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Mixed messages?



We live in a microbial world

Origin of life
(microbes)

3.5bn years ago

We (and every other animal) only 
exist because we have evolved to 
deal with microbes

The vast majority of microbes are 
beneficial (essential) to the planet

Very few are pathogenic (cause 
disease) and a few more cause 
spoilage of food



Hygiene hypothesis (David Strachan)

• We have become too clean

• Lack of exposure to infectious microbes in early childhood 
increases the likelihood of allergic diseases

• We should expose children to more ‘risk’ of infection



‘Old friends’ hypothesis (Graham Rook)

In our evolutionary past we built a relationship with microbes that 
is/was beneficial to our health

Due to modern living conditions (including hygiene & antibiotics) 
we have ‘lost’ some of these ‘old friends’

This does NOT mean we need to 
expose ourselves to more microbes 
by practicing a ‘dirtier’ lifestyle (not
part of Rook hypothesis).



A stable microbiome assembles in the first years of life and, barring 
major insults, remains relatively stable until old age

Loss of diversity and stability in old age are associated with 
deteriorating health indexes

The human microbiome
Microbiome/microbiota = collection of microbes on/in any particular environment



1013 human cells
Stable genome
(20,000 genes)
Metabolically stable

1014 bacterial cells (10X) 
Stable (but flexible?) 
(2,000,000 genes)
Metabolically flexible?

humans are superorganisms whose metabolism represents 
an amalgamation of microbial and human attributes

Gill et al.   Science 2006
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The human microbiome
Microbiome/microbiota = collection of microbes on/in any particular environment
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The human microbiome
Microbiome/microbiota = collection of microbes on/in any particular environment



The human microbiome
Microbiome/microbiota = collection of microbes on/in any particular environment

Principal component analysis



Microbiome and health

o Defence against infection

o Role in fat deposition

o Calorific intake (+50%)

o Priming of mucosal immunity

o Peristalsis

o Metabolism of dietary carcinogens 

o Synthesis of B & K vitamins

o Epithelial nutrients (e.g. SCFAs)

o Conversion of pro-drugs



The human genome 
does not encode enough 
information for correct 

development of our 
internal organs

Or cognition and stress 
responses

Germfree Normal

Microbiome and health

http://www.narl.org.tw/en/topic/download.php?topic_file_id=8
http://www.narl.org.tw/en/topic/download.php?topic_file_id=8


43 Individuals 
with Cystic 
Fibrosis 

69 Control 
Subjects

Antibiotics affect the microbiome

Less diverse More diverse



Associations with chronic diseases are common

De Vos & De Vos, 2012. Nutrition Reviews 70 (S.1):S45–S56



Associations with chronic diseases are common

Less 
diverse

More  
diverse

Diversity

Allergy Eczema



Microbes (probiotics) and atopic disease

• Pregnant women 
carrying high risk 
children were  given a 
probiotic for the last 
month of pregnancy

• Babies were given the 
same probiotic for first 
6 months of life
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Children with atopic eczema at 2 yrs



The microbiome and obesity

Bacteroidetes
Firmicutes
Actinobacteria
Proteobacteria



The ‘fresh air’ cure for children with TB (1932)

Child with blood poisoning 
treated with penicillin (1942)

Infectious disease and antibiotics



Clostridium difficile associated diarrhoea

• Patient gets antibiotics (usually in hospital)

• Subsequently gets C. difficile associated 
diarrhoea (CDAD)

• Gets more antibiotics

• Gets CDAD again

• etc

Gram positive, anaerobic, sporeforming superbug

CDAD – a disease OF the microbiome?



FMT  Faecal microbiome transplants

“cure rates range from 81 to 94 
percent in patients …. recovery 
observed within 24 hours to 12 
days …. durable and well 
tolerated”

Borody et al., 2016 



FMT has also been trialled in:

• Inflammatory bowel disease

• Irritable bowel syndrome

• Obesity

• Chronic constipation

• Parkinson’s

• Chronic fatigue syndrome 

FMT  Faecal microbiome transplants



Open Forum Infectious Diseases DOI: 10.1093/ofid/ofv004



So, what does the microbiome have to do with hygiene?

Origin of life
(microbes)

3.5bn years ago

We evolved in, and are born in, a 
microbial world

A baby’s immune system (nervous 
system, GI tract, skin) ‘expects’ to 
encounter large numbers of bacteria 
from birth

Mother’s milk is designed to facilitate 
the formation of the microbiome



We want a diverse and healthy microbiome, while 
avoiding infection

Diverse diet Diverse microbes

Holly IvyFly agaric Raw chicken Raw milk Rare burgers



We want a diverse and healthy microbiome, while 
avoiding infection

Diverse environment Unsafe environment



Eat fermented 
foods

We want a diverse and healthy microbiome, while 
avoiding infection

Born by SVD rather 
than C-section

Breast-fed rather 
than formula-fed

Eat a diverse diet
Take pre and 

probiotics
Maintain a diverse 

diet in old age

Practise good hygiene, both in environment and in food

Use antibiotics, but only where necessary



Vital to maintain good food hygiene



Conclusions

We live in a microbial world – we have evolved to tolerate and to ‘expect’ to 
encounter microbes on a daily basis (in environment and in food)

Our microbes play a vital role in our health – we need to acquire and maintain 
a diverse microbiome

However, we need to avoid exposure to pathogens (practise good hygiene)

Unhygienically prepared food can be a source of pathogens

The road to a healthy microbiome is not sterile, but it is not ‘dirty’ either



We need to maintain a diverse 
diet and a diverse microbiome, 

but without compromising basic 
good hygiene


