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Abstract 

Over the past half century, allergic diseases such as asthma, atopic eczema, hay fever 

and food allergy have risen dramatically, particularly in industrialized, urbanized 

societies. In 1989, epidemiologist David Strachan proposed what became known as the 

'hygiene hypothesis': a lack of early-childhood exposure to infectious agents, and more 

broadly to a diverse microbial environment, may disturb the development of the 

immune system and predispose a child to allergic disease. Since then, the hypothesis 

has evolved considerably. It is no longer understood as a simple call to abandon 

cleanliness, but rather as a recognition that the human immune system is calibrated by 

lifelong contact with beneficial microorganisms, the so-called 'old friends', including 

the gut microbiota. This narrative article traces the historical development of the 

hygiene hypothesis, reviews the mechanistic evidence implicating regulatory T cells, 

microbial metabolites and innate immune pattern-recognition receptors, and 

synthesizes the observational and interventional evidence gathered from studies of 

birth order, daycare attendance, pet ownership, farming environments, antibiotic use, 

breastfeeding and mode of delivery. The article also examines the criticisms and 

revisions of the hypothesis, including the 'old friends' and 'biodiversity' frameworks, 

and discusses their practical implications for families, clinicians and public health. The 

weight of current evidence suggests that it is not excessive hygiene itself but a broader 

loss of microbial biodiversity in modern environments that shapes allergic risk, 

pointing toward a more nuanced message for the twenty-first century. 
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1. Introduction 

There is a striking pattern in the geography of allergic disease. A child born today in a 

wealthy, highly urbanized country faces a markedly higher risk of developing eczema, 

asthma, hay fever or a food allergy than a child born on a traditional farm, in a large 

family, or in a rapidly developing country where exposure to soil, animals and untreated 

water remains routine. Epidemiologists noticed this pattern decades ago and, with it, a 

paradox: as infectious disease burden fell, allergic disease climbed. Polio and measles 

retreated; inhalers and adrenaline auto-injectors moved in. 

The explanation offered by the 'hygiene hypothesis', first articulated by David Strachan 

in 1989, is deceptively simple: the immune system of a newborn is like an instrument 

that must be tuned during infancy, and the tuning is done by microbes. Deprive a child 

of that microbial education, the argument goes, and the immune system may fail to 

learn the difference between friend and foe, overreacting to harmless allergens such as 

pollen, dust-mite particles, peanuts or egg protein. In its strongest form, the hypothesis 

suggests that aspects of modern cleanliness have deprived children of precisely the 

exposures needed to build durable immune tolerance. 

Nearly four decades later, the hygiene hypothesis remains one of the most influential 

and most debated ideas in allergy science. This article offers a narrative account of its 

origins, its biological foundations, the evidence for and against it, and what it means in 

practice for modern families who are simultaneously told that germs are dangerous and 

that dirt may be protective. 

Figure 1. 

Indicative 

trends in the 

rising 

prevalence 

of allergic 

disease in 

childhood 

over the last 

decades. 
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2. The Birth of an Idea 

The intellectual seeds of the hygiene hypothesis were planted well before 1989. 

Immunologists had long suspected that infections could influence allergy: studies of 

tuberculosis and of measles in the mid-twentieth century hinted that children who 

suffered these infections had lower rates of atopy. But it was Strachan's landmark 1989 

analysis of the British national birth cohort that crystallized the idea. Examining more 

than 17,000 children, he found that the risk of hay fever and eczema declined steadily 

with the number of older siblings in the household. He speculated that 'unhygienic 

contact' with older children offered protection, presumably by transmitting infections 

that shaped the developing immune system. 

The hypothesis was provocative for two reasons. Scientifically, it inverted the intuitive 

assumption that more exposure to microbes simply meant more disease. Culturally, it 

arrived at exactly the moment when consumer culture was embracing disinfection, 

antibacterial products and spotless homes, forcing an uncomfortable question: had we, 

in our zeal for cleanliness, unwittingly reprogrammed our children's immune systems? 

3. The Biology Behind the Hypothesis 

3.1 Two arms of adaptive immunity 

The biological core of the hygiene hypothesis lies in the balance between two arms of 

the adaptive immune response. Helper T cells of the Th1 lineage direct defenses against 

intracellular pathogens, while Th2 cells drive responses to parasites and mediate 

allergic inflammation. An attractive early version of the hypothesis held that infections 

in infancy push the immune system toward Th1 dominance, preventing the excessive 

Th2 responses characteristic of allergy. Although elegant, this 'Th1/Th2 imbalance' 

model proved incomplete: it could not easily explain why some infections worsen 

asthma, nor why germ-free animal models show exaggerated Th2 responses without 

ever having mounted a Th1 response in the first place. 

3.2 Regulatory T cells and microbial metabolites 

The field's understanding deepened with the discovery of regulatory T cells (Tregs), 

which act as peacekeepers, suppressing excessive immune reactions. Experiments in 

germ-free mice showed that colonization with a normal microbiota restored Treg 

populations and calmed allergic inflammation. Researchers then identified concrete 

molecular mediators: short-chain fatty acids, produced when gut bacteria ferment 
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dietary fibre, promote Treg development and strengthen the epithelial barrier. 

Commensal bacteria such as Bacteroides fragilis, Faecalibacterium prausnitzii and 

members of the Clostridia clusters were found to modulate immune tone through both 

metabolites and direct signaling. A rich, diverse early-life microbiome, in this view, 

trains dendritic cells and Tregs to respond to allergens with tolerance rather than attack. 

3.3 Pattern recognition and the 'old friends' 

Innate immune receptors, particularly Toll-like receptors (TLRs) that recognize 

conserved microbial structures, add another layer. Germ-free and TLR-deficient 

animals show defective tolerance, while low-dose microbial stimulation of TLRs 

appears to promote regulatory pathways. Immunologist Graham Rook refined the 

hypothesis into the 'old friends' mechanism: humans co-evolved with a suite of mostly 

harmless environmental and commensal organisms, and the immune system expects 

encounters with them. Modern environments, he argued, deprive us not of pathogens 

but of these old microbial companions, leaving immune regulation underdeveloped. 

 

Figure 2. The gut microbiota and human health: microbial communities influence 

immune function, barrier integrity and metabolic processes. 
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4. What the Evidence Shows 

4.1 Birth order and family size 

Strachan's original signal, the protective effect of older siblings, has been replicated 

many times. Children with several older siblings have consistently lower rates of hay 

fever, eczema and atopy, as do children from larger families. The proposed mechanism 

is sustained exposure, during the first year of life, to a stream of organisms brought 

home by older children, a phenomenon sometimes called the 'sibling microbiome' 

effect. 

4.2 Daycare and early social mixing 

Formal childcare offers a natural experiment. Infants who enter daycare before their 

first birthday, and who therefore exchange microbes with many peers, show lower 

subsequent risks of asthma and atopy in several large cohorts, despite experiencing 

more frequent respiratory infections in the short term. Timing matters: protection is 

strongest when exposure begins early, before the immune system's regulatory 

architecture is set. 

4.3 Pets and farm animals 

Dogs and cats, long blamed by parents for triggering allergies, emerge in large 

observational studies as more often protective, particularly when exposure begins in 

the first year of life. The effect is largest of all in farming communities. The ALEX and 

PARSIFAL studies in Central Europe found that children raised on farms, drinking 

farm milk and regularly tending animals had roughly half the risk of asthma and hay 

fever of matched urban children. Farm dust is rich in microbial compounds that engage 

TLR2 and TLR4 signaling and expand regulatory T cells. German and Swiss work 

went further, identifying specific cow-shed-dwelling bacteria, such as Acinetobacter 

lwoffii, whose exposure in mice protected against airway inflammation. 
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Figure 3. Children raised on farms, in regular contact with animals and unprocessed 

milk, consistently show lower rates of allergic disease. 

 

Figure 4. Illustrative comparison of relative allergic-disease risk among farm-raised 

versus urban children. 

4.4 Antibiotics, delivery mode and diet 

The flip side of exposure is its disruption. Multiple cohort studies link early-life 

antibiotic courses, especially in the first year, with modestly increased risks of asthma, 

eczema and food allergy, plausibly through disturbance of the developing gut 

microbiome. Caesarean delivery, which bypasses the maternal birth-canal inoculation 
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and delays microbiome maturation, is associated in many studies with a 20 to 40 

percent increase in asthma and allergy risk, while breastfeeding, which seeds the infant 

gut with beneficial organisms and immune factors, is broadly protective. Diets high in 

fermentable fibre, the raw material for protective short-chain fatty acids, are likewise 

associated with lower atopy. 

4.5 Migration and urbanization 

The natural laboratory of migration reinforces the picture. Children migrating from 

low-allergy regions such as rural Africa or South Asia to high-allergy Western countries 

quickly acquire local-level allergy risks, with the effect strongest for those migrating 

early in life, suggesting an environmental rather than purely genetic cause. 
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Table 1. Summary of major lines of observational evidence relevant to the hygiene 

hypothesis. 

5. From 'Hygiene' to 'Old Friends': Reframing the Hypothesis 

Strictly interpreted, the original hygiene hypothesis faces problems. Allergic diseases 

continue to rise in countries that were never obsessively clean, and not all infections 

are protective: respiratory syncytial virus bronchiolitis, for example, increases later 

asthma risk. Nor is there evidence that ordinary domestic hygiene, such as 

handwashing, meaningfully drives allergy at the population level. These 

inconsistencies pushed researchers toward broader formulations. 

The 'old friends' hypothesis, advanced by Rook and colleagues, holds that the immune 

system evolved to expect continual, low-level contact with a specific guild of 

environmental organisms, soil microbes, commensals, helminths and the microbes of 

animals and other people. Modern environments impoverish this guild through 

antibiotics, cesarean sections, indoor lifestyles, processed diets and reduced contact 

with nature. A related 'biodiversity hypothesis', proposed by Finnish researchers, 

extends the idea to ecosystems: contact with diverse natural environments enriches the 

skin and gut microbiota and is associated with lower allergy risk, a finding 

demonstrated in studies comparing children living on biodiversity-rich farms with 

those on biodiversity-poor farms. 

Under these reframings, the enemy is not soap but ecological simplification. A 

sanitized lifestyle is only one of many modern forces pruning the microbial world of 

early childhood. 
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Figure 5. Early-life exposures shaping the infant microbiome and immune system, as 

illustrated in reviews of the allergy epidemic. 

6. Criticisms and Open Questions 

Several caveats temper enthusiasm. First, observational studies are vulnerable to 

confounding and reverse causation: parents who keep pets, farm, or avoid antibiotics 

may differ in many other ways, and early allergic symptoms may themselves alter 

microbial exposure. Second, microbiome studies have struggled with reproducibility, 

since microbial composition varies enormously between individuals, populations and 

laboratory methods. Third, the strong effects seen in animal models, where germ-free 

mice develop florid allergy, may overstate the situation in humans, whose immune 

systems are inevitably exposed to some microbes everywhere. Fourth, the rise in 

allergy likely has multiple drivers; vitamin D status, diet, obesity, air pollution and 

reduced physical activity all plausibly contribute, and microbial exposure is only part 

of the story. 

Most importantly, no large randomized trial has yet proven that deliberately increasing 

microbial exposure in infancy prevents allergic disease. Trials of probiotics, prebiotics 

and farm-dust-derived products have yielded mixed or modest results, leaving 
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practitioners without a simple prescription. The evidence remains strongest at the level 

of populations and ecosystems, and weakest at the level of individual intervention. 

Modern 

environmental change 

Effect on early 

microbiota 

Plausible allergic 

consequence 

Antibiotic use in 

infancy 

Reduces diversity; 

delays maturation 

Impaired oral tolerance; 

higher atopy risk 

Caesarean delivery Misses birth-canal 

inoculation 

Delayed Treg 

development 

Formula feeding Less maternal 

microbial and 

oligosaccharide input 

Altered gut 

colonization 

Indoor, urban lifestyle Reduced contact with 

soil, animals, 

biodiversity 

Impaired immune 

regulation (old friends 

deficit) 

High-fibre diet Increases short-chain 

fatty acids 

Promotes Treg function 

and tolerance 

Farm animal contact Diverse microbial and 

endotoxin exposure 

Lower asthma and hay 

fever risk 

Table 2. Environmental exposures in early life and their reported associations with 

microbial diversity and allergic disease. 

7. Practical Implications 

For parents, the modern evidence supports a pragmatic middle path. Routine 

cleanliness, handwashing, food hygiene and vaccination remain essential for 

preventing serious infections and must not be abandoned; no reputable researcher 

advocates a return to dirt for its own sake. At the same time, there is little reason to 

sterilize a child's entire world. Allowing a baby supervised contact with pets, 

encouraging outdoor play, avoiding unnecessary antibiotics, supporting breastfeeding 

where possible, and including fibre-rich foods are reasonable, low-risk choices 

consistent with current evidence. 

For clinicians and public health, the message is twofold. First, antibiotic stewardship 

in infancy has benefits that may extend beyond antimicrobial resistance to immune 

development. Second, urban planning that preserves green space and biodiversity may 

carry an unexpected immune dividend. The hygiene hypothesis, properly understood, 
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is ultimately a hypothesis about ecology: the health of the immune system reflects the 

health of the microbial world it grows up in. 

8. Future Directions 

Research is moving from correlation toward mechanism and intervention. Large birth 

cohorts with longitudinal microbiome sequencing, metabolomics and epigenetic 

profiling aim to identify the critical windows and microbial signals that establish 

tolerance. Early clinical trials are testing defined bacterial consortia, microbial 

metabolites such as butyrate, and farm-derived immunomodulators as allergy 

prevention strategies. If such interventions succeed, the hygiene hypothesis will have 

completed an extraordinary journey, from a puzzling observation about hay fever and 

family size to a microbiome-based toolkit for preventing one of the most common 

disease burdens of the modern age. 

9. Conclusion 

The hygiene hypothesis began as a paradox and matured into a framework for 

understanding how modern life reshapes the immune system. The evidence now 

indicates that allergic risk is shaped less by soap and cleanliness than by the breadth 

and character of a child's microbial world in the earliest years of life, and that regulatory 

immune pathways, microbial metabolites and innate pattern recognition form the 

biological bridge between environment and disease. While causal proof in individuals 

remains elusive, the hypothesis has already changed how scientists think about allergy, 

and its central insight endures: a newborn immune system is educated by its microbial 

surroundings, and the lesson it learns there lasts a lifetime. 
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