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Hygiene hypothesis
Natural environment the human immune repertoire is constantly shaped 
by environmental exposures to infectious agents (memory T-cells) 

Industrialized lifestyle:

• Increased rate of autoinfammatory disorders (autoimmune 
diseases and allergies)

• Decreased infections burden in childhood 
– Declining family size

– Higher standard of personal cleanliness

– Reduced cross-infections in young families

– Limited exposure to microorganisms such as helminths and microbes

• Off-balanced immune system 



• At first, focused on allergic disorders
– rhinitis, eczema or asthma

• Last decades: chronic infammatory 
disorders  autoimmunity and 
infammatory diseases as well
– self immune disease, eg., systemic lupus 

erythematosus, rheumatoid arthritis and 
insulin depended diabetes 

Hygiene hypothesis



Prototypical infectious diseases and immune disorders

Bach JF. N Engl J Med 2002



Infections and incidence of diabetes



Polarisation of T-cell responses to incoming pathogens and 
environmental factors



Bacteria and parasites with protective effects in 
autoimmune disease
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Bashi et al. Autoimmunity Reviews 2015



Khan and Fallon. Int J Parasitol 2013

The helminth immunity paradigm



Helminth therapy

Khan and Fallon. Int J Parasitol 2013



Malaria and autoimmune diseases

• The presence of a spatial and temporal cluster of MS occurred 
afer malaria eradication

• Correlation between A30-B18-DR3 HLA haplotype, MS and 
high malaria prevalence areas 

• Some TNF polymorphisms in the TNF-promoter region already 
associated with both malaria and MS are up to 10 times 
elevated amongst Sardinians as compared to Sicilians and any 
other population worldwide 

Pugliatti et al. Neurology 2002
Wirz et al. 2004
Fernandez-Arquero et al. Neurology 1999
Knight et al. Nat Genet 1999 
McGuire et al. J Infect Dis 1999



IDDM and infancy

• Inverse relationship between risk of type 1 
diabetes mellitus in children and daycare 
attendance and/or high numbers of contacts in 
early childhood. 

• Infection in the first 6 months of life correlates 
with lower incidence of type 1 diabetes 

• Non correlation of infection incidence at later 
times in life.

McKinney et al. Diabet Med 2000
Pundziute-Lycka et al. Diabetologia 2000



Space-time cluster studies
Sub-groups contributing to 
space-time clustering at age 
1:

• Female pop. (p=0.03)

• Relapsing-remitting pop. 
(p=0.006)

• More recent birth 
(p=0.06)

• Age <30 years at clinical 
onset (p=0.06)

Pugliatti et al. Am J Epidem 2006  
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The hygiene hypothesis: the pro/con debate
• Pro

• Novel microbe-derived therapeutic 
interventions

• Protective or therapeutic infuence of 
various microbial exposures

• Basic, clinical and translational 
investigations: the hygiene 
hypothesis is evolving beyond theory

• Modern lifestyle linked to changes in 
our immune responses to 
environment

• Complex interplay between host, 
microroganisms, genetics and 
environment

• Great potential for the development 
of novel preventive and therapeutic 
strategies in the future 

• Con
• No evidences from randomized 

controlled intervention studies

• Cross-sectional studies: no causal 
relationships 

• Cohort studies: the exposure could 
be infuenced by behavior

• Behavior may be a confounder 

• Inconsistent findings in relation to 
asthma for exposures from hygiene 
hypothesis

• The hygiene hypothesis is not likely 
to be the sole explanation for 
increased asthma and immune 
mediated disordersVercelli D. Current Opinion in Immunology 2006



Hygiene hypothesis and lifestyle



Immunometabolism

• Emerging specialty: interaction between 
nutrients, metabolism, and the immune system

• Macrophages might have a central role in the 
crosstalk between the immune system and organs

• Adipose tissue and infammation: activated 
macrophages produce pro-infammatory 
cytokines (eg., TNF)

• Parasite (helminth) infections can have beneficial 
effects on metabolic disorders, because they skew 
immune responses towards Th2 cells.



Multiple sclerosis and obesity: the EnviMS study

• In Norway a large body size 
compared to normal body size 
increased the risk of MS (age 25 
years)

• Significant “dose response” 
from age 10 until age 30 (peak 
age 25) (sex-adjusted OR 2.83; 
95% CI 1.68–4.78)

• The association was present for 
at least 15 years prior to disease 
onset

• No significant associations were 
found in the Italian study 
population

Wesnes et al. Mult Scler J 2014 



The normal microbiota

• Main portal of entries of microbes:
– skin, GI  mucosal surfaces, respiratory and urogenital tracts

• Commensalism, parasitism (opportunistic infection)

• Humans are complex ecosystems 

• Innate immunity: potentially pathogenic microbial 
components and harmless antigens by “pattern 
recognition receptors (PRRs)”

Tlaskalová-Hogenová et al. Immunology Letters 2004



• Colonization of the GI tract afer birth  stable microbiota (‘micromicrofora’), 
unique to each individual. 

• The stable adult microbiota: autochthonous species (permanent members) and 
allochthonous species (transient colonizers from an external origin). 

• The adult microbiota: 400–1000 species  60% not culturable outside the GI 
environment. 

• 30–40 species predominate in this ecosystem. 

• Bacterial species dominating (97% strict anaerobes, 3% are aerobic). 

• The composition of the microbiota differs long the length of the GI tract and cross-
sectionally

• Commonest anaerobic genera: 

– Bacteroides, Bifidobacterium, Eubacterium, Fusobacterium, Clostridium and 
Lactobacillus

– Gram-negative enteric bacteria (Escherichia coli and Salmonella spp.) 

– Gram-positive cocci (Enterococcus, Staphylococcus and Streptococcus). 

– Fungal species (eg., Candida albicans)

Noverr and Huffnagle. TRENDS in Microbiology 2004

The normal microbiota



Major Points where 
Dietary or Bacterial 
Metabolites Intersect 
with the Immune 
System



Diet-related microbial metabolites and the immune system

Frei et al. Allergy 2012



Probiotics and prebiotics

• Pro-biotics
• Live microbial 

supplements that 
exert a beneficial 
effect on health 

• Non-pathogenic
• Probiotic 

supplementation  
fermented foods 
(very old practice)

• Reduced allergies in 
children 
“anthroposophic 
lifestyle” (reduced 
antibiotics, vaccines, 
daily intake of 
probiotic organisms)

• Pre-biotics
• Food additives designed to 

help promote the growth 
and/or activities of these 
microbial supplements

Noverr and Huffnagle. TRENDS in Microbiology 2004
Tlaskalová-Hogenová et al. Immunology Letters 2004



The altered microbiota

• Environmental pressures: antibiotics, diet and 
microbial inoculation  transient and 
permanent alteration

• Potentially pathogenic organisms (PPO) make 
up part of the microbiota:

– aerobic enteric bacteria, Clostridium spp. and 
Candida albicans 

• Imbalances in the microbiota 

• Reduction of Colonization resistance: 
inhibitory activity of the obligate anaerobic 
microbiota on overgrowth of PPO.

– Clinically asymptomatic (imbalance in the 
microbiota) 

– Disseminated infection

Noverr and Huffnagle. TRENDS in Microbiology 2004



Microbiota and Westernization

Perturbations in the gastrointestinal (GI) 
microbiota allergies and asthma:

- alternative hygiene hypothesis?

- expanded hygiene hypothesis?

– Diet (Increased proportion of refined food)

– Antibiotics (early use in infancy)

• Disruption of mucosal oral tolerance, 
including the airways

• The role of the microbiota in GI development, 
immune adaptation and initiation of GI 
infammatory diseases

Noverr and Huffnagle. TRENDS in Microbiology 2004



Noverr and Huffnagle. TRENDS in Microbiology 2004

Antibiotics
• Loss of resistance to colonization by opportunistic 

pathogens
• Long-term decreases in beneficial anaerobic organisms 
• Long-term increases in potentially harmful microbes
• Reduced levels of short-chain fatty acids 
• Changes in the 16s rRNA microbiota ‘fingerprint’ patterns  

Changes in microbiota composition

Diet
• Nutrient exchange. 

Probiotic theory (Eli
• Metchnikoff)
• Microbiota 

composition changes 
rapidly upon altering 
the diet 

• Effect of specific 
dietary (prebiotic) 
carbohydrates  on 
growth of 
Bifidobacteria, 
coliform and aerobic 
organisms

Infant feeding
• Microbiota 

composition differs in 
breast-fed and bottle-
fed infants 

• In breast-fed infants: 
lactic acid bacteria

• In bottle-fed infants: 
diverse, includes 
anaerobic bacteria

Oral tolerance
• Genetics  altered innate 

immunity
• Environment  perturbation 

of microbiota (adaptive 
immunity)

‘sensor system’







Human breast milk
Components with antimicrobiotic activities:

• Immunoglobulins

• Lysozyme

• Fatty acids (SCFAs can infuence gene expression and 
development of the immune system)

• Oligosaccharides (human milk oligosaccharides, HMO)
– probiotics, i.e., non-digestible substances 

– selectively stimulate the growth and activity of colon 
bacterial species (bifidobacteria, bacteroides)

• Polyamines

• Lactoferrin

• Other glycoproteins and peptides

Fernandez et al. Pharmacol Res 2013



Multiple sclerosis and low sun exposure: 
the EnviMS study

Odds ratio of MS calculated as 
the ratio between being 
outdoors ‘not that ofen’ 
(lowest sun exposure) and 
‘virtually all the time’ (highest 
sun exposure).
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Norway Bjørnevik et al. Mult Scler J 2014 



Conclusions
• Strachan’s hygiene hypothesis does not explain the parallel 

increase in allergy and autoimmunity

• It should include lifestyle factors (eg., diet and microbiota, use of 
antibiotics, sun expsoure, smoking habits) and more specifically 
identified microorganism

• “Early immune challenge hypothesis”:

– “Not a lack of bugs and parasites in the environment per se, 
but rather a lack of certain organisms which have, over the 
course of evolution, trained our immune system to be more 
tolerant”

• Microbiota and immunometabolism

• Great potential for population-based prevention strategies 
through educational programs
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