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Abstract 

The continual advancements in major technological sectors and their immediate relevance to society has led to 

significant changes in the way people interact in their homes and in society. Similarly, and consequently, advances 

in science have considerably improved our ability to study microorganisms and have brought about major 

developments in characterising microbial symbiotic populations in our body (microbiota) as well as the 

environment. The availability of antimicrobial technologies has led to improvements in hygiene and has introduced 

a new standard in developed and developing countries. It has been suggested, however, that improvements in 

hygiene, may have contributed directly or indirectly to a rise in our tendency to develop allergic diseases (atopy). In 

this review we will provide the most up to date evidence that will shed light into a new perspective surrounding this 

theory. We will provide insights into current research focusing on the role of hygiene especially in regard to the 

hygiene practice improvements made recently in industrialised society. Furthermore, we will discuss the evidence 

surrounding the reasons behind the unprecedented rise in atopic disease in relation to existing hygiene trends, 

particularly in domestic settings. This review will finally address the question whether a reduction in public hygiene 

would be beneficial for public health and relate this to current research evidence. 
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Introduction 

A hypothesis is a plausible explanation applied to clarify an observation. The term “Hygiene Hypothesis” [1, 2] was 

established and applied to certain trends in groups of human disease and it attempted to explain the connection 

between observed rises in atopic disease in children and reductions in numbers of infections. Rises in atopy were 
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considerable and occurred over a short period of time in the latter half of the last century. Certainly, in one study, the 

occurrence of atopic diseases was found to be considerably higher in urban when compared to a similar population 

of rural children, despite the presence of higher levels of bacterial endotoxin in the environment where the rural 

children were living [3, 4]. The Hygiene Hypothesis accommodated the notion that improved hygiene in more 

developed societies was a cause of increased atopy. The clear implication of the Hygiene Hypothesis was that urban 

hygiene has gone too far and was counterproductive to children’s health. Since its appearance in 1989, the Hygiene 

Hypothesis has been joined by a considerable collection of evidence that may be useful to support or refute its 

premise [5, 6]. 

Observations of the marked rise in cases of diseases including Type 1 diabetes, asthma, hay fever, food allergies, 

Crohn’s, multiple sclerosis were inevitably made around the middle to late twentieth century [6, 7]. Generally, there 

was a concomitant decrease in the number of other, fundamentally different human diseases which did not escape 

the attention of public health officials - mumps, measles, tuberculosis amongst others [6, 7]. Importantly, the shifting 

epidemiological data was occurring in the same geographic regions, industrialised, developed countries. Reductions 

in infectious disease was far from a surprise; it was an expected and welcomed outcome of the systematic 

vaccination programmes. Alongside the prophylactic approach was the advent of antibiotic treatment for childhood 

infectious disease. And improvements in the standard of living for wide sections of the population was also regarded 

worthy of consideration. Of relevance to the Hygiene Hypothesis was the notion that standards of living were being 

driven up in developed countries due to improvements in public and personal hygiene. Developments were nicely 

captured by the question: Was the reduction in infectious disease in children somehow affecting the young immune 

system and promoting atopic disease? Hence, the Hygiene Hypothesis was conceived in order to elucidate the link 

between detected augmentations in atopic disease and corresponding decreases in numbers of infections in the 

population. 

The Hygiene Hypothesis was immediately challenged scientifically due to the difficulty in elucidating the cause of 

epidemiological shifts in the populations involved [8]. To further complicate the task of addressing the accuracy of 

the hypothesis, it was regarded as unlikely that a single cause was going to be responsible for the observations [8]. 

This was a multi-factorial phenomenon. The epidemiological landscape was not shifting in a mildly curious manner 

– the observations were of major and marked changes in the patterns of disease occurring over a relatively short

period of time. The Hygiene Hypothesis was going to have to be supported by detailed, multidisciplinary, robust 

data that revealed the mechanistics behind the rise of atopy. 

Perhaps a constructive place to start the pursuit of the hypothesis was a ruling out of genetic predisposition as a 

causative factor [6]. On a basic, but compelling level, the timescales were too short. Furthermore, population 

genetics data failed to show significant differences and hence the efforts were focused on environment and lifestyle 

factors [6]. Whilst diverse and extensive in scope, the influences of the environment and lifestyle were a better fit for 

the timescales the Hygiene Hypothesis was built on. Singular issues that were relatively easy to be addressed and 

clarified to reveal the actual phenomenon. For example, house dust mites were accused of promoting atopy in 
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children and few argued against the emergence of the mites in the centrally-heated built environment at the right 

time [9]. At best, the case of the dust mites was an indication that the Hygiene Hypothesis had merit, for as a single 

factor, it was a long way from the body of evidence that was needed to establish the hypothesis. The passing of time 

saw the Hygiene Hypothesis focus on the suspicion that a decline in the exposure of children to microbes in general, 

not just certain infections, was the real culprit behind rises in atopic disease [9]. After all, developed societies were 

breaking many traditional connections between young humans and infectious agents. Consider the advent and 

ubiquity of clean water and fit for consumption food, progress in public health sanitation, common administration of 

antibiotics and vaccines and changing birth practices not omitting the widespread urbanisation of populations. 

Over time, the range of candidate factors supporting the Hygiene Hypothesis has expanded. It was understandably 

difficult for researchers to neglect emerging or previously unrecognised factors from their considerations when there 

was sufficient overlap between the new factors and the definitions of the existing factors. So, the Hygiene 

Hypothesis was obliged to capture more dynamism in human behaviour, such as smaller family sizes, changing diets 

and what had been defined as “improved household amenities and higher standards of personal cleanliness” or 

“cleaner homes”. A notable outcome reflecting numerous scientific research studies was published by the 

International Scientific Forum on Home Hygiene [8]. This organisation addressed the possible implications that the 

Hygiene Hypothesis may have on domestic hygiene. In this review we will firstly examine the clarity of the 

evidence supporting a causal link between a decline in microbial exposure and the rise in atopic disease. Secondly, 

we will evaluate the evidence demonstrating to what extent might cleaning and hygiene, as distinct from other 

influences on microbial exposure, be a significant factor in the rise of atopic disease. 

An evaluation of the clarity of the evidence 

Current evidence show a generally waning increase in the numbers of atopy cases [10, 11]. Some studies have been 

able to draw conclusions that certain key diseases have plateaued or are falling in reported numbers. For example, in 

a variety of European Union countries, asthma, bronchitis and childhood allergies are not being reported by the 

health care system in the same volumes of numbers as previously [10-12]. 

Few doubt the biological plausibility of the Hygiene Hypothesis. However, with time and with the availability of 

new technologies and hence, evidence, scientific communities have begun to produce pioneering data that 

subsequently question the foundations of the Hygiene Hypothesis. Suffice to say, there is immunological (largely, 

serological) evidence supporting the Hygiene Hypothesis and for the purpose of this review the biological 

plausibility of the Hygiene Hypothesis is acknowledged [4, 13]. One has to consider, however, that the models relied 

upon to generate the immunological-type evidence change continuously. Additional research is needed in order to 

elucidate the contribution of the immunological data in supporting or refuting the hypothesis and how the 

immunological landscape of the population fits with the causes of atopy. 

The proxy parameters utilised to pursue the Hygiene Hypothesis have included family size and/or structure and its 

relation to atopy. In an example study the evidence supported the lack of a discernible relationship between reduced 
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family size in industrialised countries (from the early twentieth century) and the rise in atopy [14]. Indeed, one study 

estimated that smaller families accounted for just 1% of the rise in observed atopy in the period 1961 to 1991 [14]. 

Various studies have also examined sub-divisions of familial parameters and their input to the development of atopy. 

For example, evaluating birth order, sibship size and gender data against those of atopy in the same populations 

failed to yield a robust conclusion [15]. Differences in atopy along gender and birth order lines were initially 

promising but did not reach a credible explanation [15]. 

Some studies have produced conclusions that unambiguously support the Hygiene Hypothesis, that is, close personal 

contact appears to promote protection against atopy. A notable example is the sharing of beds, cots and other 

sleeping facilities by small children. The Hygiene Hypothesis is supported here simply because we can assume this 

type of close contact between children will more effectively share and distribute microorganisms capable of 

inducing an immune response [2]. Again, outcomes of finer scale studies examining similar parameters have been 

less clear. Some children attending day care facilities very early in life have been revealed to acquire protection 

against atopic disease whilst the same protective effects are not apparent in other children subjected to comparable 

conditions. 

What about rural environments and atopies? There are data suggesting children in rural communities benefit from 

some degree of protection absent in their urban counterparts [3]. Observations in line with that statement do not 

appear to apply to the adult populations in the same environmental settings. There are no robust epidemiological 

datasets describing a reduced risk of adult atopy that can be attributed to living in rural communities. In actual fact, 

farmers have an elevated risk of occupational allergic disease, for example lung disease is an occupational hazard of 

long-term exposure to microbial allergens in rural settings. There is also little substantive evidence of protection 

against atopy for occupations such as waste disposal and sewage workers. 

Despite the difficulties of conducting robust science to discern relationships directly between parameters of most 

interest, there have been studies attempting to elucidate a relationship between atopy and microbial 

exposure/infection [16]. From this perspective, the relationship of food-borne and gastrointestinal infections and the 

development of atopy has recently received scientific attention [17]. For such studies to be able to support the 

Hygiene Hypothesis, it is necessary to produce evidence supporting an inverse relationship between the exposure to 

pathogens and rates of atopy. The Hygiene Hypothesis has not been supported in any meaningful manner by these 

studies because their conclusions have failed to reveal such a relationship [18]. Bearing this in mind, there are 

occasional suggestions of an atopy protective effect for some sub-populations, but this type of outcome is far from 

widespread or reproducible [17]. Furthermore, the Hygiene Hypothesis is undermined by the uncertainties 

associated with these studies. Atopy protective effects are often considered as independent of other key parameters - 

age, sibship size, birth order. Quite apart from the data generated, the gastrointestinal microbe needs to be viewed 

with caution. Is the microbe acting as a marker for poor orofaecal hygiene and exposure to other, more important 

gastrointestinal pathogens? [17, 18]. Opinions among researchers are contradicting and some provide a conclusion 

only for discrete populations studied (e.g. individuals who carry a particular variant of the gene involved in viral gut 
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infection) [19]. To summarise, these studies provide a complicated outcome that can only be interpreted with 

reservations [18]. 

Examining non-gastrointestinal evidence reveals a similar, confusing, often contradictory picture. Studies have 

shown a Hygiene Hypothesis-supporting relationship between measles infection and atopy numbers [20, 21]. Other 

studies refuted the hypothesis in their conclusions [22, 23]. A set of Mycobacterial infection data have supported the 

Hygiene Hypothesis [21, 24], while a different set of data refute the same hypothesis [24-26]. In another example it 

was demonstrated that Respiratory Syncytial Virus, is often implicated in triggering asthma rather than protecting 

against it [27]. Finally, studies conducted to elucidate the connection between malaria and the development of atopy 

yielded contradictory results and did not reach a credible conclusion [28, 29]. Clearly, the evidence generated from 

scientific studies utilising these parameters has resulted in contradictory results. Sometimes, the evidence supports 

the Hygiene Hypothesis because, in broad terms, there appears to be a protective association between childhood 

exposure to microbes and reduction in atopy cases. On the other hand, the Hygiene Hypothesis is refuted by those 

studies dismissing any protective effect and even demonstrating an increased risk of atopy following early 

infections. Hence, there is a continual need to re-evaluate the causative factors of atopy. One approach was to 

consider that the overall exposure to microorganisms, rather than specific types of microbes, is the key to 

immunological development that is relevant to rates of atopy [30-33]. 

Evidence supporting the Hygiene Hypothesis, require to show a reduction of infectious disease in a suitable period 

prior to associated rise in atopy. These events are relying on the assumption that immunological processes are not 

deferred between the two concepts. A second assumption is that the stimulation of the immune system (or lack of it) 

must be confined between pregnancy and early childhood. To support the Hygiene Hypothesis the evidence needs to 

present as a noticeable reduction in infections followed by a noticeable rise in atopy. 

The history of public health clearly describes considerable and widespread reduction in infections as a direct 

consequence to improved practices of what we might nowadays term biosecurity measures [34]. Historical evidence 

tells us that improved hygiene practices occurred too early in time to be directly or indirectly associated with the rise 

in atopy that prompted the Hygiene Hypothesis. An example is the decline, for example, in cholera and typhoid in 

industrialised countries [35]. These diseases were on the decline between the end of the nineteenth and beginning of 

the twentieth centuries – representing a large gap before the atopy incidence volume increase. This pattern can also 

be observed in relation to other infectious childhood diseases showing a decline like, for example, rheumatic fever, 

measles, mumps, tuberculosis and hepatitis A which can be pinned chronologically to the 1940’s; more than a delay 

to the atopy serge witnessed decades later. Conversely, some diseases have only been in decline after the rise in 

atopy. The introduction of the measles vaccine in the UK was after the atopy rise, so too hepatitis A virus vaccine 

[36, 37]. Some infections such as tuberculosis are now considered to be increasing in metropolitan areas [38]. These 

broad-range observations on centre stage infections implicated in the Hygiene Hypothesis idea support the absence 

of a timely process of cause and effect as implied by the Hygiene Hypothesis. Similar to the case of rising numbers 

of tuberculosis infections, official statistics of public health in the UK, for example, reveal an increase in the number 
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of reported gastrointestinal infections in the general population. Food poisoning has been on the rise since the 

1970’s. Campylobacter, the main cause of bacterial gastroenteritis continues its upward trend [39] although there is 

a discussion to add here about raised awareness in community medicine and improvements in laboratory diagnosis 

of this infection that no doubt contribute to the number of reported cases. Everyone accepts that the number of 

reported food poisoning cases is something analogous to the tip of the iceberg and the figures under represent the 

true picture. The actual number of annual food poisoning cases in the general population and, more importantly 

here, the early childhood sub-group can only be guessed [39]. In addition, respiratory tract infections, save those 

controlled by vaccination, stubbornly refuse to decline in case numbers [40]. Like gastrointestinal infection rates, the 

true incidence of respiratory tract infections will be much higher than the proportion pursued to a laboratory 

diagnosis. For these diseases, generally, there was has been no significant epidemiological change preceding or 

during the rapid rise of atopic disorders. 

Is there a connection between cleaning and hygiene? 

One approach to the scientific research has been to consider the practice of and extent of cleaning that 

decontaminates the built environment and thus reduces the exposure of children to microorganisms. The use of 

cleaning agents constituted a convenient measuring parameter for a variety of studies. For the Hygiene Hypothesis 

to be credibly supported, the evidence would need to show a marked and continuous application of effective 

cleaning agents to those environments related to a significant increase in children’s atopy during their early years. 

However, comparing rates of atopy with deployment of soaps and detergents shows no such connection [41]. 

Comparisons of rates of asthma, eczema, and hay fever in 12 European countries in the 1990’s with per capita use 

of cleaning products, including soap and detergent, showed no correlation in support of the Hygiene Hypothesis 

[42]. Finer comparisons of the incidence of a specific disease in relation to the use of specific cleaning product 

types, fabric washing detergents, dishwashing detergents, toilet soaps and hard surface cleaners, resulted in 

contradictory data. Household bleach has been examined not least because of its high efficacy and universal use, but 

also because its popularity differs across European countries thus presenting as a variable, but measurable 

parameter. Bleach consumption in Europe tends to be highest per capita across Southern Europe whilst the 

Scandinavian region use considerably less bleach compared to, for example, Spain yet atopy rates are comparatively 

high in Scandinavia [43]. Once more, the varying volumes of bleach used in different industrialised countries does 

not present any significant correlation with the rates of atopy in these countries. One could, therefore, say that the 

evidence supporting the role of the Hygiene Hypothesis in relation to household cleaning product use is 

inconclusive. 

Over the course of the twentieth century domestic hygiene practice changed considerably [44]. The first half of the 

century saw an emphasis on home hygiene through public health advice and governmental initiatives. The pre-

antibiotic generation was taught of the benefits of clean walls, floors and ceilings. New consumable cleaning 

products were marketed that complimented the advice alongside a variety of affordable home cleaning aids. The first 

half of the twentieth century also saw other, social changes that might be expected to enhance the hygiene of a 

nation. Bathing and laundering at home became more frequent. Soap manufacture doubled in the United States 
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between 1904 and 1919 (8.4 kg per capita to 16 kg) [44]. Showering became a popular replacement to bathing in the 

middle of century. For example, in the US the number of homes possessing a shower increased to 87% in 1960 from 

61% twenty years previously [44]. Only slightly later Europe was following these social trends. This is useful, albeit 

proxy parameters, to set against the rate of atopy and thus re-evaluate the Hygiene Hypothesis. In all cases, the rise 

in atopy occurred at much the same time throughout the industrialized world and did not appear to follow hygiene 

practice change. This evidence in its entirety produced a considerable force refuting the validity of the Hygiene 

Hypothesis. This particular theme continues to produce more Hygiene Hypothesis-refuting evidence seemingly 

wherever it’s looked for and generated. The biggest increases in domestic cleaning products have been dishwashing 

products and hard surface cleaners (largely detergents based on synthetic surfactants rather than soap). These 

products came into general use in the 1950s, again pre-dating the rise in atopy [44]. 

Correct hygienic practice is only transiently effective in decontaminating homes of microorganisms due to the 

continual potential for surface recontamination [8]. A series of more recent studies have confirmed the fact that 

pathogenic, commensal and environmental microbes are readily introduced into homes continually by the normal 

activities of people and their pets, by food, water and circulating air. The obvious conclusion is that modern home 

environments, despite their ‘clean’ appearance are always contaminated with microbes and the inhabitants are 

continuously exposed to immunological stimulation by those microbes [8, 45]. 

A controversial issue emerging from the above data also relates to the inability to set a standard load of exposure to 

immune-stimulating microorganisms (or lack of it) in order to prevent or allow the onset of atopy. There is still 

insufficient data exploring the role of, subclinical exposure, symptomatic infection or asymptomatic colonization in 

the development of atopy. 

What is “clean”? People tend to perceive “cleanliness” particularly in the built environment, and especially in their 

homes, from a visual perspective. From a microbiological perspective, producing surfaces free from microbes, or 

surfaces at least tending towards higher levels of decontamination that may be used to support the Hygiene 

Hypothesis, all contaminating microorganisms must be physically removed – thus a combination of water and 

cleaning agent is required to apply and wipe off the surfaces of interest [46]. Disinfectants can also be applied to kill 

or inactivate microorganisms without their specific removal. Whatever the efficacy claimed by the manufacturer of a 

cleaning agent, common sense suggests that there is a limited effect in decontamination of targeted surfaces [45]. No 

cleaning strategy (unless it is an industrialised chemically-based sterilisation procedure employed by healthcare 

facilities to sterilise whole indoor environments) is 100% effective [47]. Cleaning is decontamination and we may 

consider that we are never free from exposure to microorganisms, despite our best efforts and perception. The 

evidence from detergent-based domestic cleaning routines supports this view, that is, cleaning is decontamination 

and offers a limited effect in reducing exposure to microbes [46-48]. 

Additionally, there is cross contamination to consider. Utensils and materials used for cleaning are themselves 

contaminated by the microorganisms they target and they present the hazard of redistributing those microorganisms 
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around the same or second environments during their continued use. Contamination can be easily distributed to other 

surfaces and to the hands of the person performing the cleaning. Cross contamination may be minimized in theory 

but it will always be questionable as to how much of the theoretical requirements are translated into reliable practice 

during busy cleaning schedules. Actually, the evidence indicates that minimizing cross contamination warrants a 

focus of attention [46]. Minimizing cross contamination in the home depends on the effectiveness of cleaning but 

also on when it happens. Prior to cleaning, 20% of selected hand and food contact sites in the kitchen, bathroom and 

toilet could be considered as hygienically clean (<10 colony forming units/25 cm2). After detergent-based cleaning, 

the figure rose to 68% [46]. Although disinfectant products were effective in reducing microbial contamination 

levels, the effects were relatively short lived. After 90 – 180 minutes, most surfaces are decontaminated to pre-

cleaning levels. Other longer-term studies (3 days - 9 months) concluded that daily or weekly cleaning with 

disinfectants is unlikely to reduce the risk of exposure to pathogens [49-51]. 

Because of the types of studies described above and the evidence they have generated, it is reasonable to conclude 

that cleaning products, in general, have a limited impact on the overall exposure of humans to microbial 

contamination. What about compliance to home cleaning regimes that a professional would recognise as effective? 

There are studies that provide insight into these parameters that may be regarded as proxy parameters of the Hygiene 

Hypothesis. A notable study monitored the handwashing and other hygiene practices of mothers of recently 

vaccinated (polio) young children shedding the virus in their faeces [52]. The results were telling and suggest that 

poliovirus is not the only pathogen (to say nothing of microorganisms in general) in contaminating the environment 

under similar situations. Forty three percent of child carers washed their hands after changing a nappy compared 

with 76% who washed them after toilet visits. Nappy changing took place mainly in the living room of domestic 

homes and contact with adjacent surfaces and objects during nappy changing was frequent. Poliovirus was detected 

on 12% of living room surfaces, 10% of kitchen surfaces and 15% of bathroom sites. Hand contact sites were most 

frequently contaminated, such as bathroom taps, toilet flushes and door handles, soap dispensers and nappy 

changing equipment [52, 53]. Whilst this area of research offers limited insights into the degree and extent of 

microbial contamination in the built environment, they do support the well-recognised view that humans are never 

free from contact and interaction with microorganisms. The Hygiene Hypothesis has not provided a requirement for 

the degree and extent that that exposure and interaction should fall below to promote atopy disease. Without a 

defined threshold the evidence of naturally occurring contamination of environments people inhabit, cross 

contamination and myriad other factors tend to refute the Hygiene Hypothesis for the simple reason that people are 

always exposed to and contaminated by microbes from environmental sources. The other key issue question that 

needs to be addressed via the evidence is: do modern hygiene domestic hygiene and personal cleanliness sufficiently 

reduce exposure to microbes to adversely impact on the human immune system and give rise to atopic disease? An 

association between domestic hygiene and personal cleanliness and atopy, if there is one, is supported by, at best, 

weak evidence. We might consider our modern homes to be ‘clean’ but the evidence demonstrates they are not. Our 

homes are grossly contaminated with microbes of all types: bacteria, viruses and fungi, as well as dust mites and 

other insects. The undeniable consequence is that there is ample opportunity for humans to be exposed to microbes 

in domestic settings, particularly given that we spend so much time indoors [5]. Increased domestic and industrial 
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consumption of cleaning products shows no compelling relationship to increases in atopy. Cleaned surfaces are 

rapidly re-contaminated and research shows to us that many microorganisms survive for lengthy period of time on 

environmental surfaces. Although the pattern of microbial exposure in the home may have changed, there is no 

irrefutable evidence that society’s modern preoccupation for cleanliness has resulted in a significant decline in 

overall microbial exposure. The Hygiene Hypothesis is again refuted and has not helped itself with data describing 

what ‘too clean’ actually means. 

This article confines itself to a few aspects of the microbiology relevant to the Hygiene Hypothesis. Of course, the 

interaction of young people with microorganisms is one part of what is clearly a complicated and poorly understood 

phenomenon. The evidence offered by the microbiological studies generally struggles to promote and support the 

Hygiene Hypothesis in any robust and reproducible manner but other aspects of the changing face of atopy have 

been better received by the professionals. Atopy is undoubtedly more common in higher socio-economic groups [2]. 

Poverty and pollution are identified as risk factors for atopic disease, particularly asthma [5, 54-57]. Then we have 

the physiological angle. Evidence suggests increased body size of the foetus, resulting from improved maternal 

nutrition, can damage the development of the foetal immune system. Obesity is a considerable and growing problem 

in children in developed countries. The connection between adult obesity and asthma appears sound [58]. To 

consider obesity requires a consideration of modern diet and food trends in industrialised countries. Fast foods, lack 

of dietary milk, vegetables, fibre and foods rich in Vitamin E are issues that are considered as contributors to the rise 

in atopic disease [59-61]. The list of candidates that might be included on the list of contributions to the rise in atopy 

continues. For example, one needs to consider the trend for having children later in life in developed countries, 

changes to the manufacturing and decontamination processes of modern foods and the additives they contain, the 

widespread introduction of antibiotics and pesticides in the food chain and lack of exercise in modern society. 

Perhaps the research focus needs to include additional evidence and consider not the environmental microorganisms 

that surround us as responsible for the thrust of the Hygiene Hypothesis, but the microorganisms inside and on us – 

the gut microbiome. Research has more recently begun to shed fascinating light on how dependant we are on the 

health and stability of the communities of microorganisms that share our bodies [62]. Indeed, there is continuing 

evidence that atopy is connected to the stability of our microbiome from early age [63] which is itself influenced by 

a combination of the factors, and more, mentioned here. For example, gut microbiota population depletions and 

perturbed metabolic activity at 3 months are contributing to the development of childhood atopy and asthma [62, 

64]. More recently, the relation between the infant microbiome and the risk of developing eczema has been 

highlighted [65]. 

More recently, advances in genomic research have produced credible evidence suggesting that epigenetic alterations 

of the human genome, resulting from gene-environment interactions, contribute significantly to the augmented 

incidence of atopic disease in populations [66]. Indeed, there is cumulative data supporting the hypothesis that 

epigenetic changes mediate alterations to food allergies and also asthma and allergic rhinitis [66-68]. It is now 

increasingly obvious that when exposed to constant environmental pressure, different forms of lifestyle, as well as a 
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variety of constantly changing food habits, epigenetic traits will alter and lead to perturbations in atopy incidences 

[66, 67]. 

In view of the increasing antibiotic resistance there is a strong urge to continue and improve good hygiene practice 

in all levels [69-72]. What is the rational, evidence-based benefit from such a strategy? Rather, would there not be 

real concerns about public health and infectious disease from a widespread lowering of hygiene standards? 

Arguably, hygiene should gain more attention to combat the modern globalised way of life [73]. A depiction of 

some of the major factors contributing to the development of atopy can be seen in Figure 1. International systems 

including food markets, travel and mass migration, are actively contributing in moving potentially harmful 

microorganisms around the globe on an unprecedented scale. Increased birth rates in developing countries and aging 

populations in more developed countries will very likely exacerbate the incidence of transmissible diseases [74-76]. 

Working parties in Europe and the UK seem to think so [77] and the evidence supports this as an effective way of 

significantly reducing the development of antibiotic resistance [78]. Therefore, the case for hygiene is compelling 

[73]. It is a cornerstone in the control of infectious disease – Florence Nightingale taught us that many decades ago. 

Reduction in sanitation, cleanliness and established hygiene practices will naturally produce an increase in morbidity 

and mortality from infection [73]. There is, therefore, a need to establish a new perspective to the current outdated 

evidence supporting the Hygiene Hypothesis in view of continually emerging strong evidence that increasingly 

supports its inadequacy to explain recent findings especially in relation to microbiome research and early life 

exposure to microbes. 

Figure 1: Diagrammatic representation of some of the major factors involved in the development of atopy in 

humans. 
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