissue

• Faecal metabolomics and
metagenomics at 12 months
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Lactobacilli that make you fatter or thinner- metabolic pathways



Lactobacilli that make you fatter or thinner 



• Various GI infections
– Rota virus; ‘traveller's diarrhoea’; C.
difficile
– Antibiotic associated diarrhoea

• Vaginal infections
• Urinary tract infections
• Respiratory tract infections
• Group A Streptococcal throat infections
• Necrotising enterocolitis
• Travellers diarrhoea

Probiotics and infections





Probiotics protect against preterm infant gut
inflammation (NEC)- should we be surprised?

• Breast milk is filthy: at least NINE main groups of bacteria in all women-
and others vary from woman to woman. They do not cause disease.
– Interestingly they are closely related to Group B strep, meningococcus, and

Strep pneumoniae. Maybe the need to cross the blood brain barrier is an
important property of probiotics?

• Doorstep milk is filthy: (including Bacillus cereus, a cause of food
poisoning). It is NOT sterile

• BUT: Formula is sterile
• Early weaning foods in 2018 are often sterile
• Babies need to ingest healthy germs
• This has implications for donor milk and breast milk storage in NICUs
• Antacids given to babies have been associated with increased NEC

(Guillet R et al Peds 2006  (117):e137, Terrin G et al Peds 2012 129: e40
– Probiotics that convert histidine to histamine are reported



What about NEC in VLBW?
• Recent paper (Härtel C et al J Peds 2014 165: 285-9) showed

Infloran (L acidophilus/ Bifido infantis)  in VLBW reduced need for
abdominal surgery for NEC or death and included infants >22 weeks
( but mean gestation was 28 +/- 2 weeks)
– They also grew better and went home sooner

• Proprem trial (Jacobs S et al Peds 2013 132: 1055-62) included
ELBW and showed reduced NEC with probiotic (B infantis 96579, B
animalis subsp lactis 15954 and Strep thermophilus 15957) but no
reduced mortality and NEC rates were not reduced in <1000g
babies

• Abrahamsson et al J Peds 2014  165 (2) argue “the time for a trial
of probiotics in ELBW is NOW!”

• It will be critical to control for early consumption of raw breast milk!



Faecal transplant in inflammatory bowel disease
• Aliment Pharmacol Ther. 2012 Sep;36(6):503-16. doi: 10.1111/j.1365-2036.2012.05220.x. Epub 2012

Jul 25.
• Systematic review: faecal microbiota transplantation in the management of inflammatory bowel

disease.
• The intestinal microbiota is involved in the pathogenesis of inflammatory bowel disease (IBD). Faecal

microbiota transplantation (FMT) has been used for the management of IBD as well as infectious
diarrhoea.

• There were nine case series/case reports of patients receiving FMT for management of their IBD, and
eight where FMT was for the treatment of infectious diarrhoea in IBD. (27 UC, 12 Crohn's, 2
unclassified) follow-up period of between 2 weeks and 13 years. FMT was administered via
colonoscopy/enema (26/33) or via enteral tube (7/33). In patients treated for their IBD, the majority
experienced a reduction of symptoms (19/25), cessation of IBD medications (13/17) and disease
remission (15/24). There was resolution of C. difficile infection in all those treated for such (15/15).



Faecal transplant from lean donors improves
metabolic syndrome in fat recipients

• (Vrieze, A: Gastroenterol 2012; 143:913-916)

• Improved insulin sensitivity
• Intestinal butyrate production decreased at same

time..
• Microbiota changes remarkably after gastric bypass

and may explain the rapid response to this treatment



Changes in maternal gut organisms
during pregnancy





Infant meconium is affected by maternal
diabetic status

• Hu J et al. Plos One Nov 2013; 8 (11) :
• Collected first meconium from infants of established

diabetics, gestational diabetics and controls at 233- 291 days’
gestation (40 weeks= 280 days!!)

• Microbiota in meconium of infants of diabetic mothers was
most like adults and controls mostly different

• The content of the meconium did not differ between
caesarean and vaginal deliveries ( as expected)





Preterm birth can be predicted by low bacterial
diversity in the  vaginal microbiome Hyman R et al Reprod

Sci 2014, 21 (1): 32-40

• Prospective cohort in pregnancy with repeat vaginal swabs;
• Diversity lower with preterm birth in Caucasians;
• African Americans had higher diversity but numbers too low to analyse for prematurity



MODE OF DELIVERY and FEEDING: effect on gut microbiota
Canadian healthy babies at three months-



Gut microbiome over time- 166 healthy
Japanese infants: Formula vs Breast milk

Tsuji H et al Beneficial Microbes June 2012 3(2): 113-125



Effect of mode of delivery (Tsuji H et al)



Mode of delivery and gut bacteria
• Differences between caesarean and vaginal

delivery confirmed by a number of studies,
with reduced diversity main finding
– Jakobsson H et al (Gut 2014 63: 559-566)

• Also showed alteration in Th1 cytokines
– Biasucci G et al (Early human development 2010;

(86) S13-15)
• Reduced bifidobacteria in caesarean babies

– Fallani M et al (JPGN 2010; 51 (1):77-84
• As well as delivery mode, and feeding method, latitude

had big effect in large European study. This may be
relevant to differing rates of disease in different nations



Long term effects of early alterations
in infant microbiota

• Early antibiotic treatment has long lasting (some > 2 years) effects on
microbiome, esp diversity. (Koenig, J Proc Nat Acad Sci USA 2011; Fallani M J Ped Gastroent
Nutr 2012 etc)

• This has recently been confirmed in preterm infants; infants given
empiric antibiotics had more NEC, sepsis and death (Greenwood C et al J Peds
2014; 165 (1) 23-29)

• The average US child is exposed to 10-20 courses of antibiotics by age
18 (Blaser M, Nature 2011)

• Reduced diversity in first weeks of life associated with higher rates of
allergy and atopy (Wang, JACI 2008; Bisgaard H, JACI 2011 etc)

• Early Gut Microbiome ( high clostridia, firmicutes [lactobacilli])
associated with milk allergy resolution (Bunyavich S 2016)

• High maternal BMI in pregnancy reduces infant bifidobacterial counts,
linked to later child obesity

• Lachnospira↑ and clostridia↓ at 3 month stool protects against
asthma at 5 years of age (Stiemsma L, 2016)



Gut contents and metabolic activity may rapidly change depending on diet..

Metabolic activity:



Lactobacillus reduces severity of rotaviral
diarrhoea



Another germ: Lactobacillus reuteri
• Present in all mammals and birds
• Different subspecies in each animal/bird

– It is now well-established as one of the most ubiquitous
members of the naturally occurring gut bacteria

• L. reuteri occurs naturally in humans, but not found in all
individuals.

• Dietary supplementation needed to maintain levels of it in
some people.

• intestinal colonisation within days of ingestion,
• levels in the body drop within several months after intake is

stopped.
• found in breast milk; maternal oral intake increases breast

milk levels and the likelihood that it will be transferred to the
infant



L. Reuteri (subspecies protectis®)
• Highly effective for rotavirus diarrhoea
• 4 studies confirm very effective for infant colic

and constipation (like Lactobacillus rhamnosus) in
partially or fully breastfed infants- not so clear in
bottle fed

• Protects against H pylori gut injury
• Protective against necrotising enterocolitis in

preterms.. Maybe…
• Improves ulcerative colitis and Crohn's disease
• Effective for periodontitis



L reuteri for infant colic in BREAST FED
infants

J Ped 2013 (162) : 257



Lactobacillus salivarius in mastitis

• Lots on this if you want more info
• Has to be the right sub-species though….



Microbiome and psychiatric symptoms: hot off
the press!!! Slykerman R, Mitchell E, Wickens K

Stanley TV et al

Mean Standard
Deviation

Univariable Effect size
(95%CI),
p-value

Mul variable†
Effect size (95%CI),
P-value

Depression  Scores*

HN001 N=194 7.7 5.4 -1.2 (-2.4, -0.1) -1.2 (-2.3, -0.1)

Placebo N=187 9.0 6.0 p=0.035 p=0.037

Anxiety Scores*

HN001 N=192 12.0 4.0 -1.1 (-1.9, -0.2) -1.0 (-1.9, -0.2)

Placebo N=187 13.0 4.3 p=0.014 p=0.014



How does it all work???
• Your microbiota are not passive hitch-hikers
• They are highly metabolically active.
• Eating obesogenic food doesn’t just give you more calories it alters

your gut metabolism sending messages to your body. Hence the
obesogenic effect of food is NOT just based on calorie content.
Smoothies make you more fat than the raw foods!!!

• Your microbes can affect
– Local gut processes
– Systemic processes via chemical messages through (esp) your portal

vein such as short chain fatty acids-especially butyrate.. inflammatory,
immune, metabolic, psychiatric etc etc

– Via the trillions of nerves that connect your gut and your brain (gut
brain axis)



And the effect of diversity in the
environment…



And diversity in NZ plant species
affects rates of asthma..



Adjusted for Normalised Vegetation
Difference Index (NVDI) (greenness)



Tosh’s musings .. Bear with me for a moment..
• Within the gut the presence of a wide range of organisms (diversity) is

universally associated with health
• Western society is associated with reduced gut microbial diversity
• Within nature (both the sea and on land) diversity is associated with the

earth’s health
• We are destroying species at a rate never before experienced since the

history of life and reduced diversity results. Radiata forests are silent and
“dead”..

• Roundup kills all plants except resistant mutants. Think what happens to
the diversity in the soil when only one plant grows above it?

• Modern cities are replacing local independent (and often original)
businesses with multinationals [mall inhabitants] and advertising drives a
demand for “label” shops. Are we creating reduced diversity in the
workplace?

• Advertising and limited shops drives families to buy a narrow range of
foods.. High carb, high protein, high fat, low fibre
– Does this kill off our gut diversity??? The microbiome lives off ingested

indigestible fibre!



Any Questions??


