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The Hygiene Hypothesis 
 –  Old Friends and their implication for child 

health and home hygiene  

Graham A. W. Rook     g.rook@ucl.ac.uk    UCL, UK 

http://www.grahamrook.net  

The Darwinian reformulation;  the “Old Friends” mechanism 

Von Ehrenstein et al (2000) Clin Exp Allergy, 30:187 
Riedler et al (2001) Lancet 358:1129 

…or in childhood < 2.5 yrs old 

Kabesch & Lauener (2004) J. Leukoc. Biol. 75:383  

Protect from juvenile inflamm. bowel disease.  
Radon et al. (2007) Pediatrics  120:354 

Prenatal effects:- expose the pregnant mother,  
Schaub et al (2009) JACI 123:774-782.e5 

“Pollen of all kinds will give rise to some of the symptoms of hay 
fever.....  farmers rarely experience the condition...  

Charles Harrison Blackley (1873) Experimental 
Researches on the Causes and Nature of Catarrhus Aestivus 
(Hay-fever and Hay-asthma). Baillière Tindall and Cox, London 

Several bacterial species found 
that protect in animal models 

Mostly due to exposure to bacterial & 
fungal biodiversity…. In mattress, or 
in settle plates in the child’s bedroom 

    Ege et al (2011) NEJM 364:701 

Epidemiology and the hygiene hypothesis  
You are less likely to have allergies if  :- 

Riedler et al (2001) Lancet 358:1129                    Matricardi et al (2000) Brit. Med. J. 320:412 
Strachan (1989) Brit Med J  299:1259                   Stene & Nafstad (2001)  Lancet 357:607 
Boyton et al (2013) Clin Exp Immunol 171:117  Correale & Farez (2007) Ann. Neurol. 61:97 

•   Early exposure to farm environment  
•   You have older siblings (boys better than girls) 
•   Infections via the faecal-oral route (Toxoplasma, HAV, H. pylori) 
•   Keep a dog       (allergies     ) 
•   Have helminth infections: - allergies     if helminths treated ~1 yr  
•              - or pregnant mother is dewormed 
•   Live in rural areas of developing countries 

•   Helminth infections or exposure to cowshed in childhood 
•     (less inflammatory bowel disease) 

•   Helminths maintain remission in multiple sclerosis 
•   Allergies  and  Type 1 diabetes increase in parallel, in same countries 

Other diseases  

The increasing incidence of immunoregulatory disorders 

Bach J-F.  New Engl. J. Med. (2002) 347:911 

Mediated by 
Th2 

Mediated by 
Th1/17 

At least three types of disease increase in rich countries 

Disease group 

• Allergies  (Th2) 
• Inflammatory bowel disease (Th1, 2,17) 
• Autoimmunity (MS, Type 1 diabetes Th1, 17) 

Inappropriate target 
of immune system 

      Allergens (in air, or food) 
      Gut contents ??? 
      Self 

? Diseases in which regulation of the immune system is faulty ? 

Faulty immunoregulation, (usually deficient Treg)  in all these diseases 

Rook (2012) Clinic Rev Allerg Immunol 42:5   Rook  (2010) Clin Exp Immunol 160:70 

Similar spectrum of clinical problems if born with defective Foxp3 (Treg) 
 IPEX.      Immunodysregulation, polyendocrinopathy and enteropathy X-linked 
 XLAAD.   X-linked autoimmunity-allergic dysregulation syndrome   

The protective effects of farms and helminths act via immunoregulation 

Helminths, saprophytes 
(biodiversity) in mud/water, 
lactobacilli. Gut microbiota, 
HAV,  H. pylori, TB,  
Salmonella (LPS),Toxoplasma 

Paleolithic 

>10,000 BCE  
Neolithic  

Iron age to 
Preindustrial 

Bronze age 
3300 BCE  

1300 BCE 

Small groups (<100), 
 hunter/gatherer/scavenger 

HISTORY LIFESTYLE MICROORGANISMS 

More helminths & fecal-oral 
(+sporadic infections less relevant 
to “Old Friends Hypothesis”; 
Calici-, rota-, corona-, paramyxo-, 
orthomyxoviruses, (influenza B, C) 
measles, mumps, parainfluenza, 
smallpox. Cholera, plague, typhus) 

Larger social groups. 
Animal husbandry. 
Domesticated cats, dogs. 
97% farms, animals, mud, 
feces, untreated water 

1st Epidemiological Transition 

Viruses (except HAV) not protective against allergies 
 Benn       et al  (2004)   Bmj   328:1223. 
 Dunder    et al  (2007)  Arch Pediatr Adolesc Med 161:972 
 Bremner  et al  (2008)  Allergy 63:274 
  ……. in fact HRV and RSV may trigger asthma:- 
Yoo et al (2007) Proc Am Thorac Soc 4, 277-282 
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Helminths, saprophytes 
(biodiversity) in mud/water, 
lactobacilli. Gut microbiota, 
HAV,  H. pylori, TB,  
Salmonella (LPS),Toxoplasma 

Paleolithic 

>10,000 BCE  
Neolithic  

Iron age to 
Preindustrial 

Bronze age 
3300 BCE  

1300 BCE 

Small groups (<100), 
 hunter/gatherer/scavenger 

HISTORY LIFESTYLE MICROORGANISMS 

More helminths & fecal-oral 
(+sporadic infections less relevant 
to “Old Friends Hypothesis”; 
Calici-, rota-, corona-, paramyxo-, 
orthomyxoviruses, (influenza B, C) 
measles, mumps, parainfluenza, 
smallpox. Cholera, plague, typhus) 

Larger social groups. 
Animal husbandry. 
Domesticated cats, dogs. 
97% farms, animals, mud, 
feces, untreated water 

1st Epidemiological Transition 

Less   helminths, Toxo., TB, HAV 
           H. pylori, Salmonella,  
Less  “pseudocommensals” from 

mud, water, dust. 
Less    biodiversity  
Disturbed less varied microbiota 

1800 CE 

Modern Cities. Concrete, tarmac, 
soap detergents, washed 
food. Chlorinated water. Less 
animal contact. Antibiotics. 
De-worming. Changed diets. 

2nd Epidemiological Transition 

Environmental microbial biodiversity & chronic 
inflammatory disorders in Russian & Finnish Karelians 

4-fold higher prevalence of childhood atopy 
6-fold higher prevalence of Type 1 diabetes  
     -  in Finnish Karelia than in Russian Karelia 

Pakarinen et al (2008) Environ Microbiol 10:3317     Kondrashova et al (2005) Ann Med 37:67 

House dust 
dominated by 
gram-negatives 
(mainly 
Proteobacteria) 

House dust contains:- 
gram-positive bacteria 
(Firmicutes and Actinobacteria), 
predominantly 
Staphylococcaceae and 
Corynebacteriaceae. 

Russian Karelian dust showed 
up to:- 

20-fold higher muramic acid 

7-fold higher number of 
clones of animal-associated 
species 

Environmental biodiversity modulates immune system 

Forest Wetland / lakes Town 

More diverse  
γ-proteobacteria 
on skin 
Correlations 
with IL-10 
Less atopy 

Less diverse  
γ-proteobacteria 
on skin 

More atopy 
. 

IgE screen to assess atopy 

16s rRNA, skin swab 
from underside of forearm 
to assess skin microbiota 

NO DIFFERENCE IN DOMESTIC HYGIENE 

Agricultural 

Hanski et al (2012) PNAS  109:8334 

Regulatory role of skin microbiota, independent of gut    Naik et al (2012) Science 337:1115 
Skin microbiome in subepidermal compartments           Nakatsuji et al (2013) Nat Commun 4:1431 

• 

Different microbiota in  
European and African children 

De Filippo et (2010) PNAS 107:14691–14696 

European Burkina Faso 

Helminths such as blood nematodes that do NOT enter the gut, 
drive potent immunoregulation 

Species               Geographic location 
 Wuchereria bancrofti    Tropics / Subtropics 
 Wuchereria bancrofti     Pacific 
 Brugia malayi      SE Asia and SW India 
 Brugia malayi      Indonesia   
 Brugia timori            Indonesia 
 Loa loa              West / Central Africa 
 Mansonella perstans     Africa / South America 
 Mansonella ozzardi     Central & South America 

Blood nematodes 

Babu et al (2006)  J Immunol 176:3248. Impaired induction of T-bet & GATA-3 mRNA,  
Th1/Th2 deficiency; increased Foxp3, TGF-β, CTLA-4, PD-1, ICOS and IDO  

 Harnett et al (2010)  Clin Exp Immunol.  159:256-67. ES-62; tetrameric glycoprotein 
with phosphorylcholine moieties; unusual anti-inflammatory effects via TLR-4 

 Kron et al (2012) Clin Vaccine Immunol. Epub Dec. Filarial asparaginyl-tRNA 
synthetase blocks IL8 receptors 

T-bet & RAG2 

Garrett et al. (2007) Cell 131:33 Henao-Mejia et al (2012) Nature 482:179 
Elinav E et al. (2011) Cell 145:745  

TLR5  

Vijay-Kumar et al (2010) Science 328:228 

MyD88  

Wen et al. (2008)  Nature 455:1109 

block autoimmune destruction 
of pancreatic β cells 

Deficiency of these 
molecules :- 

Immunological  
 consequences        . 

colitis 
colon cancer 
metabolic syndrome 
obesity 
insulin-resistance 
non-alcoholic fatty liver 
disease 

NLRP6 

NLRP3 

caspase-1 
 ASC 

IL-18 

Mediated by changes to 
the gut microbiota  

These effects can all be 
transferred to wild-type 
mice by co-housing, or by 
transfer of microbiota to 
wild-type germ-free mice.  
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 “Old Friends” 

Microbiota 

Must regulate inflammatory response to these “Old Friends”. 
 Evolved dependence on these organisms to drive regulation 

Helminths (~100%) 

 Fecal-oral transmission.  
 Carrier states (salmonella spp). 
 HAV: Harmless if neonatal.   
 Subclinical (H. pylori) 

Infections 

Fleas, lice, mites, ticks 

Ectoparasites 

Skin 

Lung 

Oropharynx                  

Genitourinary 

Organisms in mud and water, 
~109 / litre, incl.  mycobacteria 

“Pseudocommensals” & 
microbial biodiversity  

Organisms in air and dust 

airways 

oropharynx, gut 

skin 

Gut 

IMMUNE   
SYSTEM 

 prime immune 
memory 

and 
immuno-
regulation 

Potential susceptibility to Th1/
Th17 or Th2 disorders. 
Inflammatory “overshoot” if 
immunoregulation-inducing “Old 
Friends” are absent 

 Compensatory SNP or alleles 

- cytokines and receptors2  

              (IL-2, 10, 12, 18, 21, 23) 

-  IgE3 
- serotonin transporter SNP 4 

- CARD8, Caspase12, HLA, TNF  

“Old Friends” must be tolerated1  
Their  genomes evolve to encode 

immunoregulatory molecules 

Environmental triggers 

From early-19th C 

Allergies, IBD, Type 
1 diabetes, multiple 
sclerosis, obesity, 
depression6, some 
cancers7 

Delayed exposure 
to viruses ? 

Diet, obesity 

Vit D deficiency 

Pollutants, dioxins 

  From mid 20th C 

Increased 
susceptibility to 
chronic 
inflammatory 
disorders 

“Old Friends” lost 
as contact with soil, 
animals & faeces 
was reduced.  
Second 
epidemiological 
transition  

1Rook 2012 Clin Rev Allergy Immunol 42:5.     2Fumagalli et al, 2009 JEM.      3Barnes et al 
2005 Curr Opin All Clin Immunol 5:37.    4Fredericks et al 2009 BBI.   6Raison et al 2010 Arch 
Gen Psychiatry 67:1211.       7Rook & Dalgleish 2011 Immunological Reviews 240:141 

Grainger et al. J. Exp. Med. 
doi: 10.1084/jem.20101074. 

Immunoregulation by Heligmosomoides polygyrus  

Walk et al 2010.  
 Inflamm Bowel Dis. 
 DOI: 10.1002/ibd.21299 

Hang et al, (2010) 
 J Immunol 185:3184 

excretory-secretory 
antigen 

TGF-βRII Changed microbiota 
More lactobacilli 

CD80  
CD86 

pDC Ag-1 
CD40 

• Regulatory B cells (often IL-10+)      
• Regulatory macrophages  

• Treg/Th17 balance in gut  
• SCFA signaling via GPR43 

Some other mechanisms 
identified in other systems 

Foxp3+ 

Bacteroides 
fragilis 

PSA 

TLR2 

Round & Mazmanian 2010 
PNAS 107:12204 

Increased background numbers 
of DC likely to drive 

immunoregulation….including 
regulation of responses to self, 
allergens and gut contents ? 

Allowing multiple sclerosis (MS) patients to develop 
parasite infections attenuates the disease  

infected 

uninfected 
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Infect.    Uninfect.      Con  

Number of cells per 100,000 blood cells, 
that secrete an anti-inflammatory 
mediator in response to a myelin peptide 

MS patients allowed to become 
 infected with helminths (not treated). 

Correale & Farez  (2007)  Ann Neurol 61:97 

The helminth is acting as a “Treg adjuvant” 

Is it really possible that inflammation is better regulated 
in poor countries than in rich countries ??? 

Is it really possible that inflammation is better regulated 
in poor countries than in rich countries ??? 
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Ecuador 

(Sporadic peaks due to infection. 
 Background close to zero) 

Increased risk of heart 
disease, depression, 
stroke, hypertension, 
diabetes, and metabolic 
syndrome 

Baseline levels of CRP and IL-6 predict symptoms of depression at 12 yr follow up 
   Gimeno et al (2009) Psychol Med  39:413 

McDade et al. (2012). Am J Hum Biol. May 26. 
McDade (2012) PNAS 109 Suppl 2:17281 CRP = C-reactive protein 
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animals 

allergies, IBD, 
autoimmunity 

Increased cytokine response 
to psychosocial stress depression 

In modern cities, adults with suboptimal regulation of inflammation, high CRP 

Low stress resilience 

direct effects on 
DC & Treg 

modulation of gut 
microbiota 

altered HPA axis Altered brain dev. 
&  epigenetics 

farms other children faeces 

mother’s microbiota 
helminths 

skin microbiota 

Old Friends 
Psychosocial factors animals 

Mother Pregnancy   neonate    child        adolescent              adult  

IMMUNOREGULATION 

Rook, Lowry, Raison (2013)  Evolution, Medicine, and Public Health. doi: 10.1093/emph/eot004 

biodiversity Conclusions 
Organisms (“Old Friends”) with which mammals co-evolved play a role in 
priming the immune response, and the immunoregulatory mechanisms 

Exposure to the “Old Friends” is reduced by the high-income urban lifestyle 
This contributes to increases in :- 

  - chronic inflammatory disorders 
  - reduced stress resilience 

Abandoning hygiene would NOT increase exposure to the 
immunoregulatory “Old Friends” (most of which we do not want anyway !) 
 -- but it would increase exposure to old and new enemies 

The Old Friends that drive immunoregulation were either harmless or 
unavoidable. 

 - various microbiotas 
 - helminths 
 - harmless carrier states 
 - environmental organisms  

Rook, Lowry, Raison (2013)  Evolution, Medicine, and Public Health. doi: 10.1093/emph/eot004 
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