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THE GLOBAL BURDEN OF NCDS - LANCET 2010;376:1689-98 
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• NCDs have long been the 

major causes of mortality and 

morbidity in high income 

countries (HICs);  

• They are now also reaching 

epidemic levels in low and 

middle income countries 

(LMICs);  

• Two-thirds of global deaths are 

due to NCDs; 

• Four-fifths of these are in 

LMICs 



THE PREVALENCE OF MANY NCDS (INCL THE MAIN FOUR) HAVE 

INCREASED CONSIDERABLY IN THE PAST FEW DECADES 
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Haahtela et al., 2013 



THE UN “25X25” STRATEGY (WHO GLOBAL NCD 

ACTION PLAN 2013-2020) - LANCET 2012;380:1-3 
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• Four priority diseases: 

• Cardiovascular diseases; 

• Diabetes;  

• Cancer; 

• Chronic respiratory diseases 

• Target: 

• 25% reduction in mortality by 2025 

• Priority interventions 

• Tobacco control 

• Salt reduction 

• Improved diets and physical activity 

• Reduction in hazardous alcohol intake 

• Essential drugs and technologies 

 



MISSING CAUSES: PATHOGENS AND CANCER 

IARC Group 1 carcinogens 

 

 

 

 

 

 

IARC Group 2A carcinogens  

 

IARC Group 2B carcinogens 

 

More to be discovered  

 

 

 

• Aflatoxin 

• Epstein-Barr virus 

• Helicobacter pylori  

• Hepatitis B virus 

• Hepatitis C virus 

• Human immunodeficiency virus type 1  

• Human papillomavirus types 16, 18, 

31, 33, 35, 39, 45, 51, 52, 56, 58, 59 

and 66 

• Human T-cell lymphotropic virus type I 

• Opisthorchis viverrini  

• Schistosoma haematobium 

 

• Clonorchis sinensis 

• Kaposi's sarcoma herpesvirus/human 

herpesvirus 8 

 

• Ochratoxin B 

 

• ++++ 
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PATHOGENS AND CANCER 

15-20% of all cancers are attributable to infections 

- Cervical cancer – HPV 

- Stomach cancer – Helicobacter Pylori 

- Liver cancer – Aflatoxins 

 

Infections are also associated with respiratory, gastrointestinal 

and possibly some neurological disorders 

- asthma - RSV 

- Inflammatory bowel disease – Mycobact  avium paratuberculosis 

- Immunoproliferative small intestinal disease – bacteria/antibiotics? 

- ++++  
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REDUCED ENVIRONMENTAL AND MICROBIAL 

BIODIVERSITY AND NCDS 
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Haahtela et al., 2013 



REDUCED ENVIRONMENTAL AND MICROBIAL 

BIODIVERSITY: ASTHMA AND ALLERGIES 
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Hanski et al., 2012 

• Living near forests and agricultural land is 

positively associated with skin microbiota 

diversity, in particular proteobacteria ;   

• Living near forests and agricultural land is 

inversely associated with atopy; 

• Living near flowering native plants is inversely 

associated with atopy;  

• proteobacteria on the skin are inversely 

associated with atopy and IL-10 expression; 

 



REDUCED MICROBIAL BIODIVERSITY AND NCDS 
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• Gut microbial diversity is inversely 

associated with: 

• Obesity and metabolic diseases; 

• Autism, depression, anxiety, stress 

• Inflammatory diseases: 

• Gastrointestinal disease such as 

inflammatory bowel disease and 

colon cancer 

• Autoimmune disease (e.g. 

rheumatoid arthritis) 

• Allergies and asthma 

 

• Gut microbial diversity is positively 

associated with exercise 
 

 

 

Turnbaugh et al, 2009 

Clark et al., 2014 



REDUCED MICROBIAL BIODIVERSITY: OLDER 

SIBLINGS 
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Strachan., 1989 
Birth cohort: 17,414 subsjects  



THE HYGIENE HYPOTHESIS 

  

 

• Western populations may 

have lost the previous 

protective effect of infant 

infections 

 

• Decreased family size 

increases risk of atopy 

and asthma 

 

• Some evidence that 

infections in infancy 

reduce the risk of asthma 

and atopy 

 

• Some evidence that non-

infectious microbes may 

also be protective 

 

 

 

 

 

 

 

Microbial exposures 

in EARLY life 
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THE BIOLOGY OF THE ATOPIC RESPONSE – 
PRESTON, J ROYAL NAVY MED SERVICE, 1970 
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ENDOTOXIN EXPOSURE AT 12 MONTHS AND DOCTOR’S 

DIAGNOSED ASTHMA AT 48 MONTHS (DOUWES ET AL., 2006) 
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PAULA BIRTH COHORT STUDY 
ILLI ET AL., ANN ALLERGY ASTHMA IMMUNOL 2014;112:132-139  

 

INFECTIOUS DISEASE RESEARCH SYMPOSIUM 

- Endotoxin levels at 3 months and symptoms at age 5. 



EFFECT OF ENDOTOXIN AND ALLERGENS ON NEONATAL 

LUNG FUNCTION (ABBING-KARAHAGOPIAN ET AL., 2012) 
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• Lung function before age 

2 months, N=298 

 

• Mattress mite allergens 

and endotoxin 

 

• No associations between 

allergen exposure and 

lung function and 

symptoms 
 

• Mattress dust endotoxin 

was associated with a 

significant increase in 

neonatal respiratory 

compliance 

 

 

 

 



reduced environmental and microbial biodiversity: farming and 
asthma. Genuneit J. Pediatr Allergy Immunol 2012: 23: 509–518. 

INFECTIOUS DISEASE RESEARCH SYMPOSIUM 

 

 



RAW MILK  SCIENCE-TO-POLICY SYMPOSIUM 

 

 

 

 

  

CAUSAL EXPOSURES: FARM ANIMALS 

Riedler et al., 2000 
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364;8:2011 



DO FARMERS HAVE AN ALTERED MICROBIOME? A STUDY 

IN THE OLD ORDER AMISH (ZUPANICIC ET A., 2012) 
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• Gut microbiota sequencing in 310 Amish; 

• In men, the occupation of farming (n=44) was over-represented 

among those with the Prevotella-dominated network (71.4%) 

compared to either the Bacteroides-dominated (21.4%) or 

Firmicutes-dominated (36.5%) networks; 

• The distribution of networks did not differ within any other 

occupational class; 

• Of interest, gut microbiota of various livestock species contain a high 

relative abundance of the xylanolytic bacterial species Prevotella; 

• Could transmission of microbes across host species explain the 

protective effects of animal exposure on allergies and asthma?  
 

 



EXPOSURE TO FARMING IN EARLY LIFE AND ASTHMA AND ALLERGY 

IN 6-13 YR OLDS FROM FARMING AND NON-FARMING FAMILIES 

(RIEDLER ET AL., 2001) 
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Stables and 

farm milk in 1st 

year of life 

Stables and/or 

farm milk after 1st 

year of life 

Neither stables nor 

farm milk exposure 

Asthma diagnosis 1% 

OR 0.14* 

11% 

OR 0.88 

12% 

Reference 

Wheeze 3% 

OR 0.17* 

9% 

OR 0.60 

15% 

Reference 

Hay fever 3% 

OR 0.20* 

13% 

OR 0.88 

16% 

Reference 

Runny nose and 

itchy eyes 

5% 

OR 0.27* 

12% 

OR 0.65 

20% 

Reference 

Atopy 12% 

OR 0.32* 

29% 

OR 0.99 

33% 

Reference 
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THE PROTECTIVE EFFECT OF RAW MILK CONSUMPTION ON ASTHMA AND 

ATOPY (BRAUN-FAHRLANDER AND VON MUTIUS, 2010) 

Reference Population Exposure Result 

Riedler et al, 2001 Rural farm/non-farm children 
(n=812) 

Milk directly from farm    asthma, hayfever, atopy 

Waser et al, 2007 Rural farm/non-farm children, 
steiner, peri urban (n=14,893) 

Milk directly from farm 
 

   asthma, hayfever, atopy 

Perkin and strachan, 
2006 

Rural farm/non-farm children 
(n=4767) 
 

Unpasteurised milk    eczema, atopy 
       asthma 

Barnes et al, 2001 Rural farm/non-farm children 
(n=929) 

Unpasteurised milk 
 

    atopy 

Radon et al, 2004 Rural farm/non-farm adults 
(n=321) 

Raw, unboiled farm milk     atopy 

Wickens et al, 2002 Farm children/children from 
small towns 

Unpasteurised milk    atopic eczema 



 ATOPY AND FARM EXPOSURE IN FARMERS CHILDREN, 

THE PARSIFAL STUDY (EGE ET AL., JACI 2006) 
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DO RAW MILK DRINKERS HAVE AN ALTERED MICROBIOME:  

A POPULATION BASED STUDY IN NEW ZEALAND 

 
• Cross sectional survey of 300 

families who regularly drink raw 

milk; 

• Reference population: 150 

families who drink pasteurised 

milk 

• Questionnaire, lung function, 

exhaled NO, skin prick tests, 

blood/serum  

• Stool samples: gut microbiome 

(not funded) 
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PROBIOTICS AND ALLERGIES: EVIDENCE FROM CLINICAL 

TRIALS – ALLEN ET AL., 2014 
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Lactobacillus salivarius and paracasei; and Bifidiobacterium animalis subspecies lactis and bifidium   



ILYA ILYICH MECHNIKOV (1845 – 1916)  

NOBEL PRIZE FOR MEDICINE IN 1908 

• Observation: regular consumption of lactic 

acid bacteria (naturally present in raw milk) 

in fermented dairy products such as 

yoghurt was associated with enhanced 

health and longevity in Bulgarian peasants  

• Mechnikov laid the foundation for modern 

probiotics (FAO/WHO: “live 

microorganisms which when administered 

in adequate amounts confer a health 

benefit on the host”)  

 

• Anukam et al., 2007 
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REDUCED MICROBIAL BIODIVERSITY: 

ANTIBIOTIC USE IN EARLY LIFE 
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Kozyrskyj et al., 2007 
Birth cohort study: 13,116 infants followed for 7 years  



AIRWAY MICROBIOME AND ASTHMA  

(LEGATZKI ET AL., 2014) 

• Several studies have shown that the 

airways of asthmatics have an altered 

bacterial composition compared to airways 

of healthy airways 

• A greater microbial richness and diversity 

may be present in asthmatic airways i.e. 

greater abundance of Proteobacteria and 

Firmicutes. 

• Birth cohort study suggested a role for 

Streptococcus pneumonia, Haemophilis 

influenzae, and M catarhalis in early life 

(associated with asthma in later life; 

Bisgaard et al., 2011) 

• Data largely inconclusive (not many 

studies have been conducted) 
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GUT MICROBIOME AND ASTHMA:  

BISGAARD ET AL., 2011  
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- Evidence for allergies/atopy most consistent 
- Evidence for asthma is mixed 
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ENVIRONMENTAL AND MICROBIAL BIODIVERSITY 

AND ALLERGIES AND ASTHMA: MECHANISMS? 

Legatzki et al., 2014 
Douwes et al., 2002 

Microbiome causally related to new onset disease or a secondary epiphenomenon? 
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CONCLUDING COMMENTS… 

• There appears to be an association between environmental, exogenous and 

endogenous microbial biodiversity, and NCDs, but we are currently only at the 

beginning of understanding these complex relationships. 

• Clinical application is still unclear, but the microbiome is potentially modifiable, 

and if associations are causal, then there is significant potential for it to be 

used for improved preventive and treatment options. 

• Pre and probiotics are currently extensively tested for treatment of atopic 

dermatitis, hay fever and asthma (and other inflammatory diseases) with 

mixed success; 

• Faecal transplantation as a therapeutic tool is increasingly reported in the 

scientific literature for treatment of refractory infections with Clostridium 

difficile and as a suggested treatment for ulcerative colitis Crown’s disease 

and the metabolic syndrome. 

• An important opportunity to develop novel research at the interface of 

communicable and non-communicable diseases 
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